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key to enhance performance and to improve reliability. As MOSFET (Metal Oxide

Semiconductor Field- Effect- Transistor, a name with historic connotations meaning in
general an insulated gate Field- Effect- Transistor) devices are being scaled down,
however, the technology becomes more complex and changes in device structures and new
fabrication methods are needed to maintain the expected performance enhancement from
one generation of devices to the next. In this regard the semiconductor that has progressed
the farthest is the primary semiconducting material of microelectronics: silicon (Si).
There is great difficulty in maintaining performance improvements in devices of
deeply submicron generations. Several avenues are being explored for keeping device
performance improvements on track. Among these is the use of tensilely strained Si as the

basic semiconducting device material.
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Academ c Press, Boston, 1997. 2

semiconductor, and upon annealing, the oxygen forms an oxide layer under the surface of

the semiconductor. In this manner one has a top semiconductor layer separated from the
bulk of the substrate. However there are other methods besides SIMOX for producing SOI
wafers, methods typically based on wafer bonding techniques.

A .strained silicon layer on a relaxed SiGe layer is only usefui for making bulk
devices. Bulk devices do not have the advantages obtained for SOI devices such as
reduction in the junction capacitance, and elimination of latch-up path between devices, as
it is detailed, for instance in J-P. Colinge, Silicon-On-Insulator Technology: Materials to

VLSL 2nd Ed., Kluwer Academic Press, Boston, 1997.
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tenperature of over
layer are thus separated from the first wafer, and transferred by bonding to the handle
wafer. There are disadvantages to this approach. First, the bonding method requires wafer
bonding and layer transfer, which are expensive and relatively low yield processes. Second,
the as-deposited SiGe surface is too rough for wafer bonding, which can be achieved only
with very smooth and flat surfaces. As a result a long chemical mechanical polishing
(CMP) step is typically applied to reduce the surface roughness to an acceptable level.

Third, to obtain a strong bond the wafers need to be annealed at a temperature of over

1000°C. However, such a high temperature will cause the strained silicon layer to relax
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applicable to other semiconductor layers, such as SiGe, SiC, GaAs, InP, InGaAs etc. Or,
more generally, the method can be extended to change the state of a strain, both iﬁ a
quantitative rrianner, for instance to increase the amount of compression or tension in a
layer, and in a qualitative manner, for instance to transform from compressive to tensile
strain, and to do such strain change in a wide range of materials, not necessarily only in
semiconductors.

The basic invention to create a tensile strain in a Si layer on top an insulator is as
follows. One starts with, or take, a standard SOI wafer with a relaxed Si layef, awell

known structure in the art. Then, one forms on the top of the Si layer a relaxed SiGe layer,

having a given Ge concentration at the top portion of the SiGe layer. The term relaxed
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a héncekystdllald $iGatlayeRon top of an amorphous material. Following the
amorphization, one re-crystallizes by solid phase epitaxy the amorphized material
including the silicon-on-insulator layer, starting from the crystalline top portion of the
relaxed SiGe layer. The lattice constant of the crystalline SiGe at the point of its interface
with the amorphous material will have to be accommodated during the re-crystallization.
Since the lattice constant at the crystalline/amorphous interface was larger than that of the

Si layer, the Si layer upon re-crystallization will be in a tensile strain state due to having

had to accommodate the larger lattice constant of the top part of the relaxed SiGe layer.
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is introduced into a silicon-on-insulator layer. It is also the object of the present invention
to teach a tensilely strained silicon-on-insulator, and fabrication methods thereof. Tt is yet
another object of the present invention to teach electronic systems which comprise a
tensilely strained silicon-on-insulator layer. It is a further object of the present invention to
teach the generality of the method for changing a strain state of a crystalline layer on top of

a support platform.
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Cr 0Sg Slegld\&f@écwﬁl@e{\%a%sst J}Sté%o L/f%ﬂ}ﬁtahlgﬂ%? sth{&ﬁne of the

| ayered structure; WS a Ssc
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solid phase epitaxy; Fig. 6 Shows a schematic cross
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1g. 4 Shows a schematic cross sectional view of the layered structure with the Si

and the bottom part of the SiGe relaxed layer amorphized;

Fig. 5 Shows a schematic cross sectional view of the initial stage of re-
crystallization by solid phase epitaxy;

Fig. 6 Shows a schematic cross sectional view of the layered structure after re-
crystallization, wherein the Si layer acquired a tensile strain;

Fig. 7 Shows a schematic cross sectional view of the silicon-on-insulator wafer
with the strained Si layer;

Fig. 8 Schematically shows an electronic system containing the tensilely strained Si

on insulator layer as its component.
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SiGe layer has a graded Ge concentration. A characteristic grading of the Ge concentration
in layer 110 will have about 5% Ge at the bottom of the layer, where it forms a first
interface with the Si layer, and about 30% Ge at the top surface of the SiGe layer. How to
form such a relaxed SiGe layer is known in the art. There are several processes available
for fabricating them, such as by step grading process as described by in the incorporated
U.S. Pat. No. 5,659,187 to LeGoues et al. An alternate process of mention is by an implant

and anneal process, as described by S. H. Christiansen, et al in “Relaxed SiGe Layers on

Si or Silicon on Insulator Substrates by Ion Implantation and Thermal Annealing” in US
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or Ge, however one skilled int art woul d recogni ze
wigh petiapeT e R oL B d |6 P J088:  as wel || The
i npl ant energy and dose are chosen such that the
bot tRign3psotvs afschdneatiSiotess sedtional tiey of theimplanthtion ot dwilayered
| ayer 100 becone anorphized. Fig. 4 shows a schenmatic

strabRsS C%ﬁ%r"tiﬁ’ggﬂie it 060 dddahé ByEdR @osionwEtthe §i@¢ laklert 110 into an
Si  and the bottompart of the Si Ge rel axed | ayer

af IR G BALAN B8 B 1iRbA HoiEior MRt bPfBrows 200.

er layer the SO [Tayer
o L7 R R O R BB o
otLg)égéc?esacZn serve the purpose, as well. The implant energy and dose are chosen such
that the bottom part of the SiGe buffer layer 110 and the SOI layer 100 become
amorphized.

Fig. 4 shows a schematic cross sectional view of the layered structure with the Si
and the bottom part of the SiGe relaxed layer amorphized. Following the implant 200, the
bottom part of the SiGe buffer layer 110" and the SOI layer 100" are amorphized. The
notations with the “prime” symbol added indicate that while these are the same\layers as

earlier, their material state changed, (for the SiGe layer only partially, since it is only

partially amorphized). The extension of the amorphous semiconductor layers is shown by



earlier, their material state changed, (for the SiCe
| ayer only partially, since it is only partially
W(atmu/plmzed) The extension of the anmorphous PCT/US2003/038334

ondu e wn b VWO 200
hRip %E@%ﬁ%/‘@@g@ﬁ S e AR FprboRis 1SeisRg0es RO igtegpoe with
| ayer the anorphous region goes fromthe interface
theypitlayery ayirstinteriageup tg afspechd ptefage whish igfetveendthe amgrhous and
interface which is between the anorphous and
cryctaylsdeaddriions qfod SiGiedayet. THegoSpGdiohay dre. Silk dayteois not amorphized
portion of the SiGe layer is not amorphized and
anldl BARMINS MORGQRGMER@! | i ne. Fig. 5 shows a schematic
cross sectional view of the initial stage of re-

crystald yaak 'a%Qhéﬁ)[atl%%%sg F@%%?%le amc))?g%éll 1‘&31 & fre

truc ure 1's being annea |on of
Ia ered structure 41 s shri nki .
crxs&a 1&%@999 V |S?1¥LP1?66?1 elg;lfaem/g s the sHmEHTc %%yg aaal‘?a&ﬂsﬂl% gorphized
propagat es downwards fromits original seeding place
poutont dfdhs lagerad siruntere a8 és shrinkimge Thére-Gy Galligatiostgapwihpmdicated by

| ayer had a second lattice constant which was | arger

arfola 15 10 ropddates idovaivhide €rod0nis biagihalakedih€ plate biditRIsecod interface,
shown in Fig. 5, part of the SiGe |ayer 110" and Si

wiedy fle s160, aﬁm%tlé ek mg&gﬂﬁ‘ﬁaﬁw—g&n&% 1k AS1ERR than the
prplig gyt p LERGEE

portion o ayer 1s now exten |ng

ARSI T LR

lattice constant of the second interface. Hence the
layer 1 89" mesostdl merahousn Eheprptalling éap postiemabihe Sile lgen igpew
520. Fig. 6 shows a schematic cross sectional view of
extendingalpemedrdst ntht uase ofih igeaded 8iGefilts tad drystaltih®BiGe layer is no
wherein the Si |ayer has acquired a tensile strain.

Lo 28 rdl@lel, Hefvnﬁé‘ﬁke?l §#ethb 8Bl coMBiafi o MRS sRBRA RIN:ERE. Tihce the

now strai ned,  which is Indicated with the new

referri ole layer. In this
stg naglcrgs aﬂgqe%zafeé 8’?ls|a§n(gtgﬁeﬂﬁs iaggr%) to conply with the
secaond I attice constant, and is acqw ring a tensile
st r diif. 6 Shows dschaniceres seqtional view ! dierlayssedstructure after re-
silicon-on-insulator 600. Wth this, the nethod for
crystellizadiion) whertingh¢ Snisydrédas dagminad aertsHe strain. The part of the SiGe layer

which was amorphized is now strained, which is indicated with the new annotation 520
referring to the whole layer. In this figure the Si layer is being forced to comply with the
second lattice constant, and is acquiring a tensile strain. It has become the tensilely strained
silicon-on-insulator 600. With this, the method for introducing the tensile strain in the
silicon-on-insulator layer is complete. To fabricate a silicon-on-insulator layer that can be
used to house devices and circuits, one has to remove the SiGe layer from the top of the
strained Si layer. Methods for such removal are known in the art, and are typically done by

selective etching, such as with 1HF : 2H,0, : 3CH;COOH. The use of a selective SiGe

10



silicon-on-insulator layer is conplete. To fabricate a
silicon-on-insulator |layer that can be used to house
waelewioew2and ci rcui ts, one has to rem)ve t he SPCEUBAYH038334

fromthe t st.rai I\/ého for .
R R SRS “Soppgptration
done by _  sel ectlve et ching, such as vvlth 1HF . 2H202 .
thay extsodilpwrkethg SéGefpi @teﬁ%%@vhlvlé isgywigallpgthgygpse when the relaxed
2004/ 061921 PCT/ US2003/ 038334 etchant is especially
Si(s ddyet iswnade by thelnapledatB®Gadfanheal maethod). Withrprdded 18iGe buffer
concentration that extends down to the Si Ge/Si

layed # i e b prelerhisle Ed/iﬂb@x@bfai/e 4 §8p-eRB8ayM 8PmutI@r at the SiGe/Si
rel axed SiGe |ayer is made by the inplantati on and

QRS2 o BB DB SRS o PUFER gt oot

or rker at the SiGe/Si interface. For exanple a
W%Gpgﬁryoeé?llﬁgdopl ng is sonetine used as a stop-etch
| ayer for both wet and dry etching. Fig. 7 shows a
schéat’ showis @ssheneasici covralseational Géw i éhe silicon-on-insulator wafer with
silicon-on-insulator wafer with the strained Si

thd eyetiied Singyes! Tl shathe SO lageI2 0540 bEdSreRBO8, 'léﬁﬁﬁigﬁﬂe strained Si
| eaving the strained Si layer 600 exposed on th

laﬁﬁ" BO@EE0sddEn Ble, shﬁ?_( " TROS; Jage El‘ﬁ)g% E(ﬁmefre%l b fngtflyt:oiafa%r 150,

I ay er 150, t y an S e tens

t Si f d ual.i t th | fect
ol PREo aye P b et S o S s B8t

105/ch2 This l,ayered structure shows the effects of
dengities, belopmsAf oK reteeblybslaw 1@Yem’anor phi zati on. Wien

the Si layer 100 was conpl etely anorphi zed, then due

t o tThes laptrad structep shacs the effbets bl ant imblhlﬁﬁu?on Honeedfor
the ions penetrated into the insulator |ayer. These

ani&lii}ﬁ_za&fo%y WHen tResil 18y 80 Qs Q@rﬁﬁi%fé%nﬁrh&gh&g§ y[h&?(‘ﬁﬁ? tH ®he natural
detri nment al

electrical effects, but th can shown

Pl PO 2o L G0 BB e e
. presence of the inplanted species slightly alters the
%ﬁé‘c}ﬁ igdhe Ingwlalgn BeEapENtly: Theyehavied) d@franent@uﬂlq,cﬁlqaé effects, but they
%pl cally SiQ2. Due to the inplanted ions the
can be shown to be in the insulator. Of several possible ways to show their existence, one

is by the fact that the presence of the implanted species slightly alters the chemical
composition of the insulator, which is typically SiO, . Due to the implanted ions the
insulator layer contains at least one atomic species over a limit, which limit is the one that
one can establish based on the known chemical composition of the insulator layer. For
instance, if the insulator is SiO, and the implanted species is also Si, then the SiO, upon
investigation would show some excess of Si, compared to the natural amount of Si
expected on the basis or the SiO, chemical formula.

The strained SOI layered structure created by the current invention strains the Si
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i nsul ator | ayer contains at |east one atom c species
over alimt, whichlimt is the one that one can
W@ 2i0aobi9gh based on the known chenical conposiPCDHSWN3/038334

IaJeP Elééarélg &Ské%faﬁr ol {3 6fi 1n§1°§%[ WS AR nbf 1P%l€e Ihﬁ‘a%# A 1:eﬁ'e

e |np ante speéles s a

SI 2 u \ at| d sho me excess

CorrapsiBa e he P uftn b ool & O B e tuflghout the
basis or the Si02 chenical fornula. The strained SO

strpiaingraecess. it griging} Silpear hag therramesrystalting enaakationss the
strains the Si 11 WO 2004/ 061921 PCT/ US2003/ 038334

subsimer uralerreaitiythinssietot, wolricl kehecasgiwieh tIHIIM@Karocesd has been
does not involve a layer transfer. Consequently, the

us&d 6 éHhd ﬂa@%ri%[ﬂa? SOPWafH‘ 8¢ fihestPfihdll Nakyedtod, WY1E fnatc% the
preserved throughout th e straining process I'f

i nal he.sa rystalline ori ent at| on
oritt oo Rlioh B Ple HREAHESLRABERES Dot ator which s
t he case mhen t he SI MOX process has been us
cr edisPeRqdipg gp ciysastanses, themmethod fordensilghy stragmrsarrh%‘al lgyer can be
| ayer too, will match the <crystalline orientation of
exemmedjneﬁéﬁféljngﬁgn@dimQMSﬂn atesucbepsodimentcaimed to gradually adjust the
circunst ances, the nethod for tensilely straining an

madéiling Bot@leerc i 39 EayeLARCHE BAddrRyRslih RO RIEBRAISTBE EShverting and
In one such enbodi ment, ained to gradually adjust the

thdRL &’Fétﬁgmtﬂ tsi’éﬁ? B ki orrﬁ‘ie p@%ﬂss@&%&é}a tﬂfggse fot?ﬁ@ dbodiment of the

I nsutl at or ne repeats the convertin

i P B B8 SRS B RO e s b

after reaching the state of the Iayered structure as
to sqmmplarﬁatmn@fg%lg driellejyrekbygetystalization ofnpl ant at i on of
Fig. 3, followed by re-crystallization of Fig. 5. This
Fig.s. Thizds donesinmanmerer thabdt eath epetitiorepltder powioa of @regiiGe layer is
portion of the SiGe layer is turned into anorphous
tufBd &itd BnorghBud MaferivBn Bfis \ng‘ﬁatstﬁ& 828nd ﬁft&fd‘c@ ConicHBUreds as the

serves as the seeding surface for the solid phase

tallizati the s d.l at
seqiaf WEBHR IR g S st oR, e s T R Sames
. strarn inthe Si layer is also jincreasing . . . .
increasing with each repetition, whereby the tensile strain in the Si layer is also increasing

'7

with each repetition. When the tensile strain in the Si layers has reached a predetermined,
or desired, value the repetitions are terminated and the SiGe relaxed layer is removed.

In another embodiment, aimed increasing strain without having to form unduly
thick SiGe layers, and also for the sake of general flexibility, one repeats the forming,
converting, re-crystallizing, and removing steps at least once, but possibly several times.
With each removing step the SOI wafer is provided anew and it is ready to be taken again
for processing. In this embodiment of the method, after reaching the state of the layered

structure shown in Fig. 7 one goes back to forming the relaxed SiGe layer as shown on
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with each repetition. Wen the tensile strain in the
Si layers has reached a predeterm ned, or desired,
W 200406190 repetitions are term nated and t he BITAS2003/038334

. . i V. n -aneot her enbodi,nent, ained ..
Fif ok U P SRRt o ARG op SR e o ilaton of
S ayers, an so.for the sake of general .
Fig, 5eGe QP% Pgﬁl? {ﬁm%Vﬁ\gO%s gé\(g%{aﬁ’?fé‘SfOBrFﬁg-r?g At cacyRidhese ggpetition cycles

re-crystal lizing, and renoving steps at |east once,
the §iGelevsiipfoymed va raleverimers straivigd 8i lepertand erfnglien esbagentration
~the SO wafer is provided anew and it is ready_to be _
cah bk eench@ghiaar, drat thenes; &$ #ieRiGe kélatdd Isy@eadiin®enta fgel Retice

nmet hod, after reaching the state of the | ayered

AL B 20 S RO PR oD
w%lf%a/gb@%}%%%éﬁ,s\?f 33?[) ntglgl?qnglfqé %}Ea?an&m g?la\éj\%rt arllsot irrllc(?reél{'sselsJ %Jith each

re-crystallization of A Fig. 5 and again renoval of
repaiigion; Waen thedensils sgaintn gh.egsi laysgs agaeached @ heedetermined, or desired,
repetition cycles the SiGe layer is forned on an ever
valrgribe spetiionsdrSierhmpted aad do acwi $iderrelared DREEs forated @A top of the
can be reached near, or at the top, of the SiGe

sttaBledXenveayer, resulting in a larger lattice
const anty. Consequently, at the second interface the

sec ' nstant i.s.increasin wi.th each. . .

r epgjt}g'tél %h%ﬁl\%ﬁcg?l ts)l)sflsvtv%gl ?I%Cﬁgqnfcesygﬁe ?‘)ﬁltarl?fng #éeatgﬁm]le%‘(fé‘iamed Si

alsg increases with each repetition. Wen the tensile
Onslfwug‘?tﬂr layerian dfs gpmpgment.dn thesliguse tiseleciopicsyem isphasen in a

or desired, value the repetitions are term nated and
generinegy Bi GGepherel H)0ecbrhparysing the strainedsi emintswptonfaythg00. The

strained Si layer. Fig. 8 schematically shows an

stréineg SI eminsukies i8R 60N isdottinpth VRt 8NEkh Bi¥oritahed M&steShnd
on insulator layer as its conponent. ITn the figure the

: L& ' i i as a . .
o RN SYSLETHE oS e SEAEHG, PPbuing govices
ayer. 0. The ..strained Si on insulator |ayer 600 is
af’%%‘ﬁe?‘i bﬁfgg%stifﬁé??dewndﬁswtwﬁ of PR kiRt deh LG algrest when such
circuits. Electronic systens that can take advantage
an@lectrpgic 15y Femp iraf G el peeeesion: suels as a central electronic complex (CEC) of a

qt—l-

computer.

The steps of the method for tensilely straining a Si layer on an insulator can be
applied in general for modifying the strain state of any crystalline layer, or simply a first
crystalline layer, having a first lattice constant, resting on a support platform. The support
platform is preferably amorphous, whereby it does not influence the lattice constant of the
first crystalline layer. One has to form an epitaxial relaxed monocrystalline second
crystalline layer on top of the first crystalline layer, in such a way that near its top surface

the second crystalline layer has a second lattice constant, which differs from the first
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afforded by the strained Si on insulator are of many
kind. It is of special interest when such an
web@ansoni c systems is a di gi tal processor, suPtT/ES2083/038334

central ectron onp

tae G T B R O S e %?n&frp?répﬁﬁl%‘éé‘%%@ et tich s
on an insulator can be appli ed i.n gener.al.

interGagirreywittythe fsstdeyearie wad én‘fefan@mb%l? yiated) IPlﬁ émPlﬁVéPon Upon
or simply a first crystalline layer, having a first

re-brgéthiliestiondrystolid phaseeepitaxygthe first csyfsmﬂmet laysraloyf ring foreed to
support platformis preferably anorphous, whereby it

cmﬂ iiPthe s&fohd @66 ddrEtah@hbd BEstaNGhBModified. Mhis hodifitation
crystalli ne | ayer. One has to form an epi t axi al

deﬁeg_'sé‘ é‘? g}e c?l? ésfftllf-’:‘ lffrétn%f ?e&%@@g ‘[gtﬂeS §e%l)ﬁdl 1<Je%\5ﬁ§ta19nlf the

cryst In SUC

near iits top surface ond cr staIIJ
SoqEng G HRPOPSIREE g TSTAE FARTRFT SRS & ’fsrﬁ %ior g layer
first 13 WO 2004/ 061921 PCT/ US2003/ 038334 lattice '
and testiGntelavrgdiyers then terfisst lavey e straingtaihwilbbe werifisdin fhgrensile
of the second | ayer, which is interfacing with the
dirbtiont Il Ay eppasite chiel Hieh ihetsoccdiatibocmsthtisanialied than the first
i nplantation. Upon re-crystallization by solid phase

1atﬁ9é 50?1)@5111'[ ﬁ%nftﬁef]ﬁltst 5438 @ldih &Qtelvﬁﬂ% meMiQEInHe EQhRskive

he second [attice constant, has its

strain state nodifi i fi
B B P P DB bG8 B SRS e oo
second lattice constant. If the second lattice
of thernyicannl sypportigefure.han the first lattice constant, as
is the case for the Si layer and the Si Ge rel axed
| ay evlanythedifitdtnk and variziipes bbths present isteation wid possible in light of
nodified in the tensile direction. In the opposite
th&ﬁﬁﬁ/? té’é@ﬁﬁg§ Rgq s69amd ab?ér&ﬂt%r ROk ih Shesaral TIeS schkasr the
irst “lattice constant, then the first layer's
gd in the conpressive

{
m‘é‘?nltl%tlﬁ ne‘%B%BW?ae’% 0End | ayer will yield the
nodi fied strain stateflrst | ayer on top of the
original support structure. Many nodifications and

variations of the present invention are possible in
light of
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t he above teachings, and could be apparent for those
skilled in the art. The scope of the invention is

waledosned2by t he appended clains. 14 WO 2004/ 06HOR1S2003/038334

__£§£;§§§003/038334 VWE CLAIM 1. A nethod for tensilely

W :ng a Si layer on an insulator, conprising the
steps of: taking a silicon-on-insulator wafer, said
waf er conprising a buried insulator |ayer sandw ched
between a Si substrate and a nonocrystalline Si |ayer,

1. daheth&d fdrassilclpatbingngta Siflayed onlaatdsubeor caaprdihg the steps of:
formng an epitaxial relaxed Si Ge |ayer on top of said

Si aNEs a ?1?1961}’ LEh tlﬂlﬁ%t(ﬁqk’&elsbalh PaEr c@ﬁ%n@m@ QlYuPEY insulator layer

portion of said yer I nto an anor phous state by

B R VLSS B O ) SOERASEAA SRl v

said Si layer; and re-crystallizing sai d bott om
firgidatticoePnstantai d Si Ge | ayer and said Si |ayer by solid
phase epitaxy, said solid phase epitaxy seeding froma
s ec dohning e epitecal belbxeeSiGa layer ys tagl dfisarl Sidgyepor ti on of
said Si Ge | ayer and sai d anorphous bottom portion of

sai ¢opideBng $AY ST layhRd QI HdtBkn foiich SREANSIGNhRY f1®6 @n amorphous
said top portlon of said SiGe |ayer having a second

t%%)%[%r(f %Pﬁrglﬁﬁmt L181’1 Wﬁér? thg)gté)l‘ﬂ%ttju 1?0 é%.né wtrlage?l% %glﬁing a
re-crystal |zat| n sal | | ayer is forced to conply
firgf interiaes Wi é@@ﬁ% e constant and acquires a
tensile strain. 2. The met hod of claim1, wherein said
S Ireyestallizighesd hottan pertivatofieaid SéBo layer and saiddSi 18530 Ayrsolid
thick. 3. The nmethod of claim2, wherein said Si |ayer
phaSe &AL RaikiGohie phaicwpRikyadeedihg BoM @ssdondidrtdch betkveen a

crystalline top portion of said SiGe layer and said amorphous bottom portion of said SiGe
layer, wherein at said second interface said top portion of said SiGe layer having a second
lattice constant, said second lattice constant being larger than said first lattice constant,
whereby upon re-crystallization said Si layer is forced to comply with said second lattice

constant and acquires a tensile strain.

2. The method of claim 1, wherein said Si layer is chosen to be between about 1nm and

100nm thick.

3. The method of claim 2, wherein said Si layer is chosen to be between about 2nm and

50nm thick.
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15 WO 2004/ 061921 PCT/ US2003/ 038334 4. The nethod of
claiml1l, wherein in said ion inplantation an inplanted
wG@p®eiew2i s chosen to be Si. 5. The nethod ofPct/abrond/038334
4. 188 bt e "R IR SAHOR T HERGPE B APRieded BRGH<B ehosen
said relaxed SiGe layer is fornmed to a thickness
topeiveen about 20nm and 3000nm 7. The nethod of claim
1, wherein said buried insulator |ayer is chosen to be
Si02. 8 A nonocrystalline tensilely strained S
| ayer, wherein said strained Si layer is adhered onto
5. 8 IR RLaihAY $hersdNHh WRELSR 'irﬂgl%ﬁiaﬁoh 9% Hhﬁ'l%ﬂt]red lrsféé?é's is chosen
contains at |east one atomc species over a limt,
toﬁh ein said [imt is based on a known chem ca
8mSosi tion of said insul ator | ayer, whereby
indicating ion inplantation of said insulator |ayer
with said at | east one atonic species. 9. The strained
Si layer of claim@8, wherein said insulator |ayer is
6. 3ihe Pretliod, of Thaemslt, mdneredwlsaBil rdlaxed ISiG¢ laykmis foByedvb artieickness
said strained Si |ayer is between about 1 nm and

behPEREbbid Wam dnl.3000emst rai ned Si | ayer of clai m 10,
wherein said strained Si |layer is between about 2nm

and 50nm thick. 16 WD 2004/ 061921 PCT/ US2003/ 038334
12. The strained Si |ayer of claim 10, wherein said

S R L LSRR RS st
wherein said strained Si |layer has |ess than 105/ cnR

8. A monocrystalline tensilely strained Si layer, wherein said strained Si layer is adhered

onto an insulator layer, and wherein said insulator layer contains at least one atomic species

over a limit, wherein said limit is based on a known chemical composition of said insulator

layer, whereby indicating ion implantation of said insulator layer with said at least one

atomic species.
9. The strained Si layer of claim 8, wherein said insulator layer is SiO,.

10. The strained Si layer of claim 8, wherein said strained Si layer is between about 1nm

and 100nm thick.

11. The strained Si layer of claim 10, wherein said strained Si layer is between about 2nm

and 50nm thick.
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defect density. 14. The strained Si |ayer of claimS8,
wherein said insulator |ayer is sandw ched between
wa20od/oetoerni ned Si | ayer and a Si substrate. 15PCTH82003/038334

sty ained §.. | ayer .of ai.m 14, .wher.ei crystallhne s .2
120 PhEnied oy oY Sbtin 4. Bt sgid SFAGRT s il o R 4 v

said Si substrate. 16. A nethod for fabricating a
defeshddnsiéy.y strained Si layer on an insulator,

conprising the steps of: taking a

silicon-on-insulator wafer, said wafer conprising a

buried insulator |ayer sandw ched between a Si
135%RSlf AR B eRoNMBRE 1Y, SHiRkdih B8d Siraih8Y ST lay&§@Had 163k than 10%/cm?

[ayer having a first l'attice constant; form ng an

[taxial relaxed SiGe layer on top of said Si |ayer;

deﬁ%hé%?ﬂ"ng said Si |ayer and a bottom portion of said

Si Ge |ayer into an anorphous state by an ion

i mpl antati on, wherein said bottom portion of said SiGe

| ayer is sharing a first interface wwth said Si
14l Ayestrained-Singyer af tlams Agwbaeid shidtinshatpolaydran sandwicied between

Si Ge |ayer and said Si |ayer by solid phase epitaxy,
sadine@isk thyBhage: SRlubaye.seedi ng from a second

interface getvveen a crystalline top portion of said

Si Ge | ayer and sai d anorphous bottom portion of said

Si Ge 17 WD 2004/ 061921 PCT/ US2003/ 038334 | ayer,

wherein at_.said cond interface .d to orti.on.of . .
15 FheStest 2t of Sy taraar APy Ta BEReBResRd Shained s
said second lattice constant being | arger than said
layer msatchies thaf elesagbhistudsirate. wher eby upon
re-crystallization said Si layer is forced to conply
with said second |attice constant and acquires a
tensile strain; and renoving said Si Ge | ayer, whereby

1684 Hebl k&b RA6hE S Wl QY MAR&T SN37erRB&R insulator, comprising the

steps of:

taking a silicon-on-insulator wafer, said wafer comprising a buried insulator layer
sandwiched between a Si substrate and a monocrystalline Si layer, said Si layer having a
first lattice constant;

forming an epitaxial relaxed SiGe layer on top of said Si layer;

converting said Si layer and a bottom portion of said SiGe layer into an amorphous
state by an ion implantation, wherein said bottom portion of said SiGe layer is sharing a
first interface with said Si layer;

re-crystallizing said bottom portion of said SiGe layer and said Si layer by solid
phase epitaxy, said solid phase epitaxy seeding from a second interface between a

crystalline top portion of said SiGe layer and said amorphous bottom portion of said SiGe
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transfornmed into a wafer conprising said tensilely
strained Si layer. 17. The nethod of claim 16, wherein
W@ 200d/08921 ayer is chosen to be between about | PeT/aE8zH03/038334

0 i h th of cl.aim.17.
e PR o R d s B ool B s SH0S e sccond
l](:thl ck. 19. The net hod of claim 16, wherein in said ion
At comaRt sid ssrendaitien corstab being darger thaghsakrst lattigs cgpstant,
20. The method of claim 16, wherein in said ion
wherghawoatte-srystatlizatiph saitl Sillaypeis fersed ® conlpyp eihtsaidecdad. lattice
21. The nethod of claim 16, wherein said buried

consiat aidecqlifgertensileshgigemd o be Si 02. 22. The net hod
of claim 16, wherein said rel axed Si Ge layer is forned

3&%8%%80 s a2 la@%%ﬁeﬁ&’yf‘?hﬁ? gf ﬁ#g‘.ﬁ#%lzgaf%%z bsep
et S & e B st OB ratiad N BT aher o) &

said relaxed SiGe layer is fornmed to a thlckness
bet ween about 20nm and 3000nm 25. The nmethod of claim
16, further conprising the steps of: repeating at
1'1. @as metindef chém d6nwhaereimn@idSidajdits cRs&l tbBedethd@intBout 1nm and
steps in a manner that wth each repetition at said
10®es0mRKkl nterface said second lattice constant is
increasing with each repetition, whereby said tensile
strain in said Si layer also increases with each
repetition; and termnating said repeating when said

t%ﬂsu strai nin said Si_ |layer has reached a
18. The method of claim 17, wherein said Si layer is chosen to be between about 2nm and

50nm thick.

19. The method of claim 16, wherein in said ion implantation an implanted species is

chosen to be Si.

20. The method of claim 16, wherein in said ion implantation an implanted species is

chosen to be Ge.
21. The method of claim 16, wherein said buried insulator layer is chosen to be SiO,.

22. The method of claim 16, wherein said relaxed SiGe layer is formed by a step grading

process.
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predeterm ned value. 26. A nethod for fabricating a
tensilely strained Si |ayer on an insul ator,
weewpne®weng the steps of: taking a PCT/US2003/038334

by | -d I r_waf er ai fer conprisi,ng a
2 SRR S St Pl BT S s Bl it
and a nonocrystalline Si |ayer, said Si |ayer having a
APPRJI0¢EStt i ce constant; forming an epitaxial rel axed

Si Ge |ayer on top of said Si |ayer; converting said S

| ayer and a bottom portion of said SiGe |ayer into an

anor phous state by an ion inplantation, wherein said

24 At QBHIRKY 31l RAmOT6, SidlebirSiairdl AR SidiS 155585 A to hithiskness
interface with said Si layer; re-crysfallizing Sald

| .d Si Ge |layer and said Si |ayer by
b@%ﬁ%@%%ﬁ%%ﬂg%ﬂ PCT/ US2003/ 038334 phase
epi taxy, said solid phase epitaxy seeding froma
second interface between a crystalline top portion of
said Si Ge | ayer and sai d anor phous bottom portion of
2% dihg nwitlgsl ofjczapmr 16, fither pomprisiegihd steps ofid i nt er f ace
said top portion of said Si Ge | ayer having a | arger
| at tiepentingasleastiontditie coAvedtifg fisl the ?é—t:ﬂgﬁﬁllfzﬁ{gssfté}ﬁtim a manner that
wher eby upon re-crystallization said Si layer is

witR b&@depRitioR TPsald Wcbhd BRérfhck 35 8EC natlgtjti‘c‘@gﬁ%e%F %%cr@aﬁ%g with
I g sard Si ayer,

acquires a tensile strain; renovin
[ i | bcon-.an-insyl.ator .wafer has been praqvide

e B P et S PRty B hord ) Rl 5o, G5B ith s

sald first lattice constant increased; repeating at
repetHion; gike the growi ng, converting, re-crystallizing

and renoving steps with said provi ded anew

si | i teomingting sagleptatingweifearsaidi tenstle SRANGH s4ib &1 la¥br IeRir€hched a

second interface said second lattice constant is
pre@@Eaasddngi, t h each repetition, whereby said tensile

strain in said Si layer also increases with each

repetition; and

26. A method for fabricating a tensilely strained Si layer on an insulator, comprising the
steps of:

taking a silicon-on-insulator wafer, said wafer comprising a buried SiO, layer
sandwiched between a Si substrate and a monocrystalline Si layer, said Si layer having a
first lattice constant;

forming an epitaxial relaxed SiGe layer on top of said Si layer;

converting said Si layer and a bottom portion of said SiGe layer into an amorphous
state by an ion implantation, wherein said bottom portion of said SiGe layer is sharing a

first interface with said Si layer;

re-crystallizing said bottom portion of said SiGe layer and said Si layer by solid
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termnating said repeating when said tensile strain in
said Si | ayer has reached a predeterm ned val ue. 27.
Wa\0ogheoet oni ¢ system conpri si ng a nonocr yst al PCTIES2003/038334

strain Si. | r is
PiEh B89 3 déoiiﬁ%'hﬁ%u S} RedPntonth SR s e
| at or cont ai ns at Ieast one atom c species
Créﬁr} 1ng tqpy Rﬂ”tl QhreHEY I edaye apd FA4 ameTHhaybotsmn potinpwhsaid SiGe
chem cal conposition of said insulator layer, whereby
lab’ﬁde%lﬂnr@ said wedomg limtatfadei saidl top pediod ofiszid \#i@¢ tayet leywdg a larger
Wth said at | east one atom c species. 28. The

lattice coiistdnit €had saidenmsiOlhttich BbRBtAT, w yinBn%@Jc&s%hl%ﬁsﬁmi& Si layer
systemis a digi taI processor. 29. nmet h

is Todbd 669:1 #Athad 51%9} ttdcB Bkt 5111 S Lqﬁir%gé gen fe st%?

on a supp t p at conprl Sl ng
2004/ 061921 P 2003/.03 t aki ng sal d first
crystal nﬁéalld%gie r-Seieg li‘p?)l&‘rop Prisylatorvatehas beepgrovided

crystalline layer having a first lattice constant;
aney; with§aidi dgyet texsikly stinoddy Ipwingrsdidctingslnttickicoestirma jiereased;
on top of said first crystalline |ayer; converting

sai drepdating aCleysonbd the grdvang coanettiag holchRMIPARS hireRoving steps
sai d second crystalline layer into an anorphous state

Wl s ptRited FRER @ﬂﬁbh %ﬁ*m 519\5v5‘.fe1$ ) % n%%héﬂﬂbﬁa? rSé.l{;l Wk

said second crystalline a er

said first.c staII er n
m*egfta%i o2 SePhd PR it 3t mEiRTbe oo Fbgiison @%sw said
stal l.Ling |layer and said first crystalline |ayer
leisHaigin sad §bfab’ﬁrx%}50 wgfegses avitheeaph sepetiten; wasty seedi ng
from a second interface between a crystalline top
por ttemrngingsaiddeperting dvhen psitladdsile strdiaye said@ Billagéi s reached a
anor phous bottom portion of said second crystalline

prédy@minddharei N at said second interface said top
portion of said second crystalline |ayer having a
second lattice constant, said

27. An electronic system comprising a monocrystalline strained Si layer, wherein said
strained Si layer is adhered onto an insulator layer, and wherein said insulator layer
contains at least one atomic species over a limit, wherein said limit is based on a known
chemical composition of said insulator layer, whereby indicating ion implantation of said

insulator layer with said at least one atomic species.
28. The electronic system of claim 27, wherein said electronic system is a digital processor.

29. A method for modifying a strain state in a first crystalline layer on a support platform,

comprising the steps of:
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second |attice constant differing fromsaid first
| attice constant, whereby upon re- crystallization
w@ atod/o6ioest crystalline | ayer by bei ng forced POT/U/UPS/Y38334

\;Vlt ;{}gﬁ ﬁ% gai§ ?i‘ésg Q%ﬁ%%ﬁﬁhl%‘? ﬁ% tsl%glt? Orﬂﬁlgﬁ?{?? ﬁgﬁﬁrgfﬁﬁ%ﬂﬂne layer

state.of claim?29, further conprising the step of:
ha,yg}g@vﬁrﬁblaglgpao%nd crystalline layer fromsaid first

crystalline layer, following said re-crystallizing

st epforging a heltmalhddxécbsecmnﬂq:r&;talhge tayst oradop of aitl dirsiferystalline

claim?29, wherein said support platformis conprising
lage; anor phous material, wherein said anorphous materi al

interfacing with said first crystalline layer. 21

converting said first crystalline layer and a bottom portion of said second crystalline
layer into an amorphous state by an ion implantation, wherein said bottom portion of said
second crystalline layer is sharing a first interface with said first crystalline layer; and

re-crystallizing said bottom portion of said second crystalline layer and said first
crystalline layer by solid phase epitaxy, said solid phase epitaxy seeding from a second
interface between a crystalline top portion of said second crystalline layer and said
amorphous bottom portion of said second crystalline layer, wherein at said second interface
said top portion of said second crystalline layer having a second lattice constant, said
second lattice constant differing from said first lattice constant, whereby upon re-
crystallization said first crystalline layer by being forced to comply with said second lattice

constant has its said strain state modified.

30. The method for modifying a strain state of claim 29, further comprising the step of:
removing said second crystalline layer from said first crystalline layer, following

said re-crystallizing step.
31. The method for modifying a strain state of claim 29, wherein said support platform is

comprising an amorphous material, wherein said amorphous material interfacing with said

first crystalline layer.
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