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TECHNICAL FIELD
The present invention, in various embodiments, relates generally to semiconductor
25  structures including a buried conductive material, and methods of forming such
semiconductor structures. More specifically, embodiments of the present invention relate to a
semiconductor-metal-on-insulator (SMOI) structure having a buried conductive material and
methods of forming such structure. Additionally, the present invention relates to
semiconductor devices including such SMOI structures and methods of forming such

30 semiconductor devices.



WO 2011/ 109146PCT/ US2011/ 024354 BACKGROUND One of the common trends
in the electronics industry is the mmaturization of el ectronic devices.
This i s ewpeeoilalobmet rue for el ectronic devi ces oper at edpchrusagh/op4ses use of
sem conductor microchips. Mcrochips are conmmonly viewed as the brains of
nost 5 electronic devices. In general, a mcrochip conprises a small
silicon wafer upon which can be built mllions or billions of nanoscopic
el ectronic devices that are integrally configured to formelectronic

circuits. The circuits are interconp E)g}in a unique way to performa
desired function. Wth the desi réxg&gl% 1Tlnpgh density mcrochips, it is

necessary t @uieFHRASEhbS rehdfin e él@cﬂ’cﬁﬁcs'lﬁgﬁs\‘}’\lzqyﬁler n?ﬁﬁﬁ?a%]bﬁ oflevi ces and
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aspect furtibp. of a devi ce i ncreases, it becones increasingly difficult to
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such vertical devices are formed with high aspect ratios (i.e., the ratio of height to widths).

However, as the aspect ratio of a device increases, it becomes increasingly difficult to satisfy
both territory and electronic requirements of the corresponding interconnects. For this reason,
20 simpler planar device scale downs dominate the industry in real practice to date.

A recent trend is to vertically stack semiconductor devices on a substrate. However,
the stacking of semiconductor devices adds an additional complexity to connecting the
components of the semiconductor device as well as providing efficient interconnects between
the stacks.

25 Accordingly, there is a need for a method of forming a vertical semiconductor device
which provides for competitive accessibility of interconnects to an electronic device in a

stacked semiconductor device.



FIGs. 7-10 are cross-sectional views of an SMJ structure during various
processing 5acts in accordance with anmpther enbodi nent of the disclosure;

FI Gs. 11-w0 2arie108146ss- secti onal views of an SMO st ruct ece/usaelilogd3sar i ous
processing acts in accordance with anot her enbodi nent of the disclosure;

FI Gs. 15-18 are cross-sectional views of an SMJ structure during various
processing acts in accordance with another enbodi nent of the disclosure;
10FI Gs. 19-21 are cross-sectional views of an SMJ structure during various
processing acts in accordance with anot her enbodi nent of the disclosure;

FI Gs. 22-28 are crossBidEH BRECRIPENONOF IHEDBRAWINGS ur e duri ng vari ous

processi ng i C dane 1 I . of the discl.osure;
Bl G 20 31 100 P aREEGLER0ERar s 30 SO FRBH- TR bk G RSB Gl
pr ocesactain d@acianct withono eadodienant bhthamidchsuregnbodi ment of the di scl osure;
FI Gs. 32-34 e cross-sectional views of an SMJ structure during various
processi ng gil{}% T gecersgspetiongl Yigwa b em M Anhaigive ARring various grosessstdr e;

I G5. 355 3o /b RIALOSSN RGBS Rhe BRSNEL. Structure during vari ous

processing acts I n accordance wth another e iment of the discl osure;
20FI G 39 i §1@s.gérBacciose-sudtewabficws of anbeidrenttued duirgenirioas gtoctssingdevi ce
an S structure of the disc|]osure; FIG 40 is a

i ncl udi .
Lgfsgeé‘%}?%a‘ifp Befwgﬁ&f‘ﬂ Pr MERGAT th¢ disCledHfconduct or devi ce i ncl udi ng

an SMJ st r ggg3in8- 1 ark RRsSs&GHoAgWiBws of an SMOI strubtuf diftng wiriBus 8rocessing
cross-sectional view of another enbodi nent of a sem conductor device

25i ncl aeth hyaceardemad with apether enlpddimbet ofitbediscloses; FIG 42 is a
devi ce includin

R CTIC A R A T N,
Vi ew OhctaitDadiefdagEd@eth ABGthe OdmBoERBhICAIRYIEEAbs#eYi ce including an SMO
structure of _the disclosure.
FIGs. 22-28 are cross-sectional views of an SMOI structure during various processing
acts in accordance with another embodiment of the disclosure;
FIGs. 29-31 are cross-sectional views of an SMOI structure during various processing
15  acts in accordance with another embodiment of the disclosure;
FIGs. 32-34 are cross-sectional views of an SMOI structure during various processing
acts in accordance with another embodiment of the disclosure;
FIGs. 35-38 are cross-sectional views of an SMOI structure during various processing
acts in accordance with another embodiment of the disclosure;
20 FIG. 39 is a perspective view of one embodiment of a semiconductor device including
an SMOI structure of the disclosure;
FIG. 40 is a perspective view of another embodiment of a semiconductor device
including an SMOI structure of the disclosure;
FIG. 41 is a cross-sectional view of another embodiment of a semiconductor device
25  including an SMOI structure of the disclosure;
FIG. 42 is a perspective view of another embodiment of a semiconductor device
including an SMOI structure of the disclosure; and
FIG. 43 1s a perspective view of another embodiment of a semiconductor device
including an SMOI structure of the disclosure.

30 FIG. 44 is a schematic block diagram illustrating one embodiment of an electronic

system that includes a semiconductor device including an SMOI structure of the disclosure.



30FIG 44 is a schematic block diagramillustrati ng one enbodi nent of an
el ectroni c systemthat includes a semgonductor device including an SMJ
struct ur evof2otieodisscl osur e. PCT/US2011/024850\0
2011/ 109146PCT/ US2011/ 024354 DETAI LED DESCRI PTI ON A
sem conductor-netal -on-insulator (SMJ) structure and nethods of formng
such an SMO structure. Such structures include, in one enbodi nent, an
i nsul ator material on a 5first sem conductor substrate, an anorphous
silicon material bonded to the insulator material, a conductive materi al
over the anorphous silicon material, and a second sem conductor substrate
over the conductive materi alDEWIﬂE?)SDREC i’*ﬁﬁﬁh such structures include,
in one enbodi ment, form ng an acceptor water including an insul ator
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si | i corordufive thateeial,laal gaPRAting Wk éfto SR prefRE@entidvadhandsikirgpat h at the
i nterface between the anorphous silicon material and the insul ator

mat er i dpptheipforapayimenlanied aeitee rihglamasphqussiliceainateniad jof ghel Jonenwater eraydle.  As
h, i L i d the at
such, kg B?ﬁ&{nﬁﬁ%ﬁ gﬁgérﬁ%ngfth‘eﬁ‘é@?@ﬂ%%Sﬁgwg{do%odhﬁ%r%&r?{)r an € a

| east one © e 1 nsu eria he con Ive materl a and the
addi ti eaalcoadmt@ivnbsrad hboenhermheantad zomymbethetbstrandval. | y stronger than a

bond created., b n two inpsulator materials, 25such as two oxide
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at roomtenperature (from approximately 20C to approxi mately 25C), and,
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be.|2(()) " rearrangement, which can improve the bond strength at the interface between the amorphous
silicon material and the insulator material, the conductive material, or the additional silicon
material. As such, the bond created between the amorphous silicon material and the at least
one of the insulator material, the conductive material, and the additional amorphous silicon
material may be substantially stronger than a bond created between two insulator materials,
25  such as two oxide materials. Additionally, the bonding of the amorphous silicon material to
the insulator material may occur at a relatively low temperature, such as at room temperature
(from approximately 20°C to approximately 25°C), and, thus, reduces the risk of damage to
any underlying devices formed on the first semiconductor substrate. Bonding of the
amorphous silicon material to the at least one of the insulator material, the conductive

30  material, and the additional amorphous silicon material is described in greater detail below.

The SMOT structures formed in accordance with the various embodiments of the disclosure



The SMO structures forned in accordance with the various enbodi nents of
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di sposed between the insulator material and the second sem conduct or
substrate. The conductive material is buried beneath the second

sem conduct or substrate. The conductive nmaterial nay be used, in sone
enmbodi nents, to forman interconnect, such as a word line or a bit line, or
to forma rretal strap._ Such an 5i nterconnect may be used to facilitate
access My asospelideon a%ww‘awr%@l flispersd betyveen dhsissdatler swtariabarlideor

subst raleng %ﬁlcﬂ}@c &}ah'é €$pd Q&@EQM’J]‘QQ‘%{&%Q Blifisd %%I{egthvtﬁé k&'dﬁd

enbodi nent’s |sc osure nmm e use abricate a variety
sem cosgubaducti@\subsmte. S’Dl@d%(ﬁﬁlualmel mhtegalahe}dbe:usredwntsomcdnuﬂjdngexas Itogi c

devi ce forrred infon the first sem conductor substrate nd a
devi ce 918} fReidtgTEORERCY Hichas Aomerd %Oéard?&d&eo?r tofpun ppgta %@Hcéugﬁ@

COnUC oLl dhe ko hefienealdo bEmRRAARTo S GABAHE Aine Whsha at e

devi ces on"the second sem conductor substrate may be forne
r el at i sehicohdwt@rsobgsse. acts as described in greater detail bel ow

Addi ti onal | @ tsgﬁ ﬂew ces d on/in the.secand s m nduci r substrate
may be sel f J2FSYHR StWCE‘HeT Hé?‘?c)‘?fcg?ﬂc‘? Wit V(‘,‘Hﬂ'r'?e lgﬁo rce and
drai n gpRlRGeSnayl biissed %o Pib'n@ht@ %tdaﬁgtytdf%elﬂ%ﬁdu&f)r d’ev&%@ 3sru@F1 s 5111 ﬁﬁég"rét@@l
contact. Furthernore, since a |logic device may be fornmed on first

seni contiewt teluslitest logicedaviedpanechio/@nie fistt rsamognéucamubﬁeatmmd)a ;ned@w ce are

f d,, t.h d
o8 0 BB S5 B RGBSR BRI R v

sel f - albugeebencathabk @@&oha&agrcahmt&l suBstidie detides ©einkd 6h A& gwBonde 1 educed,
whi ch provides for increased cache nenory density. 20The foll ow ng

descr i pemisAngyetrrisybgraipmay br forraddn refatieaky: Fevaprasatsactsans @%Sﬁ@@eddﬁcg"eater
proces Mg BERI Ah&’gﬁnal f'ﬂférd%%f ?oxﬂ{eﬁ‘éhﬂﬁ (i $008P %%8(0&8 e%ahy t he

enbodi nen of ‘the |sc osure. er, a person o or I nary s
art w bk seifidBgsddanich theainderyiag Ilrl’tfembﬁnemf aridier fouazent drain echtacts, thm/ be
practlcdvmthout e onlngthese speC|f|chdeta|Is and in conjunction with

cohvenflBwRAting i necgiipiohsepaeanelgerasal coptag ditrthsrmorenenerea l9giGHSVERS oV ded
25 her ¢k fodRa%gNAL fitek é%ﬁ:oﬁ&’&ﬂ?&%hﬁstﬂﬁ@ﬁ&%ﬁe tht QWG PErTRRY LAS T rhélo

sem conduct or devi ce |ncI uding the SMJO structure. Only those procéss acts
and st deviteresomsah $‘rmmym'oty davikeris hainckpobsed te rtixophionessing cohditihes uiedddbosur e

cerm coltuerariuti e Rei fatnge, FEmahnca Pt QAR AR afoted

enbodi FRBkitsOtheldRdB siRVEAL bORIARY, RRIAPEAIIERr Mitr&eay&ithe aldlory aettitiyques. 1 n

addition, if is understood that

20 The following description provides specific details, such as material types and
processing conditions, in order to provide a thorough description of embodiments of the
disclosure. However, a person of ordinary skill in the art will understand that embodiments
of the present invention may be practiced without employing these specific details and in
conjunction with conventional fabrication techniques. In addition, the description provided
25  herein does not form a complete process flow for manufacturing a semiconductor device

including the SMOI structure. Only those process acts and structures necessary to understand
the embodiments of the disclosure are described in detail below. Additional acts to form a
complete semiconductor device including the SMOI structure according to an embodiment of
the invention may be performed by conventional techniques. In addition, it is understood that

30 the methods described herein may be repeated as many times as desired to form multiple,

stacked SMOI structures.



30 the methods described herein may be repeated as many tines as desired to
formmultiple, stacked SMJ structuresg

6 WO 2011w009liepPaEs/ US2011/ 024354 The materi al s destnisbad/obssei n may
be formed by any suitable technique including, but not limted to, spin
coating, blanket coating, chem cal vapor deposition ("CVD'), plasm
enhanced chem cal vapor deposition ("PECVD'), atom c | ayer deposi tion
("ALD"), plasma enhanced ALD, or physical vapor deposition ("PVD").

Al ternati vel material s be 5grown in situ. A technique suitable for
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substrate, such as a full or partial wafer of sem conductor ertral (e.g.,
sili cordescgéielemh\vdan@emﬁtbﬁ dlsnhhsulm ﬂﬂn@slpetwnLigs pesantdd haxeihaird nmrnepessamlyl
silico i NSl atg €I(l : %E’ro fﬁubst r such as
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( SOSs) smh&h&gt@mgﬁgu&pany ot her known, suitable fabrication substrate. As

used herein, the term"wafer" incl udes
20 'Referring now to the drawings, where like elements are designated by like reference

numerals, FIGs. 1 through 6 are partial cross-sectional views of a method of forming an
embodiment of an SMOI structure 30 (FIG. 6) including a conductive material 204, which is
buried. The SMOI structure 30 is formed by bonding an acceptor wafer 10 (FIG. 1) and a
donor wafer 20 (FIG. 2). FIG. 1 depicts the acceptor wafer 10. The acceptor wafer 10 may
25 include a first semiconductor substrate 102 having an insulator material 104 formed thereon.
The first semiconductor substrate 102 may include a fabrication substrate, such as a full or
partial wafer of semiconductor material (e.g., silicon, gallium arsenide, indium phosphide,
etc.), a full or partial silicon-metal-on-insulator (SMOI) type substrate, such as a
silicon-on-glass (SOG), silicon-on-ceramic (SOC), or silicon-on-sapphire (SOS) substrate, or
30  any other known, suitable fabrication substrate. As used herein, the term “wafer” includes

conventional wafers as well as other bulk semiconductor substrates. The first semiconductor



conventional wafers as well as other bul k sem conductor substrates. The
first sem conductor 7 7 WO

2011/ 1091™6RCTI/1092011/ 024354 substrate 102 may be dopedpom/usadopesss4 An at

| east partially fabricated |ogic device (not shown), such as a CMOS devi ce,
may optionally be present on the first sem conductor substrate 102 and may
be formed by conventional techniques. In one enbodinent, the first

sem conductor substrate 102 is bulk crystalline silicon. 5The insul ator
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silicon material 206. The precursor semiconductor substrate 202 may be, for example, one

20 of the fabrication substrates mentioned above for use as first semiconductor substrate 102. In
one embodiment, the precursor semiconductor substrate 202 is a silicon substrate, such as a
crystalline silicon substrate. The precursor semiconductor substrate 202 may be doped or
undoped. The conductive material 204 may be a low resistivity material including, but not
limited to, a phase change material, titanium, titanium silicide, titanium oxide, titanium

25 nitride, tantalum, tantalum silicide, tantalum oxide, tantalum nitride, tungsten, tungsten
silicide, tungsten oxide, tungsten nitride, other metal, metal silicide, metal oxide, or metal
nitride materials, or combinations thereof, including multiple, different conductive materials.
In one embodiment, the conductive material 204 may be formed from titanium nitride
because titanium nitride has good adherence or adhesion to many materials, such as the

30 material used as the precursor semiconductor substrate 202. Titanium nitride also has a high

melting point (about 3000°C), which makes it unaffected by high processing temperatures.



because titaniumnitride has good adherence or adhesion to nmany materi al s,
such as the 30material used as the pregursor sem conductor substrate 202.
Ti tani umwoOtnildedsbso has a high nelting point (about 3000ES20M24384 makes
it unaffected by high processing tenperatures.

8 WO 2011/ 109146PCT/ US2011/ 024354 Titanium nitride al so makes excel | ent
ohm c contact with other conductive materials. Titaniumnitride is al so
commonly used in sem conductor fabrication and, therefore, may easily be
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206 ingh pasifib (@B),%%ﬁasﬁﬁ%g&eﬂp%iﬁ@n ipvBYG 2, the donor wafer 20 may
al so include a cleave portion 20
The amorphous silicon material 206 may be formed over the conductive material 204
by a deposition technique known in the art, such as, for example, ALD, CVD, or PVD. In
one embodiment, the amorphous silicon material 206 may be formed on the conductive
20  material 204 by PVD, followed by chemical mechanical planarization (CMP). The
amorphous silicon material 206 may be of sufficient thickness to adhere to the insulator
material 104 of the acceptor wafer 10 as described in greater detail below. For example, the
thickness of the amorphous silicon material 206 may be from about 10 nm to about 50 nm.
The amorphous silicon material 206 includes a surface 212.
25 As depicted in FIG. 2, the donor wafer 20 may also include a cleave portion 208
formed by implanting an atomic species into the precursor semiconductor substrate 202. The
atomic species may be hydrogen ions, ions of rare gases, also termed inert or noble gases, or
1ons of fluorine. The atomic species may be implanted into the precursor semiconductor
substrate 202 of the donor wafer 20 to form an implanted zone 210. The atomic species may
30 be implanted into the precursor semiconductor substrate 202 prior to formation of the

conductive material 204 thereon, after formation of the conductive material 204 thereon, or



formed by inplanting an atomc species into the precursor semn conductor
substrate 202. The atom c speci es may ¢pe hydrogen ions, ions of rare gases,
al so t er w0 20nie0b146r nobl e gases, or ions of fluorine. Phe/stamiogs3speci es
may be inplanted into the precursor sem conductor substrate 202 of the
donor wafer 20 to forman inplanted zone 210. The atom c species may 30 be
inplanted into the precursor sem conductor substrate 202 prior to formation
of the conductive material 204 thereon, after formation of the conducti ve
materi al 204 thereon, or
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25  known in the art and may include chemical, plasma, or implant activations. For example, the
upper surface 106 of the insulator material 104 may be treated with a dilute ammonia
hydroxide or hydrogen fluoride solution. The surface 212 of the amorphous silicon material
206 may also be exposed to a plasma of, for example, argon, to form a plasma-activated
surface. Activating at least one of the surface 212 of the amorphous silicon material 206 and

30  the upper surface 106 of the insulator material 104 may increase the kinetics of the

subsequent bonding therebetween due to an increased mobility of ionic species (for example,



10 WO 2011/ 109146PCT/ US2011/ 024354 hydrogen) created on the surface 212 of
t he anorphous silicon material 205 andot he upper surface 106 of the

i nsul at orwoabariogd46104. As shown in FIG 4, the anor phorsT4iskoiaom3sat eri al
206 of the donor wafer 20 may be contacted and bonded with the insul ator
material 104 of the acceptor wafer 10 to forma 5 precursor of the SMJ
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To form the SMOI structure 30 (FIG. 6), the cleave portion 208 may be removed from
20  the precursor semiconductor substrate 202, as shown in FIG. 5. The cleave portion 208 may
be removed by techniques known in the art, such as by applying a shear force to the
implanted zone 210 or by applying heat or a jet gas stream at the implanted zone 210. The
hydrogen or other ions implanted in the implanted zone 210 produce a weakened region in
the precursor semiconductor substrate 202, which is susceptible to cleavage. The remaining
25 portion of the second semiconductor substrate 202’ may have a thickness, for example, of
from about 50 nm to about 500 nm (from about 500 A to about 5000 A). A surface 302 of
the SMOI structure 30, exposed after removing the cleave portion 208, may be rough and
jagged. The exposed surface 302 of the SMOI structure 30 may be smoothed to a desired
degree in order to facilitate further processing of the SMOI structure 30, as described below.

30 The exposed surface 302 of the SMOI structure may be smoothed according to conventional



t echni ques such as, for exanple, one or nore of grinding, wet etching,
chem cal - nechani cal polishing (CW), and planar reactive ion etching (R E).
The SMO worootwswa630 and the ot her structures descri beacCihalsoswioedssbe
formed by nodification of SMART-CUT(r) |ayer transfer technol ogy. The
SMART- CUT(r) layer transfer 5technology is described in detail in, for
exanple, U S. Patent No. RE 39,484 to Bruel, U S. Patent No. 6,303,468 to
Aspar et al., U S Patent No. 6,335,258 to Aspar et al., U S. Patent No.

6, 756, 286 to Moriceay et al., U 'S Patent. No. 6,809,044 to Aspar et al.,
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FIG 1, wth the exception that the anorphous silicon nmaterial 206 may be

f or med (BURSTAIFRS Maysha used o brndeandaiccenion wefeg ) antéproowafi29r 10. As shown in
FIG 7, the FAGCE %ta(?lrilmﬁfa%ron :1)? tHPIMOT %{rﬁaﬁret%eaf?emep e@c%lcj)ésed surface 302 has

been smoothed. Once the donor wafer 20 is bonded to the acceptor wafer 10 and the exposed
20 surface 302 smoothed, then a semiconductor device, such as a memory cell, may be formed
on and/or within the second semiconductor substrate 202’ of the SMOI structure 30. As
described below, the conductive material 204 of the SMOI structure 30 may function as, for
example, an interconnect, such as a bit line or word line, as a gate, or as a metal strap.
FIGs. 7 through 10 are partial cross-sectional views of a method of forming an
25  embodiment of an SMOI structure 50 (FIG. 10) including a conductive silicide material 410,
which is buried. FIG. 7 illustrates an acceptor wafer 11 used to form the SMOI structure 50
(FIG. 10). The acceptor wafer 11 may be substantially similar to the acceptor wafer 10
described above and may be formed as described above regarding FIG. 1, with the exception
that the amorphous silicon material 206 may be formed over the insulator material on the

30 acceptor wafer 10. As shown in FIG. 7, the acceptor wafer 10 may include the amorphous



12 WO 2011/ 109146PCT/ US2011/ 024354 silicon material 206 forned over the
insulator material 104 and the insul atior naterial 104 forned over the first
sem conduwwOan1iswbsisr at e 102. FIG 8 is a partial ecoas2@eorddsnal view
of one enbodi nent of a donor wafer 40 used to formthe SMJ structure 50
(FIG 10). The donor wafer 40 may be substantially simlar to 5 the donor
waf er 20 descri bed above and may be forned as descri bed above regarding
FIG 2, with the excepti on that the donor wafer 40 may include an optional
non-reag tive cogagléﬁé teri aI ?2 and a reogctl ve conductive material 404
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non-reactive conductive material 402 and the reactive conductive material 404 may be
20  formed by a deposition technique known in the art, such as, for example, ALD, CVD, or
PVD.
As shown in FIG. 9, the donor wafer 40 may be superposed onto the acceptor wafer
10 and bonded thereto and the cleave portion 208 (FIG. 8) removed, as previously described
regarding FIGs. 3-6. The resulting SMOI structure 50 may include the first semiconductor
25  substrate 102, the insulator material 104, the amorphous silicon material 206, the reactive
conductive material 404, the non-reactive conductive material 402, and the second
semiconductor substrate 202’.
As shown in FIG. 10, the SMOI structure 50 may be annealed so that the reactive
conductive material 404 chemically reacts with the amorphous silicon material 206, forming
30  the conductive silicide material 410, which is buried beneath the non-reactive conductive

material 402. The reactive conductive material 404 may be formed from titanium, which



13 WD 2011/ 109146PCT/ US2011/ 024354 reacts with the anorphous silicon
material 206 to formtitani um suicide;gas the conductive suicide material
410. The weaott/weldeonducti ve material 404 and the non-r eatiise@iooduct i ve
material 402 nmay al so be a single material, such as titaniumrich titani um
nitride (MMIi). Excess titaniumin the titaniumrich titaniumnitride may
react wth the anorphous silicon Smaterial 206, form ng the conductive
suicide material 410. Annealing the SMJ structure 50 to formthe
conductive suicide material 410 may occur at a tenperature of, for exanple,
f r om alengts WO thetamarblaans SS@@@mameaIQQﬁdo srmeiiigninmpelivide as thhgonduetiuet | ve
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substantlal 81 ication of FIG and may be forned as descri bed above
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i ncl ud r ecur. sor i conducti v ubstrate 202 simlar to the
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regarduog FIG 2. The precursor sem conductive substrate 202 nmay be doped
and activated, as known in the art, to forma P+ doped region 602, an N
doped r egi orF 1608411 throarghd 4 Mre paypalocrosseficotmored 8iewis ot emecteerboldionsing, ant he

precurs du st he do d u5|n

enper sotaTheS SEALSUURUTRE HFUSGT 18) kel 4 BAGEE DleSombfithis. does

not yeuauhe@bmtlﬁa AdyIEL NemBdoadndbr ibbrdtE] BG.13)illudtiatdy dﬁ%écé}ﬁoﬂ@ﬁ&%ﬁ@@ by such
ih t enperature processes. In _another enbodi ment, the P+ doped region 602
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depi cted as 1 ncluding a paf I'cu ope fegi on

doped mmgkﬂnnéﬂﬂmfﬁﬂowﬁh@nﬁﬁmﬂogﬁdoaﬁﬂegjon 606, it is understood that one
of ordinary ié}ll in the art may cgoose any c |nat|gn of doped regions to
achi eve desifldl% isfcRardgisTessseetippasiier ofong embpeimeyt oy donorsyaferplbusid e

14 VO 203 m1BR LGk dRR0 -’?é/(%qaﬁl The donor wafer 60 may include a precursor

20  semiconductive substrate 202 similar to the donor wafer 20 described above and may be
formed as described above regarding FIG. 2. The precursor semiconductive substrate 202
may be doped and activated, as known in the art, to form a P+ doped region 602, an N- doped
region 604, and an N+ doped region 606. In one embodiment, the precursor semiconductive
substrate 202 may be doped using a high temperature process since the precursor

25  semiconductive substrate does not yet include a MMTiIN material 610 (FIG. 13) which may
be damaged by such high temperature processes. In another embodiment, the P+ doped
region 602 may be formed after the SMOI device 70 (FIG. 14) has been formed using a low
temperature process for better dopant profile control. While FIG. 12 is depicted as including
a particular order of the P+ doped region 602, the N- doped region 604, and the N+ doped

30 region 606, it is understood that one of ordinary skill in the art may choose any combination

of doped regions to achieve desired functions for the SMOI structure 70 (FIG. 14). Because



t he donor wafer 60 has two exposed surfaces fromwhich the desired dopant
may be inplanted, the depth and concenid#ration (i.e. highly doped or lightly
doped) ofwOhelidiopad regi ons 602, 604, 606 nmay be nore ea&sTius2@nm2escur at el y
controlled than if the doped regions were forned after the donor wafer 60
is bonded to the acceptor wafer 10. As shown in FIG 512, a silicide
material 608 may be formed over the precursor sem conductor substrate 202,
such as over the N+ doped region 606. The sui ci de naterial 608 may be

f or med e C0 tiv ver sor
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f or med I an [ cies jnto he precur sor sem conduct or
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or “su

within the 20 P+ doped region 602 of the precursor senicon bstrate
202. ThHaydie| fp@nezﬁeomﬂ@ralmld@o&temuwaq el\/IMzrﬁN\mmuemw armengsmp dikide a

subst a i nal n the i antl he ato peci es, when
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silicide material 608. The tungsten silicide material 612 25 may be forned

by a depPBMed dhthedhiskiass el the MM TN maferial610. St pxaseple fthe sibigiknphateriaA D, CVD,

or 1£VD et b cond tor t han
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MMTI N nat eri al. %8 af t r t he j.npl aqted zone 210 is formed. 30As shown in
FIG 18€aY4Roten 408 Pf%@l gwlayingan sieaicsRedes ko the PagsuEor waf er 10

and bo @Qﬁféoﬁ&%ﬁ&%ﬁbﬁﬁ@e e f&hﬁﬁ‘é’ heRApintl 238 20 5hpret Busty! (%QWd as

previously describ
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f d b he
i s rofe BRfon o 1 MeCurt GG urior iniacDs dhe sb6dentealigs: en
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the second sem conductor substrate 202' incCluding t dope i on 606,
the N tlg@}g@glcrsggilwwh@uformmg the implanted zone 210.

As shown in FIG. 13, a tungsten silicide material 612 and an amorphous silicon

material 206 may be formed over the silicide material 608. The tungsten silicide material 612

25 may be formed by a deposition technique known in the art, such as, for example, ALD, CVD,
or PVD. The tungsten silicide material 612 may be a better conductor than the MMTiN
nitride material 610. In some embodiments, the tungsten silicide material 612 may be formed
over the titanium silicide material 612 and MMTIN material 610 after the implanted zone 210
is formed.

30 As shown in FIG. 14, the donor wafer 60 may be superposed onto the acceptor wafer
10 and bonded thereto and the cleave portion 208 (FIG. 13) removed, as previously described



5 and the P+ doped region 602. In sone enbodi nents, a second conductive

mat eri al (not shown) nay be fornmed oves the P+ doped region 602 to forma
top el ectwodeimbdth nmay be used to form a sem conduct or pdexisc@1as43descri bed
in greater detail bel ow FI Gs. 15 through 18 are parti al
cross-sectional views of another nethod of form ng an enbodi nrent of an SMJ
structure 90 (FIG 18) including a doped sem conductor material. 10 FIG 15
is a substantial duplication of FIG 1 and may be forned as descri bed above

regardi nqg Fl ) own i.n El 15, the acceptor wafer 10 includes the
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wafer 80 used to formthe SMJ structure 90 waf er 80
may be sHighdstranteiiall G192, die NMHAINtoatd5altei 6, the siicideahateriG08eser thbestonggar di ng

FIG 2.ab d ‘med, as_descr.i bed ab ding FIG 2 wth
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the conductive material 204. The doped sem conductive nateria may be
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(Si O i nitrid .. 20 The precursor m conduct or substrate
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sem conduct iF@s.M8tikfdugh 18@7: pralalsR-sReicHAPEEws Of hASHR AmEhe@BE k&S 4N 806
and an N_doped region 808. In one exanple, the P doped region 806 rmay
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reghon 4, of, .t . } uct trate 202 .and t he N-doped
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doped ragiding BOG. 1. Thestdopeit RS §.ahe ieiepioe waral0i iadlu@@Ahevyuherineiemd on

t he prES r.sor .sem olrtlductor sgbstrate 202 using conventional deposition or
in sit ‘EF‘BWHOF%VC AEH SEMEadvor JuRsraied02f or exanpl e, chenical vapor

deposi tion FYDe is%‘iﬁﬁiaﬁ%rds?—‘é’e&fo@ﬁpﬂéﬁ oF¥Re Qéqﬁgéiﬁ%ﬁ?%g%@&n%gg&{e us&y O C

| ayer deposition (ALD), spin-on deposition, er ma ion, 0
t her mato Provthh SMNesti30tuco P (JIAG. V1 8). nHicaddnal watet 88mahyt eesubsmnidiBUsSmilhd docon

material 206 ma deposi,t ed pve e doped.sem_ conductive material 802,
TR e 8 PRl 28 ahRBRA s e bI  aloRR S0 Py roygscribed above
2011/ 102ABRCTIGIS2 044/ 102 4:3RptibiaR HeQBn¥d WireAB0 a9ThQudPedbma to formthe

i npl anted zone 210 and the cleave portion 208 as described ‘above regarding
FI G 2semiconducpiye Blatsial BO2 dismmsed betvcke thtoprocursefsemi®@ddnetyr hbssatp@pposed

onto t . . ng, banded t heretq. and .th eave portion 208
el SRR LRl A0 D T BT G EtE ot ShpE GBS

st ruct forex8fiplenat lesbesnd biRgdrinafiuns @F8) CHREHICIidS (HIEY had BalfiBd nifriae (GR]Y! at or
%eriﬁé 104, the anorphous silicon material 206, the conductive materi al
204t hac BEFREOSEMIeINYGr sukstrate 22imay sodoped & farmnag leaston¢ RibpeN+r egi on 808

and t hgoRq4eRBH 804. The doped semiconductive material 802 may also be doped to form a P

doped region 806 and an N doped region 808. In one example, the P doped region 806 may
include a P doped silicon carbide material adjacent the P+ or N+ doped region 804 of the
precursor semiconductor substrate 202 and the N-doped region 808 may include an N doped
25  silicon carbide material adjacent the P doped region 806. The doped semiconductive
material 802 may be formed on the precursor semiconductor substrate 202 using conventional
deposition or in situ growth techniques and may include, for example, chemical vapor
deposition (CVD), such as low pressure CVD or plasma enhanced CVD, atomic layer
deposition (ALD), spin-on deposition, thermal decomposition, or thermal growth. The
30 conductive material 204 and the amorphous silicon material 206 may be deposited over the

doped semiconductive material 802, and the precursor semiconductor substrate 202 may be



region 806, and the second sem conductor substrate 202' including the P+ or
N+ doped region 804. As shown in FIG {48, the second sem conductor

substr at ewdQ@Bi1/mwemebe pol i shed 10 usi ng techni ques knowrcCirnostéie/oa43s4 such
as CWP. FI Gs. 19 through 21 are partial cross-sectional views of

anot her nethod of form ng an enbodi nrent of an SMJ structure 120 (FIG 21)
including the insulator material 104 and a high-k dielectric material 112.
FIG 19 is a substantial duplication of FIG 1 and nay be fornmed as

descri bed above regarding FIG 1. As shown in FIG 19, the acceptor wafer
10 15i nwpladted wikean atomliasnsciesta ringhe irgplafiod ek dMkand the ckeaysportion 208

sem concszlgcstc%é?% bthrata% '10§“I FIG 20 is a partial cross-sectional
vi ew of" Gfie A ViRt ‘&ng go‘?‘ror waf er 110 used to formthe SMJ structure

120 (FIG  21s shoha il ®NG! 1 Maeedonbi Wab@ B0 keaysbdsiipaitoka dito Sdlckastof Rafehe

donor wafer 20 described regarding FIG 2 above and_maﬁ, be fornmed as
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using conventional deposition or in situ growth techniques an y 1 ncl ude,
f or examblodimenh efie SM Qlagpwctudd 1 2b@gd6i 21)dnclp@ub)he wisulatoa mataial po4ssliz e CVD
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include a netal 113 and a dope gion 115. The netal 113 may include, for

exappl énclydes dhecinpulator prathiiel dv4 Euid gycrrbe Srst sericonilucien WhstaI®d., titani um
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used to form the SMOI structure 120 (FIG. 21). The donor wafer 110 may be substantially
similar to the donor wafer 20 described regarding FIG. 2 above and may be formed as
described above regarding FIG. 2, with the exception that the donor wafer 110 includes a

20 high-k dielectric material 112 disposed between the precursor semiconductor substrate 202
and the conductive material 204. The high-k dielectric material 112 may be formed of, for
example, silicon dioxide, hafnium oxide, and other oxides, silicates, or aluminates of
zirconium, aluminum, lanthanum, strontium, titanium, or combinations thereof including but
not limited to Ta,Os, ZrO,, HfO,, Ti0,, Al,Os, Y03, LayOs, HfSiOy, ZrSiO,, LaSiOy,

25  YSiOy, ScSi0Oy, CeSiOy, HfLaSiOy, HfAIO,, ZrAlOy, and LaAlO,. In addition,
multi-metallic oxides may be used, as may hafnium oxynitride, iridium oxynitride and other
high-k dielectric materials in either single or composite layers. The high-k dielectric material
112 may be formed on the precursor semiconductor substrate 202 using conventional
deposition or in situ growth techniques and may include, for example, chemical vapor

30 deposition (CVD), such as low pressure CVD or plasma enhanced CVD, atomic layer

deposition (ALD), spin-on deposition, thermal decomposition, or thermal growth.



material 204 and the anorphous silicon material 206 nmay be deposited over
the high-k 5 dielectric material 112 gnd the precursor sem conductor
substr at evdQB1vmy146e i npl anted with an atom c speci es t@ecrarspotioes3sapl ant ed
zone 210 and the cleave portion 208 as descri bed above regarding FIG 2.

As shown in FIG 21, the donor wafer 110 may be superposed onto the
acceptor wafer 10 and bonded thereto and the cl eave portion 208 (FIG 20)
renoved as previously described 10regarding FIGs. 3-6. The resulting SMO
structure 120 i ncl udes the substrate 102, an insulator material 104, the

anor ph&giosplly.dbndoner svafe 119meay alsrinebidg aanetolel Ieand i doped gagion hiS. hiligh- k
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a a nmet orm ng

22 th are cross-section Vi ews 0 od o anot her

enbodi ntMMTQf tianiuSMIT), santalatouTe), £4Balf (L}, arkBlicked (N iThg cancﬂmintzer ned
conducti ve. ri 15204 . FILG 22 is ubst i al upI ication of FIG 1
and rra;}n%%ﬂtngﬁéag the %%P?%é&lcaamerﬂaégg?emgb eeomte OKST ‘i“ﬁé%h kn FIG 22,
t hesac et Qfic Watdial 19 hiedy gtee%%sgﬁ sérﬂéHﬁcﬁtlgﬁ{ésﬁﬁétﬁté 2 &%bé gflﬁiﬁﬁlteg\(\ﬁfh the

first sem conductor substra IS a part
Cr 0ss- sectimigeabearésciw fofm thed mpidnocti zrmnt216fand1tltbcrﬂcﬂve\paftmn mmsuiescditxed form
the S struct.ur 40 (FIG 28). The donor wafer 130 includes the

pr ecur SBPVOISEUEH ctor substrate 202 having the conductive material 204
and a cap M EHodn id32GT 21, wdddaem@é}uﬂmay%osu EddBdntd 82 t&ewtfaf med
of a dielectric material, such as a nitride materlal or an oxi mat eri al .

The cap Ormd@pn@ﬁd tlletthmyl the CE@vqmrubly 20 (d&i. 20 bremovyed as qmmulslrydmcrmdt he
art ~i ncl ud ut, po ALD .0or  PVD, sho in FIG 24,
t hécaf® ‘(t"ra 2 |a$ f’3§ IrHe retsﬁé §t%§®£ Y5 urga{?gﬁr?céllldgﬁg}f’ @éf/trag%\f@%pagtter ned to

form atméumeltm@t@ﬁalst(mﬂietamrﬁlaﬁlslsﬂrebﬁmat@uﬂ o6 B¢ t&iduetvemateral 204, @le 132
and the patterned conductive material 204'. The cap material 132 and the

conducthighek giglesiigmategal hidanddhe sgcoad ﬁ@ﬂlcegﬁlq?@oftsebﬂfﬁt%%@?s known in the art,
h h ly,
such as p Otﬁ@ﬁe patd%rﬁ?gglge 3’395 9&'&89&1 V(?&gsgo gfh'tag of ﬁ‘lr{nt?lgﬁ{o &' Y in some

enbodi nment s cap materi al e pa conductl ve
mat er i @imbdddhentray ato 8 M@ steed tuas 14(heFIé}t 28)elasltudmge1 stternet eoeducBide usitaitnl a

S NN A MEL R
Tgt eri aboldfe TRy, PeAdSRAR eI ¥er tht RBceptor wafer 10 includes the insulator material
104 formed over the first semiconductor substrate 102.
FIG. 23 is a partial cross-sectional view of one embodiment of a donor wafer 130
used to form the SMOI structure 140 (FIG. 28). The donor wafer 130 includes the precursor
20  semiconductor substrate 202 having the conductive material 204 and a cap material 132
formed thereon. The cap material 132 may be formed of a dielectric material, such as a
nitride material or an oxide material. The cap material 132 may be formed by deposition
techniques known in the art including, but not limited to, ALD, CVD, or PVD.
As shown in FIG. 24, the cap material 132 and the conductive material 204 may be
25  patterned to form at least one structure134 including the patterned cap material 132’ and the
patterned conductive material 204’. The cap material 132 and the conductive material 204
may be patterned using techniques known in the art, such as photoresist masking and
anisotropic etching. Alternatively, in some embodiments, the patterned cap material 132’ and
the patterned conductive material 204’ may be formed as the at least one structure134 using a

30  damascene flow process, which is known in the art and is, therefore, not described in detail

herein. As shown in FIG. 25, an interlevel dielectric material 136 may be deposited over the



WO 2011/ 109146PCT/ US2011/ 024354 at | east one structure 134 of the patterned
cap material 132" and patterned conduggive material 204'. The interlevel

di el ectriwormtienpab 136 may be used to el ectrically isolarastéie/oat3ss east
one structure 134 from an adjacent structure 134. As shown in FIG 26, the
interlevel dielectric material 136 may be renpved to expose an upper
surface of the patterned cap material 132', 5 such as by CWP, as known in
the art. The patterned cap material 132' nmy act as a CWVP stop. As

shown in FIG 27, the am)rﬁhous silicon material 206 may be fornmed over the
i nt er | & kastyng|staeture] eafdhe patternpl capdnaterdal J32t andpaticimgp copdustivamateaial | The
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interconnect, such as a word line or a bit line without further processing, as described in
20  greater detail below.

In additional embodiments, the conductive material 204 may be formed on an
acceptor wafer rather than a donor wafer. For example, FIGs. 29-31 illustrate partial
cross-sectional views of another method of forming an embodiment of an SMOI structure
170 (FIG. 31) including the conductive material 204. As shown in FIG. 29, an acceptor

25  wafer 150 includes the first semiconductor substrate 102, the insulator material 104, and the
conductive material 204. The acceptor wafer 150 may, optionally, include a bonding material
152. The bonding material 152 (if present) may be either an amorphous silicon material, as
previously described, or the bonding material 152 may be an oxide material, such as silicon
dioxide. In some embodiments, the conductive material 204 may be patterned and filled with

30  an interlevel dielectric material (not shown) as described above regarding FIGs. 22-28.



FIG 30 is a partial cross-sectional view of one enbodi nent of a donor
wafer 160 used to formthe SMJ structigre 170 (FIG 31). The donor wafer
160 nmay iwol2odeiovtse precursor sem conductor substrate 2@2Tarsdottijoes3asror phous
silicon material 206. The donor wafer 160 may be inplanted with an atomc
species formng the inplanted zone 210 and the 5cl eave portion 208 as

previ ously described regarding FIG 2. As shown in FIG 31, the donor
waf er 160 may be superposed onto the acceptor wafer 150 and bonded thereto,
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used to form the SMOI structure 200 (FIG. 34). The donor wafer 190 may include the

20  precursor semiconductor substrate 202, at least one portion of a silicon-germanium (SiGe)
material 192, and at least one portion of an epitaxial (EPI) silicon material 194. The SiGe
material 192 and EPI silicon material 194 may be formed by methods known in the art and at
any desired thickness. Additionaly, the SiGe material 192 and the EPI silicon material 194
may be doped or undoped. While FIG. 33 shows one portion of the SiGe material 192 and

25 one portion of the EPI silicon material 194, multiple portions may be present by forming
alternating portions of the SiGe material 192 and the EPI silicon material 194. In some
embodiments, the amorphous silicon material 206, illustrated in dashed lines, may be
optionally formed over the uppermost portion of the EPI silicon material 194 or the SiGe
material 192. Alternatively, in some embodiments, the amorphous silicon material 206 may

30  be omitted and the uppermost portion of the EPI silicon material 194 or the SiGe material 192

may be bonded to the acceptor wafer 180. The donor wafer 190 may also be implanted with



20 WO 2011/ 109146PCT/ US2011/ 024354 an atom c species, formng the inplanted
zone 210 and the cleave portion 208 asggpreviously described regarding FIG
2. wo0slhowici n FI G 34, the donor wafer 190 may IlpeTdisp@nposed onto

t he acceptor wafer 180 and bonded thereto, and the cleave portion 208 nmay
be renoved as previously described 5 regarding FIGs. 3-6. The resulting
SMO structure 200 includes the first sem conductor substrate 102, the

i nsul ator material 104, the conductive material 204, the anorphous silicon
material 206 (if present), the at |east one portion of the EPI silicon
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FIGs. 35-38 illustrate partial cross-sectional views of another nethod of
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por t i offul@ile SMOEstiRhRES M thd 3dbstatk TUX witklfie AR @htiadtivR2fatBy 208, present .
° 120 In additional embodiments, the SMOI structure may be formed with a multi-portion
buried dielectric material. For example, FIGs. 35-38 illustrate partial cross-sectional views of
another method of forming an embodiment of an SMOI structure 250 (FIG. 38) including a
multi-portion buried dielectric material 226. As shown in FIG. 35, an acceptor wafer 220
includes the first semiconductor substrate 102, the insulator material 104, at least one portion
25  of an oxide material 222, and at least one portion of a nitride material 224. In some
embodiments, the insulator material 104 may, optionally, be omitted. The oxide material 222
and the nitride material 224 may be formed in alternating portions. The oxide material 222
and the nitride material 224 may be formed by methods known in the art and at any desired
thickness. While FIG. 35 is illustrated as including two portions of the oxide material 222
30  alternating with two portions of the nitride material 224, it is understood that any number of

portions of oxide material 222 and nitride material 224 may be present.



WO 2011/ 109146PCT/ US2011/ 024354 FIG 36 is a partial cross-sectional
vi ew of one enbodi nent of a donor wafer 230 used to formthe SMJ structure
250 (FI Gwedivitheedonor wafer 230 may be substanti al | ypeirrask@n/oe43s4 he
donor wafer 20 described above in FIG 2 and nay be fornmed as descri bed
above regarding FIG 2. As shown in FIG 36, the donor wafer 230 may
include the 5 precursor sem conductor substrate 202 and the anorphous
silicon material 206. The donor wafer 230 may al so be inplanted with an
atom c species formng.the inplanted zone 210 and the _cl eave portion 208.
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FIG. 38. Replacing the nitride material 224 with the conductive material 226 may be used to
form an SMOI structure 250 having multiple layers of the conductive material 226, which is
buried. While the layers of the conductive material 226 are shown as having equal
thicknesses, it is understood that different layers of the conductive material 226 may have

25  varying thicknesses depending on the desired use of the SMOI structure 250. The multiple

layers of the conductive material 226 may be used to form multiple interconnects, such as
word lines and bit lines. In additional embodiments, when forming a semiconductor device
on/in the second semiconductor substrate 202’, only the uppermost portion of the conductive

material 226 may be utilized to form a semiconductor device as described in greater detail

30  below, and the lower portions of conductive material 226 may remain intact. The lower



The SMJUT structures 30, 50, 70, 90, 120, 140, 170, 200, 250 descri bed
herein may be utilized to form nunero@® sem conductor devices as known in
the art iwolzadimgisashose 5described in U S. Patent No. 7p68ais9@3/ov435ang et
al. entitled One-transistor Menory Cell with Bias Gate, U U. S. Pat ent
Application Publication No. 2007/0264771 to Ananthan et al. entitled Dual
Wor k Functi on Recessed Access Device and Methods of Form ng, U S. Patent
Application No. 12/410,207 to Tang et al. entitled Methods, Devices, and
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23 WO 28M995109146PCT/ US2011/ 024354 art, to forma drain region 318, a

source regi @iG3%0i1udRleLor3ARBle SEH Abodthent I b REAM Y& ¥ device 300
including an SMOI structure 301 having a conductive material 304 buried beneath a second

20 semiconductor substrate 312. The SMOI structure 301 may include, for example, a first
semiconductor substrate 306, an insulator material 308, an amorphous silicon material 310,
the conductive material 304, and the second semiconductor substrate 312. The SMOI
structure 301 may be formed in a manner analogous to that described above in regard to
FIGs. 1-6, 7-10, 11-14, 15-18, 19-21, 22-28, 32-34, or 35-38.

25 The amorphous silicon material 310, the conductive material 304, and the second
semiconductor substrate 312 may be patterned by conventional techniques in a first direction
to form bit lines 314. Alternatively, if the SMOI structure 301 is formed in a manner
analogous to that described above in regard to FIGs. 22-28, the conductive material 304 may
already be patterned in the first direction. The second semiconductor substrate 312 may be

30  patterned by conventional techniques in a second direction perpendicular to the first direction

to form pillars 316 above the bit lines 314. The pillars 316 may be doped, as known in the



t he second sem conductor substrate 312 nmay al ready be doped as previously
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sem conduct

24 WO 259917 %g%ﬁr%g\é%%{ggéit% Bg@g%iév%ove the bit line 314, no separate contact is

needed to electrically connect the bit line 314 and the drain region 318. Furthermore,

20  because a logic device (not shown) and back end of the line (BEOL) elements (not shown)
may be formed on the first semiconductor substrate 306 prior to forming the semiconductor
device 300, the semiconductor device 300 is not exposed to the processing conditions for
forming the logic device and the BEOL elements. Avoiding exposure to such processing
conditions may improve the reliability of the semiconductor device 300.

25 FIG. 40 illustrates another embodiment of a semiconductor device 400 including an
SMOI structure 401 having a conductive material 403 buried beneath a second semiconductor
substrate 412. The semiconductor device 400 may include a memory cell coupled to an
access device, such as a diode 422. The SMOI structure 401 may include, for example, a first
semiconductor substrate 406, a dielectric material 408, an amorphous silicon material 409,

30 the conductive material 403, and the second semiconductor substrate 412. The SMOI



structure 401 may be fornmed in a manner anal ogous to that described above
inregard to FIGs. 1-6, 7-10, 11-14, 2»%-18, 19-21, 22-28, 32-34, or 35-38.
The anor phWousiigiobig6on materi al 409, the conductive mat ePcalusd@3/jo2asd t he
second sem conductor substrate 412 nmay be patterned by conventi onal
techniques in a first direction 5 to formword |lines 415. Aternatively, if
the SMJ structure 401 is forned in a nmanner anal ogous to that descri bed
above in regard to FIGs. 22-28, the conductive nmaterial 403 nay already be

patterned in e first direction. A pprtion of fhe.second sem cqnduct or
Pebst r Attt Adlyanhe bl fp e dndBebimodRiue SR agpow Pk dha

t echni qyes. 1, 7-00.M1a1 i1kl 1423, 20 hg BeeHnd 38658 conduct or substrate 412 may
be doped by conventional techniques to form 10 the di ode 422 over the word

| i nes 415. Hdwe agmoaphpivs siliche npgarn d08.6he conliintivomatubb4(iated ditzeomy be

formed of.a single,crys line silicon,material and,may be doped. to form an
N donedomitndidsh Sparatg i e be el BOR pU e fong ASchiRtes B & BEaireegn
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sem conductor substrate 412 extending over the word |ines 415 which is not

et ched apslogons tg dhas descaibed abovsrin rageed P H6ised2-281 the epndugtive materiah $03verpy
15i ncl ' : d . t bstrate 412 etched i
R R e v

t he secon o0 formthe pi

sen cordReiayrbesiabisinedtia segondldireatihn Becoh@p@tbrabtephdyiddus fymdg skt beyl
regarding FIGs. 11-14 and 15-18. A bottom el ectrode 418 for the nmenory
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seni comugfqhaﬁdéypwogtg% ]:tlfe]s%corﬁ'l SBABSuER lsw&&t%%zac&%nai,g%m figlwgrhect rode

or bit |ine 424 may ormed over the diode 422 and in electrica
comunilizet 4 nwhisb iengtietched i thy seGudriieatiomndhe P dopel glies), matkerial 1&meaynot

descri bed {n,detail rein. . utilizi he .S structure 401 to
orh Rl nE Bon o Mecislondsemigordfinist suifeftiaciairt B UR e e obe

f or medté forasthé pillaag23 hAagernaadlerthe B@oﬁ@ganiceﬁdm&vsiugyﬁdwnﬁg%ﬁéé , the
anor phous silicaon material 409, the conductive material 403, and the second

seni cofERkd asprevipatly dessribedragardinml i 4 brldaadila-18. 1A bettorictestodaohl & for f or m
word |ines > dedv/ ' { 412 and.the bottom
el ectr olf}e E:Iléfll‘égﬂrnaty ﬂ%e@ganti %}gﬂr)@nfe&g% ?%%g&rs}g%glr?gé é??géﬁé g(tr)f%fegﬁ%a?rtﬁc & ode 422
and t hé&obetdngpie,ah eat emtedidielt, thomhatehial sfth®byttom electrode 418 may be deposited
25 ¥\O 2011/ 109146PCT/ US2011/ 024354 nedium 420 and the bit |ine 424 may be
pat? er R¥EF 16 SIGPHASTRCORBHNT SRR 2piEoTA datieraing the poepad acmicapdiptort he
di odes sAgriBRoaute dAs ARFHIbIRIH UBHARR 418 OREHA] b Rhdfehal s to
be deposited, phase char11ge or resi st an{ changeﬁﬁtat er |é E&érﬁn%a e %%gﬁ as the
mernor y usigicomvesgona itenhpiquies sirewitangoustylivithnth@ fatrearying and behimgpdsedetand and
alter ecs’en?%bm?u@&%@ugsrtga ee 313, ng ntleem rgrxlﬁalé[dﬁllgrg%ZO, and a terminal electrode or bit line
424 may be formed over the diode 422 and in electrical communication therewith, using

25  conventional techniques, which are not described in detail herein.

By utilizing the SMOI structure 401 to form the semiconductor device 400, the
semiconductor device 400 may be formed in as few as three patterning acts. As previously
described, the amorphous silicon material 409, the conductive material 403, and the second
semiconductor substrate 412 may be patterned in a first direction to form word lines 415; the

30  second semiconductor substrate 412 and the bottom electrode 418 may be patterned in a

second direction to form the diode 422 and the bottom electrode 418; and the memory



FIG 41 illustrates another enbodi mrent of a sem conductor device 500

i ncluding an SMJ structure 502 havingsa conductive material 504 buried
beneat h awveeeconwysien conduct or substrate 514. The sem cendoustan/ogsss ce 500
may include a floating body nmenory cell 501 formed over and/or within the
SMO structure 502. The SMO structure 502 may include, 10 for exanple, a
first sem conductor substrate 506, an insulator material 508, an anorphous
silicon material 510, the conductive material 504, a high-k gate dielectric

materi al 512, and the second senj conductor substrate 514. The SMO
st r uct Gredup220ayd @@%Ft&fr}?eﬂe?‘ﬁ rﬂasg%%%??&edéﬂ é@%@xssm?raort.‘/ﬁa?dlwés‘@ﬁias@éiﬂeabove

i n reggfdie Aok biEve B8 dRtes I%@O%%Eé fig r@ﬁg&ymm 498id oR0F thopkudes an

active reglion 516 surrounde e 15sides by an additional 1 nsulator
mat er i alat&iads toThealeposiiedephangiclangh b6 ravesyant ehdnge mederfialomay fbe usahasahy st al | i ne

silicon of the sec silicon substrate 4. The.entire.thickness of the
S bcond ey SRt de) it HEeRyO pReUB D SR Rep s kRt AoRg Permr y

celk SQ;lgllgﬁ(,@ggg\q@ tdfipdrhtfres33, the underlying high-k gate dielectric
material 512 form ng a back gate-dielectric and the conductive material 504

form ng a nél@l 4bdbktrgas anotisyendwdiment of aisemzondeaidroteyios 560 negluding for med by

dopi ng i,ons_ of e .active.region 51 e.spurce.and drain.regions 526
w11 DR butR R sa B bt i<Flk M0 a0f B SEbESEn ARp Sk RE

act i ve siiegiafs 191 6TH®¥enhibehdideor e iop 800 fiak lifaderlb&inp s Mkingsry @Bl 5dT ai n
regions 526 include N doped silicon. As shown in FIG 41, a second high-k

mater fomicsrovar ater itkindbe SMOIsOCius 305 ke SHORStmetuzeci02 nay Bghee, 516,

The, ma i or hi.ah-k i.el I} . i L nt that
! 0T  edPeo el b o oBBh oLy REE S0 s lIaP: Ml S, bh apPETRLEC, |
for hi ghickn gat@iad5ed,ahé corklubR e martiudin4h ahighukgste ldidtedtes matetabfiyand
silicate, hafniumdioxide, or zirconiumdioxide. Afield-effect transistor

(FET) & segnbsenicensugion sebstiaie I; giheio QL sregtae o0 may tolormedil ET gat e
522 andydHRGelaY0gRds [ @R desORR Moft BELENE 9 7fcEmY-ihen be defined using
ographic techn

30conventi ona otolit gues in conbination with suitable
et ch procesdéds, floating body memory cell 501 includes an active region 5 B6si¥ounded on the

2011/ 109146PCT/ US2011/.024354 kna i,h.the art. S rs 524 _may he fornmed

{1 1k RSt e 18 pRREOBA! A PP G 18I He SRl tegUeITmare BB FRTege whi ch
ar e notydRes)siadiaw difcddeifahd séiBhEtiNeon substrate BY4 UtThé bftirB@hithsShdheSt ruct ure
502 to form'the sem conductor device 500, the floating body nenory cell 501

may be stemdesiicon sebstiate § damay bernsadite deinphelaating hedy memory cell 501 as
shown in FIG. 33, the underlying high-k gate dielectric material 512 forming a back

gate-dielectric and the conductive material 504 forming a metal back gate. Source and drain
20  regions 526 may be formed by doping portions of the active region 516. The source and
drain regions 526 will be doped differently than the active region 516. For example, the
active region 516 may include P doped silicon while the source and drain regions 526 include
N doped silicon.
As shown in FIG. 41, a second high-k material for a gate dielectric 520 is formed on
25  the active region 516. The material for high-k gate dielectric 520 has a dielectric constant
that is greater than that of silicon dioxide. Examples of a suitable material for high-k gate
dielectric 520 include hafnium silicate, zirconium silicate, hafnium dioxide, or zirconium
dioxide. A field-effect transistor (FET) gate 522 is formed on the high-k gate dielectric 520.
The FET gate 522 and underlying high-k gate dielectric 520 may then be defined using

30  conventional photolithographic techniques in combination with suitable etch processes, as



5conductive material 504, thus elimnating the need for an additional

el ectrical contact between the floating body nenory cell 501 and the
conduct i weormtienpak 504. Additionally, because a | ogi c ®eviuseoiinei3sshown)
and back end of the line (BEOL) el enents (not shown) may be forned on the
first sem conductor substrate 506 prior to formng floating body nenory
cell 501, the floating body nenory cell 501 is not exposed to the
processing 10 conditions used to formthe | ogic device and the BECL

el enents. Avoidin xposur.e to _such processing conditions may inprove the
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616, a%g‘?aéjis h? }Oe%‘lpgenw%ela@og% W) gBﬂu&’%‘g( ?Iglg(fa%hé lé’i‘@d E‘?‘ﬁg} %8’618?}8 (%‘g%b%‘ﬁ uct or
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buried conductive nateria acts as a burie

cel | . pAreesti@ctonddibnsmyayhienprevenad reihbiley bhthedemidontdegbodevekEooeadi ng to a
bit line 62 The. cont act 624 y conprise, for exanple, a N+ doped
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addi ti enadri 60D dTEIBESic material 611 and a second semiconductor substrate 624, The SMOI
structure 601 may be formed in a manner analogous to that described above in regard to
FIGs. 29-31.
The second semiconductor substrate 614 may be patterned and doped, as known iﬁ the
20  art, to form a floating body region 616, a drain region 618 and a source region 619. The
second semiconductor substrate 614 may be further patterned to form a recess in the floating
body region 616 between the drain region 618 and the source region 619. A word line 620
may be formed in the recess. A dielectric material 622 may be formed between the word line
620 and the floating body region 616. The buried conductive material 603 acts as a buried
25  gate for the memory cell. A contact 624 may be formed above the drain region 618 leading
to a bit line 626. The contact 624 may comprise, for example, a N+ doped polysilicon plug
or a metal plug. A common source 628 may be formed above the source region 619.
Fig. 43 illustrates a semiconductor device 700 including a plurality of the
semiconductor devices 600 (FIG. 42). As illustrated in FIG. 43, the amorphous silicon
30  material 609, the conductive material 603 and the dielectric material 611 may also be etched

to form rows which are parallel to the bit lines 626. Similarly, in additional embodiments,



WO 2011/ 109146PCT/ US2011/ 024354 t he anorphous silicon material 609, the
conductive material 603 and the dielegtric material 611 may be etched to

f orm r onswOnot1/mhen) which are parallel to the bit |inesTaR2011/024354 By
utilizing the SMO structure 601 to formthe sem conductor device 700, the
floating body region 616 may be fornmed on top of the conductive materi al
603, thus S5elimnating the need for an additional electrical contact
between the floating body region 616 and the conductive material603.
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systenms of the present invention. For exanple, 44 mati c bl ock
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digital assistant (PDAs), portable , husic) player, etc. The

el ect r §¥Pesed %thémrme)smmqnﬁ@wsalsed @i@rrmn@thﬁémﬁeﬂgv ro@ 1BAEO he
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one of ndyanpr@ctthordiebiitgotihe peressdwtordtivie®0802 and the at | east one
menory devi faor exanple, an enbodi nent of the

801
seni conduct gf%mécé\?ﬂg%g@g@’r{c%rﬂl(}%%h o thosgpisVionsly desadhedbserimpoasebe wsed on her
wor ds, eaholiBasis (ﬁ'@?ec%nfc@%st@&@%% [ HrEseiit S0Aktd 9% ng%gé)rﬁnjélgeﬂ(? 94§97 and the

at | east one nenory devic may ‘conprise an e
sem concheotadic bttekidiagram oif auliilhgtrativeShiBttratic sistem 80haccortingtohb lpfdsaﬁ

uctive,.nat revi o descri.bed in relation to the
o olriEgT T Aeesbhubh a0 b SORROC FoieRblan teRmEleE or Snmter The
e| ect r adevaby/ &neson8R0 a KB et bt Sth@ net WGk Hidehapheare rcoﬁ'igf)ﬁ‘eﬂt rﬁ)éétlluﬁi‘?‘(él%ﬁl?ﬁg 04 for

inputting information into the el ectronic system 800 by a user
for exassial camerameersgnabeigiial assistant (I ARDypotablamkdiyfogr, diusk) phyehpiad, a

N A,
or aud8o0 €uithed inhy thitcl @it @¢astoifdcl@@roniOdigeX iRk Ssor deVTBOBGDO(ofteA rélb SR Y, 2
pri n eas a arrr]nc?gﬁlogesgourt) u};t llegs(‘é lE)ne gf ‘ﬁie%?eié‘?r[)mcigg%al Ilarr(])cessor device 802 and the at
least one memory device 801 may comprise, for example, an embodiment of the
semiconductor device 300, 400, 500, 600, 700 described above. In other words, at least one
of the electronic signal processor device 802 and the at least one memory device 801 may
comprise an embodiment of a semiconductor device including an SMOI structure having a
25  buried conductive material as previously described in relation to the semiconductor devices
300, 400, 500, 600, 700 shown in FIGs. 39-43. The electronic system 800 may further
include one or more input devices 804 for inputting information into the electronic system
800 by a user, such as, for example, a mouse or other pointing device, a keyboard, a
touchpad, a button, or a control panel. The electronic system 800 may further include one or

30 more output devices 806 for outputting information (e.g., visual or audio output) to a user

such as, for example, a monitor, a display, a printer, an audio output jack, a speaker, etc. In



28 WO 2011/ 109146PCT/ US2011/ 024354 sone enbodi ments, the input device 804
and the output device 806 may conprisega single touchscreen device that can
be used bwohotioiobraput i nfornmation to the el ectroni c sysPremiBodi1agssd o

out put visual information to a user. The one or nore input devices 804 and
out put devices 806 may conmuni cate electrically with at | east one of the
menory device 801 and 5the el ectronic signal processor device 802.
CONCLUSI ON I n sone enbodi nent s, the present i nvention includes

senlconductor-netal on-. i nsul at structures, devices including such
st ruct §P®E caRgdiRaES He inpyt @8%&% a§@|élﬁ’ opputdeviice §P@ sayTompSvER swegleuct ur es
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anorphous Si on nateri al bonde e i nsu a conguctlve
nat er i ahd veutputhaswbripmetengo hivsen Thetoar ioancaaihpat dedand0d and oamduct or
substrgte ov t he conducti v ric mater. al al so be

mat er A diele
MR R AU (G R 1 M AR AR R

subst r gfeledtfbnt 1l PARRLTRBYiSe 8¢ conductive 15 material may be
patterned and adjacent portions of the patterned conductive material may be

separated fromone another by a dielectric material. In additional
enbodi nents, the present inventi %gm an SMJ that includes an
insulator material on a first sern substrate, an anorphous

ger mani um ngh 8srhakmboMgRetst the éﬂ@sehﬂﬁt%rﬁfdﬂrmﬂﬁﬁ@sfsJeﬁhcorﬁu@t@flﬂi-éﬁ{llo\ﬁe mat eri al
over the anorphous germani um material and a second sem conduct or

subst r Asslad SMQB stuettiest dovécesincdrding such structuras and diethasis£br fombong swelnt s,

i r o el YR SMRAAE LGRS helliRar SR tinflin ¢ D NabRoflie\Bocr °t e

i nsul akastras, ef habrphats biiast m@t’b@tapbtb’ﬂdle@ltb Ok iadulepi haktial, a sbhdele mat eri al
and at | east one portion of_a silicon-germni um nmateri al, the at |east one

por t i ofarial guerdpe prmerPlious sifiperymatepigl gnsk asecand gpmicprdugtor subsiratenyyer ter t i on
of the s B0 R TTRNA URIPREE Liafdria? H‘{Eﬁ%%otb% dﬁ%}%sécpﬁétlw@érp{he %ﬁ(ﬁ] L@, and a

second sem conductor su strate over e con trve naterl e I'nsul at or
nat er i alaters) ahétheceoed somiamdoxtorsubsaater mbthhasthbglimenambe pbadigtisé | i con
material forned thereon dditional e odi ment t he present invention
i? ugaa e(i‘ﬁll gmbe @”alé(? (? acent portions of the patterneg conductlve material may be
separated from one another by a dielectric material.
In additional embodiments, the present invention includes an SMOI that includes an
insulator material on a first semiconductor substrate, an amorphous germanium material
bonded to the insulator material, a conductive material over the amorphous germanium
20  material and a second semiconductor substrate over the conductive material.
In additional embodiments, the present invention includes an SMOI structure that
includes an insulator material on a first semiconductor substrate, a conductive material over
the insulator material, at least one portion of an epitaxial silicon material and at least one
portion of a silicon-germanium material,. the at least one portion of the epitaxial silicon
25  material or the at least one portion of the silicon-germanium material bonded to the insulator
material, and a second semiconductor substrate over the conductive material. The insulator
material may be formed of an oxide material having an amorphous silicon material formed
thereon.

In additional embodiments, the present invention includes an SMOI structure

30  including a first semiconductor substrate, at least one portion of an oxide material and at least



30including a first sem conductor substrate, at |east one portion of an

oxide material and at | east 29 29 WO

2011/ 109™6RCTI/1092011/ 024354 one portion of a conducti vecwatserilaksssor ned

over the first sem conductor substrate, and a second sem conduct or

substrate forned over the conductive material. In yet further

enbodi nents, the present invention includes a sem conductor device that

i ncludes an insulator material on a first seniconductor substrate, an

anor phous S|J|q%écg terial bonded to th sulator material, a conductive
t
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sefp CO@%H&BH&ué&%BétP&t& Tﬂ@ﬁl@nagngmmﬁé sARL: §1§%fc9&%reh%g %rygﬂaaﬁé’yct Ive

mat eri al over a precursor semc ctor su an ano ous silicon

mat er i ﬂloamvgbodyhaemonmed:ltwhneh irechetes ah actarechirensubsahadaliyeshyzizakly Woldkidbyt he
precursot m condu&tl substr at e, bondi.ng .t he amilrp ous silicon

20
mat eri &1 Hb“f* aPH% MRS AEE regi9niaRg aSRUIGE 2¢ien fRrmed v naﬁ etaGEVRAER G or

vaf er, hamdc aferaemma@nm%;ﬁmo@an &R cREECBE RO BE WAL RENGT A B Qé&rE@t e
pr oxi mate the inplanted zone within the precursor sem conduct or substrate.

I n sonecgorbanl amntad gatafoineslsin thpbighds flisieetraf t he anor phous silicon materi al
a surface of.t lat teri reate a chemcal, a
gsrra or %y?tr%ﬂg‘?{tené fr{}?ﬂ g 3&38%3?%&@%’8%&‘? HY Utdﬁﬁmf PEFFHH’%H%?‘} i con
mat er i 8MOf stiteurél 610 inchvfeGbrrhidgtah @ cddpsdH v e comBirRirgn insulator maferiget further
enbodi nents, the present invention includes a nethod of fabricating a

sen cofRImed v ereirs semicendusiorubgrais. Aermaing aclerpn wafenedrapritogrp pom;iungvean
i nsul a erﬁ?‘%@éﬂ a%reélﬂgcgpsgm?c gau 01f éurb§ttr%t§ qqgé}gﬂg&s sﬂlco'ﬂ%létér?tl O’Vgl‘n]‘i?lr mng a

donor wa nprii Sing era precursor €onduct or

s ubst r atn&iucane amunph caud af mhplranred mah@wltain thy prectizer &dgionttictor kebdtmteer i al |,
an_ i g’lted zone Within the precursor sem conductor substrate, bondi ng

0 anbP eAMqrelhssiiconimgterial of fhe damapvaliatethedpsulsar mastipkeidhe mat er i al

Of the acceptor wafer, and removing a portion of the precursor semiconductor substrate proximate
the implanted zone within the precursor semiconductor substrate. In some embodiments, at
least one surface of the amorphous silicon material and a surface of the insulator material
may be treated with a chemical, a plasma, or an implant activation before bonding the

25  amorphous silicon material of the donor wafer to the insulator material.

In yet further embodiments, the present invention includes a method of fabricating a
semiconductor device including forming an acceptor wafer comprising an insulator material
formed over a first semiconductor substrate, forming a donor wafer comprising a conductive
material over a precursor semiconductor substrate, an amorphous silicon material over the

30  conductive material, and an implanted zone within the precursor semiconductor substrate,

bonding the amorphous silicon material of the donor wafer to the insulator material of the



30 WO 2011/ 109146PCT/ US2011/ 024354 acceptor wafer, renoving a portion of

t he precursor sem conductor substrate3proximate the inplanted zone to form
a second wermntiongu6t or substrate, and fabricating at | east/use@ioessssy cel |
on the second sem conductor substrate. In yet further enbodi nents, the
present invention includes nethods of form ng an 5SMJ structure that

i nclude form ng an acceptor wafer conprising an insulator material forned
over a first seniconductor substrate, form ng a donor wafer conprising a
conductive |aI over a recgrsor senlconductor slgﬁtrate an agnrphous
ger mani ESRPH OB P CTRALRE £ AGIO0 ) G PR TG S TtRpFaiTel Bone

Wi t hi N ifBRNRIISGHE &pfonﬁ%mee&nﬂéé%@and%eﬂa% SiikiSte, Mbﬂeaﬁn@eat RIALY ffaous

germani um nat eri al he donor wafer to the insulator material of 10 the
accept orenpery eell Oamlmb Seemﬂ/wmgcalq@otOLrlsmbBt@fe the precursor semni conductor

Subst rate. " 36yt bR oAt pERCT N bd i BB R AT s Ene &1 1 1

nods f i GMOP&sucais tidh iRl RR foMBinkQh Wee éﬁ(ﬂﬁ%ﬁ%ﬂ&) nSprResl AERESalavfitdREN shown
by way of example in the drawi ngs and have been described in detail herein.

Howev e formedeovieng Sintt isemicosdurter suhsteaieidameisg balonphiveiey ccornpmmeg asmductlwl ar
f h t t
or e a(?%gg' Cr p g%%&%r se}n @ondpé/tﬁ]gdb%&al San &1 é:rﬁi{ous (%Flil’éla%l%ln’{ Iﬁgt%}alﬁ Vﬁ{‘ i on as

eCIUI va en trves

def i nedhdot}bnﬂhetl\fe()hdltemaln@lcﬁﬁpﬁnﬂaded;k@ierﬁﬁlﬂﬁﬁ(ﬂhd lb'ted:drsdlﬁb@ﬁlhccﬁﬁtﬂztﬁﬁé&)@ltr&e
31 WO 2011/109146PCT/U82011/024354 CLAI M5 What is clainmed is:
seni coRauEns theamepbels gepaaniymynaterial Rtthe donas mﬁr@p ﬁlg@ ingigptor ﬁ@tﬁr@i of

i 61 e RRpflof WiRE. AATAEAMNSIRNGHITHE i LursBATRLRAONS Fidkigon matera

bonded to t I nsul’at or a condtctive na erla over e anor phous
sili cpprcmamma th¢ implagted zeswcwithlingberpreomdoiciearicadiostor ailastrareer t he conducti ve
material. While the invention is susceptible to various modifications and alternative forms,
specific embodiments have been shown by way of example in the drawings and have been
described in detail herein. However, the invention is not intended to be limited to the
15  particular forms disclosed. Rather, the invention is to cover all modifications, equivalents,
and alternatives falling within the scope of the invention as defined by the following

appended claims and their legal equivalents.



102. The sem conductor-netal -on-insulator structure of claim1l1, further
conprising a dielectric material dispgsed between the conductive materi al
and t he swoand/menssconduct or substrate. 3. The PCT/US2011/024354

sem conductor-netal -on-insulator structure of claim1l1, wherein the
15conductive material is patterned and adjacent portions of the patterned
conductive material are separated fromone another by a dielectric

mat eri al . 4. The sem conductor-netal -on-insulator structure of claim
1, wherein the conductive materi al éggRri es a conductive silicide
material. 20 5. A semnm conduc -hﬁ§a]-on-insulator structure

conprising: an insulator material on a first sem conductor substrate;

32 WO 208414 094&RST/ US2011/ 024354 an anor phous ger mani um nat eri al bonded
to the insulator material; a conductive material over the anorphous
germanium material; and a second sem conductor substrate over the
conductive material. 56. A sem conductor-netal-on-insulator structure
conprising: an insulator material on a first sem conductor substrate; a

conducti ve qﬁterU@Lmﬂ%g&hkHﬁqﬁ&%ﬂ&ﬁhﬁﬁhﬁ%éﬁg&ﬁhéaﬁ@x%?nﬂphous silicon

mat eri al over the conductive nmateria second serfi conductor substrate
over the conductive nmaterial. 10
5  aninsulator material on a first semiconductor substrate;

an amorphous silicon material bonded to the insulator material,
a conductive material over the amorphous silicon material; and

a second semiconductor substrate over the conductive material,

10 2. The semiconductor-metal-on-insulator structure of claim 1, further comprising
a dielectric material disposed between the conductive material and the second semiconductor

substrate.

3. The semiconductor-metal-on-insulator structure of claim 1, wherein the
15 conductive material is patterned and adjacent portions of the patterned conductive material

are separated from one another by a dielectric material.

4, The semiconductor-metal-on-insulator structure of claim 1, wherein the

conductive material comprises a conductive silicide material.
20
5. A semiconductor-metal-on-insulator structure comprising:

an insulator material on a first semiconductor substrate;



7. The sem conductor-netal -on-insulator structure of claim6, further
conprising a bonding material disposedz2between the conductive material and
t he anor pWoustigiobi46on materi al . 158. The sem conduct or - meCaluseoniousad at or
structure of claim?7, wherein the bonding material conprises at |east one
of an additional anorphous silicon material and an oxide material. 9. A

sem conduct or-netal -on-insul ator structure conprising: 20an insul ator
material on a first sem conductor substrate; a conductive material over the
i nsul at or materi al ; ) ) i . 33 WO

2011/ 168 FRSERBOUSESHI D anstorial bondeddp thiieswlator msterisl an epitaxial silicon
material and at |east one portion of a silicon-germaniumnmaterial, the at

| east Qn@ndRitive Hhidial bh& BPLABYIBLS géﬁﬂaﬁﬁﬂn HRi&l.8ngor the at |east one
portion of the silicon-germani um materi al bondeé’to the insulator material;
and 5a second sem conductor substrate over the conductive material.

10. The sseridssmdesndvetonsibalrate evembea candictive materiat.e of claim 9, wherein the
i nsul ator material conprises an oxide material having an anorphous silicon
material formed thereon. 10 11. A sem conductor-netal -on-insul at or
structure conprising: a first sem conductor substrate; at |east one portion
of an oxide material and at | east one portion of a conductive materi al
forfred over 6 he fA sshicominctombitalt ai-isulatt set@ireasdthpkitmgsecond seni conduct or
substrate formed over the conductive materi al

an insulator material on a first semiconductor substrate;
a conductive material over the insulator material;

an amorphous silicon material over the conductive material; and

a second semiconductor substrate over the conductive material.

10
7. The semiconductor-metal-on-insulator structure of claim 6, further comprising
a bonding material disposed between the conductive material and the amorphous silicon
material.
15 8. The semiconductor-metal-on-insulator structure of claim 7, wherein the

bonding material comprises at least one of an additional amorphous silicon material and an

oxide material.

9. A semiconductor-metal-on-insulator structure comprising:
20  an insulator material on a first semiconductor substrate;

a conductive material over the insulator material;



12. A sem conductor device conprising: an insulator material on a first
sem conduct or substrate; an anorphous3silicon nmaterial bonded to the

i nsul at orwoabariogd4s 20a conductive material over the ampcphusasi1®e43s€on
material; a second sem conductor substrate over the conductive material;
and a nenory cell on the second sem conductor substrate.

34 WO 2011/ 109146PCT/ US2011/ 024354 13. The sem conduct or device of claim 12,
wherein the conductive naterial forns an interconnect. 514. The

sem conduct or devjce of claim further conprising a |ogic device forned
on thea?k?@@ngQﬂﬂﬁﬁﬁﬁﬁﬁFB?”%@B@FWQﬂ@Mmﬁﬁa?ﬂét§éﬁﬁ@6ﬁ9ﬂgmd¥adeV|ce of claim

12, further (GRBRL Eﬁﬁdh%rﬂ nﬂdt@ﬂlaﬁ ChE 'gf:lsegﬁltogg hg{tjlog' ot Qf?esﬁgtangag ‘éﬁg%ﬁﬁﬁnal or

conduct i ve naterla and the secon ctor tra 16.
The sem conthecatdeastiend metiaf otthaisitichh-gemtwar e mdtérdal irended/toakt Insalatgpr i ses a
floating bopﬁgnennr% cell conprising: an active area substantially

physi cal |y by an insulating material; a drain region and a source
region formed within the active area;

5 asecond semiconductor substrate over the conductive material.

10. The semiconductor-metal-on-insulator structure of claim 9, wherein the
insulator material comprises an oxide material having an amorphous silicon material formed

thereon.
10
11. A semiconductor-metal-on-insulator structure comprising:
a first semiconductor substrate;
at least one portion of an oxide material and at least one portion of a conductive material
formed over the first semiconductor substrate; and

15  asecond semiconductor substrate formed over the conductive material.

12. A semiconductor device comprising:
an insulator material on a first semiconductor substrate;
an amorphous silicon material bonded to the insulator material;
20 aconductive material over the amorphous silicon material;
a second semiconductor substrate over the conductive material; and

a memory cell on the second semiconductor substrate.



15a high-k dielectric material formed on the active area between the drain
region and the source region; and a nggal gate formed on the high-k

di el ect riwo2011/10914617. A nethod for fabricating a PCT/US2011/024354

sem conduct or- et al -on-i nsul ator structure, 20conprising: formng an
acceptor wafer conprising an insulator material formed over a first

sem conduct or substrate; 35 WO

2011/ 109146PCT/ US2011/ 024354 form ng a donor wafer conprising a conductive
mat erial over a precursor sem conductor substrate, an anorphous silicon
materi al over the conductive material, and an inplanted zone within the
precursor sem conductor substrate; bondi ng the anorphous silicon
material of jBhe dORAEMYRhEHCHOIVR S IA0 KhBRE Eihe Ron@ictiltyB S Ra5E ERIR'

waf er; and renoving a portion of the precursor sem conductor substrate
prOX|nﬁﬂem@W@nm%$Ianted zone W thin the precursor sem conductor substrate.
18. The nmethod of claim 17, further conprising treating at | east one of a
surface of the anorphous silicon material and a surface of the insul ator
material with a chemcal, a 10 plasma, or an inplant activation before
bondi ng t he anorphous silicon material of the donor wafer to the insulator
matgrial of 1#he dtesphiondadterdevice of claim 129 furfhee corphisitg aflogit dévivel 7,
mherel formn n accept or waf conprising an insulator material forned
over al® WQ@&O gﬁ?&%ﬁﬂHEPB UCERf5Y! gﬁ&ﬁ% conprises formng an oxide 15materi al
over a first sem conductor substrate conprising crystalline silicon.

20. The nmethod of claim 17, wherein form ng a donor wafer conprising a
conductive material over a precursor sem conductor substrate, an anorphous

silicon material over the conductive material, and an inplanted zone within
t he precursdp- serfibespmirendpctor device of claim 12, further comprising a dielectric material

disposed between the conductive material and the second semiconductor substrate.
10

16. The semiconductor device of claim 15, wherein the memory cell comprises a

floating body memory cell comprising:
an active area substantially physically isolated by an insulating material;
a drain region and a source region formed within the active area;

15  ahigh-k dielectric material formed on the active area between the drain region and the source

region; and

a metal gate formed on the high-k dielectric.

17. A method for fabricating a semiconductor-metal-on-insulator structure,

20 comprising:

forming an acceptor wafer comprising an insulator material formed over a first

semiconductor substrate;



20 substrate conprises formng a conductive material over a crystalline
silicon substrate, an anorphous silicgg naterial over the conductive

mat er i al ,warndiiziobdr ogen-i npl anted zone wi t hi n the crystalriisa@1s2435€0n
substrate. 21. The nethod of claim 17, wherein form ng a donor wafer
further conprises 25formng a dielectric material between the conductive
mat eri al and the precursor sem conductor substrate. 36 WD

2011/ 109146PCT/ US2011/ 024354 22. The nethod of claim 17, wherein
form ng a donoy wafer conpri.sing a conductive material over_ a precursor
seni condié 2 WPVt eCRBHPS gggm%l{%lﬁ? HﬁteélaﬁﬁYﬁrraéE‘é“ﬂf% SEBHINERI e

material oveghihee, Bfl QRISESHRYus SEIThE AL B{IerstHé)ééd{dﬂE@V@Iﬂgteﬂalr, ﬁﬁt?: bi ve

5conductive nmaterial over the non-reactive conductive material and reacting
t he reacti vempbmthdctone evithat theipa¢cuwior kerhivendunborphbsimtsi | i con material of the
donor wafer to forma conductive silicide materi al . 23. The

nmet hod,of .claim 17, .whergein formn he conductiyve .material over.the 10

or ecur 98PI0E ﬁlec%ﬂ%@t}?%sr Sﬂg‘i%]sl??tg{%l %&#ﬁ)&?@é é”:%ié%ﬁ& insfgtor H’é‘teélgﬁ%tﬁ?? i ve

mat gri al ovekcdpier WifBEUhgor sem conductor substrate; formng a cap materia
over the conductive material; patterning the cap material and the

conductive material; and formng a dielectric material between
adj aceRtmpwALadRetier oftthe pisguisel searcesiycionsersirale paprdmpspihe impliagdaenduct i ve

mat eri al . vﬁﬂﬁn1%ﬂne&ﬂ§¥@55ﬂ%%d§%of§%g &7 wherein form ng the donor

waf er further coﬁprlses ormn east one portion of an epitaxial
silicon material and at | east one portion of a silicon-germani um materi al
bet ween t he 18onduliteimahodoeclaial 1Arfdrthéreoarppisipigateatiag hi least 020 ohi surifrk

25. The .method of claim17, . ereinijor_'ﬂ .the donor  wafer further
corpr i SEDeporphepsiGoasatierislan & rias SrthepsalRiueniialovith o hienish 4 cast
oneo POTdsed, 6f arfinfilidtiadvAiRh ekt bBRINE Bl dnltStpRARAU b \eatbBd1 §F kR dABH t he

anmor phous silicon material.
wafer to the insulator material of the acceptor wafer.

19.  The method of claim 17, wherein forming an acceptor wafer comprising an
insulator material formed over a first semiconductor substrate comprises forming an oxide

15  material over a first semiconductor substrate comprising crystalline silicon.

20.  The method of claim 17, wherein forming a donor wafer comprising a
conductive material over a precursor semiconductor substrate, an amorphous silicon material
over the conductive material, and an implanted zone within the precursor semiconductor

20 substrate comprises forming a conductive material over a crystalline silicon substrate, an
amorphous silicon material over the conductive material, and a hydrogen-implanted zone

within the crystalline silicon substrate.

21.  The method of claim 17, wherein forming a donor wafer further comprises
25  forming a dielectric material between the conductive material and the precursor

semiconductor substrate.



37 WD 2011/ 109146PCT/ US2011/ 024354 26. A nethod of fabricating a
sem conduct or device, conprising: formeng an acceptor wafer conprising an

i nsul at orwoabariogd46f or med over a first sem conductor sulpsTrzmbe;1/034350r m ng a
donor wafer conprising a conductive material over a precursor semn conductor
substrate, an anorphous silicon material over the conductive material, and
an i nplanted zone within the precursor sem conductor substrate; bonding the
anor phous silicon material of the donor wafer to the insulator nmaterial of
the acceptor wafer; 10 renoving a portion of the precursor sem conductor
substrate proximte the inplanted zone to forma second sem conduct or
substrate; and fabricating at |east one nenory cell on the second

sem conduct 072, subBlid @kod &f clakR @ 7/Wh&reth Bfmflsal dBndPwald ChRAFisiaQAPT i si ng
pat t er ni ng the conductive material 15to format |east one of a buried word
U

| i ne arfgnaudiveineaietiiliovel mprecursor semig@idutioe suhstriigdonfpristsaformizg, a wher ei n
b1 o3l gl Sl PR Y AR b Qb G S R ST ARG, o st rat

conpri ses: rmng an active

semiscondudb@lvesudisiidl alver theBshasdctiat bindREW materidPshdoRadth thé fAQstiwnd bottom
by an additional insulator material; formng a high-k gate dielectric and a

net al gandugiyerpaienid ivithethg pmerphong stisprimsésrial ebilie deneragafentodatma drain

051/ 105R R ROl 38 VO

23. The method of claim 17, wherein forming the conductive material over the

10 precursor semiconductor substrate comprises:
depositing the conductive material over the precursor semiconductor substrate;
forming a cap material over the conductive material;
patterning the cap material and the conductive material; and

forming a dielectric material between adjacent portions of the patterned cap material and

15 patterned conductive material.

24.  The method of claim 17, wherein forming the donor wafer further comprises
forming at least one portion of an epitaxial silicon material and at least one portion of a
silicon-germanium material between the conductive material and the amorphous silicon

20  material.

25.  The method of claim 17, wherein forming the donor wafer further comprises
forming at least one portion of an oxide material and at least one portion of a nitride material

between the conductive material and the amorphous silicon material.



29. The nethod of claim 26, wherein fabricating at | east one nenory cell on
the second sem conductor substrate copgprises: etching the second

sem conduwwoaniiswbeisrate to format | east one pillar; foroTng2@a1sess5€e
region, an active area, and a drain region in the at |east one pillar; and
5formng a gate dielectric and a gate on the active area. 30. The
nmet hod of claim 26, wherein fabricating at |east one nenory cell on the
second sem conductor substrate conprises: formng a diode in the second

sem conductor substrate; and 10 form ng a bottom el ectrode, a nmenory
medium and a top el ectrode on the diode. 31. A nethod for
fabricating a sem conductor-netal -on-insul ator structure, conprising:

formng an agceptPOmenRdHT FARERIIhS h BEmRBnd S RURE, dRiRIsi@. formed over a
first sem conductor substrate; 15 form ng a donor wafer conprising a

conductive material over a precursor sem conductor substrate, an anorphous
ger manif@iming e p¢egPtop Wafercchmpeisig patinspdatppmaterial formediowa aifirgl ant ed zone

wi thin the seql duct or substrate; bondi ng the anorphous
gernaniunlngggﬁﬁgﬁ%ﬁriﬁﬁﬁ%%nor wafer to the insulator material of the

acceptor wafer; and 20 renoving a portion of the precursor sem conductor
subSt r &renipg axibnatveattheompridind eshdnotie: mhichibhoveha ppicaesior saniceedice@nduct or
substrate. - . . .

substrate, an amorphous silicon material over the conductive material, and an

implanted zone within the precursor semiconductor substrate;

bonding the amorphous silicon material of the donor wafer to the insulator material of the

acceptor wafer;

10  removing a portion of the precursor semiconductor substrate proximate the implanted zone to

form a second semiconductor substrate; and

fabricating at least one memory cell on the second semiconductor substrate.

27.  The method of claim 26, further comprising patterning the conductive material

15  to form at least one of a buried word line and a buried bit line.

28.  The method of claim 26, wherein fabricating at least one memory cell on the

second semiconductor substrate comprises:

forming an active area from a portion of the second semiconductor substrate substantially

20 surrounded on the sides and bottom by an additional insulator material;
forming a high-k gate dielectric and a metal gate on the active area; and

forming a source region and a drain region in the active area.
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29.  The method of claim 26, wherein fabricating at least one memory cell on the

second semiconductor substrate comprises:
etching the second semiconductor substrate to form at least one pillar;
forming a source region, an active area, and a drain region in the at least one pillar; and

forming a gate dielectric and a gate on the active area.

30.  The method of claim 26, wherein fabricating at least one memory cell on the

second semiconductor substrate comprises:
forming a diode in the second semiconductor substrate; and
forming a bottom electrode, a memory medium, and a top electrode on the diode.

31. A method for fabricating a semiconductor-metal-on-insulator structure,

comprising:

forming an acceptor wafer comprising an insulator material formed over a first

semiconductor substrate;

forming a donor wafer comprising a conductive material over a precursor semiconductor
substrate, an amorphous germanium material over the conductive material, and an

implanted zone within the precursor semiconductor substrate;

bonding the amorphous germanium material of the donor wafer to the insulator material of

the acceptor wafer; and

removing a portion of the precursor semiconductor substrate proximate the implanted zone

within the precursor semiconductor substrate.



