1 Method of Formng Strained Silicon on Insulator Substrate TECHN CAL
“FI ELD [0001] The present invention relates generally to integrated
circuits, and nore particularly to a nmethod of formng a strained
silicon-on-insulator substrate. BACKGROUND [0002] Conpl enentary

nmet al - oxi de- sem conduct or ( CMOS) t echnlol ogy is the dom nant sem conduct or
technol ogy used for the manufacture of ultra-large scale integrated (ULSI)
circuits todaylethodeof E6 i i i i Q r
field-effect transistor ﬂ?ﬁwgﬁg;?lﬁégsg%ﬂ 833“‘@%?@?1%%%%% ovenent in
t he speed performance., circuit density, and cost per unit function of
sem cQRAMNIOAICITEPS) over the past few decades. Significant challenges are
faced when CMOS devices are scaled into the sub-100 nmregi ne. An
attractive approach for additional inprovenent of CMOS transistor

per f ofcvafice eXht piekent iventichr fenMascReeraB € infdeFated @if@itgc%ufnh&@{jéraéhlﬁ iy
nmobility enhancenent to increase the transistor drive current. EnhHanced

el ect HERY in silicon (;Si). under biaxial tensile strain
can béqggﬂlejgg%ﬁnggEg%%%%ggF%E??ﬂﬁuéﬁﬁSﬁﬁﬁ%tnDbiIities i nprove the drive
currents of N-channel and P-channel MOSFETs, respectively. [0003] As shown
in Figure 1 a, many designs of strained silicon |layers for transistor -
fabrication utilize thick buffer layers or conplex multi-layer structures
on a bulk silicon substrate 114. The conventional strained Si substrate

t echn@AQKGRIOUNRes a thick silicon-germani um

[0002] Comjplementary metal-oxide-semiconductor (CMOS) technology is the dominant
semiconductor technology used for the manufacture of ultra—iarge scale integrated (ULST)
circuits today. Size reduction of the metal-oxide-semiconductor field-effect transistor
(MOSFET) has provided significant improvement in the speed performance, ciréuit density, and
cost per unit function of semiconductor chips over the past few decades. Significant challenges
are faced when CMOS devices are scaled into the sub-lOd nm regime. An attractive approach
for additional improvement of CMOS transistor performance exploits strain-induced band-

structure modification and mobility enhancement to increase the transistor drive current.

Enhanced electron and hole mobilities in silicon (Si) under biaxial tensile strain can be achieved.

Enhanced electron and hole mobilities improve the drive currents of N-channel and P-channel

MOSFETs, respectively.

[0003] As shown in Figure 1a, many designs of strained silicon layers for transistor
fabﬁcation utilize thick buffer layers or complex multi-léyer structures on a bulk silicon substrate
114. The conventional strained Si substrate technology utilizes a thick silicon-germanium
(SiGe) graded buffer layer 110 with thickness in the order of micrometers. Formation of such a

thick graded buffer layer 110 typically requires several tens of minutes to several hours and is an



(Si Ge) graded buffer layer 110 wth thickness in the order of m croneters.
“Formation of such a thick graded buffer layer 110 typically

requires' several tens of mnutes to several hours and is an 2 expensive
~process. A relaxed SiGe |ayer 112 overlies the graded buffer layer 110. The
relaxed SiGe |ayer 112 has a | arger mitural |attice constant than that of
silicon. Relaxed crystalline siliconis said to be lattice-m smatched with

r espectxpensivapracesd A relstedl 3iGeda B BB ehielidsaht hadedbvffeel6B8€E 0. IThe h&thded! at ti ce
constants. As a result, a thin layer of silicon 116 that is epitaxially

grown & f | : i | . bi axi tensile strain
bec aus%@teﬂgﬁr zlafﬂt ?%Z‘qgéhﬁaéﬁﬁklﬁlhh&ljcé?ée%&gfa%gtpalr{i%gglﬁcgrﬁg%?@leflﬁyééylr{eo alignto
the | at.t.i ce of. EEE{E‘? rel axed crystalline SiGe layer 112 as shown in Figures

| b andSHieoniasqid lé‘iﬂé‘?-nnzareaﬁcge& withagpech tq 1elaxed priystathing Sifeq detethend 118

i ncludes a source 120, a drain 122 and a gate 124. Transistors fabricated

on t hedifferamcnzdhesi laitice wonstaar A34 Geswit) d thholdgeref BiRBGEHl (RtheGk epigdlally
performance. [0004] However, such a substrate m ght not be easily or

or ovi nESr o HERREISRR, e 13, FRRNENG SR R p BT SRR B Bl RE i ng

process.. ecor}dl é the thick graded buffer |ayer introduces a |lattice
ni smat YerPisHicon hiyis forcad tasaligm te shedattice efithe relexeid erystaling Rite dayer 112
t hree-di nensional msfit dislocation network. Strain-relieving glide of

t hr eadanghosinsh Gigatdsdband $cf Actkdnstsairads isJoshatiathodkconl10yerad6 by 118 gr aded
buf fer can propagate to the wafer surface, resulting in a defect density in

‘the orgRiunds a ifdeelFD gﬁlfaﬁfiﬁ rabga%' ME frgfrigi{tﬁg tfzﬁ)rncat\?a' 6R 1R Q@%@%?ﬁ&&gt

density presents a  &ignifican rrier production o egrat ed
cireui Ea?yey ﬂ6n \gilﬁllé%] erﬁm%gcsetdre et:c?rsléal performance. |
[0004] However, such a substrate might not be easily or economically introduced into a
conventional CMOS process. Firstly, the growth of a thick graded SiGe buffer is an expeﬁsive
and time-consuming process. Secondly, the thick graded buffer 1ayer introduées a lattice
mismatch with the underlying substrate, resulting in a disperse, three-dimensional misfit
dislocation network. Strain-relieving glide of threading dislocations is facilitated. Dislocations -
formed in the graded buffer can propagate to the wafer surface, resulting in a defect density in
the order of 10*-10° defects per square centimeter.- Such a high defect density presents a

significant barrier for the production of integrated circuits using such substrates.

[0005] Thirdly, the underlying strain fields of the misfit arrays result in a characteristic
cross-hatch surface roughness. This surface roughness can be a signiﬁcant problem as it
potentially degrades channel mobility in active devices. In addition, conventional CMOS
processes utilize high processing temperatures, especially during the formation of isolation
structures. Isolation structures such as shallow trench isolation (STT), local oxidation of silicon

(LOCOS), and their variants are in widespread use on bulk substrates today. High temperatures



[0005] Thirdly, the underlying strain fields of the msfit arrays result in
"“a characteristic cross-hatch surface roughness. This surface roughness can
be a significant problemas it potentially degrades channel nobility in
~active devices. In addition, conventigpal CMOS processes utilize high
processing tenperatures, especially duting the formation of isolation
structt ureé. | sol.ation structures such as shallow trench isolation (STl),

| ocal 12¥% Ba{9rBRtien okdislpeasions padimeyse thadefeptalensityari favt, shadafedt densitgies pr ead
use on bul k substrates today. Hi gh tenperatures 3 favor the formation of

di sl oefnedrdlicandubstrates haebdeh ebsetaitt i8@0&E With prélof@alannidlg %ﬁi%ﬁt density
in strained silicon substrates has been observed 1o incre%se 1th

pr ol i - i gk ratures. ,The formati of .isol ation

st rugt?u ersa%?%ﬂ}hegtg lrjg%ueog O\% ohﬁg)ﬂgfr@uﬁegﬁqu agﬁ\gl&hag}{gﬁ%ﬂ& %@0 as oxi des
for rreq} n Si Ge tygﬂiﬁcally have a high interface state density. [0006]

Recent a@f’n@%%mﬂ Jerancstona3iGe typicallyduyyen higitintetfact sta?e damsitsit i on of novel

Si Ge-free strained Si on insulator substrates,” published at the 2002 | EEE
International SO Conference, OCct. 2002, pp. 211-212 reported a Si Ge-free

si | i C[900&IN- i ns uRadeﬁﬂy,(’ISGl.)Laﬁgt%&étXﬂ.t, B Per?tftl'éﬁi‘ﬂ% ratibd SERRel SiGe-free

i ncorporated. In the work of Langdo et a conpositionally graded

Si Ge : jli || b h of
el ax e B SR AN Bl B B AR B gt SO8 Godenoonor
waf er Cg%g&)gen was inplanted into the donor wafer to induce a cleave

pl ane® P8- ddndl2 frperad awiSieraredelitoneoramswaton{SOdsutistrate whetestgited waf er .

A first anneal effects a cleavage along the cleave plane and a second
‘anneasilicowseasesorataé. hothel woslt 6ETOA NL£@db BAL, 8 cShpadifiGalSickd£aRiIC LGSl at or

wafer is forned.
was grown on a silicon substrate followed by the growth of a relaxed SiGe layer and a tensile-
strained silicon layer to form a donor wafer. Hydrogen was implanted into the donor wafer to
induce a cleave plane, and the donor wafer was bonded to an oxidized silicon target wafer. A

first anneal effects a cleavage along the cleave plane and a second anneal increases the bond

strength so that a strained-silicon-on-insulator wafer is formed.

[0007] This process suffers from several disadvantages. Firstly, the surface roughness of
the strained silicon layer has a root-mean-square value of about five angstroms and may impact
device characteristics as well as the strength of bonding between the donor wafer and the target
wafer. The high surface roughness of the strained silicon layer 1s related to the cross—ha_tch
roughness resulting from the growth of the graded SiGe buffer or a lattice-mismatched sx_lbstrate.
Secondly, the strained silicon layer still suffers from high defect density because it overlies a
graded SiGe buffer layer where there is an abundance of upw'ard propagating threading

dislocations. Therefore, any defects in the strained silicon layer is also transferred to the final

strained-silicon-on-insulator wafer.



[ 0007] This process suffers from several disadvantages. Firstly, the
“surface roughness of the strained silicon |ayer has a root-nean-square
val ue of about five angstrons and nmay inpact device characteristics as
well as the strength of bondi ng betweepn the donor wafer and the target
waf er. The hi gh surface roughness of the strained silicon | ayer is related
to tthO%E]OSS-EIa{hICh g od;g}gness resulting fromthe growth of the graded Si Ge
buf f et or' a | © SaipedHHe IRy insulstor Pefes, the Stsainertisilicontlager xindira@d si | i con
| ayer still suffers from high defect density because it overlies a graded

Si Ge IsoRipelrwitleareinsuliter lyerhelB pbormliggtha Bt ad sifica ortiaViRsdatBr RRRAAE kidy
threading dislocations. Therefore, any defects in the strained silicon

| ayer ih theatiBed L8RS B Lha trai ned-sil.icon-on-insul ator

wafer. 4 [0008] Tn tztgerqgﬁrg?lg'}ke]lglaé#@'i %‘othg8&9\?%8?%&68?a%@@&,‘gh?‘igyitIgai ned -
silicqn_l| rris in.direct contact with an insulator |ayer. By bonding the
strai gag@%aboﬁe ‘i‘iala‘?f{ sibgom layes in thgphnined-pidicen-prinsulator walfier hes a straiedf si [ i con
| ayer is partially relaxed. In the abovenenti oned paper published by.-T. A

Langd@bett 13.. Baset en shter geimmexslusi doh@aiinl (Y Rllaxied Sid€layer in the donor wafer, the
strained-silicon-on-insulator wafer has a strain of about 1% Based on the

ger maRtrbinig eHat H Qs ' | ayer, i, t donor wafer, the strain
in the gitﬁ] rlgiq{r?esgfla{sl}le1i ?1(1}%«?]&?1;1 (gljes?ié@ﬁg%% FEFRC teleﬁ/"éﬂtgﬁrle 19098313 reiaﬁé?%n-i s no
strai relfaxati og o T%er efore, only 83.3% of the maxinum possible strain is
ret ai ned et Y 83-3% Hdbe maxipwanpossipla stiain istretainéd ivethe strained silicon layer in
strained-silicon-on-insulator wafer. 5 SUMVARY OF THE | NVENTI ON ’

the final strained-silicon-on-insulator wafer.



[ 0009] The present invention describes enbodi nents of an inproved net hod of
~fabricating strained-silicon-on-insulator substrates. [0010] The preferred
enbodi ment provides a nmethod of formng a strained-silicon-on- insulator
~substrate is disclosed. A target wafer_includes an insulator |ayer on a
substrate. A donor wafer includes a bul k seniconductor substrate havi ng a
| attice constant different froma lattice constant of silicon and a
st rai GEMBIART OF TRy eNVENTI®S on the bul k seni conductor substrate. The top
surface of the donor wafer is bonded to the top surface of the target
wafer. The strained silicon layer is then separated fromthe donor wafer
so t h{aoodhe sflhaprezht siventtmnddsenylsss endbliznass sfantimerdvad gethodaf &bricdiing bond
between the strained silicon |ayer and the target wafer can then be

st r engtr e siicdROL Hsud¥ok Buishgtepr ef erred. met hods, hi ghly manuf acturabl e
strained-sili con-on-}lnsu?%ttsor © (SSA) substrates can be fornmed. These SSO

substrates can have superior surface roughness conparable to that of bulk

subst fetiep. Tae Pfe@érﬁbrdreﬁiboﬂﬁﬁm %go@ae%q 1RERYA BfoRmRh aSHRREA-SliSSh-¥ht
extrenely | ow defect density. These advantages can be obtained while

‘retain] aln.in the, L SS bstrate. .6 RI.EF DESCRI PT| ON OF THE
e RS gl dts st ot % v o Bin ing et Pl PBASU Pkl
conjunction with the acconpanying draw ngs, in which understanding of the
pr eserflonpiyelst inslydessmbilk pemigondistaagubstrateHevengfs lattiof eonstaotdifferendfiomede t o
t he:

lattice constant of silicon and a strained silicon layer formed on the bulk semiconductor
substrate. The top surface of the donor wafer is bonded to the top surface of the target wafer.
The strained silicon layer is then separated from the donor wafer so that the strained silicon layer

‘adheres to the target wafer. The bond between the strained silicon layer and the target wafer can

then be strengthened.

[0011] With the preferred methods, highly manufacturable strained-silicon-on-insulator
(SSOI) substrates can be formed. These S.S Ol substrates can have superior surface roughness
comparable to that of bulk substrates. The preferred methods also provide SSOI substrates with

extremely low defect density. These advantages can be obtained while retaining the strain in the

SSOI substrate.



[0013] Figure 1 a is a cross-sectional diagram show ng a conventi onal
"strained silicon technology inplenmented using a bul k substrate with a
thick graded silicon germanium buffer |ayer; [0014] Figures |Ib and Ic
‘illustrate the introduction of biaxial strain in the silicon |ayer of
Figure 1 a; [0015] Figures 2a and 2b (etol | ectively referred to as Figure 2)
show DIt f i =sidd con-on insulator (SSOL) substrates;
[0016P1f‘éiEgure Fg?&ﬁ&%fgﬁﬁ%&gﬂﬁég of a nethod of manufacturing a SSO
waf er; [0017] Figures 4a-4g show cross-sectional views of a first

mbodi ’ 18] Fi h t t
v or and I gur cenoiresat Ao ot f e b BN 0 Torm e

SSsa ﬁg‘% traat.e ;arf F.iﬂgsgrewé.; ang [0019] Figures 6a-6e show cross-secti onal
vi ews SLEB HERB 4 Waish updesttanding ef the praseniinvesidin, wad e Ad7ntaRETAl LED
DESCRI PTI ON OF | LLUSTRATI VE EMBODI MENTS [ 0020] The maki ng and using of the
pr esetargolpefrerce exnewhnde tethé:s are di scussed in detail below It should
be appreciated, however, that the present invention provides many
applicable inventive concepts that can be enbodied in a wide variety of
speci 1983k ont Eiguse 1aise asprecedtional diagranti shewis ationveisioes sarigedEiedy
illustrative of specific ways to nmake and use the invention,

technology implemented using a bulk substrate with a thick graded silicon germanium buffer

layer;

[0014] Figures 1b and Ic illustrate the introduction of biaxial strain in the silicon layer of
Figure 1a;

[0015] Figures 2a and 2b (collectively referred to as Figure 2) show cross-sections of

strained-silicon-on insulator (SSOI) substrates;

[0016] Figure 3 provides a flowchart of a method of manufacturing a SSOI wafer;

[0017] Figures 4a-4g show cross-sectional views of a first embodiment process to form an
SSOI wafer;

[0018] Figure 5a ghows a target wafer and Figure5b shows a donor wafer that can be

combined to form the SSOI substrate of Figure 2; and

[0019] Figures 6a-6e show cross-sectional views of a second embodiment process to form

an SSOI wafer,



and do not limt the scope of the invention. [0021] Figure 2a shows a
~strained-silicon-on-insulator (SSO) substrate 200 that includes a
strained silicon layer 210 overlying a buried insulator |ayer 212. The
buried insulator |ayer 212 may be cogprised of any insulating material.
For exanple, the buried insulator |layer 212 may be conprised of insulating
materials such as silicon oxide, silicon nitride, and alum num oxide. In
one erShliEh DESGRIBIIONOF IbEUSARATIVEYEV BDEAMENT®pri sed of silicon
oxi de. The buried insulator may al so be a stack conprising of a plurality
of insulating material |ayers such as a silicon nitride |layer on a silicon
oxi de [P%0kr | ~ dhe making apdisipgofi themnesanty preferedrenthodibeentare distissetion defiti de
st ack, as exanples. An-exanple of stacked insulators is shown in Figure 2b.

[ 0022]belaw. tInghauiEbeappestiLeeh e ERA] that tHE pRuEt Stbel | ncl udes
a high stress Iayerﬂpg%éb such as aahi gﬁggtétgg]sehgi&ly I?E%E%%n?%{}?%gﬁlé%}éer The

hi gh b serves the function of retainingt strain in the
ot rai PR FAEEDts SER R Rekedin ot dpieheB sHsR ACHe B o e SREF B
Therefore, the high stress |ayer 212b is also known as a strain retention

| ayer epabpdimapjs diseisspg aze mierply Slusteativelofypacifor waysrtaimuke ehdudei thoinventien, 212b i n
the buried insulator |layer 212, the strain in the overlying silicon |ayer

210 camdlge loekiin@iths &lopk BEMe venfisrengt hened. [0023] The stress in the high
stress |layer 212b is preferably larger than 300 nega pascals (MPa). The
high stress layer or strain retention layer 212b is conprised of a high

stresd0021f m dugire 2s skovs gitraidedeslconi dnringelatot (SBGY) RibRGate 296 that incllides £1i gh

stress nitrogen-containing |ayer 212b 8 may conprise of silicon nitride
Si 3N4, stiatrlell GRiRoReXBY 310 HARNFINDEWiried idsLBRR 190¢6F 782 ST Worldd inddlatéH ¥yer 212
may be comprised of any insulating material. For example, thé buried insulator layer 212 may
be comprised of insulating materials such as silicon oxide, silicon nitride, and aluminum oxide.
In one embodiment, the buried insulator layer 212 is comprised of silicon oxide. The buried
insulator may also be a stack comprising of a plurality of insulating material layers such as a

silicon nitride layer on a silicon oxide layer, or a silicon oxide on a silicon nitride on a silicon

oxide stack, as examples. An'example of stacked insulators is shown in Figure 2b.

[0022} In the p;efened embodiment, the buried insulator layer 212 includes a high stress
layer 212b such as a high stress silicon nitride layer. The high stress layer 212b serves the
function of retaining the strain in the strained silicon layer in the strained-silicon-on-insulator
wafer. Therefore, the high stress layer 212b is also known as a strain retention layer 212b. By
using a high stress layer or strain retention layer 212b in the buried insulator layer 212, the strain

‘in the overlying silicon layer 210 can be better retained or strengthened.

[0023] The stress in the high stress layer 212b is preferably larger than 300 mega pascals
(MPa). The high stress layer or strain retention layer 212b is comprised of a high stress film

such as a high stress nitrogen-containing layer. The high stress nitrogen-containing layer 212b



conbi nati ons thereof. Wien a high stress film such as film212b, is forned

"on a silicon substrate, the surface of the silicon substrate will be
stressed and the lattice constant of the silicon lattice may be altered
fromits natural lattice constant, i.e the silicon surface will be under

strain. This fact can be utilized to rgétaln or even enhance the strain in
the strained silicon layer 210 in the strained-silicon-on-insulator

subst maaecoRqlishyf plicon wiriig i, $ilighh sdynREse mxﬁ; silédr Bxifle SO ft@itt'z, éﬁn%nt ion
| ayer 212b beneath and in close proxinmty to the strai ned sifi’co | ayer

FI0 LRt MRt T M i B BB e, 2170

i nsul at rts 2%1}5 t212b nd 2120 conbine to formthe burl ed insul ator 212.
In t he Bt esirfacRidhaelicon substratewiil be strrgsadeapd the latipacenstinldfzhe are bot h
formed form an oxi de such as silicon dioxide. In other enbodi nents, other

mat er i silicon lattied waypbe aiteeet frbQGRThtuFidathed éRRtahDsy] Bk @ﬂtc&t&ufa%e tatfvé ded on a
substrate 214. The substrate 214 is preferably corrprl sed Icon. This

subst rlﬁfd@r éh%fh B fagmzinybeql?ﬁ%h toatl tta{}l Qa3 gﬁlﬂg t:qg stggﬁél int g gtgr"i’ésF [ Liicos M

mat eri al s such as germani unj

al ter atl\éibr%‘b@ use&i lﬁs the substrate 214 materl al. [0026] In the

pr ef er'’fE&d ¢ sained-sigonspr-insulatas subsérate 209ibyquioding ttonhighpeess 260 i s
tensile in nature. That is, the lattice constant of the strained silicon

| ayer 242D or siraihectémionllayee 2t aikhtnand s clb&y [6%indifyas tttetteratn@a §ili6éh taﬁast ant of
silicon in the relaxed state. To better retain the in-plane tensi strain

in thegtrained silicon layer 210, the insulating |layer 212 preferably
conprises a high-

[0024] In the embodiment of Figure 2b, the high stress layer 212b is formed between two
other insulating layers 212a and 212c. The three insulators 212a,212b and 212c combine to
form the buried insulator 212. In the preferred embodiment, the insulating layers 212a and 212¢c

are both formed form an oxide such as silicon dioxide. In other embodiments, other materials

could be used.

[0025] The buried insulator 212 is provided on a substrate 214. The substrate 214 is
preferably comprised of silicon. This substrate can be lightly doped, although doping is not

necessary. Other materials such as germanium, quartz, sapphire, and glass could alternatively be

used as the substrate 214 material.

[0026] In the preferred embodiment, the strain in the strained silicon layer 210 is tensile in
nature. That is, the lattice constant of the strained silicon layer 210 in the in-plane direction is
larger than the lattice constant of silicon in the relaxed state. To better retain the in-plane tensile
strain in the strained silicon layer 210, the insulating layer 212 preferably comprises a high-
stress, compressively-stressed film. An example of a compressively stressed film is a silicon

nitride film with high silicon content deposited by plasma enhanced chemical‘vapor deposition



stress, conpressively-stressed film An exanple of a conpressively stressed
filmis a silicon nitride filmwth high silicon content deposited by

pl asma enhanced chem cal vapor deposition 9 (PECVD), e.g. by using
~deposition conditions such as a high ratio of dichlorosilane to ammoni a

gas flow rates. [0027] In another enbodi nent, the strain in the strained
silicon layer 210 is conpressive in nature. That is, the lattice constant

of t he(PEND)ned. tsi usigodeposiyion chrditom!she astd¥bh F458 dfatc&ﬂolff@sﬂﬁx%%ataﬁﬁﬁomé)f

silicon in the relaxed state. To better retarn the in-plane conpressive
strai NedsHoigest rai ned silicon layer 210, the high stress layer or strain
retentton |layer 212b should preferably be a tensile stressed film An
exanple of a tensile stressed filmis a PECVD deposited silicon nitride
filmw th a-high nitrogen content. The stress in the high stress film 212
can bel%%1| ar JB apather enbpdimpnts balstainGPtie strhned Slicsh yaddods édngpressid® id or t he
manuf acture of a strained-silicon-on-insulator substrate. according to a

first eatrediThes, tief lattlve cpARSRBE tHewaREA SilichSlaldd; | nt ! N
this process, two wafers are inieti ally p?oﬂa%%rdg%ﬁ%ﬁtga&ntﬁbblg&%%@% 0,
t he dopasi;waf; i froma bulk suhstrate (e, g., sem_conductor
subst rgﬁﬁ%uﬁﬂwéaﬁ%%‘%@g' LS RETSr Tptam 9 WrRARe ‘fOI“H’r\‘éSLSWQtS&W in thejsfraiged | n
bl ock 3 a thin strained silicon layer is epitaxially grown on a bul k

2, 3 :
seni coﬁéﬁm%ﬁfﬂr 24Qy13Be aghestress layer orotreid rethationayey2adie shauid preferdbiylesa i s needed
to forma donor wafer. [0029] As shown by block 314, a target wafer is

provi dedsilpstresediing. An dxampledfartehsil 8ot fim ﬁ%ﬁ%@;@b%ep&%q %g@élﬁpﬁiﬁidei n the

case of a single . layered insulator |layer, the insulator® can

film with a high nitrogen content. The stress in the high stress film 212 can be as large as 2 giga

pascals (GPa).

[0028] A process flow 300 for the manufacture of a strained-silicon-on-insulator S:ubstrate
according to a first embodiment of the present invention is illustrated in Figure 3. In this
process, two wafers are initially provided. As shown by block 310, the donor wafer is foxmed
from a bulk.substrate (e.g., semiconductor substrate) with a lattice constant different from that of
silicon. Inblock 312, g thin strained silicon layer is epii;al-xially grown on a bﬁlk semiconductor

substrate. It is noted that no graded buffer layer is needed to form a donor wafer.

[0029] As shown by block 314, a target wafer is provided by forming an insulator layer on a
substrate. For example, in the case of a single layered insulator layer, the insulator can be
formed by thermally growing silicon oxide on a silicon substrate. In the case of a stacked
insulator layer with a high stress or strain retention layer, the target wafer can be formed ‘by
thermally g;gwing silicon oxidg on a silicon 'substrate followed by depositing high stress silicon

nitride using a PECVD process. The silicon nitride layer may, in addition, be exposed to an

oxidizing ambient to form a thin layer of silicon oxynitride on the top portion of the silicon



formed by thermally growing silicon oxide on a silicon. substrate. In the

" case of a stacked insulator layer with a high stress or strain retention

| ayer, the target wafer can be fornmed by thernmally growi ng silicon oxide
~on a silicon substrate foll owed by depositing high stress silicon nitride
usi ng a PECVD process. The silicon niflPide |ayer may, in addition, be
exposed to an oxidizing anbient to forma thin |layer of silicon oxynitride

on t henitge RY&T TS hith B8 18 F WaihQeteidi i ' ss | ayer
or strain re?éenti on%{hasyer p?erf er aabll Setglgﬁrr%lrl?g%S}égg@?lyg;gg&é?é@*%%%%& t han 300

mega p l.s, ( . .[ 003 strained silicon layer in the donor wafer
can be?atsfgegrgz neﬁrag%egta@%%gg@ﬁ]ﬁet wafer by a wafer bonding and separation
process, as denoted in block 316. As exanples, the wafer bonding and
separation process can be a Smartcut TM process, or a Nanocl eaveTM process,
both EPaPI abl &he stermegi siliconrayee e theslofor wafbntande. trabefertd s B thgn g bgnd
separation processes are provided in U S. Patent Nos. 5,013, 681, .
5,374, 5%&15)0815&%&3@5@%%5@%33, 8s d8Rcadf bl&ﬁqm.eAé%Qarﬁl%s tﬁea\%ﬁ%lo T whi ch
is incorporated herein by reference. The separation process is shown by

bl ock : | f. the strained silicep |layer is to be cgpprised of a

t ensi | §$§§1p%$§f&eb%.£%pﬁgcg§§@? Bﬁ?éﬂ&ﬁcuft h@rEHePt WbpRecleas ul Propessdoth
lattice constant |arger than that of silicon, e.g., a bulk silicon-

ger manRuHA0E fean SilecbaGenesis Chpositioai Methilsiof bemting adesepinatiowplecsemps i sed of
a conpressive strain, the bulk substrate should have a |l attice constant
simal | epréviddd ihhBS. Mikers Nk CH013 68195,378 5841 863 d3iC '@H Cafgpon

(Si GeC) wafer. In order for the ?aiti’ce ‘cénst ar?fs)’g?s’%?{ée tgzg@géﬁ{gnal | er

t han

6,486,008, each of which is incorporated herein by reference. The separation process is shown

by block 318.

[0031] If the strained silicon layer is to be comprised of a tensile strain, the bulk substrate of
the donor wafer should have a lattice constant larger than that of silicon, e. g., a bulk silicon-
germanium (SiGe) wafer. If the strained silicon layer is to be comprised of a compressive strain,
the bulk substrate should have a lattice constant srﬁaller than that of silicon, e.g., a bulk silicon-
germanium-carbon (SiGeC) wafer. In order for the 1éttice constant of SiGeC to be smaller fhan

that of silicon, the composition of germanium x and the composition of carbon y in the bulk

Si1.x,Ge,C, can be such that y > 0.1x .

[0032] One motivation of the presént invention is that there are relatively less problems with
the controllability of surface defect density and surface roughness when dealing with a relaxed
bulk semiconductor substrate. For example, it is easier to achieve low defect density and good
surface roughness on a bulk SiGe wafer than on::a thick graded SiGe buffer layer grown on a Si
substrate. In the latter case, lattice mismatch between SiGe and the underlyihg silicon substrate

as well as the growth of the SiGe buffer layer beyond its critical thickness give rise to



that of silicon, the conposition of germanium x and the conposition of
carbon y in the bulk Sil _xyGe,,Cy can be such thaty > 0.1x . [0032] One
notivation of the present invention is that there are relatively |ess
~problens with the controllability of ﬁurface defect density and surface
roughness when dealing with a relaxed' 'bul k sem conductor substrate. For
exanple, it is easier to achieve | ow defect density and good surface

r oughnessoidable niistitkse &in&ts Wafegding iasloc@fios, hhd Bigh Shdge %\% s &E gdé caligty €"

grown on a Si  substrate. In the Iatter case attice tween Si Ge

and th 0 strat row h of the SiCe
buf ergrfdz;(g/égr%}’b%i;}g%g&é %@?@g%%éps frh g%é(:}gsuﬁqrg@/e?gef@ te3§HRvoi dabl e
m sfit segnents threadl ng di sl ocations, and high surface roughness. The
| ocat i etOdARledensi ty of the threading di sl ocations in the graded Si Ge
buffer |ayer are not easily controllable. [0033] In contrast, bulk

sem conduct or substrates have | ow defect density and surface roughness

conpar ploby Wi t h doRghst Hulk @&m‘ébﬁd&t&fsuﬁéﬂﬁte@ avSlohd &Qekt AR aﬁ& SRfacderefore,

in the donor wafer, strained si licon layers are epitaxially grown on the

bulk s t he...af or rrentl robl
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In addition, in _the donor wafer, the strained silicon |ayer may be

epi t axi*a qf,)ﬁ“@lfn@@nﬁlhc% layens apripiNtasisblytarewe en dhettnllasenmiyatdattor subssates @eeoid

[ 0034] Fol | owm ng wafer separation, an anneal is perfornmed to strengthen the

bondi nehe dfetiestiorcd erevismad. nmdhﬁlxﬂ'dycm AR Al GobP b Blce WfpRheds Cad B M
t he strained-silicon-on-insul ator

achieved. In addition, in the donor wafer, the strained silicon layer may be epitaxially grown

on any bulk substrates with a crystalline surface.

[0034] Following wafer separation, an anneal is performed to strengthen the bonding
between the strained silicon layer and the target wafer to form the strained-silicon-on-insulator
wafer. This final bonding is shown in block 320. The strained silicon layer in the strained-
silicon-on—insulgtor wafer of the preferred embodiment of the present invention is expected to
- have dgfect densities of less than 1 defect per square centimeter and root-mean-square surface

roughness of less than 2 angstroms, comparable with the state-of-the-art bulk silicon substrates.

[0035] An egample of how a substrate of Figure 2 may be formed is to be described next
with respect to Figures 4a-4g. Referring now to Figure 4a, a target wafer 200 includes a
substrate 214 (e.g., silicon) and a insulating layer 212 (e.g., oxide, nitride or combinaﬁons
thereof). In the preferred embodiment, the buried insulator layer 212 includes a high stress layer
or strain retention layer (such as was discussed with respect to Figure 2b). The strair:i retention
layer is preferably a high stress film with a stress of more than 300 MPa, and more preferably a

high stress silicon nitride layer with a stress of more than 300 MPa. The target wafer of Figure



wafer. This final bonding is shown in block 320. The strained silicon |ayer
“in the strained- silicon-on-insulator wafer of the preferred enbodi nent of
the present invention is expected to have defect densities of |ess than 1
def ect per square centineter and root-gean-square surface roughness of

| ess than 2 angstrons, conparable mﬁtﬂ the state-of-the-art bulk silicon
substrates. [0035] An exanple of how a substrate of Figure 2 may be forned

i s to wendebefonnedbnehermaborifatioasacilidon sibsiteasidtedigy thRabgdsitioadwfaow t o
Figure 4a, a target wafer 200 includes a substrate 214 (e.g., silicon) and
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the preferred enbodi nent, t uried 1 nsul ayer

stress la or strain retention |ayer (such as was discussed with respect
to Fi g‘ih”é&/g@ﬂt.o a%ﬂ%t@pépﬁsmsenti on layer is preferably a high stress film

with a stress of nore than 300 MPa, and nore preferably a high stress
silicon nitride layer wwth a stress of nore than 300 MPa. The target wafer

of Figioa6]12 Higuremyibhad foshed tHeyfothetonalf tixdodat weRkr 00.aA Bulk epplsibst rat e
foll owed by the deposition of a high stress filmsuch as silicon nitride.

The i.n L : ' ' .rnapge. of . _about 100 to
about | S00" SronrHEoutR Bk o AR NIRRT ko Ptk SR8 T e
donor 1/(%'{ er 400. [(@ bul &Ft enpl ate. . substrate 430 s provided wherein the
t enpl atiHEoRt R TeraRtdrqm that 6T piloon. sAR apitpxiad steaingdesitiena 1nves 240 1S ZoWn o8
constant different fromthat of silicon. An epitaxial strained silicon
| ayer g#itOemplatprsubsirade43(. HEhd thivhhedsof shelrstainatl €ilié@0laydi e Otrhh Lk@she hgd b
strained silicon layer 210 naybe in the range of about 20 to about 1000
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kept below its critical thickness, above which it becomes unstable and potentially relax.

[0037] The magnitude of the strain € in the strained silicon layer 210 in the donor wafer 400

may be less than about 4%, land is preferably less than about 2%. The nature of the strain may be
compressive or tensile, depending on the template substrate used. If the template substrate 430 is
comprised of a material with a lattice constant larger than that of silicon, e. g., Sip8Geq g, the
-strain in the strained silicen layer will be tensile in nature. If the template substrate is comprised
of a material with a lattice constant smaller than that of silicon, e.g., SigsCo.02, the strain in the

strained silicon layer will be compressive in nature. - -

[0038] Referring next to Figure 4c, ions 432 (e.g., of hydrogen or an inert gas selected from
a group comprising of helium, argon, neon, krypton, and xenon) are implanted into the donor
wafer 400. The peak of the implanted ions is at a depth x4 below the substrate surface 434. The
mmplanted ions result in an i;nplanted léyer 436, as shown in Figure 4b. In the preferred
embodiment, the implanted ions are hydrogen ions. The dose of the implanted ions may be

approximately 10" cm™. The implantation energy depends on the desired implant depth, and



kept below its critical thickness, above which it becones unstable and

" potentially relax. [0037] The nmagnitude of the strain E in the strained
silicon layer 210 in the donor wafer 400 may be | ess than about 4% and is
~preferably | ess than about N. The nat¥re of the strain may be conpressive
or tensile, depending on the tenplatevgubstrate used. If the tenplate
substrate 430 is conprised of a material with a lattice constant |arger

than that %éhféraﬂ' lrhiCRFrork aBbut 1369 18 @09%00U4R¢ . leHe%ﬂErié 54‘1?133?%1{%@& g silicon

| ayer wilT be fensile in nature. If the tenplate substrat conprised of

a material with a lattice constant.smaller than that of silicon, e.g.,

Si o. sSVéB?B'f\,IFt?ﬂlglqélF‘?"éW]lu e g‘l"?é“ ﬁg‘? O IR & on Ry AS PR e RN OTh BN B KBS s ve
in nature. [0038] Referring next to Figure 4c, ions 432 (e.g., of hydrogen
or an (PHE)er igashayedre Elydibgen tons aze dusiralde bocgusé thepgasity thetli thraughtigon, neon,
krypton, and xenon) are inplanted into the donor wafer 400. The peak of

the | nibaediehateriabtol the &dleRed@Riwito %h%ﬁtﬂggggﬁg%ﬁgﬂl% mEhace 434. The

inplanted ions result in an inplanted | ayer own n Figure 4b. In
the preferred enbodinent, the inplanted ions are hydrogen ions. The dose

of the nplanted ions may pe. roxi mtely 101 $2 ., The inplantation
ener gglohiegée nd S%W%Broﬁﬁ%isf%é’ds ﬁ%&(’&a‘ﬁlg@gg‘ﬁ{op é‘ﬁgac%e-ﬁh? 8 g’f’r?é eafhey range
from about 1 keV to about 500 keV. The ions may be inplanted by a variety
of t ectirsinpdesicondaiendi Mofiteadonor wefdr dA0 itorihedoy atrfaon (i.epltkssmiacerofthsi on i on
inmplantation (PIIl) or ion shower. Hydrogen ions are desirabl e because

they emsilhor tdy8y212) R ERUS et Wffer m?Srﬁiéisﬁ11{1§+a?é§g§'5]ié#ﬁtmrﬁi%e%@d depth

wi t hout substantially damaging the materia e next process step
Is t hebcl)on%‘ri"rgé ﬁ%ceosg n%a@ebetaqt%tastl){)rr{d%cgepr clze'ss%'shcﬁ Qseorﬁa"i{nfo%%eamg ]:18€;[dhlle'1 the art. Beta

bonding is a bonding process that joins the donor wafer 400 and the target wafer 200 together. It

is believed that beta bonding arises from electrostatic or van der Waals forces.

[0040] Beta bonding produces a joint 438 between the donor wafer 400 and the target wafer
200. The target wafer 200 will act as a mechanical support for the transferred thin ﬁlrﬁ that
includes the strained silicon layer 210 when it is sepafated_ from the donor wafer 400. A portion
-440 of the template substrate 430 may be transferred with the strained silicon layer 210 to -the
target wafer 200. This transferred template substrate material 440 may be selectively removed.
Prior to beta bonding, the surfaces of the wafers 200 and 400 to be bonded are preferably cleaned

to remove any residual liquids or particles from the wafer surfaces.

[0041] The bonding process forms a wafer assembly, as shown in Figure 4e. Accérding toa
preferred embodiment of this invention, the strained silicon layer 210 in the wafer assembly is
sandwiched between two stressors, or stress-inducing agents. Oﬁe stressor is the template
substrate 430 which induces strain in the strained silicon layer due to the lattice mismatch

between the strained silicon layer 210 and the template substrate 430. The second stressor is the



strained silicon |layer 210) of the donor wafer 400 to the top surface
“(i.e., the surface of the insulator |layer 212) of the target wafer 200.
This is illustrated in Figures 4d and 4e. The bonding process nmay be a
~beta bondi ng process, such as one knogg and used in the art. Beta bonding
is a bonding process that joins the donor wafer 400 and the target wafer
200 together. It is believed that beta bonding arises fromelectrostatic

or vanhigbrstrdder bostedsretdiod MyeBat te BoRE ROuIBPIVERS: B i &bwpréﬁg'gz%wee“
t he donor wafer 400 and the target wafer 200. The target wafer. 6 wil |

act as b rt ransferred thin filmthat ingludes
The of L aq e Rl aSHEREE Bk MARD Bisfrine o shioiitE roeiioeies or
400. A partjon, 440 of the tenplate substrate 430 may be transferred-with
the st ng?lﬁ IStengbened gy spmpargd toothpretechraguge of feafning BOSSOThibstrateanst er r.ed:
tenpl ate substrate material 440 may be selectively renoved. Prior to beta
bondi ng, the surfaces of the wafers 200 and 400 to be bonded are preferably

cl eane{p04zjo r efbwwafenyssemdlydiy@enl Seputhids aOthe Positibg bee ik i
surfaces. (0041] The bondi ng procegés):L forns gvbalf er agseﬁlbgﬁl%@ﬁdggpi ol\lf\snlwn n

Fi 48, | d di t of thi ventiqn, th
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stressgrrs, or %rea{s-i nduci ng agents. One stressor is the tenplate :
subst r &R WRFE theitsrapralyresefithe wafen assomblt risel nbaivesi deiteimrievehyeeg., ahoet t 0 t he
| attice msmatch between the strained silicon layer 210 and the tenplate

subst r 20@ ddgees (disuss ederotulsilésfoaned inghé figplddted Miyee:$hi®SR draltle Hﬁﬁld§ﬁ]§iai n
retention layer in the buried insulator 212 that is’in close proximty to

the stnghdede Sickdco ool re, .the strain in the .strained

silicon |ayer 13 281 61 rrigl Jhﬁ}e{rﬁ%rg%%bg)rles quée%]; Q'cErtaih vglue, tﬁe donor wafer wi spl?t oq”F
along a cleavage plane. One method of performing this controlled cleaving process is known as
a SmartCut™ process, from Silicon Genesis Corporation. It is believed that crystalline

rearrangement and coalescence of microbubbles occurs to form macrobubbles with sufficient

kinetics to separate the thin film from the donor wafer.

[0043]- One of the separated wafers is a reusable template substrate 400. The other .
separated wafer is a strained silicon-on-insulator (SSOI) substrate 200 with a portion 440 of the
template substrate overlying the strained silicon layer 210, as shown in Figure 4f. The portion

440 of the template substrate on the strained silicon layer 210 can be etched away.

[0044] Subsequently, final bonding between the thin film 210 and the target wafer 200 is
performed to yield the desired strained-silicon-on-insulator (SSOI) substrate. This finally
bonding step is usually performed with a high temperature anneal, where the annealing
temperafure is typically above 700 degrees Celsius. The final bonding step creates a strong bond
between the thin film of strained silicon 210 and the target wafer 200. Tt is believed that covalent

bonds are form at the joint when the wafer is anneal at a sufficiently high temperature for a



retained or strengthened as conpared to other techniques of formng the

© SSAO substrate. [0042] The wafer assenbly is then separated at the position
of the inplanted |ayer 436 using a wafer separation process. For exanple,
~the wafer separation process can be initiated by a heat treatnent. Wen
the tenperature of the wafer assenbl y15i ses above a certain level, e.g.,
about - 500 degrees Cel sius, mcrobubbles forned in the inplanted | ayer

expandsifficiepresisd betiei DIging Mhe aﬁﬁ@@lﬂxéf, BeasRF 6EBLMR ioQid% P§8 ;ﬁaﬁrbg &%

exceeds a certain value, the donor watrer wll split o ng “a cl eavage
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that crystalline rearrangenment and coal escence of -m crobubbles occurs to
f or m RS- &Y awehetalufif dibitehydrofiorat dcid indhsppratientbodintdat,nhd i | m from
t he donor wafer. [0043] One of the separated wafers is a reusable tenplate

subst r sttainelicontgyep L@ in the SRaNAI-STicYRLE i ndubitdr Wik in Fi |
silicon-on-insulator (SSO) substrate 20(.1)nvl\l/i tﬂ a. po@%gggo‘ﬁﬁgl%guﬂeﬁg
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silicon | ayer 210 can be etched away. [0044] Subsequently, final bonding
bet weefi09 AEFEWIeHCf i | m 210 and the target wafer 200 is performed to yield
the desired strained-silicon-on-insulator (SSO) substrate. This finally
bonding step is usually perfornmed with a high tenperature anneal, where the

anneal [00g5] t enBeverdltieericombitiatism doRBOMR t400: WRGHER BARE Hhdinkdf | nal
bondi ng step creates a strong bond bet vveenl%?he t{?i n l}el I nt?% sdm al rclled

t
silico : fer. 200, 1t is beljeved.that coyvalent bonds
are f orqv r%?%rt% C%&e{mj&% ?Crllj%l %\%Zﬂtrs\ d\fé\%él%\‘?\%%erv 1qu§1ydﬂaryer§§ul{axp tﬁe fopppiion L?fa}t]‘?sg h
tenperature for a __.
P sumiar to ’81036 of Figure 2. One example is shown in Figures 5a and 5b. In this example, the

| target wafer 200 is the same as that shown in Figure 4a, i.e., comprising of an insulator layer 212

on a substrate 214. Once again, the insulator 212 may be silicon oxide and the substrate 214 may

be a silicon substrate.

[0046] The donor wafer 500 may comprise a strain retention layer 540 formed on a strained
silicon layer 210 that is epitaxially grown on a template substrate 430. The strain retention layer-
540 on the strained silicon layer 212 may be deposited by a chemical vapor deposition process.
Bonding the top surfaces of the target and donor wafers 200 and 400 of Figure 5 involves the

bonding of the strain retention layer 540 on the donor wafer 400 to the insulator layer 212 on the

target wafer 200.

[0047] It is understood that the buried insulator layer 212 may be a stack comprising of a
plurality of dielectric layers. For example, it may be a high stress silicon nitride on silicon oxide
stack. Such a substrate may be formed by incorporating the stack in the target wafer 200, e.g.,

using a target wafer with an insulator layer comprising of a high stress silicon nitride layer on a



15 sufficient period of tinme. During the annealing, a |ayer of thermal

oxi de 208 nmay be grown on the strained silicon surface, as shown in Figure
4g. The thernmal oxide |layer 208 nay be renoved, e.g., by a wet etch in
~dilute hydrofluoric acid. In the preferred enbodi nent, the strained
silicon layer 210 in the strai ned-sil i'€on-on-insul ator wafer 200 as shown
in Figure 49 has a strain that is at |east 90%of the strain in the

st rai nedicei pridolytmaylernather éxamphe tbdmeied ieskibutor 1409 nofy alolkehidestrekH045]
Several other conbinations of donor and target wafers in the wafer bonding

and  weilieon HERAS 1Ydronid £LGRRE MG A5nA8H %P?&?erlg_(lﬁxgjir @@t}éﬁp{%@ﬁ%}l&g ygrthe

formation of substrates simlar to those o

in Figures ba and.5b,, | i.s exanple, the target wafer 200 is the sane as
t hat s%%]aﬁﬁsﬁn&&géthﬁagob?\éﬁ% conprising of an insulator-layer 212 on a -

substrate 214. Once again, the insulator 212 may be silicon oxide and the
substrate 214 may be a silicon substrate. [0046] The donor wafer 500 may

conpr i 048] st r dhapreeeding deseriptiyerlafesQo frothrld o6 maau R tiughg etehingi dili€@bod-ay er
210 that. is epitaxially grown on. a tenplate substrate 430. The strain.

ret ent ialadtd\sabst 3 ol i il e deposited by
a chem cal vaporra%gggg@taivgﬁeﬁ%?ggggd §§oa!rr1%|f6%gx£€%§& Wgé%s‘? g?%ﬁ@&%ggﬁwﬁe

t ar get e%xnﬁo dgnoor vvaferls 20(2 an 00 of Figure 5 involves the bonding of
the st FRPRYPRICRERGA ¢ SyeP age 19 Hoshease ey Walks esparaion isgnitistedibyauicat or

| ayer 212 on the target wafer 200. [0047] It is understood that the burie
i nsul afiatmeay efc@idingiyartnthen ntladentodpnémsiofithiofnvention, the donor wafer may '

depend on other mechanisms to initiate the cleavage process for wafer separation. For example,
the wafer separation process may be an atomic layer cleaving process or nanocleave process as
described by Michael 1. Current ef al., “Atofnic layer cleaving with SiGe strain layers for
fabrication of Si and Ge-rich SOI device layers,” Proceeding of 2001 IEEE International SOI
Conference, Oct. 2001, pp. 1 1-12, which paper is incorporated herein by reference. The

nanocleave transfer process results in a layer separation using a strain-layer cleave plane.

[0049] . Referring now to Fi'gures 6a-6g, another rﬂethod of manufacturing ‘a strained-silicon- .
- on-insulator (SSOI) substrate is described. In this embodiment, a target wafer 200 asshown in_ -

Figure 6a is provided which comprises of an insulator layer 212 overlying a substrate 214. As

before, the insulator layer 212 preferably includes a high stress layer or strain retention layer.

The high stress layer or strain retention layer has a stress of more than 300 MPa.

[0050] A donor wafer 400, as shown in Figure 6b, is provided. The donor wafer 400
comprises of a strained-silicon layer 210 on a relaxed template substrate 430. The thickness of
the strained silicon layer 210 is preferably less than about 1000 angstroms and the strain may

vary from about 0.01% to about 4%. The template substrate 430 may be a bulk SiGe substrate or



plurality of dielectric |layers. For exanple, it may be a high stress
~silicon nitride on silicon oxide stack. Such a substrate nmay be fornmed by
i ncorporating the stack in the target wafer 200, e.g., using a target
wafer with an insulator |ayer conprising of a high stress silicon nitride
| ayer on a 16 silicon oxide |ayer. | A7 anot her exanpl e, the buried

i nsul ator |ayer may also be a high stress silicon nitride layer with a

st r essa Bar.g@e.C}, bantr30@s Maicubrdeytriteda Thew is b BE& fik bbRBn Metsthded | ayer
with a stress smaller than 300 MPa. [0048] The precedi ng description

rel at egitgy ' st.rained-silicon-on-..i nsul at or :
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i npl ant ati.on s enployed to induce a cleave plane. In those cases, the
waf er SRGIACE %f[gﬁ‘qsqaén‘idﬁihqoatlwr BiayDerrpiexially grawmeising cheminativapgr deposition.her
met hod enbodi nent- of this invention, the donor wafer may depend on ot her
mechani sns to initiate the cl eavage process for wafer separation. For
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process or nanocl eave process as described by Mchael 1. Current et ~al.,
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using a strain-layer cleave plane. [0049] . Referringnow to Figures

6a- 6. g intenfathetwesr theatanled RHTOh &3/et!D | MEhdathS toni 108 dalsstaie B0 using a process
on-insulator (SSO) substrate is described. In this enbodi man?, a target

wafer 20018% #i QMﬁbcileQJ.le fo%hgu rﬁe%&a&l? Pgi%lg Wﬁ §d in\ﬁg’t&p neca(:? %riinf%?faslcquetvggen

i nsul ator layer 212 overlying a's

. the strained silicon layer 210 and the template substrate 430.

[0052] If the cleave plane is in the template substrate material, some template substrate 430
material will overlie the strained silicon layer 210 in the silicon-on-insulator substrate 200. This
material can be removed by an etch process (not shown). If the cleave plane is in the strained
silicon layer 210, the reclaimed template substrate 430 will have a thin layer of strained silicon

on it (not shown). This silicon layer can be removed if the. substrate 430 is.to be re-used.

[0053] Following tﬁe wafer sc;paiétion pfocess, final bonding between the st-rained silicc;n |
layer 210 and the target wafer 200 is performed to yield the desired receés—resistant SOI
suBstrate. This usually require a high temperature anneal, where the annealing temperature is
typically above about 700 degrees Celsius. This results in the formation of a strained-Si layer on

insulator structure as illustrated in Figure 6e. The wafer 400 is the template substrate and can be -

reclaimed and reused.

[0054] It will be appreciated that the strained-silicon-on-insulator substrate may be

manufactured by the above wafer bonding and wafer separation method using other



before, the insulator layer 212 preferably includes a high stress |ayer or
~strain retention |ayer. The high stress layer or strain retention |ayer has
a stress of nore than 300 MPa. [0050] A donor wafer 400, as shown in Figure
- 6b, is provided. The donor wafer 400 onprises of a strained-silicon |ayer
210 on a rel axed tenplate substrate 4@%. The thickness of the strained
silicon layer 210 is preferably |ess than about 1000 angstrons and the

st r ai ncamslyinaticas pf dsmomaad tuget kaltso For alniple, 4odohbewhRIMh R heyesHigidnaxeied 30
maybe a bul k Si Ge substrate or 17 a Sil_xyGeCy substrate as previously
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across this .int grface. The strained silicon layer may be epitaxially grown
usi ng SHEMISHICODABEF- deposition. [0051] Next; the top surface of the donor
wafer 400 is bonded to the top surface of the target wafer 200. The wafer

bondi n ocesg I.§ illustrated .in Figure 6¢c and the resulting wafer
asse rrbﬁ(/) Qéls s cﬁé“ﬁatals(? &F @P@ﬁ@gﬁc} tﬂaﬁ tf?‘?gmgéﬁmmﬂné‘%ﬁmféﬁy% Canbea BRFTBE made
at or near the interface between the strained silicon |ayer 210 and the

t enpl aptesiips siligere RgGxamplegthe pprsontdagention whiildbe ised todomanpahabvgerpopcess.
The cl eave plane will be initiated near the interface between the strained
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plane I's in the tenplate substrate nmaterial, sone at e substrate 430

mat er i i]l overlie the.strained,silicon |ayer 210 in the

sili cogi-“%)ﬂr%{cf”ﬁgﬂf’eaat‘g ggﬁ’%gtl?yﬂse opel Oﬂrmeéuﬂ’m éeﬁr gxargRlp, tB%H?W& Bldan
etch process (not shown). If the cleave plane is in the strained silicon
| ayer 2a@prijeiesilienn substeate withpliGeC 061 hayerfon8ed o the shefaee. a t hin | ayer of
strained silicon

[0056] Figure 7 shows an example of circuitry formed in 2 SSOI substrate of the present
invention. In this example, CMOS transistors 750 and 752 can be formed in strained silicon
layer 201. In the case of CMOS, the portion of layer 210 that includes NMOS transistor 750 will
be lightly doped with p-type dopants (e.g., boron) and the portion of layer 210 that includes
PMOS transistor 752 will be lightly doped with n-type dopants (e.g., arsenic and/or phosphorus).
Each transistor includes a gate 7‘54 that insulati.vely -()V;rlies azéhannelur‘egion 75.6V. Sourcé 758.
and drain 760 ‘regAi'ovns-are separated by thé .chann-el regioﬁ 755. —Figure 7 is~ inte;n(ied Be én-
‘illustrative example of one of the many types of devices that can be formed in a strained silicon

layer. Many other devices can also be formed.

[0057] The scope of the present application is not intended to be limited to the particular
embodiments of the circuit, process, machine, manufacture, meané, methods and steps described
in the specification. Aé oné of ordinary ékill in the art will ieadily appreciate from the disclosure
of the present invention, circuits, components, processes, machines, manufacture, meaﬁs,
methods, or steps, presently existing or later to be developed, that perform substantially the same

function or achieve substantially the same result as the corresponding embodiments described



on it (not shown). This silicon |ayer can be renoved if the. substrate .430
~is-to be re-used. [0053] Follow ng the wafer separation process, final
bondi ng between the strained silicon |ayer 210 and the target wafer 200 is
performed to yield the desired recess-resistant SO substrate. This
“usually require a high tenperature and8al, where the annealing tenperature
is typically above about 700 degrees Celsius. This results in the

f or mathiesFn GrAYDedttigrdacgoriing toythe prsaentiimvsotion. ofceordinglyyithe apgended dsipmsared i n
Figure 6e. The wafer 400 is the tenplate substrate and can be reclained

and r eingeded {o0084de Withinithdir Bpapitesicaite Gofpsherkd) Brocesses, machines,
strained-silicon-on-insulator substrate nay be nmanufactured by the above

waf er { ration nethod using other 18 conbinations of
donor gﬁ tggggﬁgaﬁﬁéﬁgpagggS%&%nple, t he donor wafer may have a silicon
oxide overlying the strained silicon layer, or a silicon nitride on a
silicon oxide stack overlying the strained silicon layer. [0055] It wll

al so be appreciated that the strai ned sem conductor |layer can be a naterial
other than silicon. For exanple, the present invention could be used to
formstrained | ayers of germanium gallium arseni de or other :

sem conductors. In another variation, the donor wafer could conprise a
wafer with |ayers formed on the surface. For exanple, the donor wafer could
conprise a silicon substrate with a SiGeC or SiC | ayer fornmed on the
surface. [0056] Figure 7 shows an exanple of circuitry forned in a SSO
substrate of the present invention. In this exanple, CMOS transistors 750
and 752 can be forned in strained silicon



| ayer 201. In the case of CMOS, the portion of layer 210 that includes NMOS
~transistor 750 will be lightly doped with p-type dopants (e.g., boron) and
the portion of |ayer 210 that includes PMOS transistor 752 will be lightly
doped with n-type dopants (e.g., arsenic and/or phosphorus). Each
transistor inciudes a gate 754 that iRSul atively overlies a channel region
756. Sour ®EHADBE CaadMEDdEN 760 regi ons are separated by the channel region
756. Figure 7 is intended be an illustrative exanple of one of the many
types of devicg t ; ik LA ' jel ] o] . Many

ot her devi ces Cgﬁmgﬁgg%ggnggyﬁggﬁﬁF%%Q%%Jﬁﬁgagggggé%é&%ﬁgm%$g§§%?ﬁ
applicagtion is t.. i ntepded.to.be limted. t he particul ar enbodi nents of
the ci ?cui t, p}rnjégléhéng,a bH%cﬁ%fnhcé)?d'ﬁg%ﬁ?%? r e 8’#%5?{@?0%?8 SRV Fs :
described, i.n the specification. As one of ordinary skill in the art wll
readi| ¥ aﬁﬁ?@%ﬁ%ﬁ%ﬁggﬁﬁwiﬁ@méﬁﬁﬁﬁﬁ§ﬂﬁ@ﬁ06ﬂhﬁhé present invention, circuits,
conponents, processes, nachi nes, manufacture, neans, nethods, or steps,
presentl y exi starmgpgarstrhiacdsiliton liper dethe lbalkesemicohdictop eutheatatsiohs hdotdral |y t he
sanme function or achieve substantially the sanme result as the

cor r espondiaig, @erted iRt havilgsiop baehcdd herein may be utilized according to
the present invention. Accordingly, the appended clains are intended to

includg wi thingtheld S (o]o i i C n processes, machi nes,
manuf act ur e, m_lealﬂs, nlgre(%hpgg?{égi_lrangt‘iagé{.ts chm Wﬁ%& %IY%F?I\/ED 1S 11. A
g?;ggd 519 f for mppogifflngsat tgi%le:tnv%%érséolrr{p%gigé 8? e_ml i?lssu alttgrt I%Ee_r ?)\lzjelglsygnrg%at s%bsqtrce)ltrg,) ’[hleSI ng

8  insulator layer comprising a high stress layer, the target wafer having a top surface;
9 bonding the top surface of the donor wafer to the top surface of the target wafer;

10 separating the strained silicon layer from the donor wafer, the strained silicon layer

11 adhering to the target wafer; and

12 strengthening the bond between the strained silicon layer and the target wafer.
1 2 The method of claim 1 wherein the high stress layer has a stress of more than 300 MPa.

1 3, The method of claim 1 wherein the lattice constant of the bulk semiconductor substrate is

2 larger than the lattice constant of silicon.

1 4. The method of claim 2 wherein the bulk semiconductor substrate is a bulk silicon-

2 germanium substrate.
1 5. The method of claim 1 wherein the high stress layer is a nitrogen-containing layer.

1 6. The method of claim 4 wherein the nitrogen-containing layer is selected from a group of

2 consisting of silicon nitride, silicon oxynitride, silicon oxime, or any combinations thereof.



2 providing a bul k sem conductor substrate, the bul k sem conduct or
- substrate having a 3 lattice constant different froma lattice constant of
silicon; 4 formng a strained silicon |ayer on the bul k sem conduct or
substrate to forma donor 5 wafer, the donor wafer having a top surface; 6
"inmplanting ions into the donor wafer 83 forman inplanted |ayer; 7
provi ding7a t argsaheed @Fcléiﬁhmhe?éiﬁ%e%tr@één-'c@ﬁh‘ilnﬁﬁg‘?ﬂe} isQUEN, Y1 ng a
substrate, the 8 insulator layer conprising a hirgh stress layer, the
target wafer having a top surface; 9 bonding the top surface of the donor
waf er to he t t arget wafer.. 10 separating the strained
silicoﬁ Igyer ??%ﬁg%ﬁggﬁ%%%}l&g?éﬁ?%F%éugéP&FﬁéﬁﬁgﬁﬂpgﬁﬁmF§V% -11 adheri ng
to the target wafer; and 12 strengtheni'ng the bond between the strained
silicon | ayer d the,target fer. 1 2. The thod of claim1 wherein the
hi gh sBr ess |a3§erm had 8@%%55‘2@% in theriensilp srin bty avpagnityden! batigenahonod of
claiml wherein the |lattice constant of the bul k sem conductor substrate is
2 largér A 3¥a@bpEifs-ce constant of silicon. 1 4. The method of claim 2
wherein the bul k sem conductor substrate is a bulk silicon- 2 gernmani um
substrate. 1 5. The nmethod of claim1l wherein the high stress layer is a

ni t r ogén- dént ailhé¢ mgthbdyeelaimll Gherdinehamidiaticofoneland ontid bahekidondRer
nitrogen-containing |layer is selected froma group of 2 consisting of

si | i com nistbstde is shdlleE@an Gedatitd dodRantSF Silies oxine, or any conbi nations
t hereof. 21

1 1L The method of claim 7 wherein the bulk semiconductor substrate is a bulk silicon-

2 germanium-carbon substrate.
1 12. The method of claim 1 wherein the strained silicon layer is under comipressive strain.

113, The method of claim 9 wherein the compressive strain has a magnitude of between about

2 0.01% and about 4%.

-1 14 Themethod of claim 1 wherein the implanted ion species is selected from a group

2 consisting of hydrogen, helium, neon, argon, krypton, xenon, and combinations thereof.
115, The method of claim 1 wherein the insulator layer comprises silicon oxide.

1 16.  The method of claim 1 wherein the insulator layer has a thickness of between about 100

2 angstroms and about 5000 angstroms.

1 17.  The method of claim 1 wherein the target wafer substrate comprises a silicon substrate.

1 18.  Themethod of claim 1 wherein the donor wafer further comprises a dielectric layer on.

2 the strained silicon layer.



1. 7. The nmethod of claim4 wherein the nitrogen-containing |ayer conprises
Si3Nd. 1 8. The nethod of claim 1l wherein the strained silicon |ayer is
under tensile strain. 1 9. The method of claim5 wherein the tensile strain
has a magni tude of between about 2 0.01% and about 4% 1 10. The net hod of
"claim1 wherein the said lattice cons2dnt of the bul k senmi conductor 2
substrateys I t : i : : . i ld met hod
R o A e e S N e
ger manjum.carbon substrate...1 12..The nethqd of claim. erein the
Jer ot ngd SRl E o it St P 08 sioaf hulRide, MBS0t GRad o
claim9 wherein the conpressive strain has a magni tude of between about 2
0. 01% and caBBbttionsthereoti 4 The net hod of claim 1 wherein the inplanted ion
species is selected froma group 2 consisting of hydrogen, helium neon,
argon, krypton, xenon, and conbi nations thereof. 1 15. The nethod of claim
1 wher éi n20he Thsmtthobof damds wempr ths dislesiricilayenisetighestreds 14y6r wihe stmast hbd  of
claiml wherein the insulator |ayer has a thickness of between about 100 2
angst r ans rauaelthap®atMpH00 angstrons. 1 17. The nmethod of claim 1 wherein the
target wafer substrate conprises a silicon substrate. 1 18. The net hod of
claim1 wherein the donor wafer further conprises a dielectric |layer on 2

the strai ngd sithd £0Mod 85@4im Péherein the bonding process comprises a beta-bonding process.

1 22.  The method of claim 1 wherein the separating process comprises a controlled cleaving

2 process.

1 23.  The method of claim 1 wherein strengthening the bond comprises annealing the strained

2 silicon layer and the target substrate.




1 19. The nmethod of claim 15 wherein the dielectric layer is conprised of a
material selected 2 froma group consisting of silicon oxide, silicon
nitride, silicon oxynitride, alum num oxide and 3 conbinations thereof. 1
- 20. The nethod of claim 15 wherein thg dielectric layer is a high stress

| ayer with a stress of 2 nore than 3 & Mpa. 1 21. The nethod of claim1l

wher ei i t he boAGKdADARE RERSE: LOMREISER0RoR! ' - 2. The
met hod of claim 1 wherein the segar at ?naggésgga%ebgg@dgg%%%rg%gﬁ% SE:CB%?irZoI | ed

cleavipng 2 P 06 FRiRe a.jouﬁ(?’sieﬂlgc%gfi&%r@u tr%%, @lle l%#l?g%mi@@@@%%oﬁ&@%t%ﬁ%ﬁ%vﬁ%é? g the

bond conpri ses*annéal’ing raine

substrate. 23 1 24. é meéhod of. form ng a_strained-silicon-on-insulator
subst r at e AEHsPILRh ifsteapionp latice onyapfiaf ilisonBul k sem conduct or substrat e,
the bul k sem conductor substrate having a 3 lattice constant different
from a4l at t i cepsHigartraintd silitindayer or thertmlii stimicpnducsdrsabstretd tsfommaalondrayer on
the bul k sem conductor substrate to forma donor 5 wafer, the donor wafer

havi ngsa twferstiie f@oe wafee h@ing Diofshidee AREANBeRfabd IRt G Eh A WBdinsd LilicRNajeayer 6
and the bul k sem conductor substrate; 7 providing a target wafer conprising

an insuyl ataggtﬂe%ﬁgseﬁ%«gﬁ&%mgu&tﬂbst rate, the insulator 8 |layer conprising
a high stress layer and said target wafer having a top surface; 9 bonding

the t Oof sur fac %r0(\)/];dir§ghatetardg%{I V(\)/arlfe%n%rrisfng a;[1 ri]neéultatoo[g la%/grr gv%ﬁ%ng ]; su rs]ter'\at;[‘,,aflrle-gi%gula\{%gf er

8  layer comprising a high stress layer and said target wafer having a top surface;
9 bonding the top surface of the donor wafer to the top surface of the target wafer;
10 separating the strained silicon layer from the donor wafer, the strained silicon layer

11 adhering to the target wafer; and

12 strengthening the bond between the strained silicon layer and the target wafer.
125, The method of claim 20 wherein the high stress layer has a stress of more than 300 MPa.

1 26. The method of claim 20 wherein the said lattice constant of the bulk semiconductor

2 substrate is larger than the lattice constant of silicon.

1 27.  The method of claim 21 wherein the bulk semiconductor substrate comprises a bulk

2 silicon-germanium substrate.

1 28.  The method of claim 20 wherein the high stress layer comprises a nitrogen-containing

2 layer.

1 29.  The method of claim 23 wherein the nitrogen-containing layer is selected from a group

2 consisting of silicon nitride, silicon oxynitride, silicon oxime, or any combinations thereof.



10 separating the strained silicon |ayer fromthe donor wafer, the strained
silicon layer 11 adhering to the target wafer; and 12 strengthening the
bond between the strained silicon |layer and the target wafer. 1 25. The
~method of claim20 wherein the high stress |ayer has a stress of nore than
300 MPa. 1 26. The method of clai m28%wherein the said lattice constant of

the bukk sem cORIMERRAIoF21:5H DS iRt the nitd teeJon]Ea l%ge[‘? c!)fﬁgrtiéeé: g;qpnstant of

silicon. 1 27. The nethod of claim?21 vvh reint m conduct or
substrate conprises a bulk 2 S|I|con gernanlunlsubstrate 1 28. The net hod

of clajm %ng Ghatnd %cgnrgp()%fﬁe%% §t¥?nedcqnggh e?ﬁ age?{l éé{%l n-cont ai ni ng

2 layer. he ne wher el falnlng | ayer
is selected froma group 2 conS|st|ng of silicon n|tr|de S|I|con

oxynitrid |co tio thereof 30. The
rre%/hod of§8| Jﬁ’? WF@? éﬂ%#%ﬂ%@ﬁ @ow P AGaEH FOE‘Eﬁ%‘?‘?ﬂéé%lltsl 3N4.

1 31. The rrethod of claim 20 wherein the strained silicon filmis under
tensil @ stOdVerndaba4%The met hod of claim 24 wherein the tensile strain has
a magni tude of between about 2 0.01 % and about 4% 1 33. The nethod of
claim 20 wherein the said lattice constant of the bul k sem conductor 2

substrdt e 33s s hethod bidubaitn ) Wisdrdin the sgid hsti@rbndnt 6f the bk serdic@ductdbhe net hod
of claim26 wherein the bul k sem conductor substrate is a bulk silicon-

2  substrate is smaller than the lattice constant of silicon.

1 34,  The method of claim 26 wherein the bulk semicohductor substrate is a bulk silicon-

2 germanium-carbon substrate,
1 35.  The method of claim 20 wherein the strained silicon film is under compressive strain.

1 36.  The method of claim 28 wherein the compressive strain has a magnitude of between

2 about 0.01% and about 4%.

1 37.  The method of claim 20 wherein the insulator layer comprises of silicon oxide.

1 38.  The method of claim 20 wherein the insulator layer has a thickness of between about 100

2 angstroms and about 5000 angstroms.

1 39, Themethod of claim 20 wherein the target wafer substrate comprises a silicon substrate.

1 40.  The method of claim 20 wherein the donor wafer further comprises a dielectric layer on

2  the strained silicon layer.



2 germani um car bon substrate. 1 35. The nethod of claim 20 wherein the
strained silicon filmis under conpressive strain. 1 36. The nethod of
claim 28 wherein the conpressive strain has a magnitude of between 2 about
0.01% and about 4% 1 37. The nmethod of claim 20 wherein the insul ator

" layer conprises of silicon oxide. 1 385 The nmethod of claim20 wherein the

i nsul at or41.ay eTheh@shod of Blafik Be $heRfn RELNRER . BREUL i i about
5000 angstrons. 1 39. The net hod é# cI%in1Eggghe?%?@m?ﬁgp€g$%é¥@§% er

substrate i SLILEG S tr.ate. .. .1 40. The hod of clai,m 20
wherei n ¢ hordonap oafubl et SAENER LR aude HopEabmtEes Aeiiugtot b
strai ned silﬁc n I@Xer 25 1 41. The nethod of claim 33 wherein the

di el ect ri CTEEPY %%%prised of a material selected 2 froma group
consisting of silicon oxide, silicon nitride, silicon oxynitride, alum num
oxide, and 3 conbinations thereof. 1 42. The method of claim 33 wherein
the di bl et#ri clieayahod of clgim 33 avhsreiethe dickepieic layiet is ahightstressdayet witk a smaseoft han
300 MPa. 1 43. The nethod of claim 20 wherein said bondi ng process '
conpr i 3esmardibse3daiPi.ng process. 1 44. The nethod of claim20 wherein
sai d separating process conprises an atomc |layer 2 cleaving process. 1 45.
The nethod of claim 20 wherein said the bond between the sem conductor film

and t _he 43. The method of claim 20 wherein said bonding process comprises a beta-bonding process.

1 44, The method of claim 20 wherein said separating process comprises an atomic layer

2  cleaving process.

1 45, The method of claim 20 wherein said the bond between the semiconductor ﬁlm and the

2 target wafer is strengthened by annealing the hybrid wafer.



2 target wafer is strengthened by annealing the hybrid wafer. 26 1 46. A
- method of formng a strained-sem conductor-on-insul ator seni conduct or
device, the 2 nmethod conprising: 3 providing target wafer; 4 adhering a
. donor wafer to a surface of the targe% waf er, the donor wafer including a
bulk 5 substrate and a strained sem gnductor | ayer di sposed over the bul k
subst r dt e;46and Aengkpfdtnmgg 4 fimistisanivedius®rosddlact e¢micandactof deoite tthe donor
waf er, the strained 7 sem conductor |ayer adhering to the target wafer. 1
47. The mehdinsl wpgéiag:m 38 wherein the strained sem conductor |ayer
conprises ' a strained 2 silicon layer. 1 48. The nethod of claim 39 wherein
t he bulk subst : ice constant different from 2 the lattice
constar13t of si ??&(‘:}gdrll@a[%ggt&ﬁ%e met hod of claim 38 wherein providing a
target wafer coppr.ise rovi.ng a splic 2 wafer with a insulating |ayer
f or med t her eon 2451832 GI’F?é wa ﬁ‘b%ls% C%?fgﬁ?ﬁa@ft WRED &erﬁofl?fewqfﬁwhéjtmgr?gmuﬁyer
conprises a high stress layer. 1 51. The nmethod of claim42 wherein the
i nsul atd ngpupHipierang @ siprinesessmiconiltctardayiar disposed avienige belkisalysémie; and52. The net hod
of claim 38 wherein the donor wafer conprises a doped region, wherein the

2 straitmed senisemnding tierstrhiaydseniicondeparlafee domtddnbewsen & waher at the
doped regi on.

7 semiconductor layer adhering to the target wafer.

1 47.  The method of claim 38 wherein the strained semiconductor layer comprises a strained

2 silicon layer.

1 48, The method of claim 39 wherein the bulk substrate has a lattice constant different from

2 the lattice constant of silicon.

1 49.  The method of claim 38 wherein providing a target wafer comprises proving a silicon

2 wafer with a insulating layer formed thereon.
1 50.  The method of claim 41 wherein the insulating layer comprises a high stress layer.

1 51. The method of claim 42 wherein the insulating layer comprises a nitrogen-containing

2 layer.

1 52 The method of claim 38 wherein the donor wafer comprises a doped region, wherein the

2 strained semiconductor layer is separated from the donor wafer at the doped region.

1 53.  The method of claim 44 wherein the doped region comprises a hydrogen doped region.



-1 53. The nethod of claim44 wherein the doped region conprises a hydrogen
doped region. 27 1 54. The nmethod of claim44 wherein the doped region
conprises a region doped with a 2 material selected fromthe group
~consisting of helium neon, argon, krygton, xenon, and 3 conbinations

t her eof . % 55. _The nethod of claim 38 and further conprising strengthening
the bodd B&t wedhe PRBoGOLAF H; {ethesantiesiopedregion Feymisesamdgivh dogedrvgeita waf er -
after adhering the strained sem conductor layer 3 to the target wafer. 1
56. Thé@ menaisdl ssfecteddiom 47 gwhp cesistiag bERgGuReRoAGrtheklerd, casprhdes heating
the strained 2 sem conductor |ayer and the target wafer to a tenperature
gr eat e t hambmbidets tht@RE. 28 1 57. A-nmethod of formng a strained silicon
on insulator (SSO) device, the method 2 conprising: 3 providing a
strained silicon |layer between a first stressor |ayer and a second stressor
4 | ayer, tfge fi I jacent .a first surface, of the strained
silicon I asger g%?jﬁlte t%g& gﬁ%%%ldj 88%85@@%22%@“8%&&@63@5%6 ngg?:tﬁ’ﬁ?)“ ©8ir face of
t he strai ilicon,l r, the second surface being 6 opposed to the
first dur Egrg”elgd %W“?d¥°§%§%ﬁfeh@nﬁeth%fargﬁt wptes piics adhsring g straingd Sgicorfustordayind of
claim49 wherein the second stressor |ayer conprises a nitrogen- 2

cont ai i nd° fgyaget water.

1 56.  The method of claim 47 wherein strengthening the bond comprises heating the strained

2 semiconductor layer and the target wafer to a temperature greater than about 700°C.



-1 59. The nethod of claim50 wherein the nitrogen-containing |ayer is
formed over an oxide 2 l|layer, the oxide |ayer being forned over a
substrate. 1 60. The nethod of claim49 wherein the first stressor |ayer
~conprises a silicon germanium 2 layebg 1 61. The nmethod of claim 52
wherein the first stressor |layer conprises a SiGeC layer. 1.62. The nethod
of cl ai'm 52- whérmsethod ¢fdorminga steained s8iven psinaulaoySSAN) demiee, thamethbdl . 1 63.
The net hod of claim49 wherein providing a strained silicon |ayer between a
first gtresspnsin® | ayer and a second stressor |ayer conprises bonding a
donor wafer to a target wafer, the donor 3 wafer including the first

stresser | ayer pandilgiesudedStiob PRI b b SLIGLDP SGC0RY BlonERaRL aver 4

and the strained silicon |ayer. e me clai'm erein

the fi r4St lﬂe&ﬁﬁesf?rrst gtt%ys%rr 1&9@9‘%‘&1}88,06;[11?8 ﬁ}c‘slt gusrl"acg g{ t&lg gtreai ecilsﬁ{corg I%yerzancrlt rg()s'g(!,o?lg '

5 stressor layer adjacent a second surface of the strained silicon layer, the second surface being

6  opposed to the first surface; and

7 removing the first stressor layer.

1 58.  The method of claim 49 wherein the second stressor layer comprises a nitrogen-

2 containing layer.

1 59.  The method of claim 50 wherein the nitrogen-containing layer is formed over an oxide

2 layer, the oxide layer being formed over a substrate.

1 60.  The method of claim 49 wherein the first stressor layer comprises a silicon germanium

2 layer.

1 61.  The method of claim 52 wherein the first stressor layer comprises a SiGeC layer.

1 62.  The method of claim 52 wherein the first stressor is a crystalline material.

1 63.  The method of claim 49 wherein providing a strainéd silicon layer between a first stressor

layer and a second stressor layer comprises bonding a donor wafer to a target wafer, the donor

wafer including the first stressor layer and the target layer comprising the second stressor layer

4 and the strained silicon layer.



29
1 64.  The method of claim 49 wherein the first stressor layer abuts the first surface prior to

2 removing.




