WO 2012/048973PCT/EP2011/065778 TITLE METHODS OF FORMING THROUGH WAFER
INTERCONI\%%%%@@%MICONDUCTOR STRUCTURES USING SALRIEISIAMATERIAL, AND
5SEMICOND UCTURES FORMED BY SUCH METHODS 1 ECHNICAL FIELD
[0001] The present invention generally relates to methods of forming semiconductor structures that
include through wafer interconnects, and to semiconductor structures formed by 10such methods.
BACKGROUND [0002] Semiconductor structures include, and are formed during the fabrication of,
devices that employ semiconductor materials (iTélI&emiconductor devices) such as electronic signal
15processors, memory devices, photoelectric devices (e.g.. light emitting diodes (LEDs), laser diodes,
solar cells, etc.) ﬁ?@g-iw : e Tg'é} "-x " ,' icopductor structures, it
is ofter% necess§%§$%’@§géc aelical t\',llé[? .Srﬁ; ( 6 fhe soHaiconductor structure to
another device or structure (e.g., another semiconduct . Such processes in which
semiconductor structures are coupled to another device or structure are often referred to as 20
three-dimensional (3D) integration procewc%éﬁ%}%he 3D integration of two or more
semiconductor s{pgstyresheanpraducatpngmbetyotben efitsetbodsiof betettzorivcapplitetions. For
example, 30 intedralion AfAUARIECHRNIG GOMRRNENS cABesHiLindrIpiouead Rlaciispl performance
and power consumption while reducing the area of the device foot print. See, for example, P. Garrou,
et al. "Phe HehapBek-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-dig (R2R )& semiconductor die to one or more
semiconductor wafers (i.e., die-to-wafer (D2W)), as well as a s micongu or wafer_to one or more
additional semicdPRIGLtor RATRRLUAI SHHSETEBS %?@Pf\ﬁ?@s?ﬂ}",e 65P4" %%1 HEIBRthereof

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.

[0603] The 3D integration of two or more semiconductor structures can produce &
number of benefits to microelectronic applications. For example, 3D integration of microelectronic
components can result in improved eleetrical performance and power consumption while reducing
the area of the device foot print. See, for example, P. Garrou, ez 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.¢., die-to-die (D2ZD)), a
semiconductor die to one or more semiconductor wafers (i.e., die-to-wafer (D2W)), as well asa
semiconductor wafer to one or more additional semiconductor wafers (i.e., wafer-to-wafer (W2W)),

30 or a combination 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



[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 or wafers may be
attached to the actual dice or wafers that include therein the active and passive components of
operative semicondyctor devices. The carrier dice or.wafers do. not typically include any active or
passiiB SATBL N S RSP SEhE S To BEETo Rt LR B v MArars i
referrediipheemodspeniiier sulistiiatesdor Thei ealriChsuhsiEatbscioeiedss theroveypitihickibst of the
dice or wafers and facilitate handling of the dice (C)ir wafers by processing equipment used to process
the acivE SHATTHRESNE SORESANS A SRR i Ttk 8 Rl STt YA AR Sh 8@ Yhe active
and passire eampfaedtscohadenicondtietosuiierites o bihfabuiciaieshtheteanincreasd GROG)HAH known
to employ what are referred tq. herein as,'thro wafer. interconnects” or "TWIs" for establishing
ettt L et BT e RS BT B L P S P SRR
featurescdftapeibes deviesiar stdietpersosdoicipdhensamiterditcionmsifersturadsdtiasbredhdhrdiugh

wafer interconnects are conductive vias that extend.thrqugh at least a.pogtion of a semiconductor

St T CUN AR COROR N TS AL SR BF AL SRS ntion. there is
provided a of fabricating a semiconductor structure, comprising: providing.a sacrificial. material
Iinin ot loag e B P S e
portionrof BMbdsiooretthichigly wabtnialermoruectirbtitesamitordustpostntstine, sondamdicadly
a"gn'%%&%rfém (on,ofihe P%,L%"%?Sst P{ﬁ%%%{ﬁe%g oyafer intareonneet with the,at 'see?n%tc&?fué’%& recess,
and replacing the sacrificial material within the at least one via recess wit conductive material and
formingracsseondtipobidn Tt tlefstimestnreaghwatedintereonnabtirclact ioatgbrtdeswith the
first port{_ggnoéftg%e%ilgoan%tug g %9’5%’5{9@ wafer interconnect 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 from a
surface thereof; providing at least one of polysilicon material, silicon germanium (SiGe), a IIEV
semiconductor material, and a dielectric iRBI&EFaPUWNRRRE at least one blind via recess; and providing
a thin layer ofgpicondusiar MaAreriakoyss.a siRes, oldNe RRMIGANFMRLAL Siate.Allenpioyding the
polysilicon m;ter?gl within the%'::téieastsong;r g?itnd_ via ?écess. 100081 ﬁhe%re are aFSO ﬁsc oosed
embodihiatinsf nrsthisgsdiciab seutinges sanguituctorosidiotl resadnfmedorddercd withisuehleast
embogipanis,ceetlicialpaiciatisaroyides wilin.atirgsl ona 2 fsaeRs @isadioa e f surface

of a semiconductor structure. A layér of semiconductor material may be provided over the surtace of

the gdﬁﬁwimjbr@ﬂg&wfwépm@ambgt @ﬁé@@m@gﬁgtwm@d feistiestedliging the fager of
semicpRdiictor Matenal A JIShRAIHOR ALALIRRSE flae DRUER WalaL BIRreoNRELl Sl mea gt

extends through the layer of semiconductor material. The semiconductor structure may be thinned
from é@cﬁé‘tﬁﬁ?@fféﬁﬁﬁélt@iﬁ@lé%@éﬁ@éﬁﬂ@@qd@@@@@%&éﬁ&@ﬂd\@%ﬁmﬁ%ﬂaﬂnmérfaﬁﬁiw be
removed framwihindhe,at, 985k ARe WRJFGEE S 8 SRR W CIRE SHECHYRANG;HhaHly ShRortion of

the at least one through wafer interconnect'may be exposed within the via recess; conductive material

may bRopreviaédhwithilceecnn tuouss yFMmncsuumae prrasinopmadnsetst sea fisidughtovider
INtercQRRgflne at IR0QSLACELFARG 1. ARELOND ASREL00 G HY ESENLIHRMIR OGS IS REAyided a

semiconductor structure, comprising: a sacn%mal materla%%vlthin at Ieast one via recess extending
partiaffyriret ghieegermedd iU FresatictyienfiamnarsigHa de orgh dissandernilictor sttaedrand a

semicqnne!ar Aol diARgSRIQUEr RS PUARAIOLING REMICORLGIOL STkE T esal5astane device

structure comprising at least a portion of the' semiconductor material disposed over the surface of the
semicémpisensiostan cmperiah dradhipsddebis dhaerer svhia the ugHeasifenmidiednnedeesas st through
the sempicondpGlar MalRIakISRRSAHQNE HRRSH (A% PHIRERSPIRANOHGIBN FILGI R R Rk portion
of the at least one through wafer interconnect vertically aligned with the at least one via recess.
[0010PHA adiag Sirapditbsgimeraishwibracbatiioanves Mekdesesssiconductor structures comprising
an active surface, a back surface, at least one transistor located within the semiconductor structure
between the active surface and the back surface, and 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 includes a first portion, a second
portion, and an identifiable boundary between a microstructure of the first portion 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 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. lis a
simplified cross-sectional side view of a portion of a semiconductor structure;



[0013] FIG. 2 is a simplified cross-sectional side view of a portion of another semiconductor structure
that may be formed by providing via recesses patrtially through the semiconductor structure of FIG. 1;
[0014] FIG. 3 is a simplified Cross- sectional side view of a portion of another 5semiconductor structure

that may be f gf rowdin ctrlg %erial on or expos O%sur ces of the duct
semiconduct cture oet E‘E’s via égls? 1ﬁ° sfe 1&5 FREES rlﬁc fified
cross-gegtional §ﬁ|ame@mﬁa\pmhtmioémﬂiﬁtesenucsaaﬂﬁctﬂrmmwrle thatihalyvieformeddoy
providing a.material such.as polysilicon withjn the via r cesse of the semicondyctor structure of FIG.
3; 10[85?[@11 HESSS )aesrignmpgifiré@/crogrs?sec %c?na e v(ciaie gl irBoh%rSh %‘n]a%%{ #Caeg%?ﬁic&?gﬁctor
structusetthiai may ib@ﬁmvmm bydoahel mgfamtifethse&nmnductm sinsctneedodthelsamicentivtior
structu&uotfmlf:IG "’tg; 6{ Q d7 FIG 6 %aers%glifilec%&{ s%rsnelgpo%al ﬂqﬁs\{'evélt%f a ortioatn of another
semiconauctor structure may eéd by thinnin L BRGNS demiednat¥or dr i@ h the 15
bondaﬂmaghmdeMMneMrefofrﬁéGﬂﬁt extef IBjok B (heikwr eftangedndemoohafpaiofiiaf another
semiconducto({ cture that ma){)b%htorméa% 1)ﬁfabr t%‘eg trfsms.istog)‘3 cishall trenchdis?lation
struct(FeS TR SRA/Sr B HRE HERed JemiSSndoRtdt s ctire of B %?) 2@jelr—'l BN EN 31fged
view ohatqtationhefsacndfiema semicdncacterrstnoctul &dshatv2Biméy e 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 25surface 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 30structure of FIG. 10;

2a



WO 2012/048973PCT/EP2011/065778 [0023] FIG. 12 is an enlarged view of a portion of another
semiconductor structure that may be formed by providing conductive material within the via recesses
of the semiconductor structure of FIG 11 to form additional portions of through wafer interconnects

(hereliy, [pQndhH G AN RIABAVEY glaeriaahenelber sRisPaducRE I R gt Smay

be formed by removing the carrier substrate e semiconductor structure of FIG. 12 and providing
conduetifee buenpmoeer expdsedrpngis! ofithettiro ugh wedes, intedsstinectsitrereingy be[poRs{EGS. 14
ihroudh i el addliona nelhede At ey ke v sed aRiarssRAARRIGARdSIRNIIe thal shiown
in FIG. 10 to a semiconductor structure]ﬁ e that shown in FIG. 11; and 1.0[0026] FIGS. 17 through 20
illustrate yet F#Hdr mithodénthae nagebendsespestproctiss prewmidoreittor likerehit shovidedh F1G. 10

to a SeIICONANEIRN SIHEH ?&%%%&?%‘%?ﬁ@iﬁ&ﬁmﬁ&ﬁ%@ﬂ@ 1R IRT \ONJO0Z L,

following description provides s IS, such as material types and 15processing conditions, in
order perpadlyidireuttio rosayhi desiodstiioreftera Jodine atsiatahd’ gresemtdisdisson starmiuiimpiementation

there%%%?c‘é’ﬁ&’&&o?zﬁg{éb?ﬂ &%fs;%%g%%sﬁl@ M@ea&%_%ﬂﬁ's%‘i'@ﬁ&%%}@ghme?%{QQQQ{BSQE%%“@QWE

present disclosure may be pr without employing these specific details and in conjunction with

convesitiseief abnigmisor teclnit @emrt‘r_md@ it@?ﬂéﬂd@%ﬁmim@r@lidémﬁ@ﬂe@rv qiobe wutdorvia
complgte Process, oy IRLIARUAGH NG 3 APSa D ENGIRL daYGE A wYEIEM-LoMiPosEARCeSS

acts and structures necessary to understand the embodiments of the present invention are described
in detdirpegeithe Tieminendvictly deseritlediiressth avialythe forfaredofetls, saposiditior graamydbyhigny
suitab USAREYE] |l RsRRatNG. RlankelicaalindnRHAgeman d
Czoch%ﬁfé}grbgéggs{?gg%%ﬁgélﬁ\%%{g%\ é%%fé%%@%%ﬁ\%‘ﬂ% plasrga é%nﬁhancéd chemical vapolra
depositiess("PECVD"), atomic layer deposition

[0010] In additional embodiments, the present invention includes semiconductor
structures comprising an active surface, a back surface, at least one fransistor located within the
semiconductor structure between the active surface and the back surface, and 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 includes a
first portion, a second portion, and an identifiable boundary between a microstructure of the first

portion and a microstructure of the second portion.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS
[06011] While the specification concludes with claims particularly pointing out and
distinctly claiming what are regarded as embodiments of the invention, the advantages of
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;



25 ("ALD"), plasma enhanced atomic layer deposition (PEALD), or physical vapor deposition ("PVD").
While the materials described and illustrated herein may be formed as layers, the materials are not
limited to Iaye?é"-)azr?(lal2 /r%““g?/jlf)e formed in other three-dimensional configurgﬁgﬁg.m” 0f68§8] 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., 30wafer, die, substrate, etc.),
regardless of the orientation of the semiconductor structure, and are orthogonal dimensions
interpreted with rggpact BIdhe iokentgitiand abibhe-sicuattite Yieines destiihethnMie

2012104897 3R CINMERPOL OSSR AS HRedNBISIN DS ST aHiSal MEARS ANfincludes a

dimension substantially perpendicular to the major surface of a semiconductor structure, and the term
"horizontalS$RESA& g AR Elibdiantially parallel to the major surface of the semiconductor
structure. 10029 108séusddhérieinsitiidifiednroisemiconitikiokstodenednaéanshand includes any

Sstructyre thatis,sed 1N e amation.of dsemisooatston devise SEmicRIPMAIL srugtures include,

for example, dies and wafers é%.g., Carrier substrates and device substrates), as well as assemblies or

composite HFEE PE LTS IRICRFP B BH RS Gid S ahrbs ks Bedimensionally integrated wvith
one another. Serffied¥iduEtGr sty ustupdfedlsosnsicdadusiie fdbvi cdigdsemitaoductor devices, as well as

intermediatg SiyeiwES IRMRddHHng. fBrication o semicAnEHA L AeVIse RIS SINERRGHCtor

10structures may comprise conductive, semiconductive materials, and/or non-conductive materials.

[0030] As JEEHRERaR PR e dproreasdieHidohductor structure” means and includes any
semicthductor stigidilre Fiatincisdeditnosmareat kastiparialpptareédidedide structures.

Processed SaRicARGUGIALEIEITES BEeAURS Sbline MIsARdURIRh SlHF UiRR . 2RdiRll processed

semiconductor structures are semiconductor structures. 15[0031] As used herein, the term "bonded
semicondutIB R eI HEEAS it includes any structure that includes two or more semiconductor
structures that ar#¢ittacHat togethapliBahded-semicondeetor sfrusturestretigubset of semiconductor

structures, apgtalbRANARL-RRMIGONANE RS HUCIURGS ALSHS S RIGNANCIOS G ES fivipermore,

bonded semicggductor structures that include
15 bonded semiconductor structure of FIG. 5

10018] 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 m and/or on the
bonded semiconducior structure of FIG. 6;

[0019] FIG. 8 is an enlarged view of a portior: of another sermiconductor structure that

20 may be formed by providing a laver of dielectric material over the semiconductor structure of
FIG. 7, and by providing portions of through wafer interconnects through the semiconductor
structure;

[0620] 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. 101s an enlarged view of a portion of another semiconductor structure that
may be formed by bonding the semiconductor structure of FIG. © to a carrier substrate;

[8022] 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;



one or more processed semiconductor structures are also processed semiconductor structures.
20[0032] As used herein, the term "device structure” means and includes any Qortion of a processed
semiconducto‘?lgt%ﬂf@{ﬁ%y{%at is, includes, or defines at least a portion of gﬁ%c?tl\}lemcﬁ)?%%ssive
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 25conductive

_contact pads. {([0)13{}_53] ms.useohmgmigedhem ﬁ'@htaugimw_ﬂ;farsénﬁepadumesﬁhmuféﬁWF' means and
includes an, QORI IR SlENdRAINCHIRA Iaast Aearian.ola A srlaangyctor structure that

is used to provide a structural and/or an electrical interconnection between the first semiconductor

structure aifFERRING Jds EmRdaioeretesiore Y Armesharr Rt SHRIEI S EVES e first 30
semiconductor sfagetire Fadithe secdngtdeiavwedngucior ctructurectrodgivrsaietunatbaconnects are

also re?”%&%é%‘i@%c?é% %8%%%%%&%&% HBEPHI LSS RS - e @D pUbsrate vias® WO
2012/048973PCT/EP2011/065778 (TSVs) and "through wafer vias" or "TWVs." TWIs typically extend

through a SEMHEBAERICHTSERRERFSYH BXrrrad sl Yeheinyeher B enIPs hegBnerally flat, major
surfaces of the s@g#8pndiGsol sthueilrés(ilesiraeaddireotionehadaliish toathie tig¢daxis)e034] As used

herein, the e, acHYSSMHA R HERASS IR LRIRTAR IR ARIAERSREASEBUSGRNFISor. Structure,

means and includes an exposed major surface of the processed semiconductor structure that has
been, or WﬁF‘?)e, processed to form one or more device structures in and/or on the exposed major
surface of the progesse dFesicahdugian stnsctens:t furthd008bdd shaised hereid tdherteryn "back surface,”

when used,in.[elation 1@ REPSRIRAH FEMSRNAGIRERITUEINIR e aRsARd GlUdeRsan exposed major
surface of the processed 1.0 semiconductor structure on an opposing side of the processed

semiconductor structure from an active surface of the semiconductor structure. [0036] As used
herein, the term "lll-V type semiconduddsil Matd¥BESGBANIAM includes any material predominantly

comprised of onq@pMaie RIRMERISLRBN S pRRilA M Re RaNodicTable (BaAtpiandn, and Ti) and one
or more elements from group VA of the periodic tati e ('N P, 5A ,ms?b, and Bi). 0037] As used

herein,the FERTSUEpEITLIATE 0P HREFrveRAsh IR AR DIEP U FLEIBE Y™ RstBlial or structure,
means the dackragestit eayloveffisierbotdhdinvavexpaasionicidhamtiiafherstrdtture at room

temperaturg, derstand that the embodiments of the present disclosure may be practiced without emploving
these specific details and in conjunction with conventional fabrcation techniques. In additior, the
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 llustrated herein may be formed as layers, the
materials are not limited to layers and may be formed m other three-dimensional configurations.
[0028] The terms “horizontal” and “vertical,” as used herein, define relative positions of
elements or structures with respect to a magor plane or surface of a semiconductor structure (e.g.,
30 wafer, die, substrate, efc.), regardless of the ortentation of the semiconductor structure, and are

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



[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 mterconnects
therein. The tﬁ¥8d§ﬁ WEIET interconnects may include two or more portloﬁs/ﬁrmeg m 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 25substrate of material
102. For example, the material 102 may comprise a ceramic such as an oxide (e.g., silicon dioxide
(5102) or alamisudireeitidee(Ad203toaia mitncenfergludilicdimnitices{Gi3N4 ) osderdresligride (BN)). As

another exqnple, e st semisanducioumatrial A0mavcomArise R seusAndlor material such

as silicon (S g% germanium (Ge), a llI-V semiconductor material, etc. Furthermore, the material 102
may compfi @%H&F@réﬂ‘?&%#ﬁf’%@?ﬁ%‘ﬁfﬁ?ﬁfgt% eI GP S8 D itaxial layer of semiconductor
material. As one j8625)imiAingeiamiplé;dhenfiateitahd R chihefér sheamico ndlicto mstructure 100 may

comprise as/agle t‘ﬁ£¥§st@ié&ﬂ!?h&éf§%‘ﬁ@d@ﬁ£?&ﬁikoé%%§9&%494§83 ??SQJ&EPMQ%H@ [0040]

FIG. 2 illustrates another semiconductor structure 110 that may be formed by providing via recesses

112 in the SEHBNaEE PEXREG & S0 POIETRY S R R AS IR Wosess ﬁﬂ%@ﬁﬁg’e’a%"form portions
of through wafgrintenconaebts adidisenssecdfer théodeiéitsublewlinsshalinmegEidd 2, the via

recesses 143, mayutendnin.andal least edialbionak tsonaleral 02 apfdbe semiconductor

structure 110 from a first major surface 104 thereof In some embodiments, the via recesses 112 may

comprise bWﬁ%%a*?%@éeaé%famwﬁa%wPéaam?fbd?ﬁaféiﬁ‘afefo%aﬁﬂ% “¥ficonductor
structiife 13Buctures[@ddnihseviendecassesitbinsaye navedsganéralby cytimdticaingrasds-sectional shape,

or any other crosgstional shane:T iR WaArereSSEa dhamavRava.aNevaIage AIaRagctional 10

dimension (e.g., an average diameter) of about one micrometer (1 pm) or less, or about ten
any semiconductor Structure that icludes one or more at least partially formed device structures.

Processed semiconductor structures are a subset of semiconductor structures, and all processed
semiconductor structures are semiconducior structures.

15 [6031] As used herein, the term “bonded semiconductor structure™ means and includes
any structure that includes two or more semiconductor structures that are attached together. Bonded
semiconductor structures are a subset of semiconductor structures, and all bonded semiconductor
structures are semiconductor structures. Furthermore, bonded semiconductor structures that include
one or more processed semiconductor structures are also processed semiconductor structures.

20 [0032]  As used herein, the term “device structure” means and includes any portion of a
processed semiconductor structure that 15, includes, or defines at least a portion of an active or
passive component of a semiconducior device to be formed on or in the semiconductor structure,
For example, device structures include active and passive components of miegrated circuits soch 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 “TWT” 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 electnical interconnection between the first
semiconducior structure and a second semiconductor structure across an interface between the first

30 semiconductor structure and the second semiconductor struciure. Through wafer mterconnects are

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



micrometers (10 pm) or less, or even fifty micrometers (50 pm) or less. Furthermore, the via recesses
112 may have an average aspect ratio (i.e., the ratio of the average height to the average
cross-sectiongf%m%é/%ﬁ%ﬁ) in a range extending from about 0.5 to abou B0 FiIG. 3
illustrates another semiconductor structure 120 that may be formed by 15providing a dielectric material
122 at the surfaces of the material 102 within the via recesses 112. By way of example and not
limitation, the dielectric material 122 may comprise a ceramic such as an oxide (e.g., silicon dioxide
(S102) or girsvimuwa ‘ehisle{ AMZE3sacnitiide (€. TWiligataiyteden (Fiddhdd)sanbondmwitride (BN)), or an

oxynitride (&g Rlieen uitidel e dieipeiicmRietgl A AX AR Iaimegin.situ on or in the

exposed surfaces of the material 102 within the via recessés 20112. In additional embodiments, the
dielectric MgtBRMUSY HRE e batBerbveraRleER s dd Bliftaces of the material 102 within the via
recesses 112. Agtoks patiiciddhdaian-thaiting examypléctievinatestdid Rtmnmay epmprise bulk silicon

materig), th,dielegiic matarieliad mav.camerisealiconuidena0d: he dieleciric material 122 may be

formed by oxidizing the exposed surfaces of the material 102 within the via recesses 112. In some

embodime & PEeIatH e AR I PED HIREII8 Ry HESILHY SVBP e ISWFSUrface 104 of
the semiconductoristraptyes hdiOr falEel), theshewal kwkiGndctor sfOO48] Referring to FIG. 4, the via

recesses 112 (Fig,3) may befiledwith asagriiciahmaterial 133 ;Themasyiciabaaterial 132

comprises a material that will ultimately be removed and replaced with another material, as discussed

below. The SHEPRRIEIPTAGIENT PS9$HA) RO R R SRR ARPRSUIPESSESRFS silicon material. In
other Words:rthensacrificiatimaterialop3dimayic ofiprisesiliconnnavidgarsticcestiistune that includes a

plurality of jpfer-bonded grains of silicparandomly WO 2012/048973PCT/EP2011/065778 orientated
within the microstructure. Such silicon material is commanly referred to in the art as "polysilicon"

material. In additlBf erdB SEATSHRY: oY PR TP S5O TAR ER M FLE Ay S material that
may be selestivalyidiohdenieiatiy ectoptivednitecied 102 damenth&copgionalliiedé tiripenedterial 122) such as

a ceramic, g SemigenRsLEIofmaieral R 6 rRRIRYSIRII0R 2GRN 2 AW RELdic mble (N, P,
15  As, Sh,and B1),

[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
matertal 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.

[6039] 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 materigl 102, For example, the material 102 may comprise a ceramic such as an oxide
(e.g, silicon dioxide (8102) or aluminum oxide (Al,05)) or a nitride (e.g., silicon nitride (Si3Ng) or
boron nitride (BN)). As another example, the first semiconductor material 100 may comprise a
serniconductor material such as siticon (81), germanium {Ge}, a TU-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.



S5material, a metal, etc. In some embodiments, the sacrificial material 132y comprise one or more
additional dielectric materials, such as an oxide, nitride or oxynitride (e.g., silicon dioxide). The
sacrificial mat‘é’r‘i’aq‘}ﬁ%sf?@y have a composition that is selected such tthWéf{Br‘ﬂ%syigthe sacrificial
material 132 will not diffuse in any significant manner into surrounding regions of a semiconductor
structure upon processing of the semiconductor structure at temperatures greater than about 400C
10to which the semiconductor structure may be subjected during fabrication of transistors or other
device structurespasipeseghethinfuiaestieaihRelawrekiatwill natdetimeitally effect the
semiconductor sructure should the atoms difftuse 0 any Jgksant qfh%{)‘vtﬂaﬁfek%égeyﬁﬁ%%{&ou nding
structure dﬁrlng such processes at elevated temperatures. In some embodiments, the sacrificial
material 132 Wigd eSeribRok eseTfibieneiorH#7e iRrareRpeh St tHEe s WItRTAT dBetPHMy fercent (40%)
150f a coefficianiafithermaliexpansian exkvbiteddiythadnatasiahd 20y within: aleoukdumenty percent

(20%) gfa fficient of t er{'na! expﬂpﬁion ex ibited b EQ apafs riéa}l 104, r%}ﬁ%ﬁ?{‘l’. @n about five
percent (5&%;%%85{%18(3}%%%5% of thermal ex aaﬁgglﬁj(éx u%ﬁteg by tﬁg m_aterlxzr% 102; Iéu?%érmore, in some

embodime Ve G A sRBREIE D hYRy s et PRGN b SHisidstdf thermal
expansion thabfshabautmdhstct Sdd anless, about 3.0 x 10 C-1 or less, or even about 1.0 x le C-" or

less. 100441 ﬁi&g prﬂ‘@ﬁi@%&é‘s‘?eﬁ%iﬁﬁi PASHAL AR MRS WALLEEISERd ¢ (FIG. 3), the

surface 134 of th iconductor structure 130 may be planarized to cause the exposed surfaces of
the sacrificia¥ RiBRETaTs $e31e8bhdapeie i Wt BSeatstAly EOPIAYANSNEF s SABmHERAe Rith the exposed
surfage of thedmaielial H2atdhaibuidrea a4 nbibasamisaiduetpssiuciiuedidgh In more detall,
25the sacrificial mtate{f'gl 1%12 Tasy be formﬁ’d confogm ovrirt e firPst m@jﬁ)rrs%favcize 104 (and the
optional dieTECHHE matertal 122, tor example, ttiizing CVB hethods. The sacficial material 132 may
formed to astisisknESesybhviratatrees gdasmeceigtie §. 4 1hepe catlidasvaagsheiahidtyhentiveliefilled with the

sacrificial ragterialbad ARy ex08ss saw Hiclahimateriabda2 Bpdwaptianal dielectric material 132) may
then be removed anayi e surface 134 of the semiconductar structure 130.,For 30example, the
Surface 134 of i BN I Sl AR T30 A BN LR A AR WO
2012/6248973PdmERRETTIOBSTPHE Provdhs eiyesattietonteliy) Eemicatieiinmgpieddss), a mechanical

process (e gy v PEnading e hhaRRIMeh RIQSE 8R) didfebY AraRem ical magchapical palishing:aeMP) process.
[0045] After pra i(ii)n the sacrifici terial 132 within via recesses 112 (FIG, 3) as described
e, a A e S e O S o (R e R e T o s

semiconducteNsteuerrentde (RA8. aor hmkiAglekampleoncthiitae r Blesbrisonaaéstst material may be
provided oves {he surfasa: badwbihe samisgpduclon sl et addd ns tiessriing helowswith reference to
FIGS ?Oanq 162 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 compnse bulk silicon material, the dielectric material 122 may comprise
silicon oxide, and the dielectric matenial 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 119 (FIG. 2}, as
shown m FIG. 3.
[0043] Referring to FIG. 4, the via recesses 112 (FIG. 3) may be filled with a sacrificial
matenial 132, The sacrificial matenial 132 comprises a material that will ultimately be removed and
replaced with another material, as discussed below. The sacnficial material 132 may comprise, for

30 example, polverystalline 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



[0046] FIG. 5 illustrates a bonded semiconductor structure that may be formed by bonding another
semiconductor structure comprising a substrate 142 to the surface 134 of the 10 semiconductor
structure 130 SORBY%H3¥Re substrate 142 may comprise a semiconductsrHERER4FSIRN as, for
example, silicon (Si), germanium (Ge), a llI-V semiconductor material, etc. Furthermore, the material
of the substrate 142 may comprise a single crystal of semiconductor material or an epitaxial layer of
semiconductor material. As one non-limiting example, the material of the substrate 142 may comprise
a single crysiatabébuliisiliconidatatiate. LSIO0GT]oh hausuh siatend4R reay-dhrdiended to the surface 134
using a direct,bonding process. in which the substrate 142 is directl ZE ed to the. semiconductor
Siructire 190 (FIE ) ELhis At I S e e Bl Bt SRR, A race of the
semiconduddst srigeal Rty AntelscBuniupidalirate sr tisanaisnatr Al andshy rigral Biskeing interface
therebetweasedial othesardscdhanishstadenddtionmayeha dise ey bonsdrek Ridbe semisanductor

structuge 130 gggbgute%(i)’%&n%an adh%sia/ie or a&ig otrq?r.inter@%gi?t bondrig .material between the

\ sOme embodiments S Cl&f me may Co S€ one Qr more
substrate ﬁ% and the semlconguctor structuré 38. he nature of the gtom cor moﬁecufar bonds

between thd&itiph didesao mrier tesuehifcurificaitat st (if déisendieidn theematerial
compositiopg:ticeashiefdne substates Tézanddhesenikond veibhstthelitasbithe BiuiSicist accordance

with some sipbediments, digsialgmie oLmalsculanbonds mavhe provide betwesy for example, at
least one of silicon 250xide an ermanium oxide, and at least one of si ICONn, germanium, silicon

oxide, and GEfHSARAR RSERSINEOD AL B 608 JHE PRSI RIS EIR R Wi E8r irRepo dgSsurface of the
substrdte 14 2/mdyteamptisduamexidematerial(digcesilicon diexdae{2102)sand dthetkonding surface of

ihe semicoRHEQLSHHEWIS A VA6, A aHOIARIAN comAtse Al ik age oxde materia

30(e.g., silicon dioxide (5i02)). In such embodiments, a silicon oxide-to-si icon oxide surface

direct-bondifiy{roEesssHisy B ehned dririvan diecub rtngrilistacastif ésubtiarindizeto a bonding

structure during such processes at elevated temperatures. In some embodiments, the sacrificial
material 132 may exhibit a coefficient of thermal expansion that 1s within about forty percent (40%)

15 of a coefficient of thermal expansion exhibited by the material 102, within about twenty percent
(20%) of a coefficient of thermal expansion exhibited by the material 102, or even within about five
percent (5%} of a coefficient of thermal expansion exhibited by the material 102, Furthermore, in
some embodiments, the sacrificial matenial 132 may comprise a material having a coefficient of
thermal expansion that is about 3.0 x 10° °C or less, about 3.0 x 10 °C™ or less, or even about 1.0

20 x10%°C" or less.

[0044]  After providing the sacrificial material 132 within the via recesses 112 (FIG. 3),
the surface 134 of the semiconductor structure 130 may be planarized to cause the exposed surfaces
of the sacrificial material 132 fo be at least substantially copianar 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 plananzed using a chemical



WO 2012/048973PCT/EP2011/065778 surface of the semiconductor structure 130. In such
embodiments, as shown in FIG. 5, a bonding material 148 (e.g., a layer of oxide such as silicon
dioxide) may Wé’&@ﬁ@%@&%etween the substrate 142 and the semicondtictdrétatfiré®130 (FIG. 4) at
a bonding interface therebetween. The bonding material 148 may have an average thickness of, for
example, about 1,000 angstroms. 5 [0049] In additional embodiments, the bonding surface of the
substrate 142 may comprise a semiconductor material (e.g., silicon), and the bonding surface of the
semicondugieestitieturee simayeheAticast substantiadbhaomprises of ¢he gamegsemiconductor
material (e}%j 1%ilicrc{)}r(%SBn S CQC mngga(?jmeegggicaj Sg-lcsglrﬂ-tg%ﬂg?ol% cself_gsrface direct-bonding process may
be used to c?ncﬂf}e on mé surface of the su%gtrate to’a bonding surface of the semiconductor
structure 130. 10[##50] isorier i baneldmadirb B bopKa& e bbhdiltg Suface of the
substrate l#g-and Bevbanaingstisfacs;efihrsenmiennaustts struciie ¢ 30 maycbesestablished by
forming each,of e ponding.susface el Nasibsicale 142 andibe handing sufaee eline
semiconductor structure 130 to have reﬁatlvely mooth Surfaces, and su sequer?%ﬁ/ a%uttlng the

bonding suFRAICEPIBEtAar A FraiRtdifRgieratepisRs st tHEcd SAAGsihtd e WiiiHg an |

5annealinggrasess F00H 5 ki@ example, each of the bonding surface of the substrate 142 and the

bonding strface s SSRCORCUEIEr SUEIIEAS0IAL 05 ARG ROBYE gy mean square

surface roughne out two nanometers (2.0 nm) or less, about one nanometer (1.0 nm)

or less, or BYSHEBRIESAENGIATHSIOHTEY TR SRS (@R bHY drtde e prdumBdmidsdiments, each of
the 20 bonsingrauriasesoidiae substre 44thanddrechonding-supaee ahthersemmicandaidtor structure

130 may be,qunag (9 1ave A90HMEARSINAIRITAGS QHAIESS(RUDS) ofpetween abou

one-quarter of a nanometer (0.25 nm) and about two nanometeis (2.0 nm), or even between about
one-half of B tE? Tt AtAY BRtEiEEt S B HARBRIBE {1 FRRPTSP cPR&'HAhealing process
may compriggetisiat g dhiaxsal hstraisddidcatskifren2ieraé nic onduatbmitiu elarepk30d madtiwinace at a

temperaturgfgetg%mgq Mw c%%x]{l\é'Q%‘r’g%@%%?bﬁﬁlﬁi%ﬁn(m%%}l.a”d about four hundred degrees

Celsius (400C) for a time of between about two minutes (2 mlns.%)and about fifteen hours (15 hrs.).
[0053] Each of thEWShdike sthiive WRmaydshendadta s siHectd HonsAg EGHLeEa St the semiconductor
“structure 13@dmaybéidrinediorbe kel atilielys odth rasasentiorniadabovey e $AgHEG30 least one of a

mechanica), Rolishing RS A iR ARAMItRLEleling dIRERSSHEQ PIRTRIR AIEMIcal-mechanical
polishing (CMP) process may be used to Planarlze and/or reduce the surface
structure 130 and a bonding surface of the substrate 142 along a bonding interface therebetween. In

other words, the substrate 142 may be directly bonded to the semiconducter structure 130 without

20 using an adhesive or aﬁy other intermediate bonding material between the substrate 142 and the
semiconductor structare 130, The nature of the atomic or molecular bonds between the substrate
142 and the semiconductor structure 130 will depend upon the material compositions of each of the
substrate 142 and the semiconductor structure 130, Thus, in accordance with some embodiments,
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] DBy way of example and not hmuation, the bonding surface of the substrate 142
may comprise an oxide material (e.g., silicon dioxide (810,)), 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 (8102)). 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

10



WO 2012/048973PCTTEP2011/065778 roughness of each of the bonding surface of the substrate 142
and the bonding surface of the semiconductor structure 130. [0054] A first portion 144 of the
substrate 142 W23 B & oved from the semiconductor structure 140 of EFREFELHYGHE a second
portion 146 of the substrate 142 behind over the surface 5134 and forming the bonded semiconductor
structure 150 of FIG. 6. Put another way, the first portion 144 of the substrate 142 may be separated
from the second portion 146 of the substrate 142. The semiconductor structure 150 of FIG. 6 includes

a thin layersgiaemiconedeionmateialla2 nver the skfasachadaskhesthin tayer ebsgmiconductor
o BB Heg il SeCond PRGN O USRS LB Bl o 0985] Referring

again to FIE% Xample an no limitation Sfocess known in the Inaustry as the

SMART- Cwﬂﬁ}léfb%%@%&y% Heedred Eediate %h?ebﬁ@meﬁ%ﬁqcimrebW% Béerheadig from the
second pomaerﬁﬂﬁagmalmtﬁa@gb%c@u@rwmmw&ﬂamlaaghmrd@taiI in, for example, U.S.

Patent No. RE 3 to,Br Februa 03,468 to Aspar et al.
(issued October j %§§b lﬁlj%‘g aten‘t)%ne gs g%%%cg Q%rgﬁg(r}fg %‘s%g’ %ﬁﬁgfy i 2002), U.S.
Patent No. BTEER86'5 m@meb&g &&F%&@Héﬂ’%bﬁ@%ﬂ%@%ﬁ @esemfét@iwmbswswiém to Aspar et
al. (issued Rsteberias: s%@ﬁﬂ)tna’ﬂ@doﬂpﬁsdﬁ@l&ﬁﬁ sume &&%ﬁﬁ&&mﬁ@ﬁw@ga&ﬂ(&ﬁptﬁmhw 20, 2005).

[0056] A p|%ll’%|l%l of i o rogen, é nert as |ons%f5 aé/dlg um é ed dmto the substrate
142. The ions mam be ?rﬁlpfantedy ﬁft% the su 1sr"?ﬁate rﬂff Be S?é%a fer attachi |ng The %ubstrate 142

to the semféﬁﬁ%ﬁ&ei‘ﬁﬁtﬁfqﬂ@ 2 bandiagerhisg A e mEsPRREAHERSMES tnay be implanted into the
substrate 142 fro[moas iom SeuEcmBahhowR)desitontkra sideafitbessubistrate 142. lons may be

implanted igio.fhe suhstiale 14721008, dieCloN ARIANRIy REENAVIALi9 the major surfaces o

the substrate 142. As known in the art, ?hgLl epth at wh {ﬁle lons are |mp anteé into°the substrate is
at least parff&tiraReheh8 W%%éﬁ@‘ﬁpﬁﬂm%?&*?ﬂfé i’@ﬁ@?B%ﬂ&?b@ﬁ?é’(ﬁ fitfto the substrate.
Generally, iensomplantetwith E5e eRergiwillbemimplanted alhmelstivelynahatovier dlepths, while ions

implanted iy lafet eosieyilbe inplanied Aldslalvel.dsenaiAshibs o hions may be
|mplar{1t5ed ggéﬂggsﬁg&séga 142 with a predetermined energy selected

[0651] For example, each of the 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 (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 (Rrs) 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).

[6052] 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
Celstus (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.).

[0033] Each of the bonding surface of the substrate 142 and the bonding sutface 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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to implant the ions at a desirable depth within the substrate 142. As one particular non-limiting
30example, the ions may be disposed within the substrate 142 at a selected depth such that the
average thickW&S¥RB%H& second portion 146 of the substrate 142 is aBbiHHeEY ti8red
nanometers (300 WO 2012/048973PCT/EP2011/065778 nm) or less, or even about one hundred
nanometers (100 nnt) or less. As known in the art, inevitably at least some ions may be implanted at
depths other than the desired implantation depth, and a graph of the concentration of the ions as a

function of deptheinte dha sthstai@nk4d-fiansransitReaofdhe suksisaimnddmays axhibit a generally
belI-shapegegl\é@ggjegi%gca?ypgﬁetric) curve 5 having a maximum at a desirable implantation depth.
[0058] Upon imp Shtation mto the substrate 142, the ions may define a fracture plane 143 (illustrated

as a dashed line PG, 8)iwitamritne Slefshenedne HRaphamraprdionds wareriiRise a layer or
region withigihesidsirate 14 R4hat issaligneekwith {e g heanigrrdiabosihthe plasagianaximum ion
concentration with. the substrate 142. The fracture pl efin% al 0 zone of weakness within
e e R e R eoniont procose
The substra®&au Priyhesubleagd A-oraydensrstiatorryie seacttreopraddod Spsrheatngthe substrate
142, applyimg: semicshrbicatioiee 1adbersghsifaieidd2hionfy-oheniseanplyingiansmyto the
substrate 142. [0059] In itional embaodiments, th selclcg}d portign, 146 of th rate 142 may be
15provide (53\%:-[13 i e?]g%]'rfg}g% %ygf gﬁéeg}écr%?c%%%lﬁ%&”%trucfaP§0f38 cj)ﬁ1y Flés.eﬂ{%?/s gﬁaing a relatively
thick layer &frbtsrabieats. | #1&Jr Having an average thickness of greater than about 300 microns)
such as the substoais]14R.fanelsiasaqwenthy thinaing shenpelatively ithieli sy bstpadesdd 2 from the side

149 thereol opposie 1, STaG5. LALFOLBHATRIG 16 U0SIA 1S 42 o e fiangd ysing 2

i
chemical process (e.g , a wet or dry chemical etching process), a mechanical process (e.g., a
20grinding Hrhappiteidddss) b soeadanaivndde sidbhahcaiendiis Rty PORSFEcssgbed

in detail in, for example, U.S. Patent No. RE 39,484 to Bruel (issued February 6, 2007), U.S. Patent
No. 6,303,468 to Aspar et al. (issued October 16, 2001), U.S, Patent No. 6,335,258 to Aspar et al.

15 (issued January 1, 2002), U.S. Patent No. 6,756,286 to Moriceau et al. (issued June 29, 2004), U.S,
Patent No. 6,809,044 to Aspar et al. (issued October 26, 2004), and U.S. Patent No. 6,946,365 to
Aspar etal. (September 20, 2005).

[0036] A plurality of ions (e.g., hydrogen, helium, or inert gas ions) may be implanted
into the substrate 142. The ions may be implanted mto the substrate 142 before or after attaching

20 the substrate 142 to the semiconductor 130 of FIGr 4, as described above. For example, ions may
be implanted into the substrate 142 from an ion source (not shown) positioned on a side of the
substrate 142. Ions may be implanted into the substrate 142 along a direction substantially
perpendicular 1o the major surfaces of the substrate 142, As known in the art, the depth at which the
ions are implanted into the substrate is at least partially a function of the energy with which the ions

25 areimplanted 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] lons 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 iong 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

12



[0060] In yet further embodiments, a relatively thin layer of semiconductor material (which may be at
least substan%ggﬁsi%y%r in composition and configuration to the secong %o[% '%‘i 1][(%97?4 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 25depositing 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
semicondusto pstessctu ey <h3Doof FHGwWEIreheommers Hvice stisetukekmnvayibbdatmed on and/or in the

thin layer of, SeRNEORAHGIQRIDRIRHR IR ARG WRLS NG A MRS R HERSUUGdEsH Mmay 30 be
formed using the %n %yer of semiconductor material 15%@[B§%way of ﬁﬁample agd not WO
2012/0489F5PETRESHHT 1T0EBFHEMAIBRISK: 1 HItREHRD SrivRSG e A fab¥Bhted using the thin
layer of seruifpadittonbsateridlBR. exhifd@EajcRiE belHibgted tepranportionnwitherbonded

semicondugtar device1n0.0f ElG.0ancianeshwithin the dashed line 158, subsequent to processing
the semiconductor structure 150 to 5.form the bpnded azanErocesseéj emiconductor strycture 160 of
14 ?nfzsa 4

FIG. 7. The semilSRthCtOrSIRRIFA DB 8 M T HOSTBIGd & DR HARIE e TS BRRIONE transistor 162
is shown iniFi&aEder ciasityd e sHIWPS InvEi@ HE sethttrbiisidtoribeRrerdgnéidiudeya source that

includes a source ragien1A3Amantha SeWEE:80na -l 638 adiain thatdopludesagiain region 164A
and a drain contact 164B, and a ate,structl#‘e 1%5. E?%h oIt};[hi_era(?é)Jurc re%ign | 6§A and the drain
in o il

region 164K T RUTAR FOYERE AR TREP B & mito It BiatarBr 89K 4t have been
doped Withzomecbwemiowes sdopamtss tolrenttdr Evéwe rdutb s elbstricdl) venbdtived Phe source region

163A and the.draimregioLedA-may be.sepamted 11 ana.anather.byadcnanRel £84ien 166, which

may comprise an undoped region of the thin Jayer of semicopductor material 152. The gate structure
165 may bSO R OB 16 TPl HERF Gen L B L Pine drain of the

transistor 18162isEauiy ok vergoirte ohetactl#83B, the drain contact 164B, and the gate structure 165
may include a cop@ugtive, NateHa) SHebdasAR e LIRaIEMBla I hdapsehRalsHisom material. The

conducfive material of tgl‘e Ie plucture 1065 may be electricaliy isalated from e ht'%ﬁjryef of
semicondul® or materia 9 2 Dy one or more diefectnic ma{erla s (e.q., an oxides a nitride, an oxynitride,
etc.) 20[0068 Ay ivdwaténab(ae. 2, tarse haringareastiadiol dreese bfissieichrs shost ISMGemay be formed

in and throygh thadkindayer of sersisendustonmatenial hhderoxaladhadiansistors 462. The shallow
trench isolagtion structures 168 m ise a dielectric materigl, and may be used to electrically
isolate eac% g%ﬁ%?% SPHBY rggr%uro?)éé%tg?a%r%ﬁ_se e gr%?ﬁélrsggt\?igégs it _ gﬁ%éﬁ #he%emiconductor
structure 16@:BSpARESS E@arhple airfey soeisntasbrg tecsihRovpdreied nEsRIs O 2

20 grinding or lapping process), or by a chemical-mechanical polishing (CMP) process.
{0060]) In vet 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 sity over (e.g., on) the surface 134 of the semicenductor
structure 130 of FIG. 4. For example, a refatively 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 matenial 1352 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 laver 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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25structures 168 may comprise a dielectric material such as an oxide, a nitride, an oxynitride, etc. The

shallow trench isol?§}84r§9§7%ructures 168 may be vertically aligned (i.e., al]il%r%edpzagl%nﬁs%girection
perpendicularwgtzlge major surfaces of the semiconductor structure 160, suc AL LBirface 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 WO
2012/04 8913 REd =PRIy 06 5aé8isemigdrduetonstiucinie tHo0lagtich @sithedsarface 134, that passes
through a shallow, trench isolation structure 168 and a volume of sacrificial material 132 within one of
the via recesses 112. 00641 Referri%%to FIG. 8, a bonded, processed semiconductor structure

170 may be form@8%8Y prEviditiysgaks aPot habbahondst asmr s devish inteh i Cdielectric material)
over an 5 explosedvsbirf#ealdbSddintHe Sevhseqratctopstiuntulre stol@klkdG: siuchantiforcon which the

one or morg fransisiprs 162,and shallawdieneh iselationssireiares 468 hays hegn formed, and

forming first portions 174 of through wafer interconnects therein. [0065] The layer of dielectric material

172 may b¥ S ORI PSS GURP RIS (AR Peg e ARy Pl e e L idiSnE Mickness large
enough to devgr theigste isfFi@tlreadicfofitioe! EDmansistoie 16Qrastishowindes FHGr@.rdcha layer of

dielectric matarial;l 2,y fRRPES AuislgGitic mAlerialisUehoas A axidenadutkide, an oxynitride, etc.
[0066] With continued reference to FIG, 8, first portions 174 of thrOl#I?F? wafer interconnects may be

formed in th&"EeitfiesRTEIST S RtuF CE?S@*T’F\%’WFS?%}B’?&%@ PAASIRILEERW AT Titerconnects may
comptige arcbnductive of dtetial Bychrasonendicrmonetmethis tdoped Ubspdlysiieah ceter The first

portions 1_71%}0@ JQ&QH&G _éééﬁf&&ﬂ@é@@@&ﬂ%@&r!&@% Q%JQJ&U@.QT'HX forming;via keaesaes khk through the
layer of dielectric material 172, through the shallow trench jsolation structures 168, and through any

bonding m&REPAl Y48 e SE BRI I M ILRMIST TR thepaR gl e rie S ¥ T FOTTRHRS Afaterial 102. In
some embuodinpehtsgitheShaftowayendheisalatiorcstnasunlds?2. The gate structure 165 may be

disposed over the channel region 166 laterally between the source and the drain of the transistor

15 162. Each of the source contact 1638, the drain contact 164B, and the gate structure 165 may
include a conductive material such as one or more metals, or a doped polysilicon material. The
conductive material of the gate structure 1635 may be electrically isolated from the thin layer of
semiconductor material 152 by one or more dielectric materials (e.g., an oxide, a nitride, an
oxynitride, erc.)

20 [0063] As shown in FIG. 7, one or more shallow trench 1solation structures 168 may be
formed in and through the thin layer of Vsemiconductor material 1 52 proximate the transistors 162.
The shallow trench isolation structures 168 may comprise a dielectnic materizl, 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 imitation, the shallow trench 1solation

25  structures 168 may comprise a dielectric material such as an oxide, a nitride, an oxynitride, efc. The
shallow trench isolation structures 168 may be vertically aligned (i.., 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 posttioned relative to one another such that a

30 straight ine may be drawn at least substantially perpendicular to the major surfaces of the
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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 IayePr %ﬁ’a%ni og%ctor material
152. The via reed¥® 7 may be formed, for example, using a masking an ?ﬁlng 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 25may
have a crossnaeetionalsizeandcshapescberespondihghtorassesinabib csbdbrseetidnablsize and shape of

the via recgsags Eg io e formed.ThecpmitadsRaELRA TR lsRmaybe exposed to one or

more etchants that will etch the various materials th roua:sgw ich the via recesses 176 are to extend

without etching (M8 SREFRAISA? FAR PAL PSR HEMSAtE SEABEIRR M aPetching process
or a dry reastied topretdiing hrecebddnayidisawseld 76 fognrethetwlayredebses 176 BOthveugh the layer of

dielectgic maferigll £2. he shallowtanchiisalation stHatrres, 106 ARd.ARNBaRding gnaterial 148 to the
sacrificial material 132. WO 2012/048973PCT/EP2011/065778 [0067] In some en%bodlments the

via recessé‘?‘f'f’@’tﬂ%t%%ﬁ?@%%@?’éﬁ@%tk‘ﬁ‘%}@?%ﬂt}“ﬂ” £ tﬁ%%ﬁ&ﬁ‘ﬁ?@“ﬁv’eaﬁléigfgﬁ f%o the average
cross-sectignabdinension}gh sefangerextendithgrénom about 0.5 to about 10.0. [0068] After forming the

via recesses 176600dugliyg material Mav.Re-A19vided, withimalle Madpeasseslikb. For example,

one or metal materials may be deposited within the via reg%esses 176 using an elegn Iess plating

process artfGFaHl eIEE Ay Ee 5IBtnG Bro SRERess FRsGRee R hYSE 8??[&? Yollgh wafer
intercomnectesiike tbiz shbionitigich. idblkaltion strirdtureste8dnrGCUyhy wihivchsthegiadsdend, may be

vertically aligned (hen-2lignsd-alangf dirsstipmrespendicular to the major surfaces of the
semiconductor structure 170, such as the surface 10 34) with the Etfl recesses 112 and the sacrificial

material 132 contaf8 tharRRerRUSHHERTRSE T §ifd SHIBHS 199 BYIRPB UG Wafer interconnects
and the saecrificimheaatenich<ld iy bhespositishet wiative 130odbdmetbanssdithéthersghaight line may

be drawn afjeasksubsiantialy Bemendiculatiodhamaini-swiaees abhasamisgaductor structure 170,
such as the surface 134, that passes througq a first portion 174 of a ttgoy%q gf?r interconnect and a

volumks of SSRFHERS i T WAlRiA S RE TR RIS I RRUSE 14 orming

via recesses 176 through the layer of dielectric material 172, through the shaﬂow trench solation
structures 168, and through any bonding material 148 to the sacrificial material 132 in the via
recesses 112 within the material 102. Tn some embodiments, the shallow trench isolation structures
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 Jocations 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 laver. For example, a wet chemical
etching process or a dry reactive ion eiching 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
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[0070] After forming the first portions 174 of through wafer interconnects, additional processing may be
carried out to form additional device structures, such as conductive vias, lines, traces, and pads over
the exposed Wﬁ&??@ﬁ%&% 178 of the layer of dielectric material 172. S&gﬁ%%?:léé{’s%ggmay include
what are referred to in the art as "Back End Of Line" (BEOL) processes. 20[0071] For example, FIG. 9
illustrates a bonded and processed semiconductor structure 180 that may be formed by fabrication of
a plurality of device structures 182 within one or more surrounding dielectric materials 184. The device
structures 182 mpgdncluiieone-absiotennfttond uetivesviasinasy dracespangpadstoanprising a

conductive,malerial &Uch.as. QIS OTMAR Metals ar.doned nalysilicon . The e gfpars,surrounding

dielectric materials 184 may comprise an oxide, 25a nitride, an oxynitride, ere. The various device
structures &P dhtitREO¥U unding dielectric material 184 may be formed lithographically (i.e.,
layer-by-layer) o\esdsle magofsuifiacie Lii8-obtae iy esdhidietenittcianaiebablofRiciswigjiprocesses

known n the e [0072) Al faming devige eties 182 averthedaven sielertic paterial 172 as

L
discussed above in relation to H a portion of the matefial 102 may be removed from the

30semiconttHPEIA R EHE T L RIGES AL L AR SltciRiHREH AR PE5%rough the material 102 as
shown in the boni@ééPpndlpricessechséfictihdughoradiructmrenie, ok el sddloFhempbrtion of the WO

2012/0489 73R TIERAALYASRE(B mAISrALI 0% mabes mRRCL IO e sxpasedmajor surface 103

(FIG. 9) of the material 102 on the side of the semiconductor structtre 180 opposite the active surface

186. By waly SR AT SHE ot imHth 2o B SPRe st 02 may Bd feiiBded using, for
example, ofidortintreevofrachernicahétbhmgificatessral ifechamical hokshihgprocess, trea

chemical-meghanical paliphingsn (GRYTRERIBGESS.J) A MRlGRLE Maleliabl a2y LisRoskd between the

sacrificial material 132 and the material 102, as shown in FIG. 9, a portion of the dielectric material 122

also may bEPERIGY UG8l e At R e Tt ehr A Rt it B ot tePdISHRE Snductor
structure 19@ nagoshofaeed o GehiofD78] Optionadlly, sitvk activeigedddd, 1B86pafsthéseptieonductor

structure 180,66 19:10MBRE RORAREIQ MERNIES SHRSHBIR.L9%:ia%-3hANnn FiG: 4, prior to

removing the material 102 to expose the sacrificial material 132 to assist in handling of the
semicbhduBt8FHAURTEIS Wifle removing the material 102.

[6070] After forming the first portions 174 of through wafer interconnects, additional
processing may be carried out to form additional device structures, such as conductive vias, lines,
traces, and pads over the exposed major surface 178 of the layer of dielectric matesial 172, Such
processes may include what are referred to in the art as “Back End Of Line” (BEOL.) processes.

20 [6071] Forexample, FIG. 9 illustrates a bonded and processed semiconductor structure
189 that may be formed by fabrication of a plurahty of device structures 182 within one or more
surrounding dielectric materials 184. The device structures 182 may include one or more of
conductive vias, lines, traces, and pads compiising a conductive material such as one or more metals
or doped polysihicon, The one or more surrounding dielectric materials 184 may comprise an oxide,

25  anitride, an oxynitride, efe. The varnious device structures 182 and the surrounding dielectric
material 184 may be formed lithographically (f.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 sacnficial material 132 through the matenal 102 as

shown m the bonded and processed semiconductar structure 190 of FIG. 10. The portion of the
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[0074] After exposing the sacrificial material 132 to the exterior of the semiconductor structure 190 as
shown in FIG. 10, the sacrificial material 132 may be removed from within the via 5 recesses 112 to
form the bond¥d %ﬂ%aﬁﬁ?g@essed semiconductor structure 200 shown in F1G 11 %ﬁ/%sy of example
and not limitation, a wet chemical etching process may be used to remove the sacrificial material 132
from within the via recesses 112. An etchartt that will etch (e.g., remove) the sacrificial material 132
from the semiconductor structure 200 at a faster rate than a rate at which the etchant will remove the
dielectric maierisl1 02 Zant amohdidinghmateriel 448:mafidoe SENG G RT temeneadiéSacrificial material
132. In Oth%"eW&’J‘Jﬁhége%%&%ﬂ%tﬁl?%ﬁﬁt&%'%'X%&%a’élﬁe%@ﬂgkﬂ%@i’éﬁ”é&Jvég 4pnd-gntignally relative to

the optionally dielectric material | 22) and a\m/%| onding material 148 may be 'used to remove the
sacrificial ASHEREICAbAPEHBOGSERETA W ERIRE EReYsEEI S REHIT RSN SEE WE K/ Slicon material,
the etchantimayderipiise@dn)xtueehafiniiolabic trpdeafloorihaaich-archwatd poislengbodiments in

which the %é&)ﬂft}%'cggétﬁf'.%i&&%is&}{zlk%ﬁ'gﬁ%5%?@%&@%%@%&@%&%&%& a8, fpEgxample,

silicon dioxide, the sacrificial material 132 may be etched selectively using an etch splution comprising

: . y be etche, I
hydrofluoriBEeTd dP% 118 B{King HROLRES TR ARG S el rer EXARUS TR EEES ch chemistry).
[0075] As shpwtin fab@icd reondutive trateradmmitidsenprovded witiinrd i 80via sieoesses 112 (within
the space ygagatgd by removal of the sacrificial material 132) to form second portions 30212 of through
wafer interconnects 214. The through wafer interconnects 214 include the first WO

2012/048973PCTIEBb0 DrI8E 7 SHSSHISHE 9% ARtk SRRV REHAS 2 "B ddephysical and
electrical contdetmalpdie astablishethbdticanithenfindtifotions1id 4eand b érswend p&itions 212 of the

through wafer InteLconneals akda 13200008k Ihe candusiivemrtatakafthesrcand portions 212 of the

through wafer interconnects 214 may comprise a conductive material such as one or more metals,
doped 5pofs&ifesh Met@2iiddife embodiments, the conductive material of the second portions 212 of
the through wafeft#itdircobine etp@ibd thraspcoié ] atstigUuB tarttiadiyeitinfital ssriberdoductive material

of the first portians o4 aleiieLgh Welel IRRIGRRORFIS Zddy Th.cRREHetvemAalRiak may be
provided within the via recesses 112, 176. F%rg‘gxample, one or metal aterialﬁi{ga 1b§ deposited
rolytic

within'the VEF58ERESE8 D78 D6 hogish R buneses SRRy oL EREusa/Sr AR aisciotic Blating
10process.way ofGRATHT el thrdurghtivafewin throormectsn2 b insl nde thes it 4t porionke 174 and the

second porigns. 212 agteak Anareskihotforming the fisstRorioms: Lifandlheagsayd portions 212
S e 33 o e S S, g, Ay aton, of g Semicondhgtor structure
the etchant will remove the dielectric material 122 and any bonding material 148 may be used to
20 remove the sacrificial material 132. In other words, an etchant that 1s selective to the sacrificial
material 132 (and optionally relative to the optionally dielectric material 122) and any bonding
material 148 may be used to remove the sacrificial material 132, In embodiments m 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  a further dielectric material, such as, for example, silicon dioxide, the sacrificial maierial 132 may
be etched selectively using an etch solution comprising hydrofluoric acid or a plasma etching
process (e.g., utilizing a sulfur hexafluoride SFq etch chemustry).
[6075] 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 inferconnects 214 include the first
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210, there may be a discrete, identifiable boundary 216 in the microstructure between the first

ISportions 17 e ond portions 212 of the through wafer mtercqqﬂ(ﬁ‘@g in.some
embodiment %Vg%?e%ivzﬁét:lon The identifiable boundary 216 may be locate g?(%i}(?dr%eﬁg a major

surface of the thin layer of semiconductor material 152. For example, the identifiable boundary 216
may be coplanar with the bonding material 148 disposed at a major surface of the thin layer of
semiconductor material 152. Furthermore, the semiconductor structure 210 may be oriented parallel
20to the agtivecssifdcadi86sa@sndipomanin? KGRt physkDTE] dacsr ecaimib odinte pgbliseedhrough wafer

interconneg%M%M%m WRIRGR RSPRGIFAHR H18.o£hR ARUQRKNE Avstagrdeight to the
average Cross- Seié %\7 men |0n% ina raéfc); extenddﬁ from ttu 0 5to§ t10 0. [0079] After
af

forming the throu e seidise mateng PLESENMSIAB RIS ot BIPNE? Y8 bstrate 192 may be

removed froferthendstnidé chancbproses sedisiint outadatehst oetoren2ik@ekEl6pE@ to form the bonded

and Drgcemlﬁ%ﬂ,i%n@%l% &H%H&@%Qe%ﬁ&%ﬁ&&nﬁ&ﬁhﬁ%@ Q&Ed&o;lu%nggmmﬂye bumps 222
may be str%\ctur% ‘}I/a?ndtelectrlcal % i |th th t@'é)chs ?ﬁet?d o%‘hthe S{FC%)nd Pportl 212 of the
through warer'i SrESHRELY SR a% BEHEK STTFACES0E O the Ce RS Aateor sfiEire™ 220 opposite
the active shafasieoa8ensThé ddmabistige wienper2magky BOcdmpridectveonguetiveyrhaterial such as, for

example, a,eRRAUGCHE-9RIARN BllQYes M@Z@h&!@é&ﬁ%@%g FERAOAIMOBR AR be dRAB] The
semlconduct%r Str ucture 220 shown in F G 0 S l;;):uonal XnRe further rocefsed and packaged, if
ucture

afpeesses St eleg or electn
needed or deaitabie “THE SemiCoRdbator s U5d'SG sequen y may be ruc%urally and

electrﬂéellyme%ﬁﬁed to another structure, such as a printed circuit board, another semiconductor

structure (e.g., angshgr dmsqﬁw@ewafet%ek&m&@@lamtmmm%mwtﬁgsﬁémw
embodlments the Elcor{]dgctor s ru%:%ul_rﬁg1 Jpay be Stf%‘gg Iﬁ’and e(ectncal% (‘Zoupled to another
e,

g sﬂ% ereo S & resui e se 8
structure u |ng (0] evices an nlque nown |n e art suc or examp using conductive

leads, ani Swgp%g_ﬁye@@ﬁq@wﬁﬁ@ifﬂml@t@ai times during fabrication of the semiconductor structure
210, there may be a discrete, identifiable boundary 216 in the microstructure between the first

I3 portions 174 and the second portions 212 of the through wafer interconnects 214 3 some
embodiments of the invention. The identifiable boundary 216 may be located proximate a major
surface of the thin layer of semiconductor material 152, For example, the identifiable boundary 216
may be coplanar with the bonding matenial 148 disposed at a major surface of the thin layer of
semiconductor material 152, Furthermore, the semiconductor structure 210 may be oriented paralle

20 to the active surface 186, as shown mn FIG. 12.

[0078] In some embodiments, the 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
extendmy from about 0.5 to about 10,0,

[0879]  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
F1G. 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 compnse a conductive matenial such as, for example, a conductive solder alloy,
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[0081] Referring again to FIG. 10, in some embodiments of the invention, it may be relatively difficult to
selectively etch the sacrificial material 132 within the via recesses 112 without 10etching other material

of the semicol Ut ture 190. In such embodiments, it may be degﬁgﬁlg%}’ﬁ?ﬁ@ct other

materials of the semiconductor structure 190 prior to etching the sacrificial material 132 as described
hereinabove. [0082] For example, FIG. 14 illustrates a semiconductor structure 230 that may be
formed by depositing a mask layer 232 over the surfaces of the semiconductor structure 190 of FIG.
10 in 15such a namsgr amécatitoagicau bsiantatho chver alFexposedaatifasesbeffirBesemiconductor

stucture 250 SXGERL 0L Roes Y300 atliage s Al SUBRYAISI9gnI DG MAsk.lpyer 232 may

i
comprise a ceramic maten such as an oxide (e.g., sﬁ?(]":%%rglcg?i%mde%{siOZ) or a-fLmlnum oxide (Al203)),
a nitride (eb§ StirEEH TR sy eBR B HIFI B SR B AYPERYAIEHER! TeB83 A Shown in FIG.
15, the mQ%@M&fu%?sﬂ‘ﬂﬁ@dxb@e.@@ﬁﬁfﬂ&tﬂi@oﬁ&@fe@paﬂlﬁgﬁgﬂg 20dihat-exiensddtromngh the mask layer
232 re%“'“2&1%%@%%%@8%%&[‘%@!ﬁ&%éé&%&%%%&%%%%ﬂ ChG 2RO FlGe kg A

photolithographic masking and etching process such as those known in the art may be used to form
the openin@@E&@tﬂﬂ‘&?@ﬁ%%w&?}g?@g‘%e?ﬁ%ddﬁ@mﬁ&é lows st a8 s diaped, and located
to expose thengacrificiatmatanaldd? indhepialiecessesvit itilwaugh the openings 242. The

semiconductor siyaire 240 NENLIAY B ShPIRSIS 19 AWRLAL o etshing, 2anracess Using an

etchant that is selective to the sacrificial material 132 relative to the material of the mask layer 232.
Such an ettt Bkt Rirksturbintehovar BrthpLa@ifcar MRS HEm Wittt the via
recesses l&2yitigsthiingaterith ef seneeinddctor stittiurie@ 50 otk iEbdbmdine imaskbtayer 232 then may

be removed. rom. e, SEMIGARAHEIOL SEHAIMS 30045 G driq J@ggbﬁtéamﬁ%%%mﬁamucture at

least substanti%lg identical to the semiconductor structure 200 of 30FIG. 11.

2012/048973ieE FEpoderqbEE Ergnabove.

[0082] For example, FIG. 14 illustrates a semiconductor structure 230 that may be formed
by depositing a mask layer 232 over the surfaces of the semiconductor structure 190 of FIG. 10 in
15 such a manner as to at least substantially cover all exposed surfaces of the semiconductor structure
230, except for posstbly some surfaces of the carrier substrate 192, The mask layer 232 may
comprise a ceramic material such as an oxide {e.g., silicon dioxide (Si0-) or aluminum oxide
(ALOs)), a nitride (e.g., silicon nitride (8i:Ny) or boron nitride (BN)), or an oxynitride.
[0683]  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 246 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. 1610 form a
semiconductor structure at least substantially identical to the semiconductor structure 200 of
30 FIG 1L
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[00841 In additional methods, upon thinning the material 102 as previously discussed in relation to
FIGS. 9 and JO, the material 102 may be recessed relative to the sacrificial material 132, and/or the
optional diele&HEHHENA 122, to form the semiconductor structure 266 SFETE Y ¥EY way of example
and not limitation, the material 102 may be recessed relative to the sacrificial Smaterial 132, and/or the
optional dielectric material 122, by about 2,000 angstroms. After forming the semiconductor structure
260 of FIG. 17, a mask layer 272 may be deposited over the semiconductor structure 260 to form the
semiconductor stussigre i1 48dafod (meliadd hpomaskilayee Addrnayramprisesa cetaguciimaterial such as
an oxide (e.g.,. silicon.dioxid 02) or. inum.oxide (Al203)),.a.nitride.(e.g.. sl itride (Si3N4)
or boron nll'r[rldtéeD ?éﬁ)%gor é’ﬁ‘%@%ﬁrﬁ)‘ g?r%slflo S rgbv?/ﬁefﬁs gfée%%)%t Oe%é?ﬁ%c%ﬁ&?@%ﬁ%t%%ture 270 may
include a ragoY SGrPaBRr I AEiSH Sieferthdrddp SpubrectrecediFiarsupuratd 0830, 17.(6085] The major
surface 2748fdhesaRieanciiGiaksik chdigait) 001Gy iSaabeisikiecteddaiadgpianarization
process, such a hemical-mechanical palishin rog remove jons of the mask
layer 272 ({gﬁt Hr?%?agr%gg ra%rlﬁ/og ie eaalc"[:{rﬁ%%crr%%nr?a r%%%%ﬁear%t%ug Eiak')é\{?o%%gﬁ%eog%f %%%:%ltﬁgﬁﬂ%material 132

within the VP8 yeBEsBs e PRARE NS Hdetrh precdddey Befsrsifduesitructure 280 of FIG. 109.
As shown WdntGndiSibeusacsitigiad mmiekakbidmaybarexpesed dhrotigh. tieemadidgater 272 after
Planarizing, e, maionsuidace a¢ (G, 1 Hagn exbesing e saclcabmareialddg, the
semiconductor structure 280 then may be subjected to & wet or dry etching process using an etchant
that is sele@tide(Pid-citie g mailisnarisy z&fé‘{i'\)lérﬁ‘?’?@t‘f‘ig’i"ﬁé%ﬂblob?ltﬁéyfﬁtéfgﬁ' I&jer 272. Such an
etching protess wilice saltinseaionilcal thecaacoficial;atediad haidrirafhiceithindheidda recesses 112,

resulting intﬁ@r%o?%b%?g and.hracessed sgmiconductor structure 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!@t¥tarliiampielentiesn 16 lahespmicontisqbieragare 268t 1reeyPE, which then may
be further pribieessethatafpexiiusiy2he et iadhemiciBoBBlaRRENpsIGHIhEgOYIPWwaderinterconnects in a

mult-step pIgGesh {5 WASIERRIOesl.aP deralbed 2o felatian o e hrough waler

interconnects 214, may improve _theg‘{flel_d of properly opera r%qsemlconductor structures during
manufacturPly e chirsaiire! sgsiet Htivdtor Wi aifferatst portoREvhate Wb REStInterconnects
are smallesselathdadorthaaspest ratits. 06 30thecentind itirobghe wafdiciiterconhesjawhéch may result

in easier etching;of NG %ﬁﬁf%%wﬁummgh@%ﬁg%mﬂm ofhadhigyafypafer interconnects
are formed, improved coverage of _ _
exposing the sacrificial matenial 132, the sermtconductor structure 280 then may be subjected to a
wet or dry etching process using an etchant that 1s selective to the sacrifictal material 132 relative to
20 the material of the mask laver 272. Such an etching process will result in removal of the sacrificial
material 132 from within the via recesses 112, resulting in the bonded and processed semiconductor
structure 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
23 described.

[0086] TForming through wafer interconnects in a multi-step process (e.g., a two-step
process), as described above in refation 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 relafive 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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WO 2012/048973PCT/EP2011/065778 insulating dielectric materials over exposed surfaces within the
via recesses, and improved plating of conductive material within the via recesses to form the different
sections of th&thtoddi¥Wafer interconnects. Furthermore, fabrication of tfAAi&bYE4% 0t as the
transistors 162 described herein, may subject the semiconductor structure to temperatures of greater
than about 400C. If a 5conductive metal were disposed in via recesses during processing of the
semiconductor structure at such elevated temperatures, the metal atoms might diffuse into other
regions of thejsemniGendyctansimucivitsyhich diffidsivmeauid detdmentallyindfeciigpearation of the

semicondudlol Syycte Eurtermore, mismatch Reweenshe, cosfliciertof fherpial gpansion of such

. e

a metal material'and the surrounaing éﬁerfectrlc an semlconguctor. materials cou avreesult in structural
damage tolthEcenseiniEvfenss Sthiicttire o HusisIN prsUith ity HRssERtdiaF AssraiedINwitiin via recesses
in a semicoRguctpcsiitsiticoptivttafahiicaiingtbertiansistars: antsulstinringrthe sacrificial material

with another conducive material subseauent e fabricating. e ransistors. may, ayoid sueh structural

damage or reduce the likelihood that suc structural amagggmlg t occur. _ dditional
non-limitingUEhsoamA&maeartre hvasibionedgddifies Behe 1510088 S HsbeRHEHeL: A method of
fabricating ansaircamcuain: Bif et acaoRpIis Ncpopdingod BacHiiciabmateralunithin at least one via

recess extending parialy Jrouana semispdncipr sl JImag A iskpadianahat least one
through wafer interconnect in the semiconductor structure, and aligning tﬁle Irst portion of the at least

one through$sreriAts disirsscamtrtie s riaspasisly o icesd i sarramheamgane Ycrificial material
withinithe atigasidioner vied@eaess Wwithconduciivefimateratandifofvingcaseaond portion of the at

least one t@é%‘_c%ﬁ‘d‘ﬁ"c%??{tm&%%BH%%SStgA]QE%%g%EQ!r&%m&%t é’%(!}'guﬁlﬁt&i&%% pediansebieatpast one

through warer interconnect mbodiment 2: The method of Embodiment 1, wherein forming

a first portisHlbietE£ePSITEHPSIRGR YareRRidrdehiiratla bk 81 Ao SHUTRFE firther

comprises éxendingdhe firskipthbion thf: thehatleasi daestretghoaater interconnect through a dielectric

material. [0887]  Add#ional non-limiting embodiments of the invention are described below:

15 [0088] Embodiment I: A method of fabricating a semiconductor structure, comprising:
providing a sacrificial matenial within at least one via recess extending partially through a
semiconductor structure, forming a first portion of at least one through wafer interconnect in the
semiconductor structure, and aligning the first portion of the at Ieast one through wafer interconnect
with the at least one via recess; and replacing the sacrificial material within the at least one via

20 recess with conductive material and forming a second portion of the at least one through wafer
miterconnect in electrical contact with the first portion of the at least one through wafer interconnect.

[0089] Embodiment 2: 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 af least one through wafer interconnect through a dielectric material.
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WO 2012/048973PCT/EP2011/065778 [0090] Embodiment 3: The method of Embodiment 1,
wherein providing the sacrificial material within the at least one via recess extendin Qartlally through
the semlcond?}]&g?%f?usé’gﬁre comprises: forming at least one blind via recEgE ex}englng partially
through the semiconductor structure from a surface thereof; and providing at least one of polysilicon
material, a 111-v 5semiconductor material, and a dielectric material within the at least one blind via
recess. [0091] Embodiment 4: The method of Embodiment 3, wherein providing at least one of
polysilicon matenated 1 Ehibbdisen oradusitnmdtenahdanca dielecinigondteritkbwathiivithe at least one
olind via regesn. cIRrBes:PLoYIing ebisican matghal iRl he AblRskane:blipdwa recess. [0092]

Embodiment 5: The met Embodiment 3, further comprisi 11gﬁ%‘ormlng the at 1.0least one via
recess thrGGRTISENICMES PeatErRa Dhnd yaders B MpRanEly FrYsh SRS EPR S diment 4, further
comprisingspeie fgna: Wmamamﬂ@tmﬁmmwmlmémdmmm and-the polysili con material
Wlthln tf!qe a&l!%&%td I’Qll QQELYI%II‘ ggéc‘mc mgQQigﬂiLEmla%dA%%to eﬂﬂ% ng Of EmbOdlment 3

further comprising providi Sthin layer of semiconductor material over a surface of the
semiconductor si%l?%fﬂjre ‘?géidﬁ?ﬁvlﬁlHﬁ’?ﬁ?’ﬁ%ﬁ@ﬂdﬁﬁﬁl@ﬁa‘ivbﬁ‘ﬁﬁﬂ'?fﬁ‘@déﬂ%%{gﬁsbmf Blind via recess.
[0095] Embpoiitient:fiFhe nistHachobdmaobodimeni Ankididinmprowiinghiertiindayet afe
semiconduygiar material gyer e, Auiag 8{m‘éoﬁ%mé&%m&{ﬁﬁ%é%‘éw&QQMBUﬁ%éce@p|an“”9 ions

into a substrate c rising semiconductor material to form a fracture plane in the supstrate;
20bonding the sdﬁﬁéte%%‘%?ﬁﬁgcg%ﬁﬁaogé’ﬁﬁmmﬁ SHRELPEDBAYR RTRR G THE substrate

along tthe ftasture planeanidsepardtisigcthenthinalayer of semlconductor materlal from a remaining

portion of the subsgeage, m$ﬁmﬁy@rﬁe%%m0&m1mwﬁ% 1%%&1@ Hpathe surface of
0

the semiconductor structure. 096] Embodiment 9: The method 0 diment 8, wherein
bonding thé'gaBEtaETs' ??’Eﬁ‘?—f‘%@ﬁﬁ%’é ‘“6]["E?fé“?é‘arﬂ?&m%@}yﬂ]ﬁ%’fﬁ?%teéﬁmwgb@etﬁw@fﬁl bonding the

substrate torihdisdvfaeeesf the semiconductor structure.
[0094] Embodiment 7. The method of Embodment 3, further comprising providing a

5 thin layer of semiconductor material over a surface of the semiconductor structure after providing
the polysilicon material within the at least one blind via recess.

[0095] Embodiment 8: The method of Embodiment 7, wherein providing the thin layer
of semiconductor material over the surface of the semiconductor structure comprises: implanting
ions into a substrate comprising semiconductor material to form a fracture plane m the substrate;

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] Embodiment 9: 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 compnising forming at
least a portion of a device structure using the thin layer of semiconductor material.

[06098] 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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[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. [00981 Embodiment 11: The method

of EmbodimelC8 & Ein forming the at least a 30portion of the devide g%a%:%lr%ﬁﬁgﬁng the thin layer

of semiconductor material comprises forming at least a portion of a transistor using the thin layer of
semiconductor material. WO 2012/048973PCTXP2011/065778 [0099] Embodiment 12: The
method of Embodiment?, wherein providing the thin layer of semiconductor material over the surface
of the semicondyctesistrBetidneamari s tatothe hevthimdaye maleavedcadiayérage thiekness of about

three hundyed. pRRgmeleta (300, 4y oL ass JAR 001 ERadTELL 3 Th el g Embodment 12,

_~orserl ! . :
wherein provmﬁ’ng the thin layer 50f semiconductor material over the surface of the semiconductor

structure cHIRBHEES farATME et Mt ass i RaVE s ued geremekRda0RH™B ffbne hundred
nanometers (10Qoomoppraessdiment 00 bt hetalbodibréntiddniNlewhethoskeidmytieneobimbodiments 1

through 13, uther semPHang annd. e, Seralc0AUSIALRI AR ARG 10K faelrst portion of the

at least one tshroug wafer interconnect and prior to replacing the sacrificial material with the

conductive D IRStEriErEa FErEn TN aUp BB Srne g MREs (UK TSGR wafer interconnect.
[00102] Embodinentj5Ehhedmethot dhEmitedinient dbé ofhebednttinriidgetise Sefidenductor structure

comprises ¢ é%%?h?%ﬂiﬂ%;é%ﬁa@@&&%&%ﬁ%@ét&%9%&‘??&%%@9@&%&%%%95@&%{3&%6- [00103]
Embodiment 16: The method of Embodiment 14, further comprlslngﬁattachw;é%fl 5the semiconductor

structure toPEPEEr MBS IBRIPAREHAS RECERER A s SrTEs RS PSR r &SN E ¥ moving the carrier
substrate fremartiasdmnices dizctonst uctuneftestthasningtthe gemicontustorestructure.

[00162] Embodiment 15: The method of Embodiment 14, wherein thinning the
semiconductor structure comprises exposing the sacrificial material to an extenior of the
semmiconductor structure.

[60103] 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
semiconductos 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 sericonductor material; thinning the semiconductor structure from a side thereof opposite
the layer of semiconductor material; removing the sacrificial matenial from within the at least one

25 via recess 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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[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 20semiconductor
) W9 2012048073 : : POERZOLDOS TS _
structure; providing alayer 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; removirgotiee] s@erthidiaknndde Mk fretowitf imbhératdebstrdinb 2bnvat Scestidn the

semiconduglar, SIMCIHG ARG SXRRIG G ARHAHIRD LIRS AlIRaR! ANAHNIGHARWRIG! interconnect

within the via recess; and providing conductive material within the via recess and forming a second

portion of tﬂ%’%ﬁ‘ﬁ%‘%{f‘iﬁﬁ@ﬁﬁ*’iﬁ‘ﬁ‘g‘?’i‘%éﬁ‘é‘?cﬁﬁferconnect. 1001051 Embodiment 18: The method of
Embodiment 17, i16rirEpiovishing 2h eTsaortficid bfhaienabifithindheat 16asibogiel 9iaheeess comprises

providiglg pé}le? ! emtgé?B@e}ﬂimﬁa\%%%a?etrilﬁ%§Erq9§s_ﬁ(ﬁ(ree&%§§sex§%@nduct0r structure
2012/048973PCTIEP2011/065778 [00106] Embodiment 19: The method of Embodiment 17 or

EmbodimefMBise tHsEin BRang phrmnmrfirarenternd e sdepun iy veadrtitial material and

the semicanaluoter structure within the at least one via recess. [00107] Embodiment 20: The method of

any one of Emboglimats: L2 aranoh 19nwhatein, SRrayising the lavekof semisondugter spaterial over

the surface of the semiconductor structure comprises transferring the layer of semiconductor material

from a subSPEEE" S F0E R SR U e e ST T OB T DS SR REES 1 RS R0 d of
Embodimenit@0s whereintivadisielrngtived ayibe shsemisonducigurenate fratfrom thesubstrate to the

semicondugiay, MGG RQIPIESS, IMRIARHNG A% Qniee: SuDsiAIR; Rondingithe substrate (0 the
e

semiconductor structure; fracturing the substrate along a plane defined by the implanted ions

within the SSBSRATACIRBASE AR TR0 PBE YEh IS material from a remaining portion of the
substrate. [00109p@EAM oEirbein28 2ThEmetiiod dfzanyrenéhstierbedirémtsubl 2hrabgh?1, wherein

providing the,layes Af s5RIRARANEHALMAIRIAIOYS e sHERCe f theispmicendueiae structure

13 comprises selecting the layer of semiconductor material to have an average thickness of about one
hundred nanometers (100 nm) or less.

{60110] Embodiment 23. The method of any one of Embodiments 17 through 22, further
compnsing: attaching the semiconductor structure to a carrier substrate prior to thinning the
semiconductor structure; and removing the carrier subsirate 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.

j00112} Embodiment 25; A semiconductor structure, comprising: a sacrificial material
within at least one via recess extending partialty 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
semiconducior material disposed over the surface of the semiconductor structure; a first portion of at
least one through wafer interconnect extending through the semiconductor matenal disposed over
the surface of the semiconductor structure, the first portion of the at least one through wafer

30 interconnectaligned with the at least one via recess.
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| Scomprises selecting the layer of semiconductor material to have an average thickness of about one
hundred nanometers (100 nm) or less. [00110] Embodiment 23: The method of any one of

Embodiments%%zfﬂ?gﬁﬁqszz, further comprising: attaching the semicon8tieter I8 to a carrier

substrate prior to thinning the semiconductor structure; and removing the carrier substrate from the
semiconductor structure after 20thinning the semiconductor structure. 1001111 Embodiment 24:
The method of any one of Embodiments 17 through 23, further comprising forming a conductive bump
on the at least orecthmughiwditesmimercbanadtondufd t2EnebBainénie23 5Ahsérriconductor structure,

comprising; &RcHle Rl MAterial R ALIRAR AN MR e csn e RO Rtialivdlbrouan &

semiconductor structure from a surface 250f the semiconductor structure; a semiconductor material

disposed oVEFHHEISaPRSE Q6T Tife BT EbHE SRTBRIHFRUTE S fe & 15T B TR CE REA 2 Lomprising at
least a portiom:gi thé-seraicone etemihal érial gispddediyventheguittactiokitfelsnaiconductor structure;
a first ortign.of at least one through wafer interconnect extending through the semiconductor material
disposed over the surface of the semiconductor structure, the first %Lrition of the at least one through

wafer 30interconH iR mitAe dOrssereamd g SEREUE ShiS D94 Ee VB IEP2011/065778
[001131 Embhodénifitl2Gicihacsensicgnderciohdiructeneh cokinbediment 25, further comprising a volume

of dielectric mategia At laast RaFtial SyroUdad b the-semiceadusior fateKiahdisngsed over the

surface of the semiconductor structure, the first portion of the at least one through wafer interconnect

extending (RIHEYR Anddre ity acahtal i TECOBRITE B HUEME SMaterial.  [00114] Embodiment
27: The semiconfiitiel Skristdirecof Bnibediment@6iondergin thenyohumtfoftdiblectsE material

comprises @, ShallowJTRRG SO S GircilQQh AL EmpRadinent 28icThe semiconductor

structure of any one of Embodiments 25 through 27, wherein the sacrifiigial §gng\f[erial 2cﬁomprises
polysilicon materl4f117] Embodiment 30: The semiconductor structure of any one of Embodiments

through 29, 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

15  semiconductor structure.

[00118] Embodiment 31: The semiconductor structure of any one of Embodiments 23
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 matenal 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; af 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 compnsing; 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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10[00116] Embodiment 29: The semiconductor structure of any one of Embodiments 25 through 28,
wherein the at least one device structure comprises at least one transistor. W@?lﬂ Embodiment
30: The semicORAUHSHEPucture of any one of Embodiments 25 througﬁ)%g;E &n'tRe 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 | 5semiconductor structure. [00118J
Embodiment 31: The semiconductor structure of any one of Embodiments 25 through 30, further
comprising a cariign seb shitdielattact fed e dhsieeiconducios stiisbadénent 3{004&8h Bimbodiment 32:
The semiconduygtor StucIure, pfany pRe S5 EMPGHmENtS 2 3-AUGN R, Whrigin the semiconductor

material disposed over the surface of the semiconductor 20structure comprises a layer of the
semiconductor mEEAH FERhAYERGE e rdeRitRIESSUHBECHRRAmdd HAFEMBers (300 nm) or
less. [0 k26N nibatiimentEddndibe demicenduyet of dire vitdof EnabodisienhdActarherein the layer
of the semiggpductar material has an average thickness of about one hundred nanometers (100 nm)
or less. 25}?)0121 Embodiment 34: A semiconductor structure, comprising: an active surface; a back
surface; at least SHB Hhrdrhetmseatdy WRRHHeLSIHEoHte S ERPIERIFR B Rleen the active surface
and the baEksutface;3at Wastioheithnofighe wabstain e icommigrd-axtendmgoatidast gastidlly through the
semicondug;g; steugture from At least one of the active surface and the back surface, the at least one
through wafér interconnect comprising: a first portion; a second portion; and an identifiable
30boundary betw88Hd diebsdiseidie SrerERAPEEHISHE 8 A roe e Lcrhe B e cond portion.
WO 2012/04:88t3FCAHEE2 0k 140657718 bound@0 19 drmdbadibent:862sThe sBinieonductbrstructure of
Embodimegt 34. wbeLein dhe at least one transistor comprises at least a portion of a thin layer of
semiconductor material. [00123] Embodiment 36: The semiconductor structure of Embodiment 35,
wherein the

26



thin layer of semiconductor material has an average thickness of about one hundred nanometers
5(100 nm) or less [001241 Embodiment 37: The semiconductor structure of Embodiment 35 or
Embodiment 36, wherein the identifiable boundary is located proximate a major surface of the thin
layer of semiconductor material. [00125] Embgelimant38: The semiconductor structure of any one of
Embodiments 34 Othrough 37, wherein the identifiable boundary is oriented parallel to at least one of

the active surfacg and the,bacH SkEBAS-A\Mr-Anmeihod Rl drbricatingasemiconductor structure,

comprising:  providing a sacrificial material within at least one via recess extending partially through

a semiconductor. %rx'dﬁﬂféea; S%Jgg{yﬂgi%/%fgﬁ&ﬁﬁ%q&fsﬂllg@% %@%ﬁ@&%‘x%%ﬁ'ﬁé% a’ terconnect in the

semiconductor structure; and vertica ignin Irst portion of the at one tﬁlrough wafer
interconndBfakih aemic tadstiehav{Wistess: and  replacing the sacrificial material within the at least
one via recess with conductive material and forming a second portion of the at least one through wafer
interconnect in efeatieakdopitactiwitivfneldagopothongf widtatiitastomet thrdaghnviefehieiterconnect

wherein prayiding, the sasrifiniphRatesialowitliphe Abieashapaviad fessaxiaading partially through
the semiconductor structure comprises.  forming at least one blind via recess extending partially
through thE€EIEEHIRIPSHUERSTEMR TR 55571404 thereof;  providing at least one of polysilicon
material, silicon germanium (SiGe), a lllI-V semiconductor material, and a dielectric material within the
at least one blindaAgeedse saiicial presorihy it hhaay kegrogsiiesidsrctdiraendvidiver a surface of

the semicandedpimstidsivig alieformpdstiog shepalysiicon matepalwithindhe.aldeast one blind via

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

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 from a surface thereof;

providing at least one of polysilicon material, silicon germanium (SiGe), a [II-V

semiconductor material, and a dielectric material within the at least one blhind via recess; and

providing a thin layer of semiconductor material over a surface of the semiconductor

structure after providing the polysilicon material within the at least one blind via recess.

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 least one through wafer interconnect through a dielectric material.

3. The method of claim 1, wherein providing at least one of polysilicon material,
silicon germanium (SiGe), a I1-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.

4. The method of claim 1, further comprising forming the at least one via recess

through bulk silicon material.
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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 least one through
wafer interconnect through a dielectric material. 3. The method of claim 1, wherein providing at
least one of polysiliconTinateribbdsilictamgérfahiunofBiGelg ardditMesedrtantuctsennbterial, and a
dielectric gilRiplieiin. eah baRtana P VaLReES R ERIPRER AR AR AV Biligo material
within the at least one fin via recess. 4."Thee method of claim 1, further comprising forming the at
least one #Weepgcess through bulk silicon material. 5. The method of claim 4, thrther comprising
providing a dielectric material between the bulk silicon material and the polysilicon material within the
at least one blind.via rédessethod®f Themietioteof wlaindidg Whénsideprovidigithedtviiodayer of
semicondygctar.material aver.the surface .of the semiconducior.sfricture comprises:  implanting ions

into a substrate comprising semiconductor material to form a fracture plane in the substrate; bonding
fhe substrate 1o Il ghitace & iie SamicondusIgh A ChiIR: Afllier JERSHIGINE PHbsiale alond the
fracture plane and separating the thin ayer of semiconductor material from a remaining portion of the
substrate agetHitbagersarisemiconductor material remaining bonded to the surface of the
semiconductor structure. 7. The method of claim 6, wherein bonding the substrate to the surface of
the semiconductorsingtir eubomprisabedivdletly dahemgttreduttstisttecterthendurface of the
semiconductor structure. 8. The method of claim 1, further comprising forming at least a portion of
a device structurgausinigetite thisstayeroishnfcandaplensnatestabratingdhd tignwthed of claim 8,
whereln foling.iie.8 Infela ROMANALINEJedee PUMEL IR, UsING HisdhR, ayet of semiconductor
material comprises forming at least a portion of a transistor using the thin layer of semiconductor
material. scmigondpgtormeatsnd] oerinn g bovhed srilsrovidnepiitbetprmiegpdpeps simidaitductor material
over the surface of the semiconductor structure comprises forming the thin layer to have an average
thickness of aboilit threghsunciied nbrameterb(@o0nnmny fessibstratt 1o Tesurfethodtbé claim 10,
wherein poyiding e thinaye' Of-SericonRducts AR  ANar e SEfasg.0f thesemiconductor
structure comprises forming the thin layer to have an average thickness of about one hundred
nanometef&TrO0RNAGITfEdEre: 12 The method of claim 1, further comprising thinning the
semiconductor structure after forming the first portion of the at least one through wafer interconnect
and prior to repldceing tAésmetfsial dleirrlafwinr ereashtedoraireatiiastanp formpig the second
portion of Ha¢;at IeashanG N QLMW fe! INtSLeRANRGEtor material.

9. The method of claim 8, 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.
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13. The method of claim 12, wherein thinning the semiconductor structure comprises exposing the
sacrificial material to an exterior of the semiconductor structure. 14. The method of claim 12,
further comprising: attaching the semiconductor structure to a carrier substrate prior to thinning the
semiconductor stoucturesieafiethod deEnamingwherdansieridulstiatdifr tiyethe semicahdtator structure after

thinning the semiconductor structure. . 15. A semiconductor. structure, comprising: . a sacrificial
material wrﬂﬁlnn% ?é]%%ttggrsllé]i\%% roe%ééel%getlani(1 eh ?ﬁ?‘b%ﬁa%rﬁ/etﬁ?‘é’é’é‘ﬁe%?%%?&%éuc oragtggutgture from a
surface ofithe senvioepdtictbnssty at et dnek dwshrid omtucttrni3tenat)dispssed over the surface of the
semiconductor structure;  at least one device structure comprising at least a portion of the
semiconductor material tispethed derithélsuwiacengfrtivélsendeohnductor stracticedacid:  a first
portion of ghlss! SaeduiavaR V(gL Latgicaanast sriendng dhiolg b thaasgusRRduelor material
disposed over the surface of the semiconductor structure, thefirst portion of the at least one through
wafer inteheshaeevveeschifadignéabpitprsdended spapasasrddegsn) or 86. The semiconductor
structure of claim 15, further comprising a volume of dielectric material at least partially surrounded by
the semiconducttt. mafEhiaindibpdsédiavel, tietlsudavewiityalsenie drdwotaosthudtare, the first portion
of the at '%ﬁk&p@a%%%m%a@ fHIEFEAReSt A RGN fpraHaipRdidingrily pantesiing the volume of

dielectric material. ~ 17. The semiconductor structure of claim 16, wherein the volume of dielectric
material cBHOBREDaEP ks sareheligblstishrdthubarenductiygmprad aiderametie ste@dire of claim

15, wherejp thensAchiigiatmmaleriakeampriseshetysiisen material. 19. The semiconductor structure
of claim 15, wherein the at least one device structure comprises at least one transistor. 20. The

semiconductor siricturey@f claigy 15, wihersin the.saehificial malerialisiaxReseakigan exterior of the
semiconductor structure on a side thereof opposite the semiconductor material disposed over the

surface of GTBIEEMAiEGSIadsweiitral mateBd! 19 AR SRR RSPSTROAHTE" SFEER 20, further

comprising a carrier substrate attached to the semiconductor structure.
14.  The methed of claim 12, further 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 thinning the

semiconductor structure.
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22. The semiconductor structure of claim 15, wherein the semiconductor material disposed over the
surface of the semiconductor structure comprises a layer of the semiconductor material having an
average thickness of about three hundred nanometers (300 nm) or less. 23. The semiconductor

structure of claimsl7, whesgisoiiRidayanat e, sesyeemgductor material has an average thickness of
about one hundred nanometers (100 nm) or less.

a sacrificial material within at least one via recess extending partially through a

semiconductor structure from a surface of the semiconductor structure; and
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; and

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 interconnect vertically aligned with the at least one

via recess,

16.  The semiconductor structure of claim 15, 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.

17. The semiconductor structure of claim 16, wherein the volume of dielectric

material comprises a shallow trench isolation structure.

18.  The semiconductor struciure of claim 15, wherein the sacrificial material

comprises polysilicon material.

19.  The semiconductor structure of claim 15, wherein the at least one device

structure comprises at least one transistor.

20.  The semiconductor structure of claim 15, 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.

21.  The semiconductor structure of claim 20, further comprising a carrier substrate

attached to the semiconductor structure.
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22.  The semiconductor structure of claim 15, wherein the semiconductor material
disposed over the surface of the semiconductor structure comprises a layer of the
semiconductor material having an average thickness of about three hundred nanometers (300

nm) or less.

23, The semiconductor structure of claim 17, wherein the layer of the
semiconductor material has an average thickness of about one hundred nanometers (100 nm)

or less.
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