TEMPORARY SEM CONDUCTOR STRUCTURE BONDI NG METHODS AND RELATED BONDED

SEM CONDUCTOR STRUCTURES TECHNI CAL FI ELD [ 0001] The present invention
generally relates to tenporary sem conductor die and/or wafer bondi ng

met hods useful in form ng three-dinensional sem conductor structures, to

I nternmedi ate structures fornmed using the tenporary sem conductor die and/or
waf er bondi ng net hods, and to sem conductor dice and/or wafers including an
ion inplanted zone for use in tenporary sem conductor wafer bonding

met hods. BACKGROUND [ 0002] The three-dinensional (3D) integration of
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and power consunption while reducing the area of the device foot print.
See, for exanple, P. Garrou, et TECHNICAE Fahdbook of 3D Integration,”
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temporary semiconductor wafer bonding methods.

BACKGROUND
[0002] The three-dimensional (3D) integration of two or more semiconductor structures
can produce a number of benefits to microelectronic applications. For example, 3D integration of
microelectronic components can result in improved electrical performance and power consumption

while reducing the area of the device foot print. See, for example, P. Garrou, et al. “The Handbook
of 3D Integration,” Wiley-VCH (2008).

[0003] The 3D integration of semiconductor structures may take place by the attachment
of a semiconductor die to one or more additional semiconductor dies (i.e., die-to-die (D2D)), a
semiconductor die to one or more semiconductor wafers (i.e., die-to-wafer (D2W)), as well as a
semiconductor wafer to one or more additional semiconductor wafers (i.e., wafer-to-wafer (W2W)),

or a combination thereof.

[0004] Several process sequences have been developed to facilitate the formation of 3D
integrated semiconductor structures, including for example, electrical connection between
individual semiconductor structures, thinning of one or more of the semiconductor structures and
alignment and bonding of individual semiconductor structures, efc. In particular, thinning of the
one or more semiconductor structures comprising the 3D integrated semiconductor structure may be
employed for a number of reasons, including, for example, improved heat dissipation and reduction
of electrical resistance. However, the benefits that may be produced by thinning of the one or more
semiconductor structure comprising the 3D integrated semiconductor structure may also introduce

process complications, for example, a semiconductor structure may become relatively brittle due to



[ 0004] Several process sequences have been developed to facilitate the
formation of 3D integrated sem conductor structures, including for exanple,
el ectrical connection between individual sem conductor structures, thinning
of one or nore of the sem conductor structures and alignment and bondi ng of
i ndi vi dual sem conductor structures, etc. In particular, thinning of the
one or nore sem conductor structures conprising the 3D integrated

sem conductor structure may be enployed for a nunber of reasons, including,
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probl emati c when used in tenporarily bonding a sem conductor wafer to a
rei nf O,a@:pwngmgpq;tgq wafer processing using a chemical removal process (e.g., dissolving in a

solvent). The chemical removal process may be time-consuming and damaging to
semiconductor devices and integrated circuit devices formed on the semiconductor wafer. Thus,
adhesive bonding may be problematic when used in temporarily bonding a semiconductor wafer
to a reinforcing substrate.

[0008] Another method of providing support for a semiconductor wafer during
processing involves directly bonding two semiconductor substrates using a so called “direct”

wafer bonding process. Direct wafer bonding processes are conventionally used in forming



[ 0008] Anot her nmethod of providing support for a sem conductor wafer during
processing involves directly bonding two sem conduct or substrates using a
so called "direct" wafer bonding process. Direct wafer bonding processes
are conventionally used in formng sem conduct or-on-insul at or (Se00
structures (e.g., silicon-on-insulator (501) structures) that are of
interest for fabrication of advanced I Cs for three-dinensional (3D) device
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therein.

[0010] The present invention also includes additional embodiments of methods of
fabricating semiconductor structures. Ions are implanted into a first semiconductor structure to form
a weakened region therein, and a surface of the first semiconductor structure is directly bonded to a
surface of a second semiconductor structure to form a bonded semiconductor structure that includes
the first semiconductor structure and the second semiconductor structure. The bonded
semiconductor structure is handled using the first semiconductor structure while removing a portion
of the second semiconductor structure and exposing at least one conductive structure extending at

least partially through the second semiconductor structure. The at least one conductive structure



exposed through the second sem conductor structure is aligned wwth at | east
one conductive structure of a third sem conductor structure. The bonded
sem conductor structure and the third sem conductor structure are heated,
and the at | east one conductive structure exposed through the second

sem conductor structure is directly bonded to the at | east one conductive
structure of the third sem conductor structure in response to heating the
bonded sem conductor structure and the third sem conductor structure. The
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BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS

[0012]  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;

[0013] FIG. 1is a schematic cross-sectional view of a processed semiconductor structure
that includes through wafer interconnects;

[0014] FIG. 2 is a schematic cross-sectional view of a bonded semiconductor structure
that includes the processed semiconductor structure of FIG. 1 directly bonded to another

semiconductor structure comprising a carrier wafer in accordance with embodiments of methods of

the invention;



[0015] FIG 3 is a schematic cross-sectional view of the carrier wafer
shown in FIG 2 before bonding to the processed sem conductor structure;
[0016] FIG 4 is a schematic cross-sectional view of the bonded

sem conductor structure of FIG 2 after thinning the processed

sem conductor structure while using the carrier wafer to handle the
processed sem conductor structure; [0017] FIG 5 is a schematic
cross-sectional view of the bonded sem conductor structure shown in FIG 4
i nverted anqo@si gm%ﬂ. Wistalsclenaitib efosPscetiams edwd thewanidtehfer stownue F1IG.€ t o
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relatively |larger sem conductor wafer in a three-dimensional (3D)

i nt egr d8VesHoBr ocess. DETAI LED DESCRI PTI ON
[0018] FIG. 6 is a schematic cross-sectional view of a bonded semiconductor structure

that may be formed by bonding together the aligned semiconductor structures shown in FIG. 5, and
further illustrates division of the carrier wafer after bonding the semiconductor structures together;
[0019] FIG. 7 is a schematic cross-sectional view of a three-dimensional semiconductor
structure that may be formed in accordance with embodiments of methods of the invention; and
[0020] FIG. 8 is a schematic cross-sectional view of a semiconductor structure and is used
to illustrate embodiments of methods of the invention that include bonding of individual
semiconductor dice onto a relatively larger semiconductor wafer in a three-dimensional (3D)

integration process.

DETAILED DESCRIPTION

[0021] The following description provides specific details, such as material types and
processing conditions, in order to provide a thorough description of embodiments of the present
disclosure and implementation thereof. However, a person of ordinary skill in the art will
understand that the embodiments of the present disclosure may be practiced without employing
these specific details and in conjunction with conventional fabrication techniques. In addition, the
description provided herein does not form a complete process flow for manufacturing a
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 (“PECVIY”), atomic layer deposition



[ 0021] The follow ng description provides specific details, such as

mat eri al types and processing conditions, in order to provide a thorough
description of enbodi nents of the present disclosure and inplenentation

t hereof . However, a person of ordinary skill in the art will understand
that the enbodi nents of the present disclosure may be practiced w thout
enpl oyi ng these specific details and in conjunction with conventi onal
fabrication techniques. In addition, the description provided herein does
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structure that is used in the formation of a sem conduct or devi ce.
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semi conductgy; gltruggtdgéaeﬁerem the ter{r?d%ﬁllé?ﬁ%gﬁ%ﬁu ?erﬂ“gpﬁ megnsangd i ﬁ?ﬁ %s t Wo
or nor enysemicloitatdtaudes twaatmore Sermhaﬁduairoestatctlmhm atetmﬁctﬂee togetBen d@shded
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sem conductor structures are al so pr ocessed sem conduct or structures.
one or more processed semiconductor structures are also processed semiconductor structures.
[0026]  As used herein, the term “device structure” means and includes any portion of a

processed semiconductor structure that is, includes, or defines at least a portion of an active or
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[ 0026] As used herein, the term"device structure" neans and incl udes any
portion of a processed sem conductor structure that is, includes, or
defines at least a portion of an active or passive conponent of a

sem conductor device to be fornmed on or in the sem conductor structure. For
exanpl e, device structures include active and passive conponents of
integrated circuits such as, for exanple, transistors, transducers,
capacitors, resistors, conductive |ines, conductive vias, and conductive

cont actpaga@scomponent of @QendicoriBictés QevibetotieforthdtEort 61 i the BenfibeHAu¥ef SFucture.
i nterconnect” or, "TW" neans and i ncl udes any conductive via extending

t hr oug OB Fxamples devicqsibiuetursy inpfudg aptivesnd passive shanencss of integattert @rapitatuch 85,.used
to provdg.s, ahphd kiR rRRGHREs, g@aa{&gtragmgals, LRbEGAeEC! cofidhchf YEERlihe

first senlco ctor structure a a sécond sem conductor structure across
an i nt epfiductveanteetrads.ne fir st senlconductor structure and the second

sem conduct r ctur Thro waf onnect s referre to
T the art 59922k e Pt het CHE et firoleB T R rpeds or o W e o
subst r akctudes asy cdn?iﬁdfﬁ/)a vad ek teridigaheaghal iedst ¥ ipdfion OF a fTWé&mlcof[dﬂct(ﬁ sﬁﬂ@ﬁr@m Iy
extend through a sem conductor structure in a direction generally

per pendhid ulb atised otoy RO ViEna r turipral | and/or ngy) Glecksigal personpectione befeger: skl ddttor
st r uct YeBichhdictor stucturdl bify bdcBRd E@{@Mdﬁ&(}%’\ﬁmﬁﬁ& acfoss 3 'mct%rf;ce between {hg Qog] As

used herein, the term"active surface used 1n relation
proces§€dwgmhw@mﬁ@mmneanéﬁwuexmde@nnmawgnaMdmnmelEm@sgawméxpmsenmna;me

surfac f r. S m.conduct or .structure t.hat Sy been WAL be,
proc es%lesg r?f%ﬁ?oir%rﬁg glﬁeearggy ?r telalésv‘qiug% %t‘tﬁ{?élglﬁ Fggoq Hahnd/ SPWga XP %?s ed
maj or USVHcmdofhrbinh pafee ersedr eemveandumsqyplsalrytmenﬂehmugh a selh@Q3&lctods
used herein, the term "back surface," used in relation to a processed

sem cofHUEr insg i %ngmﬁﬁﬁwspﬁﬂﬂﬁFWE¥Jﬂd@edﬁmgﬁﬁbé%@ majop rsutfeses flethst t he

pr oces $gdicSRIHcoP GO o3 bl H'Gtddtibh PRalRNARPES! fiEk) 81 de of the processed
semi conductor structure froman active surface of the semni conductor

structure. [0028] [o0®6d hewin dedtetie edtive stifesel evipan"uspd in/relation te erireesssgdct or
o et Sk R SORCLBE W 0 BUALA SREBIPTAAR TP e
and oneemwicomber eheneathat Has beengoowill béSprotestddao fremi andioe mb&hleemé btrucfhresﬂiﬁ Sb,
and Bi) and/or on the exposed major surface of the processed semiconductor structure.

[0029] As used herein, the term “back surface,” when used in relation to a processed
semiconductor structure, means and includes an exposed major surface of the processed
semiconductor structure on an opposing side of the processed semiconductor structure from an
active surface of the semiconductor structure.

[0030] As used herein, the term “HI-V type semiconductor material” means and includes
any material predominantly comprised of one or more elements from group IIIA of the periodic
table (B, Al, Ga, In, and Ti) and one or more elements from group VA of the periodic table (N, P,
As, Sb, and Bi).

[0031] Referring to FIG. 1, a processed semiconductor structure 100 is shown that
includes a device region 102 that may extend into substrate 106 and on and/or over a surface of a
substrate 106. The processed semiconductor structure 100 includes an active surface 104 and an
opposite back surface 108. The active surface 104 comprises an exposed major surface of the

device region 102 of the processed semiconductor structure 100, while the back surface 108

comprises an exposed major surface of the substrate 106. The substrate 106 may comprise, for



[0031] Referring to FIG 1, a processed sem conductor structure 100 is
shown that includes a device region 102 that may extend into substrate 106
and on and/or over a surface of a substrate 106. The processed

sem conductor structure 100 includes an active surface 104 and an opposite
back surface 108. The active surface 104 conprises an exposed nmajor surface
of the device region 102 of the processed sem conductor structure 100,

whil e the back surface 108 conprises an exposed najor surface of the

subst r aixemplRba sdhieomdubot hﬁt&iaﬂ%h@)éilﬁ@ﬁfg& S@rmhfim (E¥RHIEV Rmiconductor

sem conductor material such as silicon ( 15‘ germanium (Ge), a lll-V

seni coﬁaft}%rﬂﬂir etprn tHaiFthemmorg tthe sybspraty ch0fomay cempriss b singlst aystd fmspicosduntarse a
single S ogr[bqllggi t @r. 1 i i | ayers
of semlﬁégér%flj’?%ro@enat erllcea up%ﬁ[agg%ggghlg!fggﬁcg?g& at%lal arﬁgé'? ta?t;()%rsl%?ﬁ%éﬁ t(‘3‘0Iiaﬁ4rrent S,
t he suldditianad embedimaytsdchapibstsate titenay camprrise dicedrendre diclentic endtarlals sacicds aas an

oxi de (e.g.., si.l.icon dioxi i 02) or .al ym num oxi Al.203)).,..a nitride
(e.g., (Oé‘%ﬁ%i(%%ns‘h?‘{“rc{‘]%de(@%§ ‘,’El“ft‘} 3}10><,5<?et@112(§£ﬂ( Bs\\l?‘dgieé-r ﬂﬁ?m Ch\AY
(AIN)) teton nitride (BN] &QR2jindh &igidbsAINY} #:.106 may be sel ected to have
desirabl e properties for use in a direct wafer bonding process, as will be

descri bed i A04%} ¢ e seherater 06 gy b seleriacto hevredesitably prapesticsder wsain 4 distude a
sili Convé'f@‘fb%ﬁdiﬂﬁ 1oB&ks s kﬁ%@@é’ycﬁ%riﬁﬁﬁ‘éﬁgr JeBiE ngI‘ &aﬁ{ﬁ@ﬁﬁ% MR8 hal TTV) -

As used herein, the term"bow' neans and includes a“nméasure of concavity,
cur vat urdudsra sflecbn wafer havingd loav bovd ivarp andrtétalebickiiessivarationr (FM)C tAsusslubst r at e

at a c | I endent of .a t hi ckness vari ations. used herein,

t he te?‘%ﬁ{\i\/ﬁ{rﬂg@“ﬂn@i’gﬁ’g H%%S ‘?Iﬁdﬁlcd'ﬁ%gagleﬁuﬁ rcé’ﬂ?:aé(l%é:fl(}v\@@’ﬁe % AR Yévi at i on

and a medliamsorfobe\of asémitomfucionsubsiedt & ehtefine defdndbt\6€ adyathRk RS YarRtighe,
bstrate. As used herein, the terns

reference ECL ne otb%a seni cgnduct or SY ] )
"tot al AYHEKPESR Weltermar Vem- meaes and-inpludese fiffeeeaee batwesmifonudraua deditionim
vari at igQf a infinibidhCdeVR8isn 6f theneidh SR REY fdiffve SIPEIck 308 rG0dndeS1ERe Al | Y

defined as a difference between a m ninumthickness and maxi mum thi ckness
measur semisandustr seirgend s asedhersing theterme “tord thickwasspladationh end ‘GFEN™ d@abh ckness

vari ati ) f‘iﬂlfﬁ . t.r.at e he.determ ned b asuri t he
sem conguc%c} ﬁgﬁ g%fr}l%.(e | n‘?%rfagépi?‘ggug%"ressn%n%yraese bcc?%{hfctt)oﬁéu Sﬁatﬁ%ﬂﬁgneﬁﬁ[}?er n on
t he senlefimdcy atdifferawh bttwatrea mindmamlthikiatd ang neaxivanch MicRnesasdskaed o fhter ence
in thickness 0033] Sem conduct or substrates with hji gh warp, bow and
otal CRPGRILGIr BSFE: BT KA BaITIRL LB S 1on G0 8 o ocier SR

bondi ngnayreeesamised B msAvlk@Pihe @RS ctoF ibstEXMNTVR (5 Ui dRP108itioRs fn 2f er
bondi ng processes, high warp, bow and total thickness variation [evels may

resul t Crass bR thepnaeandyeorebsiraeandselsiledraniveomus mersisd dffetrsinin bonded.
Such u%glgﬁ?jg_:ont act may result in thermal variations and disruptions in

nol ecul ar adhesi on during the direct wafer bonding process. Furthernore,

hi gh war p ab@3BpwSemiceduchapubsireteewith highevarp, bewahd tdid tisiekmessondtidnanay

substrate cracki duri,ng.th evj.ce fabrication due to_stresses i nduced as
o v P gl B ute D e e S 0 B o) o EPY POBR e o e
a | ow Jaeq wak®bordifl protaabes! HLICWAGSBow add Bial MRKARY vAetida Rc@Maly R@upipst rat e
106 to provide ngfl cient uniformty and flatness for the wafér bonding

pr oces $NEVER cgniprd Retivedn the semissadyptopsubstraesdighigtboaded. Poeh weyebeontachmah qual ity

silico Bente [ : ; a 30 PM,
2 bow oF T Lo fRY LG H dRnlion SR Sl chay b il o SLELPAEL Blrlir
vari at ipeasesst Faahasmotealigh bept and hewrvabicomey acrepse thenisk of the semiconductor

substrate cracking during the device fabrication due to stresses induced as the wafer is adhered to a

vacuum chuck. Accordingly, a silicon wafer having a low warp, bow and total thickness variation
may be used as the substrate 106 to provide sufficient uniformity and flatness for the wafer bonding

process. As anon-limiting example, the substrate 106 may be a high quality silicon wafer having a



[ 0034] The device region 102 may include, for exanple, one or nore device
structures 110, which may include conductive and/or sem conductive el enents
enbedded in dielectric material 114. The device structures 110 may incl ude
nmet al oxi de sem conductor (MOS) transistors, bipolar transistors, field
effect transistors (FETs), diodes, resistors, thyristors, rectifiers, and
the like. The device structures 110 al so nay conpri se conductive |ines,
traces, vias, and pads that nay be formed from for exanple, one or nore

et al s vedkis bf 18S th@RPBit it nicrom@ts I il 2 boW ofl1aL8 &h @Bot YWh mitRedeyi16€

structures 110 al so may conprise one of nore through wafer interconnects

116. THEVERY 8 iRjal tghmsss Varigtionasfess then ahaws opeapichandter(he)by deposi ting a
conductive i C . ) ten ,
ol yor yot al oAl e SUERcRonCOARGL fnbhide, o8 UBTM rimort dRHEE Rlhctufl,

t hr ougH 10a#kich may ércholevendwstitd ndiesemidoaduattive elnenatehdeddieMh dielatriduct ur e

110 and t hr east n of the di Iec ric,materi 114. The

t hr ough™¥ fai.lfg‘rnf‘é idﬁ:ﬁéﬁl rfi%i(gﬁﬁlrfféiﬂe r?dl SPTICANEYFtQr %MQﬁjh t he

subst r atafsistO, bipolar trarlsbES [fieR drkct frsietds (L), dRYdeS, FedifBisOMydfers, @ bondi ng
material 118, shown in broken |lines, may opti onaIIy be fornmed over a nmej or
sur f ac&eitiersnandyhe ke sBie dexicr stmcivies &0 alse ey germpriBeondursivb dines, trecenmt er i al
118 may; I ik not her
rator | A eep el ATbORER LA, L SRt Utk PR T P bl B2l "1
may compnigemgAdiosungstei (WiraThe dedicestrobtues 140 als;mdg compeise orgi dring@e  di oxi de

Si 02 d trid trid
Lo g ) Mrofh SRRt ebBecedt e ekl palRrestbet 1L Mok e depide. o
t hi Cknelelsosﬁfn,g afmndlexlaamaemanenmrcoﬁ,h@t@cupamnhmﬂl(&d tﬂﬁws (100 nm)

and abou& two [ croneters ():; bondi ng nmateri al 8 may be deposited
over aROXERsEHme slicgpeor g@@ Gn t‘ﬁé"d’ehﬂl?:eFQrééji‘th[ealtBQﬂlﬁ@‘i&hg”afﬁlblmeé@@aﬁ?ﬁt%
chem cal¢ kapQkteA® B@ﬁ}' dnlofRr &M@stm%i@i l@aeln Qﬂ% B, 61 \4@1 el M ©
| ayer deposition (ALD), or plasnma enh ance or dep OSI I on
(PEC\/D}nafemélb”en'H’lertbmnﬁln wafeaintare@neaty 1H6 alsp amarem:adl parftioHy Ehxarghltlee to reduce
surfacgﬁg_g ?phy of bonding material 118. The bonding nmaterial 118 may be
planarized utilizing, for exanple, one or nore of etching, grinding and
chem cal nefia8) calfiepfiriniy thg device regiohQ02 & bohdingheitetial 118 kkowrin Briigen
processed sem condagcf??r structure 100 shown in FIG 1 nay be inverted and
bonded NS ERSERAGAUE b Cemist CVera BRIk Sirtace of 1 Processed Fmiemsbuiorimaure
descri begl Thd bondffe@hR844 119 nfal Ge fErmedTFoN h HRferRl Haf éﬂhﬁ:ﬁm‘@&@ g. winmaj or
surface of the dielectric material 114 or, if present I ng
mat er i apothergnaterial in ¢ direciherdingproeess. bt dxampleafhebonding awterial ltihma}z:ar rier
waf er r. having a
| ow bogv&g i rep&1 %%lgétggﬁl%%erfgn %gegslﬁs 8%1%%‘@ i%ﬁ&%ac{sﬁ%?ee@r@i% O)d%‘\ﬁ%lrdetge%‘ her ei n
f or t helisubetynitide (SEBY)), dmamd:ﬁde teqe ilmen digrida(Bf;Ng)).eTiie hmldfngmatd:rw argtnay
flatnegs fo er bo d|n process. a.non-limt xanpl e, the
carrie a%téﬂpf%b% %ﬁ 7 ERAUE PRe- @fsnfj eé&ﬁ“mt%?(ﬂ@wﬁgneam F%f | ess
than aboetbmeteisi(R Ym)i Eh@mﬂﬁ{g%e(té’rﬁl P mapbd@poffed oO&SintaBdR AR 104 R the
m cronmeters (10 pm .and a total thickness variation of |ess than about one
i cr onBEaTe fediophy2 using, for exapardg chaaical @perdenesiting (EN®)srhysigelaspasfdepdsisionondi ng
mat er i rrier
e or B0 B R P M e A B e SR GEENDR
opt i on&h¢ borbbngﬂeatﬁmlriéd nmay beqmmez@rfciram;mnpllebnmrsdla:aduﬂfaxeftmdgr@hy beéast one
hydr op .C surf. t limtation, the e posed
surfacgcsn e ?lﬁtgrl%ﬁgpe?#@a dr%ﬁ‘e'f‘ eggpill%éfn??’r elﬁ?mﬁ‘rzgas'éﬂfzm& ¥ BEBiEnge
mat er i al mddkdieichiegmidicearigesasal feaMkDfolBhidct ure 100 and the carrier
waf er 200 %ﬁl ntroduced, to a solution that includes a mxture of water

a

(1-120), blunayvakinddG( theorocepsed semisorivsige srysare kotshopn i BigR Y at a
ratio Ry 8OaKEred alad%oncfe@?(ﬁﬁﬁ)ttdﬂe\fﬁéﬂmoﬁdﬁctﬁf‘ ﬁﬁl’&uﬂ{‘[ﬂiﬂ ijfﬂ émtﬁ’ aRbid,l r‘t\'de%iy to

t he exposed surface ectric materi presen
bondi ngithuefetencsito FIB 2péompivsepa cresveder20fi domdocturficesdfthecdiclearid Materisld t he

carrier wafer 200.
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[ 0039] A conventional cleaning sequence known in the art as an "RCA cl ean”
may al so, optionally, be perfornmed on at | east one of the surfaces of the
dielectric material 114 or, if present, the bonding material 118 of the
processed sem conductor structure 100 and the carrier wafer 200 to renove
organi c contam nants, ionic contam nants and netallic contam nants that may
interfere with bonding of the surfaces. The surfaces of the dielectric
material 114 or, if present, the bonding material 118 of the processed

sem coriddot,df predent, e bordiddMa@rial 1t1Bés inditiniaee conedcewit O thajoryuriee bf the edtrier

r epeat edl n deionized (D) water to prior to bonding to prevent surface
particﬂﬁgrgﬂa to maintain hydrophilicity. The dielectric material 114 or,

i f present, [6d37) bondicAgierRhRF 20 mdyl@niirist A HaRE AEARSLHWIRW, GARUHL&E]
structure 160 may be Cbogded to tmhe cg?n@rlser \%laf er 1%0 to forma bonded

sem conrliolgesy vasiptions puprevigedly despried thereimiorythe substrata 166 mméqrrﬁmpromdndu ng,

t her mal i 040] I n
some engﬁg ﬁﬁﬁhﬂhgﬁ%é@@%@%&&n@%@ﬁ&gtfﬁa% gr?lelﬁll%w@ examP IB?e directly
bonded chwiet tvefec 200 ey baneliigh q20idy silidonoutiferbaving a auayp ofitss Ith‘ﬁﬁdb@ltﬂnﬂyi hesi ve

mat eri al. t hereb The. nature, of the. atomc cuI r bonds bet ween
The r SRRl G ket O S AP sonpisroragir (g f R P BTSS 00 w1

depend vdpgbntofesibeiboat ocdiRRSAkr N amPf each of the processed
sem conductor structure 100 and the carrier wafer 200. Thus, in accordance

with sorre erld¥581 ndinfere bml%g:thealﬂr@%ofdhe bmwdéxgunaawlaﬂ)é}ﬁj@fthwocf@sq@r ovi ded
bet Wee'lf [cBhaRIR c‘?ure ?60 én%f%ﬁé % virer b | hﬁ&’@o g&& ‘l%of?\%ﬂua{aﬁ E\ﬁ’%@e Qedrfdgde

and at Teast one I con, i'con oxl de, con nitride.

[ 0041] pmgmamtmmll?lb@peﬂ‘omtedft@remdye matfacg del:hs apd tcfess edeasemmddmhiho r
structur to the carrier fer as shown.in ElLG t he canni

oat or - S ap Y el i nob T b EXard B AL e diicuts Bre6B83 v ng
a transkafpresgt, @ bdading hetegihl 1 stofthelprasrsdee ﬁemlwd@&oaﬂﬁcﬂ@‘ 10ve@d e caftier
inplanted zone 206, which is represented by broken Iines. The transfer

r egi on Vi 208 na dntradheaddo Bff"lllti*ﬁﬂ tharinghgles 8 gt wyates (FQ)o2mmenigdni conduct or
mat er i ?IfJHE I L For
exanpl gilydl%géel oni (gﬁs%gc}l{ylehg)rg?r‘iﬁ@é gildﬁag%)gaéfﬁ%tggn&sfgﬁ?dﬁgﬁ la%gétltlgﬁg fo ek uorine
ions. TBhéirhpa hydgpbidicits torthg expesddreptfaees efithe dietectricenateiat ileﬂlrorv\ﬁpmsermhb to form
t he i npl ant ed [ t ier . waf e ving a
poak. cTRBUE PafRa ar R e Pgk e o o) ¥ Hen FoRe Bl ez one
within the ¢eo39] erA v@fveritiodfil:l@hdggeieh & knooniin te awas af “ROAQ cm&y rb@y also,
susceptihle tao breaku&ﬁﬁor splittjng when subjected to el eva

t enper APUPRALYJre RSHBRReY T leait 0B oS surReesy e heedifteatis @éteﬂ%ldéﬂoagf Piesehlear
force, thbdnlifigeftdriael 1Wftl?erprg&gsed-gaﬁicbﬁﬁhciom&mr@tlG%dﬁﬁé QIRL SFafer B 100 €
adjusted to prevent the carrier wafer fromsplitting or breaking al ong
the i rr;scraweecmgmn@%n@m iong cn@tnmmnagts(afld migtallisrconienwnadisshatingy irderérowith
struct carrier
waf er %BQdIE’gQ%&de rﬂ'%e ? =~ méﬁé%&glr%%t%lgln%e ?j %I#sopd u?r%&%g :thatSD é)%ggg ages of
pr ocessnangial Hk8 vfithd prb&ssﬁssemlcbﬁdhctor structur{a (Dmléﬂd t%cmﬂw&férlm tran Ge eixsedpl| e,

the ionic speci ri se qne re of hydrogen hel i.um i ons
and borBaictan ez (BT aterip aripinPendiieointeveRy B RIS AL BN NI oce of
bet wee ?&@1@ h'i‘hcﬁjg el dpddsohiid Rataring 12530 ﬂf&)rés@x'i’tsflhg B8ndiy mﬁl@ﬁé’lﬁ@g‘ of the ﬁ%@sed

ions/c and 1 x1017 ions/cn2 The one or nore ionic species may

i npl antse@icandugtpr siesiuy 19 mpebsasdeditodhe carder wafera8f exiorra g borded (10 Key) and
one hu T ich the

i ons a;&gﬂhfcg% %I gbd e ggg%hlrh eé’ﬁ}c@ aéﬂjg%@‘fp élr}dfl cﬁb ﬁlegﬁﬁtcgmngfessﬁked zone
206 |smndlthemmiultrastomc}:@nﬂmgctl on of the energy with which the ions are
i npl anted i he carrier wafer 200. Th the i Ianted one 20 be
formed ar o 000) ' dnSGhbeRbodinRE diiroctt Samism bt et MEET R el
cont r olbohdd th (R cBRRF GMfePE00 RRhdub®di Ante@RtRiatendl 8N nbdrif hediRrweap! ant ed
zone 206 within the carrier wafer 200 nmay correspond to a desired thickness

and/ or Kgnatee ftheptoraiger mefeculnebandpbetyariLibe piocetsrdeemigondgtorsipgturd 0 be
subsequently transferred to the processed sen conductor structure 100, as
described in further detail below As @ hon- limting exanple, the atomc
speci es



may be inplanted into the carrier wafer 200 with an energy selected to form
the inplanted zone 206 at a depth DI of between about ten nanoneter (10 nm
and about one-thousand nanoneters (1000 nnm) (Le., about 100 A to about
10000 A). [ 0043] Anot her bonding material 218 may, optionally, be
formed over a major surface of the carrier wafer 200 nearest the inplanted
zone 206 and nmay al so be fornmed over a major surface of the carrier wafer
200 prior to formation of the inplanted zone 206. The bonding naterial 218
rrﬁy 3e alrubmeai-negxoaifmazom}aﬁmrdelﬁndmbat the xiakapial ﬁ)ngﬁ@ldmliﬁﬁf@ﬁdﬂ ﬁltheqﬂdst&;ssiedn Wit h
the diel ect material 114 or resent, the bonding material 118

over | yﬁﬁaw?rrdéwtar 8&@%%&9%@%‘1%&%9@@35 (Hiusr 18 29090 apes Wt soMeand 2) . The
bondi ngyBBdigkhi! dn%ét&.uam opﬁ‘qofe%IMnM 2y Q@ﬁo%edrpét@eéy ﬁJr SEdfpIS alRAEEAA! S

such as silicon dioxide (Si02), l'icon” oxynitride (S O'Ny and silicon

ni t ri def §issamnexjde amdh eﬂlb@ndmdg, amdtaelueasabnwgllway, sHigor 0ide, land kihenpitifle. bet ween
about one-h d 0. about WO 4 I onet.er By
way of exanybg1 ig not $ :fl% oér%’reqi dmgarerqr%?essed e ! Stmbalr% or ned from

a sili dercarrit wafeanomdhmﬂohfmmg tlmtaﬁﬁeradraf&mo anyhe Ifﬂhﬁigec‘ﬁﬂolmcﬂlﬁﬂ”ﬁe adi oxi de
(Si02) be forned g he carri 200 by vent i onal
t her naﬁe%lﬁ?laiaf%waﬁrle)‘&@%ilawwetrﬂe AR heTsin. tﬁ%“ﬁ%ﬁ RN Eﬂeﬁ ited

usi ng, ah RApISHSIRING 206, mtﬁekepve@&%d ﬂeﬁeﬁntur@,@ Tie\dhsfePidYioh 964 muRBOT
deposi ti on PVvD), atom c |ayer deposition (ALD), or plasma enhanced

chemi céirmed by implapisgiieniospeciPEntihe semlcondu{:teomat]enﬂélﬂepfihﬁgalberekaf@ro’wﬁlt@ 2,

t he cagy

LT ot Settthe NS, TBY. 14 DBNHE i Bk U BT TR SO AEM R (KB igpe, |
an exposﬁmbrmﬂndrac&’h@fonichﬁecsesmmydmdmptamed liretd éheicatrie? @2fen2(0 tofforpriesent , t he
bondi n al agai nst _an expose face of the oces )

o coaRRt e 226 Mbped gt at 1 SARE Rl LA s eak SiheBitgan e fopy.
presenfon mg»m&@iaﬂ hiag foret @wba&enehlz%he {vithih OkdRatie WaRR 360l alsRyWRIOR etk afer

structure 300. The carrier wafer 200 may be bonded to the processed
seni coRBBey pe sisegpéiblerte breglgnger sphbing M stbaectaddo elevaied taRpeplales OEEPON

tenper ?%;_'rl{cgtricing‘lnfgﬁJ ecﬂéméa??cﬁée aRAVEa i%'r’éed{o%ﬁ é!agl@% ﬁvga?r%b STiisioh 1000) ) and

pressu I clent ahount o Ime to ondi ng Taterial 118
with t heplamaﬁicumehmtt@s manbeadjwteﬁﬁzrmnt thef capniee seafdr 20¢ fremisplithggr breckarg al

by exp ol BLmmeRFa el afy RoRirGior B et opaedoBedhar e (8P “uat o1

200 tocméﬁﬂwml{f?ﬂ} Q). Tthe evelies @b eattieronsfer R02ds beldidRied BRtWoalepirsts (1000
and about, four K hundred detgrees Cel sius (400C) for between about 30 m nutes

and 120°%Pptdwnedaensiges efieocesing ey Willdedespibed-and t he processed
sem conduct gjo43f 1 lzk(\stalﬂoﬁ-lﬂ-rggng éﬁm%%e%@%c%%ﬁy cdiRisLOREGSR&GH of

sem conduct or s%ructure e bonded to the carrier wafer 200 w thout
usi ng sdragindeisy belivat iong qjd bowm iofis. The one or more ionic species may be implanted at a

dose of between about 10'6 jons/em? and 2x10' jons/em?, or between 1x10'¢ ions/cm? and

1x10" jons/em® The one or more ionic species may be implanted at an energy of between about
ten kiloelectron volt (10 KeV) and one hundred and fifty kiloelectron volt (150 KeV) The depth at
which the ions are implanted into the carrier wafer 200 to form the implanted zone 206 is at least
partially a function of the energy with which the ions are implanted into the carrier wafer 200.
Thus, the implanted zone 206 may be formed at a desired depth in the carrier wafer 200 by
selectively controlling the energy of the implanted ions. A depth D1 of the implanted zone 206
within the carrier wafer 200 may correspond to a desired thickness and/or volume of a layer of the
semiconductor material 202 that may be subsequently transferred to the processed semiconductor

structure 100, as described in further detail below. As a non-limiting example, the atomic species
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may reduce or elimnate tenperature and pressure limtations on further
processing acts that m ght otherwi se result fromuse of such an adhesive.
[ 0045] Referring to FIG 4, after bonding the carrier wafer 200 and the
processed sem conductor structure 100 to formthe bonded sem conduct or
structure 300, a portion of the substrate 106 nmay be renoved from a maj or
surface (e.g., the back surface 108) of the processed sem conduct or
structure 100 to expose surfaces of the through wafer interconnects 116

t hr ouglialybe iraplbsied fkethd @ﬁrleﬁsﬁfe@mrﬁa’aﬁn ehEl@y BelEdiddD férn thé Bngsiathed Foat 20606
may be rermved using a grinding process, conventional chem cal nechani cal

pol i shihydgptoe b eEbetieenabputden rppmetst dRimAy am dhogtene-thpusandnanpmeaistsi (§p0

thereof,y k7L SBOR 18 H&Rtl poolA)e substrate 106 may, optionally, include an
etch stgpklmt eglﬁa an suc as an oxide material, which is shown in broken

lines. The &20d8] stmpothenbandingimaatl dt8mhg opnmatly,dmfctmﬂérowexcahdtjyr swifadeiof t he

substr te 106 _a i ous ositi ns. F exa top mat.eri 120 may
be. pos T1e aEn hler AR B8 Ruitpifeone e GHAORY g bt B4 o

sur f acef ﬂ:l& Eatﬁ%r \'Mi@r 200 }ﬁhb@ﬁ) forhfion ionihe e plBmed téhe 206. The bonding Addrial ?EB a
non-limti ng{P exanpl e, grindi ng and chem cal pechanical poli shi ng process

may be ¥ PE &FREd frog & ‘@ﬁ‘ﬁ%l tha extbifsiaopth mofeop lapadhetion with fe dipbecificmateidd pect to
the threugh lf\ﬁéseﬁt P befdMSeha 114 @veilrgﬁlgttﬂeep@&ég&d%&ﬂféoﬁ&ﬁt&%mr@'1@o i f

present, by fixing the carrier wafer f'or exanple, on a vacuum chuck,
and pr élslﬁsn@;]allmé) chhp bemtingmeateaad @18 fnay ﬂref@'unbéfmmtcmemﬁloseghq:lmc matenalst i ng

rur ry RSt e BuPHEFHER B0 08 floonmiB R gyl Theondilet her °
non- | i miateriab2 SxaMHaRe a thividkssaif btween fobc@Rshuntigd henopeidrof10R dm) and sbsbve t he

portion of the subtr t 106 th respect tothethrouhwaf
i nt er c SN BEGramaters ( gway 8¥1V| qﬁ‘ﬁt“@ﬂt‘%’ltatmf’ﬂfth%?"é’sl@"ﬁ”(a GT@SF’W P8duci ng a

sol ut i @inied Slodd ﬂﬁbolﬂ%eﬁe’“‘rfa'l i) ar%ﬁamg 'nga@erfal(mcoﬁ{pnglﬁg GBS Aykiad (SO
hydroxi de (TMAH) to the exgoosed surface of the substrate 106. The carrier

waf er boformed grthg camiecnhwalgr 00 hyereploonias & sanvsativnabihemal exidgionpeacgsse Theo, and

id I 100
G | ng PPITRE A2 8 RUDRRE be oSHosh G liler BE SRS ERENTHSE by Rl E YD
waf er iphysiratepoeddpssifidB(P VINeatomitdayer depopiivh (ADDY) br plagnsenhatced CleerdiGg may

have a thi ckness om about one-half of a mcroneter (0.5 pm to
about Bﬁ%o H?P&’r“é’aeﬁﬁ(gygﬁmters (100 pm). [ 0048] As shown in FIG 5,

the bonded §MAYF ORSEEHEY bask (NG R ahe OriEFBVAfED00 MASTHe Bdndedhd BB Pebckistd, and
brought into contact with anot her processed pl anar sem conductor structure

400, aserpispidusionstagtuss 1 Q) hyebuiting an cxposeslirfagmn! thocarsr afes 2bEedaur f aces of
R sttt s T o S AN R Sl RIS
act i ve as exfoagbsudt afithd frecessed cenwentuswnstoshuie LD .5 the delastries Maeial 114 or,

if present, the bonding material 118) to form the bonded semiconductor structure 300. The carrier

wafer 200 may be bonded to the processed semiconductor structure 100 at room temperature or at

an elevated temperature (e.g., at least above one hundred degrees Celsius (100°C)) and pressure for

a sufficient amount of time to bond the bonding material 118 with the semiconductor material 202

or, if present, the bonding material 218. By way of non-limiting example, an annealing process may

be performed by exposing the processed semiconductor structure 100 and the carrier wafer 200 to a

temperature of between about one hundred degrees Celsius (100°C) and about four hundred degrees

Celstus (400°C) for between about 30 minutes and 120 minutes to bond the carrier wafer 200 and

the processed semiconductor structure 100. In some embodiments, the processed semiconductor

structure 100 may be bonded to the carrier wafer 200 without using an adhesive material, which
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[ 0049] The processed sem conductor structure 400, |like the processed

sem conduct or structure 100, may include a device region 402 that includes
devi ce structures 410. The device region 402 nmay extend into substrate 406
and on and/or over a surface of a substrate 406. The substrate 406 nmay
conprise substrate as previously described in relation to the substrate
106. Simlarly, the device structures 410 of the device region 402 may

i ncl ude device structures as previously described in relation to the device
st r uct wa@sedutOocdlinfihdte tehpetatirs atiEpresnire tiniatidrs on tiltthetl prob&ssing @GS At Midh: of the
processed sem conductor structure 400 may have at |east substantially the
same cOHErvysR wiylthom usaofsucharadiesivégi on 102 of the processed sem conduct or
structure 10§h4s] Referfif8MGA], bREr oRil 0 chdir 8 S0 R WRostq0f the
processed sem conductor structure 400, one or nore conductive structures,
such asemisorilvctor stoicpurl 0Mo Gormthg béyaled sanmeendoster stuburedi; Tporfieydfdhe 402. The

conduct j,v 420 nmay. i | ude_ one re.conductive terials, such as
o or Shfa@ 308 nde B floved fa S AR Ahod TP R SRS BT bEE Rloegptt

pol ycr yah@bndus@r sttuctueo00a0 ékmise g@tades(ofthe)throbigh wekpiprénnédie] I6andug thye pads
420 may be fqormed on the processed sem conductor, structure 400 in a

back- eAtRsBE L Péret qrirmnyle, shepqrtian ofjthe wigstate HigdeyhsipRovedising ds8uditg ve pads

420 mayrdeessf Qédﬁ@&t?ﬂal@ﬁ%ﬂtﬂné&ﬂarﬁcaﬁf BRIV R e SR AAiRbropiR SlchR R ?%ésspdf%r the

dielectric material 414 and patterning the conductive material using

phot ol icembigatigstibereadc kmiameessnbiodinfentspihe lNebstrata d e may.epparhdly 4acludd an edehintap
enbodi Y S . f P L

conduc T BH ARl B Gl Rl Sy isRos b o et RRA Siob el 2o
di el ectaydbe paditivried verfitaily voithin the khistrate 106 at vakews paitions: dva axaglle, prhistopi ng

(CWP) proce to renove portions of the nducti v terial overlying the
openi ngEKEED ARSI PRRF PRGN e Sylpisee b F Srscizonal A SR 4K
sem copeie kigbughtwaslieRom¥tsang. t he processed sem conductor structure 400

may be structurally and electrically coupled with one another by aligning
and bondi ng (@046l ¢ Wsaugh-liwitieg cxample: & stirbes and thenien! merhagead peléshing process

sem co 1 ! ocessed
e conih oF Bl td hva i pbhof o F sERREIDY Win PASS: A frolgh S

pr oces seecamrits b hoancitir etalt stope t 2Armatdi0, ifiprygscot bp Gimtedhe cartibewafeo2®sfoed -
sem conduct.or structur 00 1o form anot her bonded, sem con tor structure
300 | noREn D Gickandier b Bt wrhascine FRERr oS adint

sen comngta@tOiolishing phd)mehilkQQhamhRaBy AtFérhakicallytdetlve(ieg tabiagidk) SurePreploRes t 0

t he conductive pads 420 of the processed sem conductor structure 400. In
some efisontgadof theyshbstiaty Ki9gh waf er i nterconnects 116 nmay be directly
bonded to t n ! ds.; j | -1 0z di ng

o ocess, - sul T R e Tt A LGRS pBEREhal Be FRidhe bR

non- t hesmayedlapriéasifdire dubsivikandborithaespattdae thiedhrbughdivalgr ipreowassts IH6rnéshanpl e,

h h f i 116 h d i ds. .4 h b
o oS B AT B DS AP VBB RS R R R e o
may be tqp@mkthy BRandiyune Kpdretitg( TMAaH) etle ek et aamebT ey suBdtiatectiodr Fhafriand t he

processe m conductor structure 400 to a tenperature of between about one
hundreavageéég%@%@%@ ¢ f@G@fssadeﬁﬂawmct@ro%wctﬁﬁrmpédlddwﬂféeé&eekansqahs
(400C) shioriForihd brodseilseATEBHMctd? btrddnilE 10@duriid€nihh UBMe Wskhte DG B CONNect s
116 and the conductive pads to bond to one another. A%OOSZ] I n ot her
enbodi wEprse surfaaes e thwugluwatstisteraonaectnt 64 0he (Faiingportion ofthe substirse i G6v e
proces ?n%g.hg%n% hiRELS bgrof grtorrnua%%ﬁ!tro%g-h]a‘lggf f crélrgg(f:rn@)é dﬁ'ﬁ)l tg %Qc()ju?g é Rundiig an ot her
using a direct warer ‘bondi ng process, erein thevdcti1ve surfaces 108 and
404 mayniconpietsye0Cmayucti ve (e.g., netallic) regions and non-conductive
(e.g., dielectric) region nd the direct wafer bondi ng process bonds

met al - t o- J%‘%ﬂmﬁ%meﬁﬁ .l RAnGr LB R SRF B 109 may be inverleh53]  An
optio n@h%iee RN ShdBRb Rt Rlo RO SIIRAPOY&SedihaP berllBRudbr Subtuletopur f ace
108 and 404. As illustrated by non-Ilnlglng exanple of FIG 5 an optional

di el eces reprefyentedi hyglinvetianal axfowse For examplepexposadguacss bf the threlighwiads ( Si 02)
material 122, which is shown in broken lines, may optionally be fornmed over
the substrate 106 using an oxide depoigtion process, such as, for exanple,
a |low tenperature plasma deposition process. Optional bonding material 122
may further be planarized to expose conductive pads 420; such a

pl anari zati on may be perforned, for exanple, by a chem cal nechani cal
pol i shing process.




[ 0054] The silicon dioxide material 122 may be bonded to the dielectric
materi al 414 of the processed sem conductor structure 400 using an

oxi de-t o- oxi de bondi ng process such as that described with reference to
FIG 4. For exanple, the silicon dioxide material 122 may be bonded to the
dielectric material 414 at roomtenperature or at an el evated tenperature
(e.g., at |east above one hundred degrees Celsius (100 C)). Metal-to-netal
bondi ng processes and oxi de-to-oxi de bondi ng processes nmay be perfornmed at

| ow t erpercairieced 16 of e boridedpefisdnduesr @fuchufRSHOMRF beabRutted PR alBRB& 0
degrees Cel 400C) and, thus, avoid damage to the device regions 102

and 402’{59535 }ﬁ%isdﬁfgtb‘@é@%ﬂ?%}ﬁn@aﬂm%?e %%mﬁémr@gssm@er@ﬁwdmgr styisturg cal |y

st acki ngot he processed sem conductor structures 100 and 400 after
perform ng the back-end-of-line (BEOL) processes according to nethods of
t he present [Qﬂ‘@l:l ddg p@cmaaiﬂeeécmdummmmmf%ﬁ,dﬂ:dttitetpm@sseidrsemicomimnmcti ons

bt voor o P @R e D B Bl e b b erires B0 die miged e

bondi ngegioro40238ay extend into[sPbirale 40618 On @fid/HPEVRr & QMARAceoF 8 Bukkrale0d] The Of t he
sem con uct or tructures 100 and 400, a portion of the material 202" of the

carrier® mﬂy cempsisesybsials ap prexiopsly desseibedia felat%t“&@ﬁé@ﬁ)“*‘ﬁ@dﬁ_ﬁ t he bonded
sem comﬁﬁargr B ldeved #uBurR A1 SANE Bvide ltegi%ﬂ%w gqné@(xaedev 202°

remai ning on the processed sem conductor struct %epara "on’ of the
porti oﬂ?f%’ﬂouﬁhft@ﬁ‘?rdlled rolatioh tethe deeice MCGHGSZU@ omela Inesofnmembddlm,enm,ahe ous

an ot cRevigt BERAR0 8P REPARS B bR 3k 45 pBF e et U 8550 .

a sing Ismnacmﬁghnaﬂgl qxrthmm:?ce m@orbﬂnpﬁ‘lﬂ‘feq:frmdseﬁ @erﬁh@@diubtbﬁstﬁiéﬁir@ moaduct or

structures tp one apother while separating (i.e., detaching)
the porti onj[(ggofhg ? ing thextpyice gegiqny02.of fhej nspcegsad é‘?mlmuﬁtﬁf et 449,

‘transf @hé 6AmbRYShdREivERh R, SL?(QQHS coldiRtippRR DO IR PedBvkr Bfe RGLE or med

by cont acting a major surfacé of the processed sem conductor structure 100
, regionsdFo slég Cﬁ%ﬂl@FIV%Dﬁdﬁ 4ee maly indhedesanigor rrm“ﬁecomﬁctmdnatmlsaxw%@ne

mf oo hbsiLe, DorshO5 500 i A E R Rk i o Bl e B R R EEY
di el ecigpiddAmpt dior etan§ tlamzbnéuqmnvséddssm()fmqel& ibfméch@l the pebicedsedye pads 420)

d ] t t ature b out two_ hundred degrees Cel sius
(2000) S isl <PtiieRTR ir b elgar e P B LRSI SRR T pr ocess
may si gthduatieopsls y20mag bé M@M@@Mﬁ%&rcoﬁﬁﬁdﬁﬁé HaB2ial B0t MW erlthe €

bond the through wafer interconnects 6 to the conductive pads 420) and
split diechirmateral g4 epdpatisrming die conductiyg meteeialcusing nhotoliiagraphp Gechnignest he

transt ¢f foedl (HEMBRAHAN HLAY 40021 R bitePémbodiments, the conductive pads 420 may be formed

by depositing the conductive material into a plurality of openings (not shown) in the dielectric

material 414, and performing a chemical mechanical polishing (CMP) process to remove
portions of the conductive material overlying the openings (commonly referred to as the
“Damascene Process™). The bonded semiconductor structure 300 and the processed semiconductor
structure 400 may be structurally and electrically coupled with one another by aligning and bonding
the through wafer interconnects 116 of the processed semiconductor structure 100 with the
conductive pads 420 of the processed semiconductor structure 400,

[0051] Referring to FIG. 6, the processed semiconductor structure 100 may be bonded
to the processed semiconductor structure 400 to form another bonded semiconductor structure
500 in which the through wafer interconnects 116 of the processed semiconductor structure 100

are structurally and electrically coupled to the conductive pads 420 of the processed
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[ 0056] By way of exanple and not limtation, the process known in the

i ndustry as the SMART- CUTTnprocess may be used to separate or detach the
portion of the material 202' fromthe transferred |ayer of material 202".
Such processes are described in detail in, for exanple, United States
Patent No. RE39,484 to Bruel; United States Patent No. 5,374,564 to Aspar
et al.; United States Patent No. 6,303,468 to Aspar et al.; United States
Pat ent No. 6,335,258 to Aspar et al.; United States Patent No. 6,756,286 to
Mor i ceaemebndictor stinctinediOSt &i sendRat mrdimbias, ths BERgh Aifdrdntdepatecst] 16may and

United, St at es Patent . 6,946, 365,10 Aspar, et al t he di scl osures of each
of wnt s ey bR oy B oo nads 42 Cye s et el tosfromh pardig it
[0057] skéteastdthariidesmpFssion bdrdglpraddsd, f6d-BdrmAV@iprakiofBbatih@br 2Zkectid®Y be

substantially equal to the depth D1 of the inplanted zone 206 within the
car ri eroopgingprogge. Eprsample, the timough walgr mterponnaesid! @anslobe nendugtiverads 420
transf g terLal 2 20800 B, : . for
form ng :%%I;:ﬂ[l Iﬁ%ﬁ{’ﬁng%g@? ch)ED g‘qu%ct uIr0 es, \l?\%gtruiejeiS %%g%(sﬁofﬁogﬁegl%ogel\r} gg&%{s% ture
may be bepedbmumidrhycabosingimrbondedtsemivontdudiordauctare 30 mand therpescesfedpr ocessed

sem conduct or structure 0 and processed sem conduct qr structyre 400..

Arter  deDToRIIpelEe o0 fap FEtbeRhgE ot Briwset SR n At e GRS (| or

waf er Z000°Cpandeatioasor undfacRgRbs Chigiuk (A00SCEfof 8 6ufiakal andduntBt ©hé &r 202" may

be undesirably rough. For exanple, the surface of the transferred | ayer of
@@Q%CQ

mat er i dhropgowatepinterearneeth 1Ky rshugtivenads torbopd fqueraangstit one nanonet er
(1 nm and Wl‘l %Qoﬁ@pangg&g@éméﬁﬂe ﬁﬁe@e thlﬂfceéwm%ogf@fdl%)bmgsfe”ed

| ayer of materi 202" snoot to a desired degree’in order to
f aci | i trespectivgprévessep sanigssduatpr asuahass i 0bad 408Inmy, bedoodeddionge tuotheralimgques

known i_n,.t he t, such as, for exanple, one. or re a grinding process, a
wet ot RS et o s RSB ofnus Bnts PR &t Rl Perormisfoets Thus,

t he thicokdiesse (s, ohethllic) tegidis hiet ddccdndi@ive 9é.g NBleRLiR) rogibhs af@ihe Mrect
sufficient to enable a portion of the transferred |ayer of material 202" to

be rendVAEH Rogding peqesssthonfy petalrponptabang dislegtictdielesiric cppgurisntiyp| e, t he
t hi ck D) t f i " bout
i ckness %005%{ gﬁln%ftﬁgﬁd%hﬂﬁg RN nfaly bg%rgfell%kze%% or {S%}‘el%gaé:ﬁﬁ%%lﬁﬁ'ae abou

ten nanoneters (1 nd abodt one thousand nanonet er

[ 0058] 108 and A4 Anibustrateshhysnondimeiting enample fofi FiGhér anpptionsl siéslectriebandimguct or

struct . b 1 A9 s 1 V] | oces ta_bonde

sen comteidteEobiRe ot ghaie (R wtBREl B2 REREE Hrorlndn B8 Hoge

sem comeyoiptipnatyrhedbinice] ovelythb ubstrareeld6 uisink iad oRide dBgosttRinpocte sy esdtrdspfegl above
and may be in electrical colm‘run' cation with %ddi tional device structures

f or med AR G ERRRPratFePlps A dgPariFiaR PIOgGS, topg) Derding mptssial L2MaY so i n

el ect rifg@ler 60 prEHAY £ td Oibod EdhdHOWGRISIINI Chdl ERat iz RAGR SRIhEQRGuUCT Or
structure 1005{aﬁﬁd procgisbged sem cgﬁ%uctor st raﬁpz?urlg 400 %s&dp [0059] In

ot her &x#BRAIENBM diemi¢ed meehanidabpelishingdyesesof material 202" nay be renoved

fromthe bofgiRg) seteshdlGhlae Mdittth ¥5PmalBe B PHRERIRLATMIRLAG @1
ani sotropi c etching process, a chem ca chani cal polishing process or a
conbi nahd pcdskelrsemicondlurtaistictare 400hethgraanixjdesookaiedonding broess sofh dshthat

transferred | ayer of terial 202" not . be g concern, th

t ransf EFTE\ e‘%l B%I;Errefgrf“g&?t?ﬁba* %fxa%’%mfhﬁ?'ﬁ&?xﬁl? mpterig] ?%W?HEF ayer. For
exanpl eonddao tHY dikBRES mairiaf 4 N rdohdREdpeafueslod Y ElcChed Bipérhale 8Q2at MY be
bet ween about ten nanoneters (10 }r}g)) and about si x hundred nanoneters (600

nm.  leastabpppaisihundred degiees Sicksips(HY ©or Metsriometahbondingppegsse@ad of t he
car ri el WRfiEloxrRGhNAL ploted& ALNEL TR mBE of IGEMEhFLaRRY (S UG Hedattc & T onal

processi ng.
less than about four hundred degrees Celsius (400°C) and, thus, avoid damage to the device

regions 102 and 402 of the processed semiconductor structures 100 and 400. Vertically stacking
the processed semiconductor structures 100 and 400 after performing the back-end-of-line (BEOL)

processes according to methods of the present disclosure enables formation of conductive
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[ 0061] The discl osed net hods may be enpl oyed using known equi pnent and,
thus, may be enpl oyed in high vol ume manufacturing (H/M of sem conduct or
structures. Thus, the disclosed nethods nay enable the fabrication of

el ectronic devices on increasingly thin sem conductor structures and
enabl e i nterconnection of device structures during fabrication of
three-dinensionally integrated sem conductor devices. [ 0062]

Enbodi ments of the present invention nmay be used in the three-di nensional

i nt egr adtbRBnmeEticRBYe. & YRRpRig dmm&gmaf&eimeﬁﬁﬂﬂ&est 16 afd édhahiethvepaldedoydi ng
die-to-die (D2D) integration, die-to-wafer , wafer-to-wafer (V2'W
i nt egr XEMEARD ﬂ’@rpr‘&e%‘ilﬁﬁffﬁ‘éﬂqdbﬁowgtﬁ@ﬁ 106, tdiuaﬁg the berdingrrocess. [ 0063]

For exanpl e rmgﬂ ncI udes a
plurali {TE o] hl Vi glopg@%%gg%cf&grtl gﬁg&gﬁg%gg%%m%%%&??%gb%gt ed to form
separ ataed #60 a\ppﬁlmalof the cetediaP202Toishs eantierovader 200 (Flwa H emaysi@sepagted §.edi ced

usi ng techni.gres ch,as saw scri bi nd br akl n ser [ion.
Khovn SEBARITHER AR SoDat sRtonRaer Shosite o AP st 1Sl R 2D o e
602.  remainih@0R e plbtRssed Somic@RIOctofktCtub< B0l lsépa@ﬁmhro«ﬁmetpbﬂlonIotﬂfratehhwogf

sem conduct or dice 602 may be separately and individually attached to
carri errf garaer vaer ?&P@@éé@@arﬁe@ee by vamiqus sBenicaltheanal g5 mechenigal pracesses. seplice to

handl e 5t hea kRowns feeds, %%?chi é%réjﬁdlféﬁm%“gf'déey&?a 1i:d! o SceBd. 0k SkiFhe,

descri bed her el n. ng]P Ref er known good di'ce
t hen maingle anealiog nmessynaatrbd petfauted nqzmﬂdyh@mmoeduqm strngitiies | 00vanded00 800 i n

d h.th bed .h .00 f 800
e LR S AR BPS. B lon MRSl 07 ar R0 ™
exanpl po 't(hﬁ’oﬁti te maﬁiémd layed o€ maraalt 2926 1Theannédligg bivewys ngo &d pedsinzabgduct or

dice 602 may be alig d ? d bondeg wi th conductive pads 820 of .the dice on
t he waP@‘i‘ta‘ﬁ%a%"réH &89 H{ipﬁ‘?cﬁﬁ% §e‘Wﬁ?,”dH‘ét°b§§?—‘PB‘F (5% 95‘reé9?58ﬂ|§}a§f’r

descri %@aeenomersa&a%u 06 Qnd:thg‘ex;ﬁ)séd)sui;iﬁée@%ht}@ v%lﬁgsanﬁQ%l a%%oas&%é per die
along a weakened zone 604 within the carrier di'e,”while at the same tine

f or m ngheapraeessed serpicardugior Fotird&l0éenan moseldrmﬁlrgHRM@f thegliedecranmatetial 610
f th
of the 46@9¥H‘0rx%§%‘3 3ﬁfe\f§cgggﬁﬁ99& ;Ja?ve ggh’fda a}{g r?@ﬁ‘gﬁ gg?ahféhpg&t&é of G&%ken

partially a remalning
por ti onb&@2io hiindrétbdegeees Celsxusi(mm@)wnbabmmemdmi degreanCeltiah (400°Ex dhess or

a chem cal ..nechani cal pol i shi rocess., ot her enb

o mERBFE pioa: GaysioitenenIE P ES Sepigotugior SrueBEs 10w dshicd a1 or
fabri cafd Mebuglltafel Bifdtondledd TR 16 iHelbShdlicESe pdds 43®NBd SITR @R poRMnSf R plurality
of the known good dice 602 with the dice attached thereto may be

st r uct wasgrial 2@hat @e eastier wafen 390 ér@uuh@aamS&rteﬁéewp@ucmbw@Oa_t | east
the vt er 800S0 E e R R Sk AT er R DM IR S0 P at
| east MREﬂUEfMp;ocsss meytbe rme@ue bgparane @ detaniythe pprtivo @ Ehe niér@h202 fromitlen of
the Waftr%Irls errecﬁa;e?' 0 Ea%’t@ﬁéi%?r éNaf'l processe§ ard Gdscribed in detail i in, for example, United
States Patent No. RE39,484 to Bruel; United States Patent No. 5,374,564 to Aspar et al.; United
States Patent No. 6,303,468 to Aspar et al.; United States Patent No. 6,335,258 to Aspar et al.;
United States Patent No. 6,756,286 to Moriceau et al.; United States Patent No. 6,809,044 to Aspar
et al.; and United States Patent No. 6,946,365 to Aspar et al., the disclosures of each of which are
incorporated herein in their entirety by this reference.
[0057] The thickness D2 of the transferred layer of material 202" may be substantially
equal to the depth D1 of the implanted zone 206 within the carrier wafer 200 shown in FIGS. 2 and
3. In some embodiments, the transferred layer of material 202" may be used as a base or substrate

for forming additional device structures, wherein additional device structure may be in electrical
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i ncl ude popul ating the wafer with the known good dice, followed by the
deposition of an oxide material and planarization to forma conti nuous
surface with the known good di ce enbedded within the oxide material. [0066]
Addi tional exanple non-limting enbodi nents of the invention are described
bel ow. [0067] Enbodinent 1: A nethod of fabricating a sem conductor
structure, conprising: formng a first sem conductor structure including at
| east a portion of an integrated circuit on a first substrate; inplanting

i ons i nbnAnaticn with deierstri@uikosiprocesid kanrendue®i sttuctird N0 antiPeoceRed i er

waf er; direg&ké¥bonding the carrier o afirst side of the first

f t
sem corfBiee pighctyie 200 prf’&ﬁ‘éggtfiﬂ@lg\tﬂtﬁg%l}sf%ﬁed da Aopaierial S92 StomuBeur e whil e
the cargirRf wiRf 860, b e:@lob@Etkel 7 tetnftired 1a56 B FRAAMICIOF ;{n%l)?/ bﬂ%}]cﬁgi?ab rrier

wafer to handle the first sem conductor structure; directl I ng ‘a
second reegh Fonelaopls; thetsnidese of theitiansferdidriayen of inatadal 282 bway haya ao fvege

I nt egr Lreult to.,a second side, of .the first sen.co ctor.structure
opposi ? Eé‘?%%ﬂééssp ?irjlestweesni garigpe ﬁnem%eé%?%:%%b%d[eag Puts r“&lé?‘ﬂ?*%rsw m (;Wets?l %arrier
waf er iof tigitraesfedrad thven dthatesigl@02'emay bé smigbtited| tay desiell deg@éceinioder fo facilitatee
carrier fer froma renai rypg portjon of the carrier wafer along the

weak endbrthes Brogessing @ ggsfribed below, aesgrcine iR iesbpitnsinown inihe atgychsg fof

Enbodi rggatipld, onk 6F BRY of@QRRAME bRReds Of WetkthiHy Pr& R8s anBRRerhRAIMIRaniGE er
i nterconnect (TW) extending at |east partially through the first

subst r obishing (CMP)[roosss T dlei thisknesgD2 Dhthe tantferceddpyeEaboatierial 202 "Imay be

Ermbodi : ' ' ' i G .

conpr | Saciet (o MINE4 BoBbPSERE ARl javbl Hoy S SO VBL Bino P STy o o
the fi rssivothensucforedbired’ Fst examblel the dricknessisofithe @instetrad layarf neatsnidliza2"ve
R Rehiagn Hauh 3 FondinBSE Lo Sha b b B Sty gt neh)1® 117"

[0058] In other embodiments, one or more further processed semiconductor structures

may be attached, e.g., via a bonding process, to bonded semiconductor structure 500, wherein the
one or more further processed semiconductor structure may be formed utilizing the methods
described above and may be in electrical'‘communication with additional device structures formed in
and/or over the transferred layer of material 202" and also in electrical communication with device
structures of processed semiconductor structure 100 and processed semiconductor structure 400

[0039] In other embodiments, the transferred layer of material 202" may be removed from
the bonded semiconductor structure 500 after processing using an anisotropic etching process, a
chemical mechanical polishing process or a combination thereof. In such an embodiment, surface
roughness of the transferred layer of material 202" may not be a concern, and the transferred layer
of material 202" may be formed as a very thin layer. For example, the thickness D2 of the
transferred layer of material 202" may be between about ten nanometers (10 nm) and about six
hundred nanometers (600 nm).

[0060] The remaining the portion of the material 202' of the carrier wafer 200 that is
detached may be recycled and reused in additional processing.

[0061] The disclosed methods may be employed using known equipment and, thus, may
be employed in high volume manufacturing (HVM) of semiconductor structures. Thus, the

disclosed methods may enable the fabrication of electronic devices on increasingly thin
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[ 0070] Enbodi nent 4: The nethod of Enbodi ment 3, wherein exposing at |east
one conductive structure of the at |east a portion of the integrated
circuit of the first sem conductor structure conprises exposing a through
waf er interconnect (TW) in the first sem conductor structure. [0071]
Enbodi nent 5: The nethod of Enbodi nent 4, wherein directly bonding the
second sem conductor structure to the second side of the first

sem conductor structure conprises directly bonding the through wafer

i nt er ceanohduwtor bthetirey Bt eAgR ReRcnfétion 6f ddvivk Wirectlirds @iring EaBicativhef

conductj ve el ement qQf the second sem conductor structure. [0072]
Enbodi ﬁ%“ﬁ?‘d’@.‘e.nqiﬁ’éﬂ%’ﬁtﬁ@ate@Fe‘%‘ﬁTdHﬁt@r $Vi%€Hbodi ments 1 t hrough 5, wher ei n

di rectly boiglieap tHMbARRMRLIIRPERRAHEAbn Sy HEhitkitn i ibedRRAGHH S de of
the first sem conductor structure conprises directly bonding netal of at

| east driegraigmcrieny pe ot nesif sofiicomductor styictusesrindedingidie do-dist(PRD) imtegration,net al

of at | t_on ducti ve e of the second,sem caonductor structure.
(0075 R ARR R AL L REEPEW Hlse i S R B BRI BBt .

wher ei pratiessect | y bondi ng the second sem conductor structure to the second
side of the fjrst sem conductor structure conprises direcily bondi ng at

| east one of[‘gdo@r:’ierﬁ%&m% 8% Shoumdn -7a?1§Fn%iFPr615&?tﬁ’éWi‘fg’E@rq 1 ude]% second
sem conugtpbf Bl ifaheRidAditor dR3%02 A b@gin?m%m(ﬁﬁﬂﬂ WaRe inBy @Al and an
oxide material of the first sem conductor structure. [0074]

Embodi #96t608: ThtheemieonHentororafenipl ormy beidicedbeing teehnigues sudhras say¥ing, sciitieg ei n
separ at | I Jater | f rLker. r remai ni ng
portioﬁhggﬁ%ﬁgggg%%%ggk&gﬁégﬁéﬁgﬁgdgﬁggﬁgaegﬁggﬁggéﬁéﬁkvﬂ%?e ﬁﬁconprises
anneal isagicbiducwadice 602.waf er at a tenperature of at |east 100C and detachi ng

a portion of rrier wafer averlyi t he weakened regjon from anot her
portion of iofiedE . e @Oms%qdﬂ[l RS R e bRt ermopgir di &ct or
struct %@eparate\:ll\%anc{ R8¢ RhLalE QAR tarfer diQnapidRede Ple. AMNinfe¥S wifle FHROEE MENt S
1 through 8, wherein separat”gafthe | ayer of materital fromthe carrier

waf er &RBIEHEH® hapdlk Bvdaowe gpostdienimsesosdasce withy thegneshads peavioysly descebedal  of
the canpLigl substrate having a thickness of between about 10 nm and about

1000 nm attached to the first sem conductor structure.
[0065] Referring to FIG. 8, the known good dice then may be structurally and electrically

coupled to another wafer 800 in accordance with the methods previously described herein. The
wafer 800 may include a plurality of dice at least partially fabricated thereon. For example, through
wafer interconnects 610 of the known good semiconductor dice 602 may be aligned and bonded
with conductive pads 820 of the dice on the wafer 800. An annealing process may be performed as
previously described with respect to FIG. 6 to detach a portion 602' of a carrier die along a
weakened zone 604 within the carrier die, while at the same time forming a metal-to-metal bond
between the through wafer interconnects 610 of the known good die 602 and the conductive pads
820 of an at least partially formed die on the wafer 800. In some embodiments, a remaining portion
602" of the carrier die may be removed using an etching process or a chemical mechanical polishing
process. In other embodiments, the remaining portion 602" of the carrier die may be used as a base
layer for fabricating additional device structures. In some embodiments, a plurality of the known
good dice 602 with the dice attached thereto may be structurally and electrically coupled to the
wafer 800 to at least substantially reconstruct a wafer like the wafer 600 shown in FIG. 7 over the
wafer 800, and the portions 602" of the carrier dice may be detached at least substantially

simultaneously in a single process. Reconstruction of the wafer like semiconductor wafer 600, may
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[ 0076] Enbodi nent 10: The nmet hod of any one of Enbodi nents 1 through 9,
wherein-the direct bonding of the second sem conductor structure to the
second side of the first sem conductor structure results in the separating
of the layer of material fromthe carrier wafer along the weakened region
t herein. [0077] Enbodi nent 11: The nethod of Enbodi nent 10, wherein
the direct bonding of the carrier wafer to the first side of the first

sem conductor structure conprises weakening the carrier wafer along the

weak enédtlidegopulatinpaheiviferivith tHétknbivd g&bd’kﬁcé, IR10528 bY Bfe d8BEsRIondr aNGxilidIe
weakened r39| on therejn. [ 0078] Enbodi ment 12: A net hod of

fabri c &35! ahdplsnatiztion & frm ecpiidugpesuriemsith the kpown gesidatics empeddadsvithin o a
first sgo.g@nAMetgr structure and formng a weakened region therein,
directly bonding a surface of the first sem conductor structure to a
surface of 40066F orfdldgmmileaadple mon-ligtitingstmbodinentsf ofitha iavdncdog ard dssrb&onduct or
struct yr vJ ncluding the first sem conductor structure and the second

sem conductor structure; handling the bonded sem conductor structure using

the first sem con tqr structure ile renoving a portion of the second
sem conduct E@@fr %ﬁ?ﬁ%ﬂe&mf é@%@?%‘fﬁm%‘% Se@%@“@%&?{t‘?@r@= OMPLSINgGT e

ext endifgrghigg a ieeEhiAdidd strifetiRiikeing 41 eaS@oRIAS T Th ‘ﬁﬁ&%ﬂﬁ@& chuﬁtoh Yahyre;

al i gni n&ﬁt he at |east one conductive structure exposed through the second
sem corftREeisy implanting igneinig 2 saraer wakkrde fasmea weskensd région within dtewaeicofvafr;t hi r d
sem co : e [ t 1.coNn tor structure and the
hird Sleth s e CAtie: B o el P UEE PRCOFRARY SR s edhditicr v
st r uct dirss sexiposlodot sirougiwhiteeths erterdvafaris attaidad dre firtrsemicoiductod utihethat

| east co ctiv tructur.e of the third. sem conductor structure
respon giﬂgg Vtv%grh 82??@%&1? ﬁés(% P GHugieRs s G g’cr%‘itly?f’? pEd F@Oﬁi gnieradugien d
sem cosunire inchidingat lehg a paRidn OF ¥ BiddehtddGrchit fod seS@HA sfRMAMtRE Structure
al ong t he, weakened regi on responsive to heating the bonded sem conduct or

st r uct STRICHHYCIORITUCHTS PPt taoiiguddent the semicondictarstiustangyo nhich trmattieon of
the fi Gafer 8eIHeEAWIAALPL andl : ] structure.
[ 0079] Er?_f)odi et 137 "The e?e% ’%%glc‘i‘?é}@ﬁg‘g’éﬁ?ﬁepﬁ‘?g@%%?%%?hg‘%‘#ﬁ%? g

f or m ngotine ofthe Fartent wajeralagritk wedkeeedgegion therein. exposed t hrough t he second
sem conductor structure to conprise a through wafer interconnect (TW).

[ 0080] EmboHi068int EmbodiFeet 2reThreaetbéd difnlstidiveat 1,12 rther clmbisthgfrhing3t wher ei n
i npl ant | | intg the first i conductor structyre co i ses exposing a
sur  acisant S Nefes ot o aaT gt Ranguaiy Haseb T otk 1016
tons/cn anﬂ)ﬂg‘i’(] 18%1%0&81%181{ 3‘: r%earrrllec%hc?dq of?mego%}/me?l]jc 1 l?.n? tErVr\l%gc?imler?t 25%\}/161%3’9 150 Kev.
processing the first semiconductor structure comprises removing a portion of the first substrate from
the second side of the first semiconductor structure and exposing at least one conductive structure of

the at least a portion of the integrated circuit of the first semiconductor structure.

[0070] Embodiment 4: The method of Embodiment 3, wherein exposing at least one
conductive structure of the at least a portion of the integrated circuit of the first semiconductor

structure comprises exposing a through wafer interconnect (TWT) in the first semiconductor

structure.

[0071]  Embodiment 5: The method of Embodiment 4, wherein directly bonding the
second semiconductor structure to the second side of the first semiconductor structure comprises
directly bonding the through wafer interconnect of the first semiconductor structure to at least one

conductive element of the second semiconductor structure.
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[ 0081] Enbodi nent 15: The net hod of any one of Enbodi nents 12 through 14,
wherein inplanting ions into the first sem conductor structure conprises
inplanting the ions into a carrier wafer and form ng a weakened regi on
within the carrier wafer at a depth of between about 10 nm and about 1000
nmfroma flat major surface of the carrier wafer. [ 0082] Enbodi nent
16: The nmethod of any one of Enbodi nents 12 through 15, wherein directly
bondi ng the surface of the first sem conductor structure to the surface of
t he second $®ITRL orEtetivtiens & Thd method of dngrofte bfiEmbatideds $ dntwghrd uwhérein

structure rises bondi ng a surface of silicon, carrier wafer_ to a
sur f acAugdybobipg ﬁ“ﬁﬁe“c?Pg Setiopndugiar Sisuee theseepoaydeg te fistsgmisapductor

sen CcoR@uahe toplises BBy bonding meth D88 leafEdROSinaB R ve tibmedt\ thBi0d of any one
of Enbodi ments 12 through 16, wherein directly bonding the surface of the

first sepicerhgorsoictuse touesteliof atleast pre wndychive elomentiof thesewnd sepigprsyeidtict or
structyre. t9 formthe bonded sem conductor structure conprises bonding a
surface 0‘:? a silicon dioxide nmaterial on a silicon carrier wafer to a

e conduct 81073 Rfheflneh 7! ThE Ry B4k BalBh ERbmBls | BBRR Mpinarny one
of EnbditestBrboadihg tHelsearid berdidondobier sthuetuad toghd stgoridsidealf tHeesitseiaitendietvduct i ve

structure exposed thro t he second sem conductor structure w.th at |east
one cofdYdF FemBHTey ’ﬁ?ﬁg %BI?‘E%B %tﬁ‘?aﬁfd’@é’ Sgpiaendugpr @?ﬁeﬂ%‘t"ﬂ & egfpnpisd

al i gni RPHRkedRASmieARIEBPARKE YRR WAL 6a deRi@neRIN S erlal Wd) anxRRS €d
t hrough the second sem conductor structure with at |east one copper bond

pad of matial ¢f theifistsemiemdegiorstrugureuct ur e. [ 0085] Enbodi ment 19: The
nmet hod of Enbodi ment 18, wherein heating the bonded sem conductor structure
and the thi ({74 niEsthodimend8: The method ef anyrope pEBwbddkmeits § throughiFo mbiendin
sem conduct.or structyrglgtear]d Eh%e third. sem conduct or I%trut;%lgre Lo

u

t enper AT R B URRERTEHE of PrSBELHACLERRE THBEEne Portion OF G6 SETEREE Wi nent
20: Thalofg theoseakéned mgicintheroin coniprists aRidating the chviotgdferd a tdnhpekdi@e of stigsi Si ng
pr ocessi the portion qQf the first sem conductor structure on the second
e conliLit dﬁ@%&&w@l% oicfe eﬁwmsﬁw iR ﬁ"’e%‘éﬁ‘%F‘g’_E?ﬂH’Bcf{OB“ra@f Ucture
al ong tphgionealRResef RebORmaRthd Mhdicl % Rk e 3GhicORcdeMheRSt ruct ure on or
in the portion of the first sem conductor structure on the second

sem conduct @§o73f " Y5id4tBnent 9: The method of any one of Embodiments 1 through 8, wherein
separating the layer of material from the carrier wafer along the weakened region comprises leaving
a layer of material of the carrier substrate having a thickness of between about 10 nm and about

1000 nm attached to the first semiconductor structure.

{0076] Embodiment 10: The method of any one of Embodiments 1 through 9, wherein
the direct bonding of the second semiconductor structure to the second side of the first
semiconductor structure results in the separating of the layer of material from the carrier wafer

along the weakened region therein.

[0077] Embodiment 11: The method of Embodiment 10, wherein the direct bonding of
the carrier wafer to the first side of the first semiconductor structure comprises weakening the
carrier wafer along the weakened region therein without dividing the carrier wafer along the

weakened region therein,

[0078] Embodiment 12: A method of fabricating a semiconductor structure, comprising:

implanting ions into a first semiconductor structure and forming a weakened region therein; directly
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[ 0087] Enbodi nent 21: The nmethod of any one of Enbodi nents 12 through 19,
further conprising renoving the portion of the first sem conductor
structure fromthe second sem conductor structure after dividing the first
sem conductor structure along the weakened region. [ 0088] Enbodi nent
22: A bonded sem conductor structure, conprising: a plurality of bonded
processed sem conductor structures; and a carrier die or wafer bonded to at
| east one processed seni conductor structure of the plurality of bonded

pr oces sestiseatieRBERhOfirstchiiinti®s: strhiftBreGak kirfice Of £5e06ndRfnflonihaydrng a
weakened zone conprising a plurality of inplanted ions therein at an

aver ag&T¥EEe fp form popided semisoncton sricoue inshdme dhn firstsamicapéucyt srpure and i er
di e or gnat&fd Q&Hfé@l?du%&r% il thﬁﬁﬁng nﬁé@s‘é@?&ﬁ&c’?&%ﬁ&@g USheheFhiuct ure
ity of bon se C

of the plural ed priocess m conduct or structures:
[ 0089] sénibodiunenstr@dre Whide femodiag a pertion of thestwnd sémicatducter fuctardxmdi nent 22,

wherein the pluralit f bonde rocessed,sem condyct o tructures are
ot r uct Graaerg o e o dariand Pt BREGTD SERGPALY HEosh GRierad [y by

t hr ougkerii@bieluctiontictudd) ARG the at least biBANuIENO Qelicimsdxpdded HbggHaR sREnd
sem conductor structure of Enbodi ment 22 or 23, wherein the plurality of

bonded SpRigesrstEE I Witk aldeast ongrcopductivesTugivge of arthicd sepienpduder Lmgtteher
o . ; : 5 N
W t hou heét'ﬁ% i b%ﬁd&fjslaﬁl%éﬁ{@uc%tsﬁﬁdtﬁje ahdBE gﬁﬁlt s%%nductofr sEunL%I%g, d]h]ecmglrfgﬁ n

25: The bonded sem conductor structure any one o I ment’s rough
24, whireet leastivae cendnétive sthiaure expoaédthrdugh thierseaintl yerbioodiadtor sintchuee @tthd #ast one

e Colkt ot Porup b elphu o ek Blonndicnfh s pdin S PR gRae,
i nvent sanichaietobarraeaethdmid bahieomlubst fgicars; had fivRkp T B8t schii@neuddr

ordinary skil]l in the art w11l recogni ze and appreciate that the invention
i s not STycHre alang thepyeakensd regiom respensiye to heating shedioaded ssairondurta stragiesard  nany

addi t i ghird&BtdnaiGorsRlctiRif &&%&;9@&5{]@9 ohﬁl%_ffr‘gs @émk&ld%eﬁepﬂgs@?é fBy be

made w thout departing fromthe scop the invention as nafter
cl ai nesecombsenuscendpiter siuetiteur es from one enbodi nent nmay be conbined with
features of other enbodi nents while still being enconpassed within the
scope of t h§0i79l ekiribodimest £ rifrempdtiaxidesf Bxybor meent H¥; drther somprising forming the

at least one conductive structure exposed through the second semiconductor structure to comprise a

through wafer interconnect (TWI).

[0080] Embodiment 14: The method of Embodiment 12 or Embodiment 13, wherein
implanting ions into the first semiconductor structure comprises exposing a surface of the
semiconductor wafer to the ions at a dose of between 10'® jons/cm? and 2x10'7 ions/cm? and an

energy of between 10 KeV and 150 KeV,

[0081] Embodiment 15: The method of any one of Embodiments 12 through 14, wherein
implanting ions into the first semiconductor structure comprises implanting the ions into a carrier
wafer and forming a weakened region within the carrier wafer at a depth of between about 10 nm

and about 1000 nm from a flat major surface of the carrier wafer.

[0082] Embodiment 16: The method of any one of Embodiments 12 through 15, wherein
directly bonding the surface of the first semiconductor structure to the surface of the second
semiconductor structure to form the bonded semiconductor structure comprises bonding a surface of
a silicon carrier wafer to a surface of a silicon or a silicon dioxide material of the second

semiconductor structure.
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CLAI M5 What is clained is: 1. A nethod of fabricating a

sem conduct or structure, conprising: formng a first sem conductor
structure including at |east a portion of an integrated circuit on a first
substrate; inplanting ions into a carrier wafer to forma weakened regi on
within the carrier wafer; directly bonding the carrier wafer to a first
side of the first sem conductor structure; processing the first

sem conductor structure while the carrier wafer is attached to the first

seni conduct Q08s} r Wbt Endas | IOTHBetRAT ¢fiagty oPSfEmBdirhaidi 2hidigh 16, fterein
sem conductor structure; directly bonding a second sem conductor structure

i ncl udidpgrtiitbopding the surfaceof By fisst semicpndugtgr tustpre to the surface of the second

semiconductor structure to form the bonded semiconductor structure comprises bonding a surface of
a silicon dioxide material on a silicon carrier wafer to a surface of a silicon or a silicon dioxide

material of the second semiconductor structure.

[0084] Embodiment 18: The method of any one of Embodiments 12 through 17, wherein
aligning the at least one conductive structure exposed through the second semiconductor structure
with at least one conductive structure of a third semiconductor structure comprises aligning at least
one copper through wafer interconnect (TWI) exposed through the second semiconductor structure

with at least one copper bond pad of the third semiconductor structure.

[0085] Embodiment 19: The method of Embodiment 18, wherein heating the bonded
semiconductor structure and the third semiconductor structure comprises heating the bonded

semiconductor structure and the third semiconductor structure to a temperature of between about
100°C and about 400°C.

[0086] Embodiment 20: The method of any one of Embodiments 12 through 19, further
comprising processing the portion of the first semiconductor structure on the second semiconductor
structure after dividing the first semiconductor structure along the weakened region and forming at
least one device structure on or in the portion of the first semiconductor structure on the second

semiconductor structure.

[0087] Embodiment 21: The method of any one of Embodiments 12 through 19, further
comprising removing the portion of the first semiconductor structure from the second

semiconductor structure after dividing the first semiconductor structure along the weakened region.

[0088] Embodiment 22: A bonded semiconductor structure, comprising: a plurality of
bonded processed semiconductor structures; and a carrier die or wafer bonded to at least one
processed semiconductor structure of the plurality of bonded processed semiconductor structures,
the carrier die or wafer having a weakened zone comprising a plurality of implanted ions therein at
an average depth of between 10 nm and 1000 nm from a surface of the carrier die or wafer bonded
to the at least one processed semiconductor structure of the plurality of bonded processed

semiconductor structures.
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circuit to a second side of the first sem conductor structure opposite the
first side of the sem conductor structure to which the carrier wafer is
directly bonded; and separating a |ayer of material fromthe carrier wafer
froma remaining portion of the carrier wafer along the weakened region

t herein. 2. The nethod of claim11, further conprising form ng at
| east one through wafer interconnect (TW) extending at |east partially
through the first substrate. 3. The method of claim1l1, wherein

processi ng {0089f i Eaibodiaient?3)dlizitRhdsitsemidotditds efighirs S Embsdiem®2a porti on
of the first subst_ratg) fromthe second side of the first semnm conductor

st r uct GYEreihle BlkpHS! Afdonded Rieestsed RmiEIEeT FHEsss AR yFtaraly apdidedticdl¥ast a
por ti oRogfied thgethed hPIBHRp&Half UyGiiohgiPhafel Btedonfidersem conductor structure.

[0090] Embodiment 24: The bonded semiconductor structure of Embodiment 22 or 23,
wherein the plurality of bonded processed semiconductor structures are directly bonded together

without using an adhesive material therebetween.

[0091] Embodiment 25: The bonded semiconductor structure of any one of
Embodiments 22 through 24, wherein the carrier die or wafer is directly bonded to the at least one

processed semiconductor structure of the plurality of bonded processed semiconductor structures.

[0092] While embodiments of the present invention have been described herein using
certain examples, those of ordinary skill in the art will recognize and appreciate that the invention is
not limited to the particulars of the example embodiments. Rather, many additions, deletions and
modifications to the example embodiments may be made without departing from the scope of the
invention as hereinafter claimed. For example, features from one embodiment may be combined
with features of other embodiments while still being encompassed within the scope of the invention

as contemplated by the inventors.
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4. The nmethod of claim 3, wherein exposing at | east one conductive
structure of the at least a portion of the integrated circuit of the first
sem conductor structure conprises exposing a through wafer interconnect
(TW) in the first sem conductor structure. 5. The method of claim
4, wherein directly bonding the second sem conductor structure to the
second side of the first sem conductor structure conprises directly bonding
t he through wafer interconnect of the first sem conductor structure to at

| east one conductive el enment of thecgag@aRd sem conductor structure.

6. The nethod of claim1l, wherein directly bonding the second sem conduct or
structure to the second side of the first sem conductor structure conprises
di rect gy, pangiifggfiet al of at |east one conductive el ement of the first

sem conductor structure to netal of at |east one conductive el ement of the
second sem conductor structure. 7. The method of claim11, wherein

directly bondi ng tq%?%f%g d.seniconduc&or structure to the second side of
the first sén coftdiTtoldariaingaserisoRivCly SpEtIE GOMpPrigBEdi ng at | east one

of a sdémmiuitict RmiddRREdralrucitg ifdg A RaftRFioalof 8f ikddeatSEGRA on a first

sem conductor structure to at |east one of a sem conductor material and an
oxi de mat er PUBSEYE: the first semi conductor structure. 8. The net hod

of cl aiidntingi6HsGhid a%ﬁﬁ@f@%ﬂe{‘% idEa l)v.@%d(%ﬁecplfg %%lngh? ﬁ%iée%a{&ar rier wafer

froma remaining portion o e carrier wafer alon akehed region
t her ei direatlybondingsthanardeat wafer tblhadirstaide iofthe fimndt eemiadndactoestpenad;ur e of at | east

oot onPEPBR (8 e pBRauh” sfcrire SolF e o FelEr i it ngtefFached o t he
first sem csmdleshdogtossiribi@icllising the carrier wafer to handle the first semiconductor structure;
directly bonding a second semiconductor structure including at least a portion of an integrated
circuit to a second side of the first semiconductor structure opposite the first side of the
semiconductor structure to which the carrier wafer is directly bonded; and
separating a layer of material from the carrier wafer from a remaining portion of the carrier wafer

along the weakened region therein.

2. The method of claim 1, further comprising forming at least one through wafer

interconnect (TWI) extending at least partially through the first substrate.

3. The method of claim 1, wherein processing the first semiconductor structure
comprises removing a portion of the first substrate from the second side of the first semiconductor
structure and exposing at least one conductive structure of the at least a portion of the integrated

circuit of the first semiconductor structure.
4. The method of claim 3, wherein exposing at least one conductive structure of the at

least a portion of the integrated circuit of the first semiconductor structure comprises exposing a

through wafer interconnect (TWI) in the first semiconductor structure.
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9. The nethod of claim1l1, wherein separating the |layer of material fromthe
carrier wafer along the weakened regi on conprises |eaving a | ayer of
material of the carrier wafer having a thickness of between about 10 nm and
about 1000 nm attached to the first sem conductor structure. 10. The
met hod of claim11, wherein the direct bonding of the second sem conduct or
structure to the second side of the first sem conductor structure results
in the separating of the layer of material fromthe carrier wafer along the
weakened redi on hetethod of claim 4, whefieln difdetly beidivgcthefeconddemickliducedrer ei n t he
rr wafer to the first side fir

direct bonding.of the carrje of e f. t
sem coﬁa'a%,tvrsr‘tg the sgrop fl@e eﬁh&ﬁw&wle@%ﬂq %cqlwecowamqsgrrew&%rldlag a’ﬁg t he

weak eneggholi @O aXer infifloRhddt ¥f thOAME seflidtndiidish sti@ueab bt 184t WRfBhaRIIPNEerhélf of
weakened regi on therein. 12. A bonded sem conductor structure,

conpr i shawgeord spmiponductoy sictilsended pr ocessed semi conductor structures; and a
carrier die or wafer bonded to at | east one processed sem conduct or
structure of the plurality of bonded processed sem conductor structures,
the carrier 6di e dhewathed ohdwinnl whewhadiertdy baeire thosgpondidemicoadydtar al i ty of

I mpl ant ed ions_ therein at,. an_average depth of between 10 and 100 m
from a SEHFTE R hGFeqopd Slé%l?ﬁﬁ*éﬁrsﬂ‘fegllgqndvﬁgreﬁmﬁtﬁﬁcfgﬁpflﬁ?sFH@Ct&{POP@&% fne@ﬂgp
pr oces $ertas 6HE SAGMEE QlermSht ¢feieirst sBhidoR@uchir Wit Yo MEasdRek: Bhocessed

sem conductor structures. )
conductive element of the second semiconductor structure.

7. The method of claim 1, wherein directly bonding the second semiconductor
structure to the second side of the first semiconductor structure comprises directly bonding at least
one of a semiconductor material and an oxide material of the second semiconductor structure to at

least one of a semiconductor material and an oxide material of the first semiconductor structure.

8. The method of claim 1, wherein separating the layer of material of the carrier wafer
from a remaining portion of the carrier wafer along the weakened region therein comprises
annealing the carrier wafer at a temperature of at least 100°C and detaching a portion of the carrier
wafer overlying the weakened region from another portion of the carrier wafer remaining attached

to the first semiconductor structure,

9. The method of claim 1, wherein separating the layer of material from the carrier
wafer along the weakened region comprises leaving a layer of material of the carrier wafer having a

thickness of between about 10 nm and about 1000 nm attached to the first semiconductor structure.
10.  The method of claim 1, wherein the direct bonding of the second semiconductor

structure to the second side of the first semiconductor structure results in the separating of the layer

of material from the carrier wafer along the weakened region therein.
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13. The bonded sem conductor structure of claim 12, wherein the plurality
of bonded processed sem conductor. structures are structurally and

el ectrically coupled together at |east partially by through wafer

I nt er connects. 14. The bonded sem conductor structure of claim 12,
wherein the plurality of bonded processed sem conductor structures are
directly bonded together w thout using an adhesive material therebetween.
15. The bonded sem conductor structure of claim 14, wherein the carrier die

or wafer isjdireghémedoddeelaitvld, Merin theditdct BiRinR FERTALRT ot GAREfGE O
structure of the plurality of bonded processed sem conductor structures.
side of the first semiconductor structure comprises weakening the carrier wafer along the weakened

region therein without dividing the carrier wafer along the weakened region therein.

12. A bonded semiconductor structure, comprising:

a plurality of bonded processed semiconductor structures; and

a carrier die or wafer bonded to at least one processed semiconductor structure of the plurality of
bonded processed semiconductor structures, the carrier die or wafer having a weakened zone
comprising a plurality of implanted ions therein at an average depth of between 10 nm and
1000 nm from a surface of the carrier die or wafer bonded to the at least one processed

semiconductor structure of the plurality of bonded processed semiconductor structures.

13.  The bonded semiconductor structure of claim 12, wherein the plurality of bonded
processed semiconductor structures are structurally and electrically coupled together at least

partially by through wafer interconnects.

14.  The bonded semiconductor structure of claim 12, wherein the plurality of bonded
processed semiconductor structures are directly bonded together without using an adhesive material

therebetween.
15. The bonded semiconductor structure of claim 14, wherein the carrier die or wafer is

directly bonded to the at least one processed semiconductor structure of the plurality of bonded

processed semiconductor structures.
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