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[ 0001] The present invention generally relates to methods of form ng

sem conductor structures that include through wafer interconnects, and to
sem conduct or structures forned by 10such nmet hods. BACKGROUND [ 0002]

Sem conductor structures include, and are fornmed during the fabrication of,
devi ces that enploy sem conductor nejgiigal s (i.e., sem conductor devices)
such as el ectronic signal 15processors, nenory devices, photoelectric

devises (o & gl (Rl cel T

etc ), mcr Agj

i conducty %pl E@%‘ S ) acayaa] adALE ’
ele trically ?ﬁ@f §hﬁ9ﬂ551up kS :ﬁ@ S ture to
anot her device or structure (e.g., another sem conductor structure). Such
processes in which sem conduct orgs{NUICALTFESL.Br € coupl ed to anot her device
or structure are often referred to as 20t hree-di nensional (3D) integration
processes. [0001] [Thepsfentinvegmyn ganergtlzreletas wrmethedsef forpries searvadnetact or
struct f
bl | o anEe bR fuh R n oo, i B ARERELERRL frmed by 5 can
resal t siuch metpodsved electrlcal per formance and power consunption while
reduci ng the area of the device footprint. See, for exanple, P. Garrou, et
al. "The Handbook of 3D 25Integration,” WIley-VCH (2008). [0004] The 3D
i ntegration of sem conductor straXEROMMD!take place by the attachment

[0002] Semiconductor structures include, and are formed during the fabrication of,
devices that employ semiconductor materials (i.e., semiconductor devices) such as electronic signal
15  processors, memory devices, photoelectric devices (e.g., light emitting diodes (LEDs), laser diodes,
solar cells, etc.), micro- and nano-electromechanical devices, efc. In such semiconductor structures,
it is often necessary or desirable to electrically and/or structurally couple one semiconductor
structure to another device or structure (e.g., another semiconductor structure). Such processes in
which semiconductor structures are coupled to another device or structure are often referred to as

20  three-dimensional (3D) integration processes.

[0003] The 3D integration of two or more semiconductor structures can produce a
number of benefits to microelectronic applications. For example, 3D integration of microelectronic
components can result in improved electrical performance and power consumption while reducing
the area of the device foot print. See, for example, P. Garrou, et al. “The Handbook of 3D

25  Integration,” Wiley-VCH (2008).

[0004] The 3D integration of semiconductor structures may take place by the attachment
of a semiconductor die to one or more additional semiconductor dice (i.e., die-to-die (D2D)), a
semiconductor die to one or more semiconductor wafers (i.e., die-to-wafer (D2W)), as well as a
semiconductor wafer to one or more additional semiconductor wafers (i.e., wafer-to-wafer (W2W)),

30  or acombination thereof.

[0005] Often, the individual semiconductor dice or wafers may be relatively thin and

difficult to handle with equipment for processing the dice or wafers. Thus, so-called “carrier” dice



of a sem conductor die to one or nore additional sem conductor dice (i.e.,
die-to-die (D2D)), a sem conductor die to one or nore sem conductor wafers
(i.e., diwotorwages (D2W), as well as a sem conduct or wafraP2410/0657€8 or nore
addi ti onal sem conductor wafers (i.e., wafer-to-wafer (VW), 30or a

conbi nati on thereof WD 2012/048973PCT/ EP2011/ 065778 or wafers may be
attached to the actual dice or wafers that include therein the active and
passi ve conponents of operative sem conductor devices. The carrier dice or
naf er s AR ARImENRI ol ] RE bR SRR Rbfolsf el RRIRRAF HRIERAAGASOL 2

sem conductor device to be forned. Such carrier dice and wafers are
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i nclLude the active and passive conponents of a sem conductor device to be
fabri catigkenetsypd theghice or waters angdemgtaterandling QB{RA dics OB WRieEPWHRASSSIIELIHBIERt ed t o
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el ectrical connections between active conponents in a sem conduct or

10st r uenalude thergticomd wessivesompenantsed a sémigprstubior deteogite be Bbrieatediberegme t o whi ch
t he sem conductor structure is attached. Through wafer interconnects are
conductive YI046] t Has keowretdmphyovgharatrefereaigd herepas tthomgb fvater seerc@wadsict or

structur Rl .EF VIVARY . 15[ 0007 .N_S0 enbodi nents, . the pr.esent
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extending partially through a sem conductor structure. A first portion of

at | eaStUGHE StAHAESHN TINQH e WilRt BleEoRRE 2GR dpRive siaprihat sxtendplroudiat &gstduct or

st ruct WhRion bPLsdnlibHduRer du@redf the at least one through wafer interconnect
may be aligned with the at |east one via recess. The sacrificial material

20 within the at |east one via recess nay be replaced with conductive
material to forma second portion of the at |east one through wafer
interconnect that is in electri GRIEESOMMARNM th the first portion of the at

| east one t h fer intercaonnect. 0008]. The, present, i ntion al so
oS don aal BB HSAGE e BB el M hreseh G0l WAt as Pk RR 2, o

St r uct yeRBondubtodgtiRiukang eacvifitihl Batetal Rk Ive @eovided sadin dt lcastahe Matr&etsal 1s 25
provided within at | east one via recess extending into a surface of a

sem cofyigedins patallydhigreh a sgnyiegpdrctesstraeitiec Srfdfsidtosion il peipsshPnetalPuBl Watebvi ded

over tRGeSoHkaGeyYe thiRdSE M SARRYSEdIor SthicHEd Ul fir@Derdh of 8RSt lefREndeVi ce
structure may be fabricated using the layer of sem conductor material. A

first popeghomfegrfingrconregsmaybrealichedovigththaaf least P ag woesnethe sagrifiawl mesdertahat
exggnds.&hrgu hedN€ I@yer of sgnicpnd ctor teriakv he senm conduct or
2 within the at least one vi rgcefss m%/ € rel‘p &cectj\ﬁl h conﬂ‘&c‘uve ma etrlal to Torm a second portion
structure nmay be I nne roma Ssrade er eor opposite
of the at least one through wafer interconnect that is in electrical contact with the first portion of the
at least one through wafer interconnect.
[0008] The present invention also includes additional embodiments of methods of
fabricating semiconductor structures. In accordance with such methods, a sacrificial material is
25  provided within at least one via recess extending into a surface of a semiconductor structure. A
layer of semiconductor material may be provided over the surface of the semiconductor structure,
and at least one device structure may be fabricated using the layer of semiconductor material. A
first portion of at least one through wafer interconnect is formed that extends through the layer of

semiconductor material. The semiconductor structure may be thinned from a side thereof opposite

30  the layer of semiconductor material. The sacrificial material may be removed from within the at



30 the layer of sem conductor material. The sacrificial material my be
renmoved fromw thin the at WO 2012/ 048973PCT/ EP2011/ 065778 | east one via
recess i rwoheizesd7éonduct or structure, and the first porCrmr2afi/o63Tes at

| east one through wafer interconnect nmay be exposed within the via recess;
conductive material may be provided within the via recess to forma second
portion of the at | east one through wafer interconnect. [0009] In yet
further enbodi ments, the present invention includes sem conductor
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enbodi nents, a sem conductor structure includes a sacrificial nmateri al
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surface of the sem conductor structure, and the first portion of the at
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active s and the back surface, and a east qne t hrqugh wafer
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struct lé%t%ndsrt&%gl thb %%Eorﬁﬂ&o%atkm d%ﬁéde& %ve‘rlﬂl'ié‘ AfRceTthd RRidaGlktstur f ace. The
at | east one throedg waf er interconnect includes a first portion, a second

por t i ontruciyre, aad theduasitoftioaloll thelablgasd angthiwehmefer mtesaneds fyaligneshwitiohe gthe fi r st

20porti ~ rostructure of the second portion. BRI EF DESCRI PTI ON OF
THE sﬁ%&%@g%ﬁ@gs& THE DRAW NGS [0011] Wiile the specification

concl udes wQOE| dn adlitankdnciodamdnys, theiprasém grventionandudés séminatdugtoc| ai m ng

wh ded. nmbodi t f th t th d f
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descri Béﬁﬂé&ndﬁ%to@ﬁﬁicﬁir@b&%@éﬁﬁh@z&uoé SRS MBSk OfrficBant AVIBRt b hiwhgn r ead
in conjunction with the acconganyl ng, drawi ngs, in whi ch: [0012] FIG

1 is avefaprterewgctexisading gdedsbimafiallyitereugh té‘?\ﬁ%lilc%lldﬁ%iﬁlt styetuestirom atdeAstieduct or
STruct Ugfe active fsurfaJegﬁci'ﬁlle bgék%'urfgc ST aSledPbid thl%qglgﬁfgﬁls 1n§e?&tnh9@? ﬁlcluﬁ%{sdag vi ew

of a portion of another sem conductor structure or me
provi dlﬁnﬂy puitian raseesd @ortparand ah identifwbdatyunddne b@wwuomdmstroﬂulstorf thctfume of

Fl
% portlon and a microstructure of the second portion.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS
[0011] While the specification concludes with claims particularly pointing out and
distinctly claiming what are regarded as embodiments of the invention, the advantages of
25  embodiments of the invention may be more readily ascertained from the description of certain
examples of embodiments of the invention when read in conjunction with the accompanying
drawings, in which:
[0012] FIG. 1 is a simplified cross-sectional side view of a portion of a semiconductor

structure,



[0014] FIG 3 is a sinplified cross-sectional side view of a portion of
anot her 5sem conductor structure that nmay be fornmed by providing a

di el ectriwormt2msaB on or over exposed surfaces of the emiEPeodoci’os
structure of FIG 2 within the via recesses therein; [0015] FIG 4 is
a sinplified cross-sectional side view of a portion of another

sem conduct or structure that may be fornmed by providing a material such as
polysilicon within the via recesses of the sem conductor structure of FIG
3; 10[ 0016] £S A, SiMRleLd Led._ ! L | f a portion
of a bonded[@é% c%nll%ﬁzclt§ gﬁfng@lrﬁ E@%ﬁgse&'t&%}tar%%liggﬁ?%{é%?%ﬂfn%ﬁﬁi ng anot her
sem coneucbmiucwt stoctuny thatimayt edfomeadi by pnaludingvia secesses pariaallyfthibugh the ;

[ 0017] grln%onaﬁ {'H%tacﬁlirer’rgflljl&i d cross-sectional side view of a portion of
anot he“8&R CERUUCE DT St'rUctur e that may be formed by thinning the another

sen conduct ro19} r FoG W € aisinglified ddbogRdtschabsds Wenafichatioséfianether € of FI G 5;
[0018] FIG is an enlarged view of a p i on. of . anot her sem conduct or

7 )orti ol ) |
st r oct SFBICPHICIORg{lHChEe %trrﬂeeYdDeJyﬂneéWipé%\m(ﬁ%@a flielertsic saggrial ohey WREPPHRIt r ench

i sol at s ced SRE WhBS bl Qlre@PFidIe iansed el sQudiaspr structure of
FIG 6; [0019] FIG 8 is an enlarged view of a portion of another

sem conduct §1018} r Febut is asieplifipd ciessysebieonabyideadewpf ppaudmdimgodel ayer of

di el ectric teri.al . aover. th m caonduct.or structure of Fl 7, .and by

or ovi v RaCalRERE B S B GRYAPhe R BFL b Brsh e B tuct or
St r uct wiaagcesses of the s¢nfiO@{ductbt Guclird & FA@G. &nl arged vi ew of a portion of

anot her sem candu r_.structure that may be forned by fabricatjng one or
mor 8 | ayers fife) uﬁﬁﬁgﬁ %Pé@%?ﬁl?l&iﬂ%ﬁ%?&%%&l VT adwﬁeda_ 25sur f ace
of t he sgRRbERBAVGHRIurShEUA Y MeSoRfedlyGonSing another sdrii@&iblictot Gructhfe th $hedlD

enl arged view of a portion of anothér sem conductor structure that may be
f or med seyicheshidiongiruchiee eldiocdnduct or structure of FIG 9 to a carrier

substate: g SAO3RL.ELGuodl e ARSI AR W Ao 8. OB on o anct e
f r om wisérthiconductar stecessthst ody befermserhyaionoing theran@batsemacbuodieton btrketu@Ee inlthe WO
2014l O RS SRt dtenure SFFIG. 5;
[0018] FIG. 7 is an enlarged view of a portion of another semiconductor structure that
may be formed by fabricating transistors and shallow trench isolation structures in and/or on the
bonded semiconductor structure of FIG. 6;
[0019] FIG. 8 is an enlarged view of a portion of another semiconductor structure that
20  may be formed by providing a layer of dielectric material over the semiconductor structure of
FIG. 7, and by providing portions of through wafer interconnects through the semiconductor
structure,
[0020] FIG. 9 is an enlarged view of a portion of another semiconductor structure that
may be formed by fabricating one or more layers including electrically conductive structures over a
25 surface of the semiconductor structure of FIG. 8;
[0021] FIG. 10 is an enlarged view of a portion of another semiconductor structure that
may be formed by bonding the semiconductor structure of FIG. 9 to a carrier substrate;
[0022] FIG. 11 is an enlarged view of a portion of another semiconductor structure that

may be formed by removing polysilicon material from within via recesses of the semiconductor

30 structure of FIG. 10;



[0023] FIG 12 is an enlarged view of a portion of another sem conductor
structure that may be fornmed by providing conductive material within the

Vi a receswo0rfo48418 sem conductor structure of FIG 11 wroTiEeeemackiis i onal
portions of through wafer interconnects therein; [0024] FIG 13 is an

enl arged view of a portion of another sem conductor structure that 5 may be
formed by renoving the carrier substrate fromthe sem conductor structure
of FIG 12 and providi ng conductive bunps over exposed ends of the through

waf er inter E%lﬁ@]ecmtl%g gl éhlab %ed view Qf’g&lmgd S&nothé: s%&ﬁ&ﬂ&%t&r@trﬁéﬂ%rg Hofate

addi ti onal hods that may used to process a sem conductor |ike that
shown inry Bk Grmkd by Qrm@@noodmcmterlsltmdnm the evial redesses hthe sdnoegnductofF| G 11;

and 10[ 0026 7 th ust,rat et f.urt her thods that may be
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[0027] The follow ng description pI’OVI des specific details, such

mat &r | A1aYPgferaed by repying the cariigy spbstatefioghthe serpicendyelpr styiorerfitie: 12 '«tnﬁor ough

descri %de%n@éon@ﬁ@ﬁg bR SvePExpbii REESRRY thiusk lrv%k‘ Infer@idedtimbeENt at i on
t her eof However (ger son of ordinary skill Tn the art wll undérstand that

t he enbodi nﬁ?ﬂ2§] offlohd 4phrengnto6 lﬂusg@te@sidlrtlenmﬂ@és Praoey bewediaiongss a
enpl oyi.ng. LY uct%ﬁlslpeetﬁelltfshgwr(ljlentlﬁgl fOto%dser'tnﬂcoﬁé) Y Yogiden lﬁié‘é i sﬁg&%?rﬁlb‘)[‘?'

fabrication nrques. 1'n escriptio erein does
not f ond a conplete process flow for nanufacturlng a ZOsenlconductor devi ce

ystem rocess_acts and structures necessary to understand

B %nbodi ni%ihzgl %?éﬁel%?feg%}&o Tyspiatroieb R anctheds A5 EAY PhUA{ORPORSs of n.
The Nk ghicahdicRERIE thRQAoREMETE. 1B aR8mfBhdReb: bRudure liIeRAShbRA iFIGIT PWN) by
any suitable technique including, but not limted to, spin-coating, blanket

coating, Bridgeman and Czochral ski processes, chem cal vapor deposition
("CVD'), plasma enhanced chen \ﬁp@ e on ("PECVD'"), atom c |ayer
deposition 25 ("ALD"'), pl asrra enha nce om c ayer deposition (PEALD), or
physi cal vapu7p&poiilowmg descHpbn pro‘W‘lesl spedifiedatak exuclahssmatesd typbeshdand

|II1 strat ed. herej ]%{ (f?éformeg él ers theréraﬁcials ﬁr not [imted
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[0028] AR s € ANBimpMenZ@6h thlereofMowa(F, hipedbn of AGinat§ SEllehehn willef i ne
relative p05|t|ons of elements or structures with respect to a mgjor plane

or sur fupdestyid thatdhagnebod tigatsa thetnrgsentyghisslopere gnay bg @Wﬁ‘ﬁ‘@ﬁi withpat enileyaier at e,
3 g )+ hSIYLHE T8t anti e RAS AP ErbnthollR G EINIYRIRAEs. Sh L MfilisH, Gre and

description provided herein does not form a complete process flow for manufacturing a

20 semiconductor device or system. Only those process acts and structures necessary to understand the
embodiments of the present invention are described in detail herein. The materials described herein
may be formed (e.g., deposited or grown) by any suitable technique including, but not limited to,
spin-coating, blanket coating, Bridgeman and Czochralski processes, chemical vapor deposition
(“CVD?”), plasma enhanced chemical vapor deposition (“PECVD”), atomic layer deposition

25  (“ALD”), plasma enhanced atomic layer deposition (PEALD), or physical vapor deposition
(“PVD”). While the materials described and 1illustrated herein may be formed as layers, the
materials are not limited to layers and may be formed in other three-dimensional configurations.

[0028] The terms “horizontal” and “vertical,” as used herein, define relative positions of

elements or structures with respect to a major plane or surface of a semiconductor structure (e.g.,

30  wafer, die, substrate, efc.), regardless of the orientation of the semiconductor structure, and are

orthogonal dimensions interpreted with respect to the orientation of the structure being described.



ort hogonal dinensions interpreted with respect to the orientation of the
structure being described. WD 2012/ 048973PCT/ EP2011/ 065778 As used herein
t he ter mwoent¥msd73 nmeans and i ncl udes a di nensi on substramtEpPadiipes778

per pendi cular to the major surface of a sem conductor structure, and the
term "horizontal " neans a di nension substantially parallel to the major
surface of the sem conductor structure. [0029] As used herein, the term
"sem conductor structure" nmeans and includes any 5structure that is used in

the fOM%Fée&{ééé?ﬁ, ﬂ?etél%m‘xfe?tqup%é%s ARMhGEdes §%{H1&1%ﬂ‘§&t§s%ﬁ§1#’ diéﬁigH&i@élaﬂ {gel ude,

for exanp Ies and wafers (e.g., carrier substrates a Vi ce

subst r dgheesljor sasfasaifl semicasdietvbbtivetirg and thepasi “herzntalicheane s dinesionncl ude t wo
or nore die nd/ or fers three-di.nmensi onal | j ntegrated with one anot her.
2o ool by B Of Rt R Rp bR AR Ao s a ot conduct of

devi ces, as[ou2b]| as usét leidRdheken Sdemi@hticds sfrodtmetdmdatisiang incRided gt | on of
sem_conduct or, devi ces.. Sem conductor. 10structures may npri se conductive,
T

: f CcO
senr conttfede et iwpedin fedomptign g2 sreHcnsnderderipe PrEpIgedypter structures Icsgo]  As

used hesihnplkNBedaBl WafdX @G 288 SBMAQARMAY AL Ie stbdtidfel L hEwel TRABSNMNES or
i ncl udes any sem conductor structure that includes one or nore at | east

par t i alcbspéseie pebtutesthaencludedwe or mere disgodoseafessdireednnepenllysntegretedr es are

8 Subsehyofe SRTMGOBINRON AL Lk LaR ANt 2l BEeGERTEdi e poRduEL o
structures are sem conductor structures. ]1 Uused nerern, the term
" bonde dvell @apimt@mddiat efruglireddirmedduring &bsicativg df Bahivelelcandeviies. Udimicadtidiet

inﬁl udes two or nore. sem conduct or ﬁtr.uctures thg} are attached t.o]get her.
Bo ()

Hed SEUSHELRANCAEISE £onguttitesemugonductive materialy rand Qi epdedtiyp maferiglst ur es,

and al | bon‘fiﬁﬂﬂ]semsciﬁ&ﬂ_ké@éi&rthestTeﬂhUGﬁré‘ée@%d@érﬁic%fé@ﬁﬂiéﬁﬁ@’rm&hﬁ MELiHEIBSes
Furt hernore, bonded sem conductor structures that include one or nore

pr oces gevsesuednductaitveinreshat includiepenesr enceg 8 deaphriotiads éfmsd de\derrtiuetiess.
struct %&%%eg Qénggéi%llctésstlﬂt?tﬁgs Ql%ra%'ugset &Jlgmgc%lééﬂc"oq gtﬂccflﬁess %ﬁcyeﬁlt ;#R@e seH‘3 ans and
portion of a proce at 1s,

i ncl udes any ssed sem conductor structure
i ncl udssmicotdudef stnesiratard easdonduga@nstru@mwenf an active or passi ve conponent

of semnm co or, devjce.to be faorned, on.or .in the sem conducto
atifcture. - AHTES ve et e Misdici g et dhrePie by BeandnhLLe
conmpon@ny &rfurd MRhELEI RIS Bvé bif bk bEmiSbdlcRS strucRifes @A BTl a@tachell @38Thet Wohded
transducers, capacitors, resistors, conductive lines, conductive vias, and

25condgenicorlueonttacturgsaaa subset of s dyctorstrugtugs. ed el hondepeentieondietenr ough
wafer il &iEonas i'(':orf?i:[lctg;rs%gtuf@.aﬁ%@ﬂg?ﬂeg%#‘H&Fs%nMd&?& HGderdSmf ificlude

extending through at least a portion o I'Tst sem conductor structure
t hat i sneigedot prqeesvd shieonductorcstructates aned]sopragpssed goticdndadtoristiigneonnect i on

Do e g RN PLAYELUEE. 1, 8 S50 ST RS
processed semiconductor structure that is, includes, or defines at least a portion of an active or
passive component of a semiconductor device to be formed on or in the semiconductor structure.
For example, device structures include active and passive components of integrated circuits such as,
for example, transistors, transducers, capacitors, resistors, conductive lines, conductive vias, and

25  conductive contact pads.

[0033] As used herein, the term “through wafer interconnect” or “TWI” means and
includes any conductive via extending through at least a portion of a first semiconductor structure
that is used to provide a structural and/or an electrical interconnection between the first
semiconductor structure and a second semiconductor structure across an interface between the first

30  semiconductor structure and the second semiconductor structure. Through wafer interconnects are

also referred to in the art by other terms such as “through silicon vias” or “through substrate vias”



30sem conductor structure and the second sem conductor structure. Through
waf er interconnects are also referred to in the art by other terns such as
"t hrough wol2oomasaBas” or "t hrough substrate vias"™ WD PCT/EP2011/065778

2012/ 048973PCT/ EP2011/ 065778 (TSVs) and "t hrough wafer vias"™ or "TWSs."
TWs typically extend through a sem conductor structure in a direction
general ly perpendicular to the generally flat, major surfaces of the

sem conductor structure (i.e., in a direction parallel to the "Z" axis).

[0034] (v, %ﬁ&j“tﬂ%ﬁgﬂhgﬁfe} Dt FIWAACT TV %Ic%ﬁf&tenrc]ic uggIPéﬁeﬂn&d?ldﬁ&&at' on to

a processe 5sem c ctor structure, s and | es an exposed ngj or
surfacetrm‘tureneath@ﬂ%@draﬁﬁmmmd@hutatrmthsgmcaﬂlwﬂet tagtr sirfsesdddine or wi l | be,
processed. t nor e _devi ce . ,,esrshn and/ or on the exposed

Sem‘fcgodu"t%f Tl g m“ﬁﬁcu"ennl?aranf?dtuc of $fPlcture. [0035] As used

maj or Sur & pr6e e e s

herein, the[gosam "ABagdd Issuih, Aleeterm Waeive disface, T Whéralsad inaBlatiéh @ apraesss ed
sem conductor structure, neans and i ncl udes an exposed maj or surface of the
pr oé es SEHICATRSHRT HBIHI: Wﬁnwﬁmme%arb%pawd@ﬁwépﬁﬁeﬁf Hi6 PEIcetsE processed

sem conghehucht §tH1%¥dr'é t%atf Ha@Hé&”o&ﬁIl ip¥ Ebrééé'ésfeé@@fo% oh&6r R&EEARAYGERTes in
structure. [ 0036] used herein, the term"Il1-V type sem conduct or

mat er i ahd/omasehe em@iedl rrm¢nﬁdésceaﬁ$«herm@®meéFenmﬁ@di@ﬁmrmﬂugﬁ conpri sed of one or
more el enen:[r(lﬁ))ng OMRYU eregl/rjlo‘ tl(ljef tertrrp ebaegi\lroagle,f g‘rp l!lSeed{ gfela'tal‘{) 0,8 édr?cﬁssegand i)

and one or el énen rrom grou perto 15As,
Sb, andeBicpnductor stn{cﬁlﬁéSYﬂeaMnd$1&ﬂhdeedire¢xliboseﬁIm&udrenmce(bﬁ&]fefprcﬂ:leﬁﬂd of ther mal

exggnsi on," en used with res to a mater.i al structure, neans the

ag ETPICAMIYFOF BRI Pt OPBPST g]% %%ﬁtheeeefs%?ﬁaﬁwnquri@f SRS Hpmap

Struct e edhrifQ@OMH-SBRRb A MIoestrdcAR38] As di scussed in further detail bel ow,
in some enbodi nents, the present invention 20 includes nethods of formng

sem conduct $#036} r dstusedsheraimahe teme U8 tnesemicondyictor trhatesialg imepad and includes

| ntercg “%%ﬁalfp &foﬁf&rﬁn‘ﬁgr E‘cgnpélr ;@Hﬂ&e‘éﬂn%?e él&ﬁcﬁ%%@ﬁ?%@%@ﬂ%%{’gh@% LSl two_or

nore portions forne rocesses nplified
Cr 0ss- sabdd (BoAdlGas Indend/Tigunddnear pord ¢lenend frem grouptV sefthe paddcttahie @i Puct ure
10(i)5 TEA%’ é‘t') ragcli Bls).en‘i conductor structure 100 may conprise a |layer or
[0037] As used herein, the term “coefficient of thermal expansion,” when used with
respect to a material or structure, means the average linear coefficient of thermal expansion of the
material or structure at room temperature.
[0038] As discussed in further detail below, in some embodiments, the present invention
20 includes methods of forming semiconductor structures that include one or more through wafer
interconnects therein. The through wafer interconnects may include two or more portions formed in
separate processes.
[0039] FIG. 1 is a simplified cross-sectional side view of a portion of a first
semiconductor structure 100. The first semiconductor structure 100 may comprise a layer or
25  substrate of material 102. For example, the material 102 may comprise a ceramic such as an oxide
(e.g., silicon dioxide (S10,) or aluminum oxide (Al,O53)) or a nitride (e.g., silicon nitride (Si3Ny4) or
boron nitride (BN)). As another example, the first semiconductor material 100 may comprise a
semiconductor material such as silicon (Si), germanium (Ge), a IT1I-V semiconductor material, efc.
Furthermore, the material 102 may comprise a single crystal of semiconductor material or an
30  epitaxial layer of semiconductor material. As one non-limiting example, the material 102 of the

first semiconductor structure 100 may comprise a single crystal of bulk silicon material.



25substrate of material 102. For exanple, the material 102 may conprise a
ceram ¢ such as an oxide (e.g., silicon dioxide (5102) or alum num oxide
(Al 203)) wo 201mi48978de (e.g., silicon nitride (Si 3N4) or PoomPR0INIGITTEE
(BN)). As another exanple, the first sem conductor material 100 nay
conprise a sem conductor material such as silicon (Si), germanium (Ge), a
[11-V sem conductor material, etc. Furthernore, the material 102 may
conprise a single crystal of sem conductor material or an 30epitaxial |ayer

of sem co ndgﬁh@ 'iﬁ%ej 1'11Q4trateA§n&H§ s&ﬂﬂoﬂldu@o} Etﬂ&tlﬁé( flﬂpchﬁ’m h)% fgﬁ{e@ Hb'yaI 102 of

the first sem conductor structure 100 may conprise a single crystal of bulk
si |'i comraveties viakecessthD lzmm/e@emwmr FRROMd ] @B FIG 1. The vid 1©90e468s 1R @ay 2

11 ust r‘ba‘t §21.48 POt h%hlons gﬁ@%@gﬁl %r 1n§tcgﬁlill%%c dgcqt(s)cusse n funﬁgr cp%ljd?% nEd by

provi difig Via T ecesses LT

The Vi 3hévac@Ises2, oA iiRyesbd 1S afdyletehdinfo ddrat le@dd par@ihllyt ﬂhfdﬁg@ﬂle\f@it@fal 102
|nterconnects as discussed in further detail below. As shown in FIG 2,

t hedvi &f eseaiserdugipsstiire [hOdfrm ¢ sy majoq sugface é%&herﬁ%& i EMGERBAETES t he

nat eri ghe DRcA0s ltlb‘ﬁla§%mn59§%®ﬂﬁ& Ofa r&debdaS thif Stehd @nkyr fﬁfﬂaﬁy frréuh tBhEHsgUr f ace
104 thereof In sonme enbodi nents, the via recesses may conprise blind

Vi a red@%gétbeS%@O@)@@telrﬂﬂrugmtwllﬁart| ally through the material 102 of the

sem conduct ti tel\‘;lraef\ecesseslu may h'J;vF a gﬁllere;ml }/ncﬁlcalecessssgélonéll%hapey have a
generally c rical “Ccross: sectiona or any ar Cross®sett i onal

shape. adhethw c@osseezmsmesha:béZThayla Ire&\memmazrlageam\@@@e s@ed-seoti@lal 10di nmensi on
(e.a an average dianeter) of about one m croneter p. r% or less, or
abdlit  dHpenHos I(%%re%w@aeq_élalaetﬁi) obpbqugare migromsies §l finy 9fyle%ﬁ QALY s (50 p. m)
or Ies s e v pect ratio
G e iR pr oo R R SRR Co ) IS R BB

di rrensm:asses mzanetydmgeaxea(xtemgdamcﬁratmmi abmﬂtratﬁb db tHeivalagaiieidhd tdthe p0b2] FI G 3

illustrates a ‘H’Itl conductor ulE 850 t hat y be fornmed by
15pr oviclFhHEHO ‘FI@EPP‘? 'f‘ré&“&?F%Fn W 6??%?8& f the material 102
wi thin the yaoaz[ etesSESudkhs aﬁ%hé‘i@é’mféﬁnc@é@ﬂﬁhﬁt@@ﬂzmﬁét hdyPelf@le@y t he
dielectric material 122 may conprise a ceram ¢ such as an oxide (e.g.,

si 1P comratichng aidielesiio mptespl W@Fﬁhﬁ arrasss efdhg nptoaa ) P2 withinithe yigieecgssesgl12 si | i con
o oS P LR A s S S gyilienn
exposedn sxudé (ae@sﬂwbn theided$iOn) @alalubfRumokide AALBY), winaridese@s Stison nitride
(S13Ny) or boron nitride (BN)), or an oxynitride (e.g., silicon oxynitride). The dielectric material
122 may be formed in situ on or in the exposed surfaces of the material 102 within the via recesses
20 112. In additional embodiments, the dielectric material 122 may be deposited over the exposed
surfaces of the material 102 within the via recesses 112. As one particular non-limiting example,
the material 102 may comprise bulk silicon material, the dielectric material 122 may comprise
silicon oxide, and the dielectric material 122 may be formed by oxidizing the exposed surfaces of
the material 102 within the via recesses 112. In some embodiments, the dielectric material 122 also
25  may be deposited over the first major surface 104 of the semiconductor structure 110 (FIG. 2), as
shown in FIG. 3.
[0043] Referring to FIG. 4, the via recesses 112 (FIG. 3) may be filled with a sacrificial
material 132. The sacrificial material 132 comprises a material that will ultimately be removed and
replaced with another material, as discussed below. The sacrificial material 132 may comprise, for
30  example, polycrystalline silicon material. In other words, the sacrificial material 132 may comprise

silicon having a microstructure that includes a plurality of inter-bonded grains of silicon randomly

8



20112. In additional enbodinents, the dielectric material 122 may be
deposited over the exposed surfaces of the material 102 within the via
recesses Wh2012AG878e particular non-limting exanple, tireTmer@nioead77402 may
conprise bulk silicon material, the dielectric material 122 nay conprise
silicon oxide, and the dielectric material 122 may be forned by oxidi zing
t he exposed surfaces of the material 102 within the via recesses 112. In
sonme enbodi nents, the dielectric material 122 al so 25may be deposited over
the fir ﬁEnté‘E@Jl %hﬁk!l‘ié‘ e &Qéurgf sﬁéh%llﬁz%m&%ﬁgf{%&ﬁm%l? WGL o Inlfle bFFRG 2), as
shown in f 43] Referring t he via recesses 112
(FI G 3polmlycon rrfatehhledlnwddlhoml smbodimeith,dlhe saartfandl alatet@P1 3 2Thay @aprisd anyi al
material, 132 ¢ ri se ul ti

op! acolrelingisa B RS Be S ERhal oRhed ARl lothe M TbE aha B TR BP0

mat er i alatehdP1 M Yuch@EPEESAic, inl&Qﬁlﬁaﬁﬂl{lﬁerld)@ g’CﬁdﬁIry%kdllhIﬂ:ESle)' 4 pelpmemt eri al .
In other words, the sacr|f|C|aI mat eri al may nprise silicon having a
m cP os sl A @eihic. | If spmeerabodiments. e S@gﬂft?fal Fﬁfeélﬁl H&m&oaﬁpafer@e@r MQfq j con

r andom,y4iMEA2@LREBE ﬁ%?élggrgu%%oa%jdx%%?rﬁle @ b)@ﬁﬁtﬁ@l@@ ngHJab@d&)Qﬁe) The

m crostructure. Such sili COI’] mat er i a i's conmonl Yy referred to i'n the art as
cc pol yarificiebmatenaltlé? mal haverp cmmosltlgtndaat igpdestidrspelt hat thmoma@ﬁthtﬁ saciifgial

mat er ?‘rllate[rlagﬁf%llc %{TJﬁ{“ﬂl e 11_1L GI?y dca{l rrrrlg‘rgn%r {n 4] su}rr%g‘rtl Iil% 1ons ofa S%I%EC!OYI& c{oéet ched

relative mater al I ona ric materi
such asmuﬁenpm Iﬁroceasmgaﬂﬂtb@smdu@inductmtrecmmlat fempgraturgd@raact Yiah abdiit 1E0°HI Ge), a
pol i etc. one enhodj he sacrifici al

5m |, t al
mat Br i qwﬁ%&nw%& gtﬂtfﬂge BRY %@J%&dﬁlﬂ% Frf?aflelp SISORY 81| s, such

as an QxlieestruBiutes! AYeREbOXM FirkHek 8ail Bel@w, or Hat bvﬂpﬁbtgétﬁﬁieﬁiﬁ])ly affRemeacri ficial
material 132 may have a conposition that is selected such that the atons of

t he saeéehicprdugior staucand soultizlre aipms diffote idipny¥ uigmifi¢ant auaptiyiigfaitlie sueaendimenner
into Sg{r&c%gg{éﬂg%s{ﬁ?blﬁg%se%fata x%‘?éﬁ't&ﬁé‘e‘i’#ﬁﬁe?rInSsBﬁﬁ-:l%ﬁa%f RN @Ja?ﬁiﬁcg%' ng of

t he sem con ure a ures greater an a out C 10to
V\:hl ch trﬂa&rmbrﬁmmmbxhtbura cseﬁﬁurehwfehemrayl elxparswbjtlemts@dtlniuathuugfoftabencemt(claﬁa) of

SI sgorsqﬁg Pﬁr vi ce . r as de gﬁr‘i“ E further detail
bel ow, Obf Coatitety ST f‘@yzbf CONYEEETBY PLEF et ur e
S houl d (20v6) FaQBETiieht o Srh4l edpihsidh gﬂilﬁlteaa)s}&haﬁaaﬁaltl ¥2,iof b@ntiithiSaboupfivedi ng

structure dUI’OI ng such processes at el evated ten‘geratures In sone
enbodi weise (S%hef asgeficientofahermak expangionesipbiied bydhemptetiald 08 o Byrthegnergsin of

t her ma'lsoﬁé( Bab 1191%1% %getsa&ﬁicﬂl Bﬁlce'?laﬁg@qlgayf c%é%pﬁlseoe? GeRl h(i\%}%? Jegggletﬁl of

coefficrent o expansi on exhi e ateri

about tthﬂanalwxwlsmerﬂtat(szb%t Séfx B “CeEdriless, ahoutéfox]rfér‘iﬁa oréesg@msvenmbemm(bl t ed
q@tég&h 102, or even within about five percent (5% of a

coé f| & Pr ]tf‘FermaI expansi on exhibited by the naterial 102.

Fur t her nor ejoo4n] s TR oo tRNdasrifididlenaterial 132 Wittah tHeBiLetadtes 182(RIBY3)CONPr i se
a materjial having a coefficient of thermal expansion that is about 5.0 x
10- 6 Cthe syrfaged3é of the serpicandycter stycired 3P ragy hegranarignd ta gasse this gxirosad pirfaces

of the sacrificial material 132 to be at least substantially coplanar and coextensive with the exposed
surface of the material 102 at the surface 134 of the semiconductor structure 130. In more detail,

25  the sacrificial material 132 may be formed conformally over the first major surface 104 (and the
optional dielectric material 122), for example, utilizing CVD methods. The sacrificial material 132
may formed to a thickness such that the via recesses 112 are at least substantially entirely filled with
the sacrificial material 132. Any excess sacrificial material 132 (and optional dielectric material
132) may then be removed to planarize the surface 134 of the semiconductor structure 130. For

30  example, the surface 134 of the semiconductor structure 130 may be planarized using a chemical



20x 10-6 C 1 or |ess. [0044] After providing the sacrificial materi al
132 within the via recesses 112 (FIG 3), the surface 134 of the

sem conduwwOan12a48erdt ure 130 may be pl anari zed to cause Prhe/EPz@osext7surf aces
of the sacrificial material 132 to be at |east substantially coplanar and
coextensive with the exposed surface of the material 102 at the surface 134
of the sem conductor structure 130. In nore detail, 25the sacrificial
material 132 nay be fornmed conformally over the first major surface 104
(and t Con . . L 1 oD

ot hodd > SRet €8 e SnEel AL APARE bheson el lea AT B AR B0 thae

t he vi dappegeswes), bt By arckenatalingabinialibdishing (GVIPypwomessrely filled with the

sacrificial ri 132... Any excess sacrifici al. terial 1 opt i onal
arelectri o WIBSET s e FEARER Sl LE Bl RN E e Be 1 L30T 100
of t he dsgAb&abdus b dliin EyetalisethRodBRtor frateridlGeaagyrévidddrestie fafiee 184ofalle t he
sem conduct or structure 130 nmay be planarized using _a chem cal WO

2012/ 0AG0PABEFOERNETY b 798 ohdputine pemgle, a aiim}éverglf SQEMIGONdHER BAFTEt chi ng

Pr oces$lay bR pfRedea RV &3he REREESS f BreGemicBnAlctod HReLrOT3d ARRIABPEASESHh, OF by
a chem cal -mechani cal polishing (CWP) process. [ 0045] After providing

t he sac¢feiesitaFlGatsendal 132 within the via recesses 112 (FIG 3) as

descri bed abqy, in layer .of , sem conduct or terjal be, .pr ovi ded
Coor nelsoRugL 316" Mo fSh pBhaASIR EARIKRE bR fll Rby SERG ROV el |
exanpl épnding driothel sepecondiicteasmuctorduvaipasingrmbehisirad 14ty thesuphaiddedthever t he

surface 134 of the senjco tor_structure_ 130 as descri bed below w th
¢ eflBr eAEBICPY LRI 1) %%T@cfoﬂéqe SpEted 17 iy SOPRASSE SEMiSGRMSEpr matertal

sem cOREGEfor Stafipid HliGort (BB ccBihig éésar FROVRYMROAGIAG naRekhek. seni conduct or

structure conprising a substrate 142 to the surface 134 of the
10seni Eonbriaptsy the nratpsialoidheRbsteate F2@naysontpree siinge erstal of agmigaydugionpri se a

sem co | ~ a0 il A Si r i Ge),
2T - A Yr b bRy e Rond Blor FERMRL 2, Blebb it cam g BRI &)
subst r af the kdiBtrate 42 orpromprisa asingly ceysel yBidk sibfonseaterbnduct or material or an
epi taxi al |ayer of_ sem caon t or terial., As.o non-limting.exanple, the
oS al of TR oS EHREe 1HbmRep ot Pube 4Trn G as ey e BRI K s 11 con
mat er i ghoceskdh QAAR khekBstateNISIL iddiR cthdBoniBY tolike RafcRdudtér stri@u@und aae;. 434 usi ng
a direct bonding process in which the substrate 142 is directly bonded to

t he semiihediestatemic s melesulanppndrbetveena hpndine syifage afthe seraigendyetoni ¢ or
| ecul t j .
ol ecu @%cugrg'i'g@arﬁea W&gfgggu@%@tgﬁeggg%ﬁ&@@@z 8&%&‘%11?” ncﬁgMgglie%beﬁereH.c%lur e

130 and ondi ng sur strate a bonding 1 nterface
t her ebetheewntds,|the aibkteate 1Eroay, betdrectuiysitiedtoehelséthiqragudie stigteretl By wisbhomded t o

th i condugt t 130..wi t hout 20 usi dhesi th
a8 I FRRRE s R Ele Pttt bOR BN bR R lnS SR Py pp R 01D
sem coRediebfuckdt sttt E3013e ndthR IT@elli@nio br bRc@bWBnEs E¥tweBaltRCHbafatdoonds

bet ween the substrate 142 and the sem conductor structure 130 will depend
upon t Hé2 i tBe peanicdrppurYies 381k denend ppanibe Batsaplcampositions ghepch gbthe

sem coRguieh@n 48 hiHEE WiSicddletorMiiSture 1R02GRQT HAIEGIMCE Witk O5MRe SIDRFMERAT S,

direct atomic or molecular bonds may be provided between, for example, at least one of silicon
25  oxide and germanium oxide, and at least one of silicon, germanium, silicon oxide, and germanium
oxide.

[0048] By way of example and not limitation, the bonding surface of the substrate 142
may comprise an oxide material (e.g., silicon dioxide (S10;)), and the bonding surface of the
semiconductor structure 130 may be at least substantially comprised of the same oxide material

30 (e.g.,silicon dioxide (S107)). In such embodiments, a silicon oxide-to-silicon oxide surface

direct-bonding process may be used to bond the bonding surface of the substrate 142 to a bonding
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direct atom c or nol ecul ar bonds may be provi ded between, for exanple, at

| east one of silicon 25o0xi de and gernmani um oxi de, and at | east one of
silicon, wernmmi4semd silicon oxide, and germani um oxi de. PCT/EP201106878§ By way
of exanple and not limtation, the bonding surface of the substrate 142 may
conprise an oxide material (e.g., silicon dioxide (5102)), and the bonding
surface of the sem conductor structure 130 nmay be at | east substantially
conprised of the sanme oxide material 30(e.g., silicon dioxide (5i02)). In

such enhed '3?{% §em1@or§fuuof:§f§w% 29 1953h bG8 (glm%fftk ds sl? RGEGH 5%8ﬁd1% ndi ng

process may be used to bond the bonding surface © e substrate 1 to a
bondi ngnatenal 1248](2gOdW@I&FdeﬂdEI@Q@llaysmS@?dleXLdebrmeafd:@ dﬁpowdé)e@@ml theubstrater

struct lf4§ aril'd?‘ 8?3 semlcon ﬁ&ge”%gtﬁrse Cﬁt(]:%G. QthiSaC O\I/r‘%\@la.% 1nter%8«ij thﬁraebéa’%r en ddllhe%ogag}lg rial

148 (e u as’'s oxi ose

bet Weelihaltdﬂﬁl mxbﬁayrlabeariaﬂ\%rafgedn&l&ﬁlesssﬁrfbﬁ@;aﬁhpm; &oust ommetnggtﬁmisSO (FI G 4) at a
bondi ng interface therebetween, The bonding materjal 148 éé have an

average t hi €Heks Ippdditagal ebodimeats, the farding piacen!gas subsiete 143 mayreoprise,
addi ti QRahicshRe FRRLSL (e LN Si1iba. ddn@ GheHHLiiRL @ur@afce bhge M@&ﬂdﬁ&t@r sthéruPERDB0

conprise a sem conductor material (e.g., sSilicon), and the bonding surface
of t he nvebeablagit mt@tantytllwemun@d pﬁ@le eIye tﬂ@ll@ﬂndmargnatsmﬂbéetgmlucah) yingeahpr i sed
of the SATR S senlc nduct silicon nts, a

asl 1con(f 51 1con u ace (il ec(:teo d1’ng rocessm be dstg%onthﬂbg cﬂﬁe
Bon e used Ohd t he

si | cofmmPe E > oh Sl A A& IroCes
bond|ngmﬁmebﬂmes@ﬁﬁﬂh&4£ﬂhﬂkmamgs&ﬁﬁebbmas&mIGKMQnsumﬁﬁnﬁﬂ%ﬁ the

sem.conduct cture 0. 10[ Q050 one e odi nts di rect bond
betleen theﬂgﬁﬁt E@ ?é%@“%@“%ﬁ@dggﬁgP? ‘?WTWQ ‘ﬁﬁﬁ&?ﬁﬁ surface of
t he Se@m&@&ﬁu@iQ&iﬁ&B&ﬁﬁﬂ&ﬁﬁ&%@f&ﬁ%mﬁ%oﬁﬁk&@hhﬁﬂﬁgIQYmEPB@&ﬂﬂhﬁﬁﬁByOf t he
bondln%asurface of the substrate 142 and t he bondi ng surface of

sem comefounrack prthe bendenglsgdace! wpsebytigtedti? ved fhe bpmbngsusiaee ofdless gand
SUbsquglﬁ]ﬁl)ﬁl%l@Bpgt}‘dCnge 150 RA %lggvegy%nfu?o &rfai?&e&&%bs%gﬁ'eegzhﬂft@@ﬁ‘g cont act

bet ween din urfaces durin anneal 1 ng For
exanplépmha;hub&mu@xﬂbomd%ngnmmn@anemaﬂwnhmnﬁmbmhmagan&é%chndgame bondi ng
sur%ace of .the sem conductor structure 130 may be fornmed to have a root

| sdﬁg?guﬁﬁP%ﬁﬁe roughness (RRms) of about two nanometers (2.0 nm) or

| ess, about o03¢] n@ep&a le, éakh Of th@dbofdind 8SBece MMhENBHradIRRan@AR-HIH@RE er of a
nanonet er 25 nn) ess. In some enpodi nents, each of the
surface of the semlconductor structure 130 may be formed to have a root mean square surface
roughness (Rrms) of about two nanometers (2.0 nm) or less, about one nanometer (1.0 nm) or less,
or even about one-quarter of a nanometer (0.25 nm) or less. In some embodiments, each of the
20 bonding surface of the substrate 142 and the bonding surface of the semiconductor structure 130
may be formed to have a root mean square surface roughness (Rryms) of between about one-quarter
of a nanometer (0.25 nm) and about two nanometers (2.0 nm), or even between about one-half of a
nanometer (0.5 nm) and about one nanometer (1.0 nm).
[0052] The annealing process may comprise heating the substrate 142 and the
25  semiconductor structure 130 in a furnace at a temperature of between about one hundred degrees
Celsius (100°C) and about four hundred degrees Celsius (400°C) for a time of between about two
minutes (2 mins.) and about fifteen hours (15 hrs.).
[0053] Each of the bonding surface of the substrate 142 and the bonding surface of the
semiconductor structure 130 may be formed to be relatively smooth, as mentioned above, using at

30 least one of a mechanical polishing process and a chemical etching process. For example, a

chemical-mechanical polishing (CMP) process may be used to planarize and/or reduce the surface
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20 bondi ng surface of the substrate 142 and the bondi ng surface of the
sem conduct or structure 130 nay be forned to have a root nean square
surface rwoghrassy’RRs) of between about one-quarter ofrca/nramionei7es (0. 25
nm and about two nanoneters (2.0 nn), or even between about one-half of a
nanoneter (0.5 nm and about one nanoneter (1.0 nm. [0052] The annealing
process may conprise heating the substrate 142 and the 25 sem conduct or
structure 130 in a furnace at a tenperature of between about one hundred
degr ee angh r 0C) for a
tinme o%l%ﬂhe\}/geg{rsleagﬁgﬁﬂb g’asgtfj}iaaéeesoff?(jré S%i’ggr":ﬂsgué l@g%%&g%ggl?dl%u?%&e%ﬁ(th%%r s (15
hrs.) . semicondut©08BictuEati?. of the bondi ng surface of the substrate 142 and

the b.ondi nggﬁ%ﬁ aceq stpr?tétrl]% @y aggtl)“'g%t%rMit ay%%ye%&véiggn%e se condm%d to be

relatively i one usin one of Helhani cal
pol i shistgtpe QLF@SiSFI@nd léaviigensecdld pettiohilng oDﬂh@@tﬂﬁSate F4X bebirirgokethe ﬁlrface

chem cal - mechani cal poI i shing (CWP) ocess m ed to pl anarl ze and/ or
r eddice [Phandlorrigs heRondrysomesan @rbewméiomf@éé@ﬁtawh%% B¢ fishch of the

bondi ng,s#dh i a€&r BE subbeats m&%eeseﬁﬁ’%e@ﬁgmttﬁ@se@&ﬂqioﬁ%nslqg bage s@cfstrﬁt@ Q42

sem conductor structure . A first portion 144 of
subst r dhe sqmzondaytomrup@rmkﬁ@d)f FKom lnﬁedes erthle dwedsenicgdugtor ma@rlalzﬂ@Z@fverF | G

5, | eay o) ortlon 146 of, the te 14 e i nd over the
B L T s T S I
Put anommefthmmb,strattélmz‘(|Fﬂ@t5)port| on 144 of the substrate 142 may be

separated fr econd por 46 of _the substr te 142.. The
ser conduct t)(}"@éf kg 2E8) %H@%@&y B2y PRt and ool Wltaa%thed%mcess
sem congued erthéfﬁhﬁsrt@% tlxle%%m}(?fc@f@ pﬁiééé‘s%@r be3ded tggﬁ)ahtfﬁ e h%}’&;méﬁ 144

sem conductor material 152 is provided by the secon EOI’tI on 144 of the
subst r af e sulptrate(l € e the BEOEIBtoRAHE Of thagubsalk h42. cSuch Grocsssesnye desyrilsid

SXa & 806 10k LUTIAR) OBk RIOGERS BRI Ll FBAOSHY o5 bl
s ubst r &oe6, 30,24%8(;1:0 ?spztreet sleﬁssgeétt[ (pctotbeir o6, anﬁf) bisS. PhnentsNdosﬁB é,tzgfi tbdxparStigh
o 5 0a tegeliaun s QBT sThafk Rb' o Srsts 3o MOSEER By, @isieadyn £ 2688068 o

ASpar Phtedd No. (6'8@9'@@4@‘[0@%@&%1 g@gue@@@ﬂa})erjé 204Pah&0tS. NatentNo3 8948585 100 Aspar
et al. 15(issued January U.S. Patent No. 6,756,286 to Mriceau et

al. (i ééae@t@lu@eptzelberﬁ@ozgoﬂu S. Pat ent No 6, 809, 044 to Aspar et al.

i d Cct t al.

(Sept enber - SREELoupaARRr iR (S daky b i icibink AipRAE B

hel i umintotheisnlestiateddd. Togvehs muybdlmplamtﬂdamel@ subgtatet H@ bsfobstradtemttadiing The
be inplanted into th te 142 hef ft ttachi ng 20

 nedsu B BiralBd % B seB Sl Bo RREFIC £ st d5ein B0 Pl ikl T kpave.

For exapphflantbding thayubbeaté 1Y @déth eflionRbercé ?@t Sahal pattRnddien  sigdfane i on
source (not shown) positioned on a side of the substrate 142. lons may be

i pl anfwsttad 62.t logs wapbe ymplatedantodhesvgstatedidealong diregioasabsantinlly

per pendi ol &Lu1dr%o B ‘ﬁqaﬁ@ls%acéyéfftﬂ&ﬁl%st%fte [he SURSH e 14 3he Qe Wik t he
art, the depth at which the ions are inplanted into the substrate is at

| east pensiaieatiplanted finio dieisobpstrate it 4t deastmartgily wiftretiglhpfghe ereezyi wittswhich the 1ons
25  are implanted into the substrate. Generally, ions implanted with less energy will be implanted at
relatively shallower depths, while ions implanted with higher energy will be implanted at relatively
deeper depths.
[0057] Ions may be implanted into the substrate 142 with a predetermined energy selected
to implant the ions at a desirable depth within the substrate 142. As one particular non-limiting
30  example, the ions may be disposed within the substrate 142 at a selected depth such that the average
thickness T of the second portion 146 of the substrate 142 is about three hundred nanometers (300
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25are inplanted into the substrate. Generally, ions inplanted with | ess
energy will be inplanted at relatively shall ower depths, while ions

i npl ant edwoizbte/daggher energy will be inplanted at rel at ipceippP2adempsars dept hs.
[ 0057] lons may be inplanted into the substrate 142 with a predeterm ned
energy selected to inplant the ions at a desirable depth within the
substrate 142. As one particular non-limting 30exanple, the ions may be

di sposed within the substrate 142 at a sel ected depth such that the average
t hi Ck”%ﬁﬂ ot 18 of d¥en SRELBEE AL A oln%@er?{job &) SRSt LRbBodA T rgméa@bom three
hundred nanoneéters (300 WO 2012/048973 CT/E 2011/ 065778 n | ess, or
even alixwttahlma lmmHedomanﬁyr’@tlmpbn(ed_ @(ﬂemh)s other thesthe dgssrett nmvlmtattwntdhathar t,

i nevi tab St SO Lon d t han t he
dost r eqt KaPhnp ST SortGlBnT O ot RlsA Y A Bt BRMSAS LELFOERE | ons as
a functire @ftha efishate IIIﬂ’DmEN]l exisbibsgdnatally ﬂ;él?s}fabéti'ms?mﬁlldﬁﬁ:@ﬁ@syﬁfmdnﬁtg ceybstrate
142 may exhi bit a general I?/e bel |l -shaped (symmetric or asymretric) curve

Shavi ng2UN$RLRHIIEI 2gesipslerimplaataionieptt at i on dept h. [ 0058] Upon
i mpl ant at i ofyos8f 0 Us 1rﬁfs!§§t£t'f<ﬁlt1§tojelfe29ub§tﬂ€‘e 149NSe GRY nfAG kMR a%JcE@&%lb!ﬁeel@ ane
143 (illustrated as a dashed line in FIG 5) within the substrate 142. The

f r act u(duptatadeas 14189119@911@:1@1’5]1)@4 SeVlﬁilHi thy sybsiate &%lﬂw figicturd planeHd3 sust rat e 142
that is ali. W th . the Iaeof

d t maxi
concent? PRt b Bret ol FERESHES 2R e PR e EBY TP BT e &
10 zonelané oﬂ\mahmaﬁﬁomddaemratlhlewﬁhlb&tsnwnetemz ﬁh@ﬁtg:tumblplaﬂe I@&n@uhﬁhé ate 142
may be cl eaved or fracture subse ocess bstrate 142 may
be |81 e 40P iatealkiest v dhesh bigien 2 alop @@@ghepﬁp éﬁ@teléf@ SEEYHSP™t he
S ubstr @Ita@tulgeﬂgn a ARREYERNGPrétefie qlﬁ@ Bitsahte | 9F &8y bOcIERBd §1Utl?<§:tnfr@4 BodfiRe XY
ot herwi se ap 3plt)yl ng energy to the substrate 142. [0059] In additional

enbodi wiane $43 bkeatiecbasustate il dh anpiping b mekbangagbioraede the sulxstpgy) 42)@r b8provi ded
over the . ?ME% %Séle&%_tégl%&&%tgqgguctor structure 130 of FIG 4 by
| vely thic

bondlngare 'ayer of material (e.g., a layer having an
aver age thi {:0059]55 hoaddg:icmalemboﬁhmmtsatheaecoﬁwﬁortmmtmh&ubma&slmhmyﬁmbst rate

1435 SuhaSaUEnLLY (haglag Ui el ey, Ll SHoIRSLE AL 1ag,Lrom ne
may be tibi BRGSf Hatenigl (@ gC hebCilinglaa @e§§ge(tﬁlcﬁless & giikter Handbdut BDEMiGas)
etching process a nmechani cal process (e.qg.
such as the substrate 142, and subsequently thinning the relatlvely thick substrate 142 from the side
149 thereof opposite the surface 134. For example, the substrate 142 may be thinned using a
chemical process (e.g., a wet or dry chemical etching process), a mechanical process (e.g., a
20 grinding or lapping process), or by a chemical-mechanical polishing (CMP) process.
[0060] In yet further embodiments, a relatively thin layer of semiconductor material
(which may be at least substantially similar in composition and configuration to the second portion
146 of the substrate 142) may be formed in situ over (e.g., on) the surface 134 of the semiconductor
structure 130 of FIG. 4. For example, a relatively thin layer of silicon material may be formed by
25  depositing material, such as silicon, over the surface 134 of the semiconductor structure 130 of
FIG. 4 to a desirable thickness.
[0061] After providing a thin layer of semiconductor material 152 over the surface 134 of
the semiconductor structure 130 of FIG. 3, one or more device structures may be formed on and/or

in the thin layer of semiconductor material 152. In other words, one or more device structures may

30  be formed using the thin layer of semiconductor material 152. By way of example and not
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20gri ndi ng or | apping process), or by a chem cal - nechani cal polishing (CWP)
process. [0060] In yet further enbodi nents, a relatively thin |ayer
of sem comdwrot2omsemat eri al (which may be at | east subst arCiraipky1196377¢ ar i n
conposition and configuration to the second portion 146 of the substrate
142) may be formed in situ over (e.g., on) the surface 134 of the

sem conduct or structure 130 of FIG 4. For exanple, a relatively thin |ayer
of silicon material may be forned by 25depositing material, such as

silicog t of FIG 4
oL OB s P A Bl oc 1 SRTGADAO Oy S UG R0 of P
senlcomuMEmbIXMHIerlal 152 over the surface 134 of the sem conductor
structure 1 e, or Jor d Vi structure d on
andior i ¢ A6l 6 s RS o Bhn BB R PP E S TR BB BEF 4" one

or nor enélesed @\ﬁ!thﬁltthél@dshécﬂﬁlerlﬁy saBselq\eent @rm&ésmg tﬁg setnhéoﬂdhd:tﬂr strayt@re 160 to
sem_conductor materjal 152. not

2012/ oi%WéP@V@QM@P%W?B@CPWP@E ftawtur% QﬂqfrFém lt?fselﬂlfcﬁﬂ‘i‘lcg’cror s may be

fabri catrgQui$b0Bclulg dnb bf‘mb@’tﬁhsﬁtxs%%m 99@%‘1{8 {1 sishBRt 85 isdhow® & FIG. 7 for
[0062] FIG 7 illustrates a portion of thé bonded sem conductor device 150

of FI Gelagtye s sheen lmﬁlﬁﬁ;ﬁa@m@armamé@ llnaywelclllgea saieshayiratides dsqresgesieh ng t he
semn co or structur t nded . an 8ss ed S nlconductor
qu& a s<}ur<i.glc tas l%% cﬁal fula ra1 rredgC? L4 e%laé]g

structure enlcon or's 4HET 0 es one or
nor e t ra#B, |a,ﬁt1 aste IGturONby Kuok of tha asursd I@gloﬂ. 6B A Snthhé)d\tlaml Bgibh o4 A mbpr
clarity. shown i n Fl ansi st.or a source that

each tr i ncl ud
i néPuddi! eg%?ﬂé@f Pﬂ@&%ﬁﬁ%&&ﬂ%&mﬁeﬂ%w@@al&éﬁ [I&f é%egw&h A0 Hat

i ncl udesor@ddPass b fef8r @Rsd REDnPAELtdcally BbHuERRL a6t s&ﬁé]el??eglaﬁl do3n gatiBe &huct ure
165. Each of the source region 163A and the drain region 164A may 10i ncl ude

r egi ongegdn A my be sepayaied Bemoaerieasihed by & chanpeltregipm ] 661 Bhich gy chmpusesaen
doped r reql

conduct e IR or MG 3RRPR! Syl i ERE Ty ERS, HRILARS IR b
separ atdegoded onerolnschamad hagronb% iatezddazrbwveenel@ sonrcé 61 thm/diaﬁibfﬁrhytransmqor ise an

pe ion.of the thin sem co ctor materi al The gate
Pt e Bhsh Selty shiCen el Lo hedim ERaaNaly lf B TEB SIS Py Dot veen
t h e S O GiRlearInduRBvath@bital 9fichtad @né 630Gt Sle@ls, dDdfohed FaIGH1ih hdi&iad OTHLC e
contact 163B, the drain contact 164B, and the gate structure 165 may

i ncl udéondusbranaienal ef the gete pauctue d65 may bwlecicaly selaipdtfipmsthe gn yeroped
pol ysi kL6000 fRoehb@}ial 115'2%?/%9@9&{%& Hﬁlé&ﬁ{c%dt&lals% t BEo9ad & njthiadighure 165 may

be electrica Iy I sol ate rom-t ayer §&m conduct of material 152
by oneoewnndnemd)electrlc materials (e.g., an oxide, a nitride, an

0x¥p Itride, [(ﬁ) g] As shown in FIG. 7, one or more shallow trench isolation structures 168 may be
formed in and through the thin layer of semiconductor material 152 proximate the transistors 162.
The shallow trench isolation structures 168 may comprise a dielectric material, and may be used to
electrically isolate each transistor 162 from other transistors or other device structures of the
semiconductor structure 160. By way of example and not limitation, the shallow trench isolation

25  structures 168 may comprise a dielectric material such as an oxide, a nitride, an oxynitride, etc. The

shallow trench isolation structures 168 may be vertically aligned (i.e., aligned along a direction
perpendicular to the major surfaces of the semiconductor structure 160, such as the surface 134)
with the via recesses 112 and the sacrificial material 132 contained therein. In other words, the via
recesses 112 and the sacrificial material 132 may be positioned relative to one another such that a

30  straight line may be drawn at least substantially perpendicular to the major surfaces of the
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20[ 0063] As shown in FIG 7, one or nore shallow trench isolation
structures 168 may be formed in and through the thin | ayer of sem conductor
mat eri al WB20r@sd7dat e the transi stors 162. The shal | owpCrared 1jos3rrat i on
structures 168 may conprise a dielectric material, and may be used to
electrically isolate each transistor 162 fromother transistors or other
devi ce structures of the sem conductor structure 160. By way of exanple and
not limtation, the shallow trench isolation 25structures 168 may conpri se

a diel %Qf{lircbr?du%} ﬁfu!cﬁllre Pét’)cglcﬁ% e 5%09?34 %a@b%sgésqgmug& M(Nf ErEﬁ(ﬁtQSé)la(Qiitoﬁé The

shal  ow trench 1solation structures e vertica y al 1 gne

al i gnedtradton goRardi aeditmeof Sp@rfpeuhdlatcuhlalr32tvothurtmler¢ﬁﬂ@rwesnacdsmééZ of the

sem conduct ur.e t he sy rface e vi,a recesses
172 and the tned} | FEIHAE (81 £1R0ES AiReSSLRCERGt stehite bR Bor cec " the
Vi a r eCaaRedy plodidimch e of dﬁl’ebfhb @labdriaNE2gE. gahn ﬁl&?la?@)dleﬂ)@trﬁﬁﬁat&ﬂ&mar an

rel ative to one another such that a 305”%}% | ine may be drawn at | east

subst afkpesed priges WEdthepemicopdrcian atrypljre L OX oftilGc 1 agfl/of fre whigthe one or
2012/ 0439 BRI LhH QMG % Bred A SIMALE L Mire$ §| 346HH bEeniBnedS o Asing RRt

surface 134, that passes through a shallow trench isolation structure 168
and a woltione! Hrof srovshfvaferdntercanmcisgierd®2 wit hi n one of the VI a recesses

112. gg] Tlge egrrcgf galeé:?nc ma%na? 178 mQyQ dfeorrhedp (gnocgfl%Ze d[ PSRN duct or

structure 1 ¥ 8rme rovidi ng ayer P Miterial 172
(e.qg., sﬁﬂfachl%@;l‘ahdiyﬁy hahee:hacéragecthmhtmf lafge)enm@qrto amw&&x@asedu@meﬁaj:eftﬂég of

he sem conduc truc e 0 of F 7.in an on which t one or
mor€ t ﬁfé?ﬁéﬁit%ftlé?sas f%ﬂﬁéh%lfwﬂw eﬁ@ﬁle?t%mateflg{ﬁ%mae{emp&e 2 %@eqﬁ%e been

for rred,ma@é‘llglg‘ugﬁggdqgoﬁdergmmrgﬂ@@gltﬁgée,@f t hrough waf er interconnects

therein. [0065] The layer of dielectric material 172 may be forned on or

deposi t ed o066} héVlﬁqua@@dlﬁeren@@rm Fifay8, figsy portipnsalv/éod dieouchiveiiess | ar ge
enough 1ﬁt§rﬁ<gr91l\é85 okl g? ﬂ)gwtn@ﬁi ﬁltt{1é1§e§135 Er'l[d&éér s%clt[)%el 76 O*Fflé"f'é{ I§otn%ns ]t% £of tﬁi%u?]p own in

FIG 8. rc rise ect
mat er i avafes litﬁércameam may caleprisa amnhd‘ucd&; mama:bxwlm as bn@ler ma&t metals doped[ 00 66] Wth

con i nue ef eren o FIG ions 174 of t h

o8, oarRelaT ey e uirrsiine bhb beR S bh RS i Pk b RERES ofhge i ¢ st
por t i OR® rddedse®f 74 hiUdl hei@feebf difIb@fiE MRARARLIT2 R SIOINE kha3Bwareh eHdblGtidnY €
material such as one or nore netals, doped 15polysilicon, etc. The first

por t i ofuctyEs KR, ahibiogeh thonding meicsiahid8 de thesagyifisel maereld 3Byn therii ng vi a
rec ess?éceészsﬁl %@ﬁem‘?eriaﬁmr Wfsotlk EhnEEdifnlefts, T SEHE, trdfcRisoldioR YAk nlle

shallowtren ation
168 may not extend entirely through the thin layer of semiconductor material 152, and the via

20 recesses 176 also may extend through at least a portion of the thin layer of semiconductor material
152. The via recesses 176 may be formed, for example, using a masking and etching process. A
mask layer may be provided over the exposed major surface 178 of the layer of dielectric material
172. The mask layer may be patterned to form holes or apertures extending through the mask layer
at the locations at which it is desired to form the via recesses 176. The apertures in the mask layer

25  may have a cross-sectional size and shape corresponding to a desirable cross-sectional size and
shape of the via recesses 176 to be formed. The semiconductor structure 170 then may be exposed
to one or more etchants that will etch the various materials through which the via recesses 176 are to
extend without etching (at any significant rate) the mask layer. For example, a wet chemical
etching process or a dry reactive ion etching process may be used to form the via recesses 176

30  through the layer of dielectric material 172, the shallow trench isolation structures 168, and any

bonding material 148 to the sacrificial material 132.

15



structures 168, and through any bonding material 148 to the sacrificial
material 132 in the via recesses 112 within the material 102. In sone
enbodi mrenwe,20taswhal | ow trench isol ation structures 16@Ccmmp20ateizig end
entirely through the thin |layer of sem conductor material 152, and the via
20 recesses 176 also may extend through at |east a portion of the thin

| ayer of sem conductor material 152. The via recesses 176 may be forned,
for exanple, using a nasking and etching process. A nask |ayer nay be
provi _ded ov 06t7EeIr?§H?ﬁbS oﬁﬁhé?lrf:s ﬁl@rvfa%@esgezg7@1fna§r Hfrelaﬁﬁgé é%fasﬁiéc?}aﬁgg ré c
material 172. The mask layer may be patterned to form hol s or apertures
ext endithagattimfdh@dfvetalge herglstito thayeerage crossgedtooa dirensioa) inwtade eitendigg flesi red to
forn1th§ V& F ecesses 176. The apertures in the nask | ayer 25may have a
cross- $&Ct n%? Ssi ze ‘and shape corresponding to a desirable cross-sectional
si ze and shpwsspf AffeefotinthgtRCaSs ER6ssds/6! @nbgetihve aReal nidiebegReidinattd or
structure 170 then nay be exposed to one or nore etchants that wll etch

t he> vartheoirsrereseerli/al E"fteﬁ'f‘%ﬂlﬁ*f”\ﬁ/ﬁ’if pstat mateyaly may be depositer pgthin Be v resepsshd

W t hout; 78t Gh eld@bled MatiHoPd el CRARlor kRtISdrolyie pBaK ploBds! - For exanple, a
wet chem cal etching process or a dry reactive ion etchlng1 rocess may be
@EWé@mp c

used to forﬂﬂﬁﬂb Vihg firse pergguss! 74 p6tha@ish maday nterhenneety,dike dfe s
gt 2: : Z‘ﬁlol 12% St{uo H{r%e g lﬂlll‘gl\{v htv(ll%nrf@%%genadt %Ilgggg{[/er v&ly ane% %Se’., a?grgedaarl-%gbondl ng

acrl I Cla erra
20 12/ 0@89&@1?@1@5%@1]31&@&5 Tébr surfaces of thd @@Hdondlidlorsataue ioducientis suifhie: vi a

17 h th t f th
P50 d HRTHDE Vi TRt g P LS Bt A2 HHEHLIMI™ 1R oo S e
eXt en d IfiRg Ef)ﬂh@m PRYHthrSugh &ﬂer%k%@ﬂé&mﬂe@ts Qﬂd e Qe@%hcrﬁ‘f ﬁl@ténefl Q8 hAY bd P&itdndd

recesses conductive nateri al may rovided within 5the via recesses
176. leatemweeanown@sugh thaea fmalghah@rmw ke cg‘a\yn pdeagegybsihntiatly perpéridiculang vi a

recessGR. S sﬂﬁh&g offle ?érﬁl%%igétgfﬁ?ﬁe iﬁbg%u‘éfﬁ §§ur?a’8§ﬂ]9zf t@%aﬁLe@ﬁﬁrh&%\ﬂt -~

plating proce Irs I ons rou
interc dﬁmnecxttlsn 1174 &fen thivagls vafel mver¢oneent hnd £mlmt1e o)ﬁsasmﬁami inaressl ]Ba&wtlm awgh

h t hey extend y be vertically aligned (i.e., aligned along a
dlﬂgct Eﬁeﬁgfﬁﬁﬁﬁfég?ar to the major surfaces of the sem conductor

structure 176b70p Uthefort@ tedfibaseRtiond 074 Stkhrotkh WafePBiterdonbd®s 8E&ERMall 12 and
the sacrificial material 132 contained therein. |In other mords the first

por t i OREOCEBMSEayLbgICatigh Owice &rrmi adeliapnal drees Srugiverstsheh asrondyctive wps. Hatser i al
132 may.pg afa;ai;aag&;a eE RLd r}@g{ %g@%gl %?Eq%qéyeﬂ}ﬁh EAAL mgteﬁ{llrlé)’?gg'ﬁchl i ne may

be drawn at ast su nti . icular 1o the maj or surfaces of the
sen1comdu@%@nn@Umdbd@wbnaﬁﬁﬁﬁsutwlaﬁmeQSémedh§(I34neKBEOLpasgesaﬁhrough a

sachi 1ol al Ty £ ot PRED HEEe s Be SR anracs B peBisb T slenre

[ 0070] 186 that mhpbdioRfed hiefabridatibn SRA BluaNS of dévi@fstrhbitiRy 980 Walig bnd HtrgsreONNeEct s,
addi ti onal proce55|ng may be carried out to form addjtional device

st r uct gyEndug diplestricapieyins i 8¢e The dovicesirigures { $ppsinclydeione i soikely ¢ he
expos e o Rce A fiRS ecra%ZSB aftf pad D Borh SR a%fon&ucﬁb@ﬁa{ehﬁ sﬂalta%roh@-hr mhdré mepHE N

processes may include what are referréd to in the art as "Back End O Line"
( BEQL) opdapedpslysilicon. The one or more surrounding dielectric materials 184 may comprise an oxide,

25  anitride, an oxynitride, efc. The various device structures 182 and the surrounding dielectric
material 184 may be formed lithographically (i.e., layer-by-layer) over the major surface 178 of the
layer of dielectric material 172 using processes known in the art.

[0072] After forming device structures 182 over the layer of dielectric material 172 as
discussed above in relation to FIG. 9, a portion of the material 102 may be removed from the

30 semiconductor structure 180 to expose the sacrificial material 132 through the material 102 as

shown in the bonded and processed semiconductor structure 190 of FIG. 10. The portion of the
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20[ 0071] For exanple, FIG 9 illustrates a bonded and processed

sem conduct or structure 180 that may be formed by fabrication of a

pl uralitywof20bemMsere structures 182 within one or nore sekCTEPRUNGS77S
dielectric materials 184. The device structures 182 may include one or nore
of conductive vias, lines, traces, and pads conprising a conductive

mat eri al such as one or nore netals or doped polysilicon. The one or nore
surrounding dielectric materials 184 may conprise an oxide, 25a nitride, an
oxynitr : ng

i ol ot e e T ol e kAP

| ayer - tﬂ}e—Shchapé the semeonduser sm,warre $30r ¢rmostem6aomfe $Lh|é0¢ h&ﬁerBwasmfekmple pupd

mat er I al t11m1 USItﬁlg <Pr{ es tiélq ECD remo z 1°c Af tleronf (())1[ rrrTIIOIKéQ) deVI ce
st ruct UPETM RSN VLR G Iaye? rlcV g%éf YABPIEong PLRGERL] above
in rel aher@lnalte&hﬁﬂg@roc%ss zamaafahic@lrponihlﬁgwlﬁoéai @faalhemh&az nfeehanal fiemued from

t he_30sem conductor structure 180 to. expose the sacrificial material 132

t hr SughCMRe Piogeser [faidielerpricaatepa A2 1Srﬁ115ﬁ>ﬁ$dt96m@athaﬁ%fﬂﬁfa@b@§t§%ﬁ 1demcBaduct or

st r uct e hPh20ks Fibkh indIG. SNEpdRQSHE 4Rk Blledthiematdfhl 122 also may be removed to
2012/048973PCT/EP2011/065778 material 102 may be renoved from the exposed

maj or swpdsathe sa@diciabmaerid)l 33 to thi extemaref fhelsem@andngtor feucgirgl 90 s shiven in
senlco%ﬂg ? structure 180 opposite the active surface 186. By way of
exanpl e not limtation, the portion of the material 102 may be renoved
usi ng, for @MHBpIQHMﬁmEWQmemmﬁesmﬁma1&@emh@ahnﬁmﬁhﬁmgnpmnﬁﬂssprKhéchanical
pol i shi ng. pro enlc

. | - mechani ol i.shin 5 ( ra
b 4Pl GB PRLOMENA § & %ﬁm@lfé? jlrgted; %ﬁéé’éﬁ%@%ﬁé P 8 g i ﬁ%ﬁ%léﬁ? 9 132
and t hexpRt flels@drifitiPmaRBalABO\Whaskitk iff héadli8e oBthP MrhibeHUuSbr el whiRCt ri C
material 122 al so nmay be renopved to expose the sacrificial material 132 to

t he extrengvarg the matsaalsl®di conduct or structure 190, as shown in FIG 10.

[0073] Opti ﬂgﬁ%y’Af{eE&pb%%ﬁlg ?&fﬁcﬁ?ﬁlatjeﬁg 1%§t<%1!ﬂ§re ?J‘&r%gg]%‘é%% Qicfopct ur e

180 of FI G O a carrier su as s own in FIG
10, pr istnmotﬂrel@@smhowg it e m@ttlﬁsaarhﬁcmmaltemabmas@ telremeadrfidm sithih theatier i al

132_to aSSIS i n_.han he sem conduct or struc r i ing the
oter ¢ afesesh & iAs bRt ind e Bl SRR R Rl T Far i FITEAAS 1o

the ext@kiopéxagipld 4@ n%ﬁlﬁﬂqﬁéﬂ&dtw\b&rch&hfchl%&dhﬁ@ pkSRsABayshawed iotehible thd 0, t he

sacrificral material 132 may be renoved fromw thin the via 15recesses 112

to for siqiNeabypgey 1§%§0@r‘@€é%gléd’la§é¢ﬁs%ﬁh%c%?w%¥¢ thatwillethdogs Fovavel n Fl G
11. By tﬂmgﬁha@m{%ﬁ BHNRE sbchi®ddd ﬂopéhrucﬁré’v{"ﬁolgg lef ke tﬁ&rﬁi‘fa&gah t AhRHESS

may be used to renpve the sacrificial materl rom\Mt e via
r ecessd® etdant vl retoedmg dielhettic wiatetiald2 land anychondng mteel)ll I483nzsfatreruséd toi al

TarD afeUROR RO SR G 1 PEROVEY e Hh g Bt Pee Tt BbERciB5fan any
bondi n%a'f@ﬁaﬁfﬂﬁ(hncﬂ&}&oﬁﬁby rBigtivs8 thel Ptionally dielectric material 122) and any bonding
material 148 may be used to remove the sacrificial material 132. In embodiments in which the
sacrificial material comprises polysilicon material, the etchant may comprise a mixture of nitric
acid, hydrofluoric acid, and water. In embodiments in which the sacrificial material 132 comprises
25  afurther dielectric material, such as, for example, silicon dioxide, the sacrificial material 132 may
be etched selectively using an etch solution comprising hydrofluoric acid or a plasma etching
process (e.g., utilizing a sulfur hexafluoride SF¢ etch chemistry).
[0075] As shown in FIG. 12, conductive material may be provided within the via recesses
112 (within the space vacated by removal of the sacrificial material 132) to form second portions

30 212 of through wafer interconnects 214. The through wafer interconnects 214 include the first
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20 renove the sacrificial material 132. In other words, an etchant that is
selective to the sacrificial material 132 (and optionally relative to the
opti onal lwodnedagy78i ¢ material 122) and any bondi ng mat ecraiP2did®eivay be
used to renove the sacrificial material 132. In enbodinents in which the
sacrificial material conprises polysilicon material, the etchant may
conprise a mxture of nitric acid, hydrofluoric acid, and water. In

enbodi ments in which the sacrificial material 132 conprises 25a further

di el eC;Efﬂ%nm@arnH%e’se&}ﬁggoﬁl%n bor ]ﬁf&@f gﬂyﬁcal%hd élgélﬂcflﬂl:%c(gﬁl’ay ngsta?tﬁgﬁe'df i cial
mat er i 132 may be etched sel ectively Os| ng an et solution conprising
hydr of Ibatv\remcthadﬁmﬂ potions PYrasdthesewnil pgmpnsﬂ:lésﬁ theghrgugh wafet lmprqtvgnwtssmlﬁlf ur
hexaf | uori d h ch n FI
conduct 1 ve. TFEF T AR cEDET I rhatmsreent ST ST SR BB NS (% hin e

space \ﬁ&@r@érﬁﬁctbyM’ m@m@hpr@é ab&ﬁiu&ta@rmeftériall alchambey drathord Bjalst opedr m s econd
portions 30212 of through wafer interconnects 214 The through wafe

i nt ér c FAELER. og41n %9816&&@09%@% the pondpetnig Patesiabof therereideantions 6&3%9%6

por ti ofgododAvARdnfeRBn G204 nﬁ? bt hABRt bdantMy fhtiAM6hE@ndadle flageihf drcal
contact may be established between the first portions 174 and the second

por t i ok frgtpogfons het efithothipghan for intarecannednlee tide 2qutiuctive mater[a(l)@l?lﬁ]oe The

Conducgglrov?de w1§g1 tﬁe Vlgfrecteps%s lsﬁc?’ﬂ%d fporgg In?prlles or%el gr rrqgta a%erlatl-Ir Ou ) d’é’a ostted
I nt erconnec 4 y conprise conductihve naterial SsucC on or nore

met al s ,widﬁnhdvﬁm:deysss 17608ihg aﬁtel?actrdlélss@ﬁlf[ﬁg ﬁmbésdaﬂifﬁdﬁtaﬁ,eldchelyﬁ@plﬁﬁngt ive
matSri al of the second portions 212 of the through wafer interconnects 214
be PHi*®$Seast substantially identical to the conductive material of the

f' rst porti Wﬂln’rhethré v&a'?ér%%oﬂ%f:@&lél PERESHE RS §rt18ﬁs4174'ﬁh@th%<§%kl§t' ve
material may be provid hin the via recesses 11 76. For exanple, one

or et abrteas 224 th¢rsofrréyz ab@suhéﬁﬁgﬁnmdhmﬁinsmqmqnh @74 thes,e@grybl@rtlom 2i3img an
el ect r?%@?a% [ﬁjo@etsée%gtcﬂ f&%ﬁtss% @eﬂﬁél%ﬁne@‘ ﬁ%qﬁﬁr,f"%c% @{%@E#&Qu{f&%{ﬁ s

[ 0077] erconnec por Ions 174
and t hél Qelmamnhapbe 4 drscretezlﬂlaltﬁilable bodndAy 2 6nethanticroftructirabengeenhiee firstr st

rtions 174 d t.he se ond. s 212 in separate processes at different
D O enpraPn | A e R P AR Oa & eg et e R i e 98t SR8 ar e 210
t here rEpofitedts OF &6 ifeion UeNdbdtifiabl 8oRMRIALYNHR 16datel PRoxith&E @SiafddCt Ur e
between the first 15portions 174 and the second portions 212 of the through

waf er iswiase ebihadun hyerof semicamivstoempistialtgAt Eorgxample. theyidenifjale boypdary 21
i denti fi; Z%L,-% PR AN Yh oAb R diTE YnalRGial %%Esggsea P%Jngj%}& céT@ﬂt éﬂﬁﬁlﬁ% of the

thin |ayer sem conductor “material 1 For exarrp abI e
boundasgméGlurey mberiglddR a Ranthewnora, thévgenbomdileigr streicterei 240 mM&e dnsrpcﬂsmialbt a

heDset PoAduerur gt Fodt e EEIG7 b6 ori ented parallel 2010 the active
surface 186]00a8] SMOWMd dntfoldfments2the through wafer interconnects 214 may have an average
aspect ratio (i.e., the ratio of the average height to the average cross-sectional dimension) in a range
extending from about 0.5 to about 10.0.
[0079]  After forming the through wafer interconnects 214 as described above, the carrier
25  substrate 192 may be removed from the bonded and processed semiconductor structure 210 of
FIG. 12 to form the bonded and processed semiconductor structure 220 of FIG. 13. As shown in
FIG. 13, conductive bumps 222 may be structurally and electrically coupled with the exposed ends
of the second portions 212 of the through wafer interconnects 214 at the back surface 224 of the
semiconductor structure 220 opposite the active surface 186. The conductive bumps 222 may

30  comprise a conductive material such as, for example, a conductive solder alloy.
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[0078] In sone enbodi nents, the through wafer interconnects 214 may have an
average aspect ratio (i.e., the ratio of the average height to the average
Cr oss- secwpanelo48d7aeNnSi on) in a range extendi ng from abeat/EP28E 1v6e57aPout
10.0. [0079] After formng the through wafer interconnects 214 as descri bed
above, the carrier 25substrate 192 may be renoved fromthe bonded and
processed sem conductor structure 210 of FIG 12 to formthe bonded and
processed sem conductor structure 220 of FIG 13. As shown in FIG 13,
conducti ve iom ; I e Vi ,‘%Q&m] M th the
exposed end Othﬁ%@g@é@g%@%%%ﬁt%&gﬁgﬁz?ﬁﬁ%ﬁﬁFﬁﬂ} ﬁir%ﬂt}%%%amer I nlt%eier connects
214 at ptdvessbdakl et ef R2dedafr dcstmeblseﬂfhe:@ndmdwor§tmuumeaﬂé sEgequepthosay e t he
?‘n(;t Ie\rllea?ls“lr f gLHaGI(I,y angfeletcglcal g?&?)lglg egl %o an8 ulct\%lée %@éeg gr(iri(l)t (rzllrc%%\%frﬁoarr]lg) Ctl ve
2012/ 04&hitofutioERARMIE QG5 dd&her die or \»[12@&&@}0 , Ubiag ﬁ%%ﬁdﬁi&d%ﬁl@ﬁpsﬂzz UGt U!‘ e 220

shown in FIG 13 optionally. %‘Wbe further processed and packaged, if
needed 28fitional erpbaglimentsythe se@ifopdistas st ysture £2Qmey Pestoisyrallygad glgerealy nmay be

struct upgliddtos %ﬁ'&{h&'s‘?r&étuﬂe %@ih%%th@%lc@?anfd%&ﬂfﬁh&%m% LMRE B QuchSW D as a
printed circuit board, another sem conductor structure (e.g., another die
or waf eKE)mpletuemg cmyiunfgwtlms conduerti¢alle condvpisvediim, et{:n 5 additi onal

enbodi ment s v g E ?{%?‘rr?&“ad‘d&%%lé%b“ﬁ%%&%ﬁodl 1¥ts S I MGLHT Al Ly pand
electrlcall31r couple 0 to 8

er 'structure using er devices a
t echni gqelas/ekrtiffioulit to seleetivaiyt etchithb seaﬁﬁclﬁlaﬁatemmm ezuhlmlienga oesdesdtl 2 wethbwads,
anl Otl’OBIC&H%/COHU'[IvefH etc. i/)l] Refer g again to FIG 10, in
REIE watsrialioh theisaReARUSHr Sﬁ“{cuﬁﬁ G dn prghgn 1%3? FIR¥aft to

Sel ect igu8iayledd ﬁ[féte‘émhe?%'féri(als@fﬁle s@iﬁk@ﬁdu’é{or 3% e 1 59 pridr Iﬂﬁ‘eté’ﬂlﬁ’g thesRangal 112
wi t hout 10etching other material of the sem conductor structure 190. In

such emseadiahbiftas dejeriberblierdyenbdessi rabl e to protect other materials of the

sem condgctgdoﬁ%r%} ngile%lcpﬁh?lf%k@%ie&%ﬁh&%dﬁ&@rsﬁﬁ eé%ﬁ{ﬁn?;? { % 132

as descri be el na or exa es a
sem cobgdepmiting b mask lalyer 2230verhbd sunfages béthHesemiednduytodgipesird 1 Wopf&1Geldkn| ayer

23i over .t he surfacea he SH m conglxctor t&uct Ufg 190 of, FIG 10 in

tich SUChAHRRIFT 5o gt eaaﬂs %ﬁ%‘ée{ F%péEF?@“‘ e P Be perig Uty YUPH R es of
t he seIIB@Q@@Bp@fo@boetbnmhiérsarfg&eoftﬁés@ﬁér sﬁ@sftraféQS§| iphe/mﬁslmyes usd aees of the
carrier substrate 192. The mask | ayer 232 may n’grlse ceram c materi al

such a$ORAr gEiemgterialspeh as6n oyide ke @e%ﬂeosp@zamd@r( i LenahumnBRiodde ( Al 203) ),
Z‘X;'mt { 'r(gﬁog)? aitridS{e' g SRR hitided8is K5 o7 Bdon RtridOBRY), BF 4] blGick®N) ) . or an
[0083] As shown in FIG. 15, the mask layer 232 may be patterned to form openings 242
20 that extend through the mask layer 232 resulting in the bonded and processed semiconductor
structure 240 of FIG. 15. A photolithographic masking and etching process such as those known in
the art may be used to form the openings 242 through the mask layer 232. The openings 242 may
be sized, shaped, and located to expose the sacrificial material 132 in the via recesses 112 through
the openings 242. The semiconductor structure 240 then may be subjected to a wet or dry etching
25  process using an etchant that is selective to the sacrificial material 132 relative to the material of the
mask layer 232. Such an etching process will result in removal of the sacrificial material 132 from
within the via recesses 112, resulting in the semiconductor structure 250 of FIG. 16. The mask
layer 232 then may be removed from the semiconductor structure 250 of FIG. 16 to form a

semiconductor structure at least substantially identical to the semiconductor structure 200 of

30 FIG.11.
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[0083] As shown in FIG 15, the nmask | ayer 232 may be patterned to form
openi ngs 242 20 that extend through the nask |ayer 232 resulting in the
bonded amsiopnoeswaed sem conduct or structure 240 of FlI GPCTHEP2041/065778

phot ol i t hogr aphi ¢ maski ng and etching process such as those known in the
art may be used to formthe openings 242 through the mask | ayer 232. The
openi ngs 242 may be sized, shaped, and |l ocated to expose the sacrificial
material 132 in the via recesses 112 through the openings 242. The

sem conduct r I chi ng
25pr ocess U§MB§}a%gé#@ﬁgﬁﬁg?%gﬁnggﬁﬁggﬁn ?@gﬁﬁ%ﬁgﬁggg g$ﬁ%§gﬁgg&%%ﬁgrla

132 r elrelationgo FIG& Randh, ehd laatemﬂ 10heayrbs kedmmelazwto tBurabrifanl eatdtiah i 2pr ocess

Wl esclij/grltge ollgtlona ct/ E}GCU‘IG mat al%% rtcl) olrr(r:llc} errrn%o%r c%or sg'rucztur;zggm 8&’ ngg' ]%he ¥Ih2‘

recessée esu e 'sent COn Y°6Y s POdeure
mask | auelof &didhpldwid n@ﬁlyrnbaalohern@mténﬁlrl@mrﬁals}e,e$@ﬂ1s@@fmhﬂ1@é @ thstactfitiplr e 250 of
FI G 16 to forma sem conductor structure at | east substantiall i denti cal

o ?he "¥&HAEbitatnd & theqntigeal dieéectiganaisiag ), by abopt 2,0 gpngstroms.  After forming
2012/ Oﬁ%%zéf’c@lé&?&%yuﬁééwmm 17, a[llpagﬁﬂa]yemz%%lbteld%@hedw&temsjs upon

thinning the materi al as previously discusséd inrelationto FIGS. 9

and 10 semﬁendmtoeartmturellﬁ@ terfyrmighe $e@@e<§1sie@orr5@v@tme\2€ 0106FI(hd 8 s &be infgkdiyelr

mat er i 3172 1%2 bor?l‘nr(ijs/e%rce}arr}l? Ogterl rs]al %“ael % erlede %16 ) (gro Jrr(ljlrlqr]nt he

sem conductor sEructire ﬁhé 17 exa ot

i m tatokﬂl (Altzthg) awitadé (&lg,:kﬂlzoﬂﬂﬂlythQSll‘gNQ%Bﬁdn hﬁﬂlc&t(BNa) bDaIt da@nmdzar iAsi ci al

5rra eri %E[ad/or t he optional %ﬁectrlc mat eri al out 2,000
tré r 1% BertprgoRistos shn S AT Pgion s RE wée a mask

Iayer aiezeomfaypdggeﬂ;@@g%gs@gs@%q@zt he sem conductor structure 260 to formthe
sem conductor structure 270 of FIG 18. The mask | ayer 272 may conprise a

cerani c mat €4088] Jihe maips serfco k7 Hef theseqicondigtprsbnctied( P ¢BF(Gil B2y be al unmi num
d | d
oxi de @@Lr]gc%%i)t)) Q) )??]afl?ﬁztaé&rgﬁrxs&i gu% h &l chgtﬁngillgn&fgrfﬂ@atl ﬁ?‘?fls%h@(g%%a ?}9&8&3 gitride

(BN)), an ox own 1n e se ctor’ structure
270 mayemoelthg@rigongef te nsisk fa&ﬂénz '(achdqxorta)ns b%ytdiﬁéﬁo&@fmalﬁrplbﬂ;m)ewel’rtbe carrier
trate 192 008 surfa 274 of e, seni conduct or
o1 GBSy 6 i maieab by AL s Vi B 20 e PO GRY PRBSREs. such
as a cheficeluceahriiezdo FHIEGSIv msﬁ&w}n M@P@%sa&tﬁide@ﬁﬁ%ﬂall@ el ons of
the mask |layer 272 (and portions of any dielectric material 122) over the

15vol umsrosest theoweh rllremqshllaypm?ﬂéraﬁaq plampzing theimpiensariage 7 €dEs $¥s Upe2 to form
the b h
e 0%9[‘;‘08}1@@1% RS %rlﬁfngCfPl@géfﬁE%délgt%f &&E@Eeezs%ﬁf?e QIa )Ft}] éﬁtectiﬁ% shown

in FIG sacri CI al materi a e expose e mask
I ayer vakzoafry euchlpg amessmmgalt ¢tehamtighatris salwcha@‘@ t}2e73301(1ﬂ¥d1@ma18b;11 13Jpehtiextposi ng
ucture .2

thg i fici 2? t he s conducto ?ﬁl t hel y be
i actteydEopBE Gt iy 7 cAichgn SR BREaE el e Tk O gper e
S el ect imageriaDl 30 Fons evﬁhinfﬂhecwakecs@@éselrmaﬂesultaﬂg ih €l etoh¥&] 4n@ pAfdbded yeti@ndadtorof t he
mask | ayer 272. Such an etching process will result in renpval of the
sacri f sEwciyre 290 of FIG. 20. The mask layer 272 then may be removed from the semiconductor

structure 290 of FIG. 20 to form a semiconductor structure at least substantially identical to the

semiconductor structure 200 of FIG. 11, which then may be further processed as previously

25  described.
[0086] Forming through wafer interconnects in a multi-step process (e.g., a two-step

process), as described above in relation to the through wafer interconnects 214, may improve the

yield of properly operating semiconductor structures during manufacturing because the aspect ratios

of the different portions of the through wafer interconnects are smaller relative to the aspect ratios of

30 the entire through wafer interconnects, which may result in easier etching of the via recesses in

which the different portions of the through wafer interconnects are formed, improved coverage of
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material 132 fromwithin the via recesses 112, resulting in the bonded and
processed sem conductor structure 290 of FIG 20. The mask | ayer 272 then
may be rewowverd/fsaym t he sem conductor structure 290 of PCEEP2@16577Or m a
sem conductor structure at |east substantially identical to the

sem conductor structure 200 of FIG 11, which then may be further processed
as previously 25descri bed. [ 0086] Form ng through wafer interconnects
inanulti-step process (e.g., a two-step process), as described above in

" el at i Gilukfind BiebHE AHERaRL & oxhSlLEABARGH Hldia BRYschBRE Miftot figthe! d_Of
properly opefating sem conductor structures during manufacturing because

t he aspécindpetiveostasial witlgn dlerﬁzeneeemsesp@fqrmalnmdlfférenthecttms olithhrthwevich wafer

![m ngﬁn %g%{nsectg‘ r i g%‘ril]or{erf?brlclats‘é,'ﬂal ran torF s S%)setﬁe trarnaltSsJILOésfl%tdg :l%gc? l(ljerer'\n%llhreew a
I ecess asyistbjediitteemiendlictdr eti@sire ﬂﬂéﬁnp&ﬁl@re@%f@ﬂ@ﬁeﬁth&rmlﬂhtmf’(erlflant erconnects
are _formed, .inproved covera e of V\D 2012/ 048973PCT/ EP2011/ 065778

i nsal atCPﬁ‘fblcﬂYeéP%thf"c IRASEH | mézpasree%qs dusncraeesyng pidbeseniipangpsionstuctyiest

r eCessg§eh MVgtel IR RGP HRIMI aRinsGABRUEHLK T BIES leGibnib i RrfiddadYd&
recesses to formthe different sections of the through wafer interconnects.
Fur t hesmwtere, wiaglr difasioroepudd detnmaenddlkytadhieet, opsiaten @fghq Stﬁrellctqndm$r§trg¢tgr6162

descri her ei n, bj e Sen.co ctor Stru tures
o " or eXbapRE PiopBh R i b AR AR & Rop Bh bt b frel BRI,
recessés sdubmmmlgwlﬂaﬁﬁcsandgemfcohdhmcﬁ eftetiall dowt egsuls ttfsitmttl.lfaEde&lhagS tctheel evat ed

te eratures, the netal ht diffuse intgo ot her regions of the
c oREICPRICIOF STt el h‘\%%ycﬂﬁ‘w ¢ {858 Cl&‘dﬁ‘i‘tﬂmg é‘f“}‘}nr?éﬁe& P B f ect

0 pe rat 'sé}ﬁlc@ﬁduhiéﬁstﬁf%fﬂr&ﬂﬂﬁ UCtaBficatihg Hfétnldﬁﬁstol’é Uil B@Jsﬂﬁ'hﬁg th@kmhﬁhm%ﬁéﬂee n the
coefficient of thermal expansion of such a netal material and

sur r oundibrgodipiedoaductive maigdal sebseausntiioddsicating the irm5§t0émasdawoghaymh stm_ﬁtu_ral
struct ‘d&ﬁlé%edo"i"@?cﬂx‘ée Eh? hfzél@ﬁ?s &S{E‘u&?&%‘éﬁﬁﬁﬁaﬁ%&{& Hf @y NUS, by providing a

sacrifici n via recesses onductor structure prlor
to fabricat (0087} he\dtirt@nﬂlnshdmﬁungaamdoodumﬁsu df'tiel 1mgsnt1htears desxcribédhebdw: nat eri al

Wi anot her ctive materi al uent to fabricating the transistors
L R 1 i R e ki e R Al

st r uct WridisledRgefi¢ThiGhtterRE Githin af RSB She V6l ickds@RAIIiNGPartidIRi thiongh £bodi nent s

of the invention are described bel ow 15[0088] Enbodi nent 1: A nethod of

f abri caemisgRaIcoBsHUCBIRI iRrMons atistrartinneot atlsnsh presthrrysh prisy inrernect duidei £ i ci al
mat er i gloWhi Q3 &Puc{u?@gﬁd %ﬁm‘{;‘tﬁe ﬁ&%%éon%‘fhf‘e% 129 o pé‘{hfr&%h lasdi H{taid&lﬂlr Sugh

sem conduct or structur rmng a first portion o east one
waf er iwithehea heastaine ivia redess; sedhieplboadg tecacrdcralimpiend, withmathe bi lgast oge whe fir st
po eri 0 rr]ec(ggs VE’I Ceod ucltl(\a/g' mtatega eanEi ?gn%lilr%ha s\le\lg'gneci polrtlrz)tn%cf 20F Fegstt one through wafer
interconnect in electrical contact with the first portion of the at least one through wafer interconnect.
[0089] Embodiment2: The method of Embodiment 1, wherein forming a first portion of
at least one through wafer interconnect in the semiconductor structure further comprises extending

the first portion of the at least one through wafer interconnect through a dielectric material.
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with the at | east one via recess; and replacing the sacrificial material
within the at | east one via 20 recess with conductive material and form ng
a second wonvi2omaswB the at | east one through wafer i ntePcompee/063778

el ectrical contact with the first portion of the at |east one through wafer
i nt erconnect. [ 0089] Enbodi ment 2: The nethod of Enbodi ment 1
wherein formng a first portion of at |east one through wafer interconnect
in the sem conductor structure further conprises extending the first
portion of jiiBoRt AERSInANE THIAUAN WO BbodibANICRREER L MIRLER rfgl ectri ©
mat eri al . 12/ 048973PCT/ EP2011/ 065778 [ 0090] Enpddi nent 3: The
met hod noferighwuiddn therst least omh@aeq:qassm(mdldg ngtislhetheagh thmscmabnduatoemwturw thin
R o R i R R A
parti alstryctird ﬁau]gahsutfbl@ tsamﬂ:miqﬂ@thhg sﬁléasﬁéﬂercﬁpélwm@ Bateriadcdaiter eof ; and

provi ding at | east one of paolysilicon mater a |11-V 5seni conduct or
mat &r i AFMICAHiCRT BRI Fleandiadiglattug AT e hfeleaé’e oqeé&@fi VBAgFeBt i nd vi a

recess. [009] PO EhiboERRAE MBI méhod S¥e: IRt 9fw1@i@ﬁ) HioVRItc 3 leaVMORE 6F N

provi di ng at | east one of polysilicon naterial, I -V sem conduct or
mat er i ablysibipeh matefiiad) addlt Y semigonducioamaigiialhand atch@le@ltlc lin@talsal vaihen ﬂbb pirieastpre

recess rises pravidin |l|con {er.i.al hln t .| east one
bi 1 nd SPATPRISES BB pREBR ATslSE MR L o L P Eeb O B O Eher
conpri si ng {@onj n@niHibéin&tnt iOtlmaéthmﬁ“Emla)durﬁ@ﬁs,sfuﬁlﬂarr@mgbnmg formsink itheqin
mat riz ({ﬁ% Eb?dj ment 6. The nethod of Enbodi nent 4, further

rlr§ri ‘?aﬁtd’nﬁP’WF Hronely Pk alicen Watkddler i al bet ween the bul k silicon
mat erial angygoBp M%ainhén@@wm{qahb@&fﬁ%ﬁéahﬂe& hefuﬁﬁer c@ﬁﬁﬁm@}ﬁomi gq vi a
recess. [0094] Enbodi nent 7: The nmethod of Enbodi ment urt her
conpr i shieggtrsrmeaerdil bejwaentBe hilk siliggramatefial gadribe oakysib ey materad within tb«:/@trleaat
surfac%PQ{)hI{d}r}gal%g%Lconduct or structure after providing the polysilicon

e

materi a ' at | east one blind via recess. [ 0095] Enbodi nent
8 The net h¢aDodf Emrﬂmdirmmnf The mbthocébﬁﬁrmmdvh@ﬁt Agfutthe comprisingyrevidmp a

glgui:tor mat er i over .the susélﬁ,% f t he sgm conduct Oﬁ stru&ture
% g lyPHY PRI ClopHgerg e Srpg e e emisep BLorBU U BRI B

mat eri ale foysliRbmmatefisiacithin e B BREoAILIESaSURsS.r at e; 20bonding the substrate
to the surface of the sem conductor structure; and fracturi n%?the substrate

al ong the f 104960 EnfhodimensdidTscipethed offgnbadamenty i nvhessia progding %Hamft or
materi af seftﬂl&mdact&etﬁytb#[fﬁl B Q% SHhd e%ﬁuc%ﬂmﬁctt& ik b&nweﬂ Mﬁrﬁn

sem conductor material remalning bon to the sur ace o
st r uct wwng into a substrate comprising semiconductor material to form a fracture plane in the substrate

onduct or

20 bonding the substrate to the surface of the semiconductor structure; and fracturing the substrate
along the fracture plane and separating the thin layer of semiconductor material from a remaining
portion of the substrate, the thin layer of semiconductor material remaining bonded to the surface of
the semiconductor structure.

[0096] Embodiment9: The method of Embodiment 8, wherein bonding the substrate to

25  the surface of the semiconductor structure comprises directly bonding the substrate to the surface of
the semiconductor structure.

[0097] Embodiment 10: The method of Embodiment 7, further comprising forming at
least a portion of a device structure using the thin layer of semiconductor material.
[0098] Embodiment 11: The method of Embodiment 10, wherein forming the at least a

30  portion of the device structure using the thin layer of semiconductor material comprises forming at

least a portion of a transistor using the thin layer of semiconductor material.
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[ 0096] Enbodi nent 9: The nethod of Enbodi ment 8, wherein bonding the
substrate to 25the surface of the sem conductor structure conprises

di rectly wondinmgs4’he substrate to the surface of the serCtmrduaines7’s
structure. [ 0097] Enbodi nent 10: The met hod of Enbodi nent 7, further
conprising formng at |east a portion of a device structure using the thin
| ayer of sem conductor material. [0098] Enbodi nent 11: The nethod of
Enbodi ment 10, wherein formng the at |east a 30portion of the device

structure ugsgg) t e dolinfnt AY CfheMetPGIBIEAHIHMIRS 7 WHeRiA EIJOVIgglggﬁé ﬁﬁlslegfe?r m ng

at least a portion of a transistor using the thin layer of m conduct or
mat er i af semiWDdRGINP4B 3 SPET BHREIKHGGETIK@®nductor strild@® 9pmpimdes fhirmengtthel 2: The
met hod ,of . Enhodi ei.n_provi m conduct or

ment 7 e ing the, thin la of. s
et or 1 4 pSERS B frnad MERRLR PN el B Ao Yo R SRILOONIUCT O
the thin | ays00jo Badbedingnt B3/ ETIRGEetldd FPAGDFin®ht B thbreidtreading farieid layer
nangneters (300 nm or |ess. [00104%]‘%‘h Enbodi nent 13: The net hod of

Enbodi REsrMigndugipapaeiinl gy ehienurgees Héhasgmirondyrsy seuture gopisse {pantie that er i al

over t gy BYEF BB B8 SRIFKEQDIHLR! ons hiAFEHERomRRR (1 FsnY #1&ng the thin
| ayer to have an average thickness of about one hundred nanoneters (100 nm

or |ess. [0010] Jo Gndbpplinknb bt i Thermetliaf of e onesat ioebodimenisyl thivaglot 3, Berthsdi ment s

1 thr O%Q‘EQH%S%?% &dﬂgﬁnh% SemiedndiTds qgtr&c{%ﬁr? hi%odNg e H R0 95 Phe %ttl{éa‘é fyre after
form ng e rs ﬁor i'on"o € at [‘east on rouB war er i nterconnect
and pr itl@bughovafephtacomggct dnd peiactoirépladig thegicafi¢iall masériah with hexondlisaté ve
10materi al . Fann% formng the second tEgrti on of the at_ |east one through wafer

i nt 8r c SHfEiRt and forming g Gaqend PR o theflcaptone UiV HEIINSTCORMSh di ment 14,

wherei n thi psu10g ERoIRMENE PN AREtidth &t JrEsiBai P TR WESRS BXRRSIKY t he
sacrificial material to an exterior of the sem conductor structure. [00103]

Enbodi remicondyictoTsiaichnes ¢noepriogs expdsaeli thesacrifidal majendh ey ancestepier &fithgy:  at t achi ng
15t he gg .C§I9(£llgédf£t81rc siructure to a carrier substrate prior to thinning the
sem conductor s ruc%uur'e; and

[00103] Embodiment 16: The method of Embodiment 14, further comprising: attaching

15  the semiconductor structure to a carrier substrate prior to thinning the semiconductor structure; and
removing the carrier substrate from the semiconductor structure after thinning the semiconductor
structure.

[00104] Embodiment 17: A method of fabricating a semiconductor structure, comprising:
providing a sacrificial material within at least one via recess extending into a surface of a

20 semiconductor structure; providing a layer of semiconductor material over the surface of the
semiconductor structure; fabricating at least one device structure using the layer of semiconductor
material; forming a first portion of at least one through wafer interconnect extending through the
layer of semiconductor material; thinning the semiconductor structure from a side thereof opposite
the layer of semiconductor material; removing the sacrificial material from within the at least one

25  wviarecess in the semiconductor structure and exposing the first portion of the at least one through
wafer interconnect within the via recess; and providing conductive material within the via recess
and forming a second portion of the at least one through wafer interconnect.

[00105] Embodiment 18: The method of Embodiment 17, wherein providing the
sacrificial material within the at least one via recess comprises providing polysilicon material within

30 the at least one via recess.
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removing the carrier substrate fromthe sem conductor structure after

t hi nni ng the sem conductor structure. [ 00104] Enbodi nent 17: A net hod
of fabri caDi2np/&@8®wemMm conduct or structure, conprising: pPOTIER2013/065778
sacrificial material within at | east one via recess extending into a
surface of a 20sem conductor structure; providing a | ayer of sem conduct or
mat eri al over the surface of the sem conductor structure; fabricating at

| east one device structure using the |ayer of sem conductor material;

formng a f'60'ib6]p<1§iﬁﬂoﬁfﬁqe%l@tTﬂe‘?ﬁéﬁoaO&‘Enjiﬂ&HMPl’y\@rflﬁﬁbddﬂh&ﬁ@8’%‘&%

ext endi ng t hrough | ayer of sem conductor material; thinning the

semi co ndmpltlmg Isrbwdmg lardalefCl:rco;rmaeml tetwetrethe ecribgplosateml pikthe sgraicompifictor

sem conEtliu @Bt tzileatorn%r\r}l)avrl peg the sacrificial material fromw thin the
at |eas Bs 4 9 WSS9 TR°Phe seni conductor structure and exposi ng the

first portl Q0107] I:Eiﬁ&)oaimelneastT}@n@eﬂﬁcﬁrdw@ﬁoﬂwf@rmﬂoawnesqnnﬁ@hgmst kihBretnhe Vi a
recess; and proyidi ng conductive material within the via recess and form ng
a secomePvishng the yerofsemicapducion mptegploverhe sisfosal the semigeadpgprigusture

[ 00105).fphed {r%'&tmﬂéthe D& ITRL RGN REtoEFRRALTERIM 2 dubstr MOV 18E &rREMLLLNT t he

sacrificial material wthin the at | east one via recess conprises providing
pol ysi bireadwremat eri al within 30the at | east one via recess. WO

2012/ 048973 P /065 nbo nt 19: The
Ebodt mont PN EAAHRGIE e el IRboRROAE OB IR
mat er i aémhatdneenmhieﬁalm 4 fubsiradé torfhé @hiedndagior strbﬁu&@:mr@ﬁmumphﬁltlﬁg fouct ur e

within.th | east one via recess. 0010 Enbodi ment, .20: .Th t hod of
anyond"d eEHWa‘ien%‘ﬁ‘figlgihﬁ PR BEgA ﬂfé ﬁ?%f% SEWTSE A et tﬁa&@ﬁﬁ'ﬁ?

sem Coaﬂyﬂgh‘ﬁ[ané@étﬁ{eﬂ @ir tlfé‘lﬁblaht‘é@ iond Raﬁtﬁ&%h@iub&t?h@e éﬁ%ﬁ&ﬁﬁg@ﬁ&ﬁ esbfucture
conprises transferring the |ayer of sem conductor materrial from a substrate

to t he sgeiwbedbinwuesHaldionye ramaging portior] gohoBpst@tbodi ment 21: The net hod of

Enbodi ment f&'at %fh n%o intdn0S TRl dﬁeﬂ]?oor an $n! glyele E?Jboﬁ%n&qmﬁ%%l A Eleln®

froma subs e sem con Yucture comprises nt1ng i ons
10i nt o ptdvadisgihs tatyextcff ,serbmulﬁﬂun‘g)r tberisiyst thasefacoof theseseoandoctaustictnrest r uct ur e;

fracturln the strate alo a pl an efined b ted ions
oA n Comanien Rlooh e BEORG! Slsfurabiie R AR SR S S et iFoee B ARl o
from ahﬁﬁ[f@dﬁunegleg@r(lmmnp{rlésbe substrate. [00109] Enbodi nent 22: The
met hod of any one of Enbodi nents 17 through 21, wherein providing the |ayer

of seni condifM&P] Fabedingnt 3 cFherpathagh of pay enestt Emphodisranisddribraugho?2. Strthact ur e

comprising: attaching the semiconductor structure to a carrier substrate prior to thinning the
semiconductor structure; and removing the carrier substrate from the semiconductor structure after
20 thinning the semiconductor structure.
[00111] Embodiment 24: The method of any one of Embodiments 17 through 23, further
comprising forming a conductive bump on the at least one through wafer interconnect.
[00112] Embodiment 25: A semiconductor structure, comprising: a sacrificial material
within at least one via recess extending partially through a semiconductor structure from a surface
25  of the semiconductor structure; a semiconductor material disposed over the surface of the
semiconductor structure; at least one device structure comprising at least a portion of the
semiconductor material disposed over the surface of the semiconductor structure; a first portion of at
least one through wafer interconnect extending through the semiconductor material disposed over
the surface of the semiconductor structure, the first portion of the at least one through wafer

30  interconnect aligned with the at least one via recess.
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15conpri ses selecting the | ayer of sem conductor material to have an

aver age thickness of about one hundred nanonmeters (100 nn) or |ess.

[ 00110] Bwbaedizmasd7323: The net hod of any one of Enbodi mpor&EPiitobs7arigh 22,
further conprising: attaching the sem conductor structure to a carrier
substrate prior to thinning the sem conductor structure; and renoving the
carrier substrate fromthe sem conductor structure after 20thinning the
sem conductor structure. [00111] Enbodi ment 24: The nethod of any one

of Enbodi meqg 7%08&%‘[363 Tﬁe%ﬁ&%ﬁd&%%ﬁc%dr@Sfﬁr%éﬂ[nﬂgnt%Ctﬁ ctive bunp

on the at Last one through wafer 1 nterconnect odi nent 25:
A seni @mdntmtgﬁchilumc.lcﬁdmleqtrl@mmpmlsxt legst paruslamuwmumdedlby theetsemicahdugtarhi n - at

east qne ¥l Bl SERS% LG ABpRAL LAl ol B 0HANGR RS TLEANIURL OeRL bt Ur e

froma su“fac %t al

di sposégtogrerafetigterufifeac&tating iteos@iing @Héﬂfdlﬁjtc@ﬁtaainlglﬂlﬁ‘d\lﬂilﬁne atdidledsd one
device structure conprising at | east a portion of the sem conduct or
mat ér i #1tgikposed over the surface of the semiconductor structure; a first

portion of o1hHaTEmRALNEPUEHR SWRIBhdUCRE SEEANOSEEmBdiaRHd 2B AdxEiRugh t he
senmi conductor material di sposed over the surface of the sem conductor

st r uct wpkmetof diefecirig matryiat ¢ammprisés & shellew trenehgtolagine strustweigh waf er
30i nterconn e the or e Vi a.recess
2012/ oasora it EsoE kel s st hp Rlorsrule Bd 573 ilimeneizt or
struct uitrsughf27EWbadihm&rﬁacrﬂ&,ialfrrmtetnlalacronmmpowsmgommmhame of dielectric
mat rial at t tlaII rrounded by the sem condu ter]al

§osed ové‘iﬂliﬁ Eg‘%’i" SQER FPdﬁtE‘fCB’rreg W@Pﬁf’gﬁm{"ﬁg%?‘?t?éf portion
Of t he gabudressthaeg tﬁéHt %Q%n@@é\%e JbiBfeCOMPRSL aEie B idhskfF ough and
directly contacting the volunme of dielectric Smaterial. [00114]

Enbodi nent tﬂﬂllﬂh@nﬁgmnmhﬂucﬂmse@tmmmretnMurEﬁff@moneﬂfErzbodlmhm?é‘i n the

vol une ﬂ%ugqll ﬁl %ﬁérF Bgﬁé@%rﬁg n% Imc'i]f %P% %@%ecl?_tﬁ%n akib O et @glglcoﬁ@c?otr Pl ture

structure. € sem con tor s ure of any
one of okaboldithwesolf spRbitd the wgborﬁiﬁg:tomﬂnetemlrdlsph@dsaerrﬂnémcfaal oftet eri al

rrgrl ses. 89(1 éSI |icon material. 10[ 00116] Enbodi nent 29: The sem conduct or
str1 ct GPBICBIUERYSBYE S Enbodi nent s 25

[00118] Embodiment 31: The semiconductor structure of any one of Embodiments 25
through 30, further comprising a carrier substrate attached to the semiconductor structure.

[00119] Embodiment 32: The semiconductor structure of any one of Embodiments 25
through 31, wherein the semiconductor material disposed over the surface of the semiconductor

20 structure comprises a layer of the semiconductor material having an average thickness of about
three hundred nanometers (300 nm) or less.

[00120] Embodiment 33: The semiconductor structure of Embodiment 32, wherein the
layer of the semiconductor material has an average thickness of about one hundred nanometers
(100 nm) or less.

25 [00121] Embodiment 34: A semiconductor structure, comprising: an active surface; a back
surface; at least one transistor located within the semiconductor structure between the active surface
and the back surface; at least one through wafer interconnect extending at least partially through the
semiconductor structure from at least one of the active surface and the back surface, the at least one
through wafer interconnect comprising: a first portion; a second portion; and an identifiable

30  boundary between a microstructure of the first portion and a microstructure of the second portion.
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t hrough 28, wherein the at | east one device structure conprises at |east
one transistor. [00117] Enbodi nent 30: The sem conductor structure of
any one oWOBnteodsements 25 t hrough 29, wherein the sacri PrctirERkommmszrs al i s
exposed to an exterior of the sem conductor structure on a side thereof
opposite the sem conductor material disposed over the surface of the

15sem conduct or structure. [ 00118] Enbodi nent 31: The sem conduct or
structure of any one of Enbodi nents 25 through 30, further conprising a
carri er Subgig;ahie pRldodRaH S OriEmRERILRRAHRERE ot bighER 34 [ O Dhe o

Enbodi nent 32: The sem conductor structure of any one of Enbodi nents 25

t hr ougheaStne whesistdrirompases enfeasom dortivw of athindayea bf tnspodedorovaterial.ne sur f ace of
t he sem con r struc conprises. a laver he senicaonductor

mer ol haltigoLER o uriEL PrERIRLRER Rals S pambafimdan MRRERL s (300
nm or thig &ger dfOEAROduCIFD OdichEIMtas SBaveldae tiseie SR albiGit Ofie Iintiéa hiddoneddrs

Enbodi nent 32, wherein the |ayer of the sem conductor nmaterial has an
ave?agé“¥ﬂ¥%%ﬁé§% of about one hundred nanoneters (100 nn) or |ess.

25[ 00121] Erdadimenibodiments B eMeGOMIBAIRIor St UF Bmb&RRBI3§IbNY: an active
surface; a back surface; at |east one transistor |located within the

sem cofichhotiorens3 ¢, whegmetho slenidahletboundact isVecated pfoxgeatamthaton surfige R hathimce; at
| east ME, & EEQ%th(L%%iﬁﬁferconnect extending at |least partially through
the sentCondietort Sty fé{*e from at 1east one of the active surface and the
back surf ac@o12fie Eaibol@ast 3% rEhetshih@ogducwab@rctire bemg one eCEmbalipentsdfng: a
first portion,; second partion; and an identifiable 30boundary between a
i &P os ey ewBeroier lg?ﬁ%flblﬁgpvf}daw s e RE P ALicHshPRF Qe v RBte

porti 0Rnd thWhdQlZhQ48973PCT/ EP2011/ 065778 [ 00122] Enbodi nent 35: The

sem conductor structure of Enbodi ment 34, wherein the at |east one

transi stor conprises at least a portion of a thin |ayer of sem conductor
material. [00123] Enbodi nent 36: The sem conductor structure of Enbodi nent
35, wherein the
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thin layer of sem conductor material has an average thickness of about one
hundred nanoneters 5(100 nm or |ess. [ 00124] Enbodi nent 37: The
sem conduwwoani2ai4serét ur e of Enbodi ment 35 or Enbodi ment B6T/BR2@n®53778 he

i dentifiable boundary is |ocated proxinate a major surface of the thin

| ayer of sem conductor material. [00125] Enbodi nent 38: The sem conduct or
structure of any one of Enbodi nents 34 10t hrough 37, wherein the
identifiable boundary is oriented parallel to at |east one of the active
surface and the back surface. WO 2p{12{3¢48973PCT/ EP2011/ 065778 CLAI M5

1. A nethod of fabricating a sem conductor structure, conprising:
providing a sacrificial material within at | east one via recess extending

partially through a bsem.conductor structure: forming .a first portion of at
Tepafete fepdtef

1. ahricating a semicon racture, co 1ng:
| east one throug i ht er Cornect ST COndludtsr structure, and

al i gni pepvidis £ dacsticifletdtdrdnwithinthhRasdibnd BasdceRRetehdin®pgtialWah@ugh a1t er connect
with the at | east. one via recess; and replacing the sacrificial materi al
witRi n the SRMICRMEEIORYIRICHIS recess with conductive material and 10forming a

second (pafitd PRsOorfidiforal 1eh®88E thRINgh WafeP YA HAEQ in hBLERIEARNBHE sthubuk] & i cal
contact with the first portion of the at | east one through wafer

i nt er connecgligning the first p@tiomighenastlidasicbne threwghi watar, intgrsenmsichwitlothapinlgastord r st

portion of gltarlceegsstémpne t hrough waf er interconnect in the sem conductor
structure further conprises extending the first portion of the at 15l east

one t hrglgihgwhad @crificidlengaianethin ity 0 gt oae diaeéeat wittccanEii@ike alaterial and
10 forming a second portion of the at least one through wafer interconnect in electrical contact

with the first portion of the at least one through wafer interconnect.

2. The method of claim 1, wherein forming a first portion of at least one through wafer
interconnect in the semiconductor structure further comprises extending the first portion of the at

15  least one through wafer interconnect through a dielectric material.

3. The method of claim 1, wherein providing the sacrificial material within the at least
one via recess extending partially through the semiconductor structure comprises:
forming at least one blind via recess extending partially through the semiconductor structure
20 from a surface thereof, and
providing at least one of polysilicon material, silicon germanium (Si1Ge), a III-V
semiconductor material, and a dielectric material within the at least one blind via

recess.

25 4. The method of claim 3, wherein providing at least one of polysilicon material,
silicon germanium (SiGe), a III-V semiconductor material, and a dielectric material within the at
least one blind via recess comprises providing polysilicon material within the at least one blind via

recess.

30 S. The method of claim 3, further comprising forming the at least one via recess

through bulk silicon material.
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3. The method of claim1, wherein providing the sacrificial material wthin
the at | east one via recess extending partially through the sem conduct or
st ruct ur ewoani48%s: form ng at | east one bli RATHEP2011063T3S
extending partially through the sem conductor structure 20from a surface

t hereof; and providing at | east one of polysilicon material, silicon
germanium (SiGe), a I11-V sem conductor nmaterial, and a dielectric nmateri al
within the at | east one blind via recess. 254. The nmet hod of claim 3,
wherein providing at | east one of polysilicon material, silicon gernmanium

(SiGe), alll-V semconductor nmaterial, and a dielectric material within
the at | eas®t. oneTh¢ innﬂiooi/bﬁalalmcieﬁsthcmqnmrlsmg ppvalmah dlglegot y@tehialdamermt eri al
Wit hin_t 1a re m 3,

Fur t heeBHE R Aol bl Rl PEEERP R Bie Bl BALOALA SR & si 11 con

mat eri al . MD 2012/048973PCT/EP2011/065778 6. The met hod of cIa|n15 further
co rising ﬁrOV|d|ng a dielectric material between the bulk silicon

rial t he TRoM§EPY pldmpafiathengomprs e Rravings thindaxsr obifagndpdon i a

r eC €ss maltiazlair r Teted o e SdnakdAddetof bR AfELHBT Dk Rk JIRYIcHh RlteRalt Ni N | ayer
of sem conductor material over a surface of the sem conductor structure

af t er pyibwi the pideasheneppbihg sialrgastsn naterial within the at | east one blind via
recess. 8. The method of claim7, wherein providing the thin | ayer of
sem conductor material 10over the surface of the sem conductor structure
conprises Bnpl afh¢ methbdofcliimt D whereingsbviding theakpidyst 6fgedeohdond dttedil
rial fo fractur pl ane in the substrate; bonding the substrate
he gt @Ol b e Gt GV OH e SO BEEDr e; and

implanting ions into a substrate comprising semiconductor material to form a fracture plane
in the substrate;
bonding the substrate to the surface of the semiconductor structure; and
fracturing the substrate along the fracture plane and separating the thin layer of
15 semiconductor material from a remaining portion of the substrate, the thin layer of
semiconductor material remaining bonded to the surface of the semiconductor

structure.

9. The method of claim 8, wherein bonding the substrate to the surface of the
20 semiconductor structure comprises directly bonding the substrate to the surface of the

semiconductor structure.

10. The method of claim 7, further comprising forming at least a portion of a device

structure using the thin layer of semiconductor material.

25
11. The method of claim 10, wherein forming the at least a portion of the device
structure using the thin layer of semiconductor material comprises forming at least a portion of a
transistor using the thin layer of semiconductor material.
30
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fracturing the substrate along the fracture plane and separating the thin
| ayer of 15sem conductor material froma remaining portion of the
substr at eyvotzbe/a4e7a | ayer of sem conductor material renecminrgoihosiiesl t o t he
surface of the sem conductor structure. 9. The nethod of claim8, wherein
bondi ng the substrate to the surface of the 20sem conductor structure
conprises directly bonding the substrate to the surface of the

sem conductor structure. 10. The method of claim7, further

conpri sing fiorm fe Abinb@a8daih P Whblefibréliaile HRYAif fuyel SUGHHO IR ke thin
| ayer of sem conductor naterial. 117 7T of claim 10,
wher ei nvéralnemunfgcet dfehessterm@aémctca spragteie gpmpifises fremaevthethindayen 6t have amiaveraget he
thin | 18knessof m gonduct or nlwl%teerelrs¢3080 rrllsees formng at |east a portion
of a transist d%ln uﬁg 9H e g Conductor material. WO
2012/048973PCT/EP2011/065778 12. The met hod of claim 7, wherein providing
the thin layer of sem conductor naterial qver the surface of the

senPconduct of st rifemsod 5B 2 vherinRrAyding éhetthmﬁaxeag)%ﬁenleqwm el er age
t hi ckngss (f supRQLUS thdYeReol M 8 Hudiaa Q&ﬁh o8 fdrmRHS tABhirQbydr &StSrve 2 Bveldde

met hod of claim12, wherein providing the thin [fayer of” sem conduct or

mat er i alickpessrofabrut oug fundeed ohnareters AR soN dulsssor st 1 uct ur e conpri ses forning
the thin layer to have an average thickness of about one hundred nanoneters
(100 nm or less. 14. The method of claim1, further conprising thinning

t he senicondmctoThemmmsduﬁdamﬂwﬁaﬂmeamﬁmﬁmgﬂgmﬁh@ﬂ&hﬁﬁkmﬁmmbfﬂﬂwmhethe at

| east onpe throu waf er rconnect nd r.to repla the sacrificial
mat Br i aﬁefvﬁpmng S RERGER 9\5 e Acleast pun el T T t%‘édd?fl%at"pfﬁ?]f‘?l% of the

at | easte paFidANhRLGR WA BE cbHuBHEIRAG R and]féﬁm-ﬁg thetBEIAA PoRion o AE M 184kt
wherein thinning the sem conductor structure conprises
one through wafer interconnect.

15. The method of claim 14, wherein thinning the semiconductor structure comprises

15 exposing the sacrificial material to an exterior of the semiconductor structure.

16. The method of claim 14, further comprising:
attaching the semiconductor structure to a carrier substrate prior to thinning the
semiconductor structure; and
20 removing the carrier substrate from the semiconductor structure after thinning the

semiconductor structure.
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15exposing the sacrificial material to an exterior of the sem conductor
structure. 16. The nmethod of claim 14, further conprising: attachi ng

t he sem cwodor@sy7st ructure to a carrier substrate prioPCr@preéiioedmg t he
sem conductor structure; and 20renoving the carrier substrate fromthe

sem conductor structure after thinning the sem conductor structure. WO
2012/ 048973PCT/ EP2011/ 065778 17. A sem conductor structure,
conprising: a sacrificial material within at | east one via recess extending

partially thesough @, ReRlERIdHEhQE, c_%ﬁ%Hﬁﬁé’.re froma surface of the

sem conductor structure; and a sem conductor material disposed over the
sur f ace safrifichemgemlootidugtiast aevuctesesxtGaing padastly tneargiestorosductect ur e
conpri sing at Ieraﬁtma Sggrti (%r}} ofm'{ hgds rrn'tcortldru,c'gl r material disposed over
the surface OIFRECYST AR S EPPUE P L ERd™ S first portion of at |east

one t hagegitondiker maktigl digpongciveaké arfitdef thdsedughhdidier skaerueonduct or materi al
di sposed over the surface of the sem conductor structure, the first portion

of P he 3hleast @RAeVISR SRS GYAPTRATESY [PHROPERPE B sgnicgpgtonmpieriplfispated) east

one via reC%§e°r-the]sgrface ofthe]sémic-gh&cﬁmg;%ﬁﬁor structure of claim 17,
further conprising a volume of dielectric material at |east partially

sur r oundied ppyion heatdens angifaeghovalerdntercoatectixeqnd madhrovgr the semnicandfigiele of t he
sem conduct or, Str uct ur e firste.porti.on .of the at e?.stt one tpﬁloulgh
f d 8 1trsI H OT the

waf er inter (r:ngtnerrl%c ISpé)ﬁ‘?(gdﬁlg% tﬁ% St af%ﬁg ©ENddl }lcetg tryl/wt(lzl{)eh ac %mf“ﬁe vol'ume of
di el ectric taastene dlroughvafer interconnect aligned with the at least one via recess.
10
18. The semiconductor structure of claim 17, further comprising a volume of dielectric
material at least partially surrounded by the semiconductor material disposed over the surface of the
semiconductor structure, the first portion of the at least one through wafer interconnect extending
through and directly contacting the volume of dielectric material.
15
19. The semiconductor structure of claim 18, wherein the volume of dielectric material

comprises a shallow trench isolation structure.

20. The semiconductor structure of claim 17, wherein the sacrificial material comprises

20 polysilicon material.

21. The semiconductor structure of claim 17, wherein the at least one device structure

comprises at least one transistor.
25 22. The semiconductor structure of claim 17, wherein the sacrificial material is exposed
to an exterior of the semiconductor structure on a side thereof opposite the semiconductor material

disposed over the surface of the semiconductor structure.

23. The semiconductor structure of claim 22, further comprising a carrier substrate

30  attached to the semiconductor structure.
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19. The sem conductor structure of claim 18, wherein the vol unme of
dielectric material conprises a shallow trench isolation structure.

20. The swoizorndserBor structure of claim 17, wherein thecsapeoifiioci7as

mat eri al conprises 20polysilicon material. 21. The sem conduct or
structure of claim17, wherein the at | east one device structure conprises
at |l east one transistor. 2522. The sem conductor structure of claim 17,
wherein the sacrificial material is exposed to an exterior of the

semi conduct g5 St HELHinG S Al P ER G017, BRRR b siiEoRRELFARGHA! O

mat eri al di sposed over Phe surface of the 'sem conductor structure. 23.The
sem condpected ovarttharutiagesf te semaionthRRyr sfrentirh eompmsepa lagemg the searcondrctgubst r at e

30att hed. th i duct t t . WO 2012/ 973PCJ/ EP2011/ 065778
>4 The ristiel B a3 g R fo Lo ek Giared N SRS DN st o

mat eri al di sposed over the surface of the sem conductor structure conprises

a |layer of the sem conductor material having an average thickness of about
thrée hundr éd nahbasstusndpeigrstyeresf clowa b9, vereinthe layairpfahsigmeqosducdarr uct ur e

of cl aiymyel) hadhR L&irbeliiBkde8YabQt ohDRuRRI RRNEMES ProoRl)ek & has an average
t hi ckness of about one hundred nanoneters (100 nnm) or less.
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