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manuf actured in a nunber of ways . For exanple, in one

3 re n-germani um (Si Ge) |l ayer is
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sinde6hN8n-insulator (SSOI) structures for semiconductor

devices combine the benefits of SOI technology with strained
silicon technology, with the strained silicon layer
providing enhanced carrier mobility.

[0003] The strained silicon-on-insulator structure may
be fabricated or manufactured in a number of ways. For
example, in one approach, a relaxed silicon-germanium (SiGe)
layer is formed on an insulator by one of several techniques
known in the art, such as: (i) separation by implantation of
oxygen (known as "SIMOX", see, e.g., U.S. Patent No.
5,436,175); (ii) wafer bonding followed by back etching;
(iii) wafer bonding followed by hydrogen exfoliation layer
transfer; or (iv) recrystallization of amorphous material.
This 1s followed by the epitaxial deposition or growth of a
strained silicon layer on the SiGe layer. The relaxed SiGe-
on-insulator layer serves as the template for inducing
strain in the Si layer, the induced strain typically being

greater than approximately 107°.



strain in the Si layer, the induced strain typically

bei ng greater than approximately 10 3 .[0004] Such a
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not conducive to the productibon of fullydepleted
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substrate. A strained silicon |ayer nay then be forned
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séggégngg'one wafer or substrate. A strained silicon layer
may then be formed by, for example, epitaxial deposition on
the surface of the relaxed layer. Hydrogen ions may then be
implanted into the relaxed layer to define a cleave or
separation plane therein according to any technique
generally known in the art, such as, e.g., the process
disclosed in U.S. Patent No. 6,790,747. The resulting wafer
may then be bonded to a second wafer or substrate, having a
dielectric insulating layer on the surface thereof, the
surface of the strained layer being bound to the dielectric
layer surface. Once bound, the resulting structure may then
be separated along the cleave or separation plane to yield
an S8SSOI structure.

[0006] Preparing an SSOI structure in this way is not
without problems, however. For example, the resulting
structure still has a portion of the relax SiGe layer

present on the surface of the strained silicon layer that



[ 0006] Preparing an SSO structure in this way is not

W t hout probl ens, however. For exanple, the resulting
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present on the surface of the strained silicon |ayer
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waf er and the handle wafer to form a bonded structure,

wherein a bond interface is formed between the
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waf er has a residual relaxed silicon-conprising |ayer
s%%quﬂeon insulator structure comprising forming a relaxed

silicon-comprising layer on a surface of a donor wafer;
forming a strained silicon layer on a surface of the relaxed
silicon-comprising layer; forming a dielectric layer on a
surface of a handle wafer; bonding the donor wafer and the
handle wafer to form a bonded structure, wherein a bond
interface is formed between the strained silicon layer and
the dielectric layer; separating the bonded structure along
a separation plane within the relaxed silicon-comprising
layer, such that the strained gilicon layer on said handle
wafer has a residual relaxed silicon-comprising layer on the
surface thereof having a thickness of at least about 20 nm;
and, etching the separated handle wafer to substantially
remove the residual silicon-comprising layer to expose a
surface of the strained silicon layer.

[0008] In another aspect, the present invention is

directed to a method for the preparation of a strained



surface thereof having a thickness of at |east about

20 nm - and, etching the separated handle wafer to
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| ayer to expose a surface of ghe strained silicon

| ayer. [0008] In another aspect, the present invention

is directed to a nmethod for the preparation of a
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sSEpabﬂtbnglh@@lbboﬂedtshcuutereompnhglmgsﬁ@amangou relaxed
sgilcgnm%égpglsfng layer comprising SiGe having at least
about 10% Ge on a surface of a donor wafer; forming a
strained silicon layer on a surface of the relaxed silicon-
comprising layer; forming a dielectric layer on a surface of
a handle wafer; bonding the donor wafer and the handle
wafer, wherein a bond interface is formed between the
strained silicon layer and the dielectric layer; separating
the bonded structure along a separation plane within the
relaxed silicon-comprising layer, such that the strained
gsilicon layer on said handle wafer has a residual relaxed
silicon-comprising layer on the surface thereof; and,
etching the separated handle wafer to substantially remove
the residual silicon-comprising layer to expose a surface of
the strained silicon layer, wherein the etching comprises
exposing the handle wafer to an etchant with a selectivity

ratio for SiGe:81 of at least about 3:1.



rel axed silicon-conprising |ayer, such that the
strained silicon |ayer on said handl e wafer has a
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surface thereof; and, etchingsthe separated handle
wafer to substantially renove the residua
silicon-conprising |ayer to expose a surface of the
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layer, a handle wafer, and a dielectric layer‘therebetween,
wherein a surface of the strained silicon layer has less
than about 0.35 LPDs/cm?.

[0012] In yet another aspect, the present invention is
also directed to a silicon on insulator structure comprising
a strained silicon layer, a handle wafer, and a dielectric
layer therebetween, wherein the surface of the strained
silicon layer has less than about 1 x 10'° Ge atoms/cm® and
an RMS roughness of less than about 1 nm.

[0013] Other objects and features of this invention
will be in part apparent and in part pointed out

hereinafter.



a strained silicon layer, a handle wafer, and a
dielectric |layer therebetween, wherein the surface o f
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1010 Ge atons/cm 2 and an RM%roughness of |ess than
about 1 nm [0013] O her objects and features of this
invention will be in part apparent and in part pointed
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[0017] Figure 3 is a cross-sectional, schematic drawing
which illustrates separation of the bonded structure (20)
along the separation or cleave plane (17) in the relaxed
silicon-comprising layer (13), and thus the transfer of the
strained silicon layer (14), with a residual portion of the
relaxed silicon-comprising layer (33) thereon, onto the
dielectric layer (15) of handle wafer (16).

[0018] Figure 4 is a cross-sectional, schematic drawing
of the strained silicon-on-insulator structure of the
present invention (40), the residual portion of the relaxed
silicon-comprising layer having been substantially removed
from the surface of the transferred strained silicon layer
(14) .

[0019] With respect to the Figures, corresponding
reference characters indicate corresponding parts throughout

the several views of the drawings.



present invention (40) , the residual portion of the

rel axed silicon-conprising | ayer having been
waadwsnanss al |y renoved fromthe surface of thePCT/US2006/030171

transferred strained silicon Yayer (14) . [0019] Wth

respect to the Figures, corresponding reference

characters indicate correspondi ng parts throughout the
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Patent No. 6,790,747; U.S. Patent App. Pub. Nos.
2004/0005740 and 2004/0031979). These techniques include,

for example, bond and layer transfer (or bond and separate)
techniques, and bond and grind or etch back techniques.
Preferably, however, the process of the present invention
utilizes wafer bonding and layer transfer techniques.
Accordingly, the present invention will be set forth in
greater detail below in the context of these wafer bonding
and layer transfer techniques. It is to be understood,
however, that this is for purposes of illustration and,
therefore, should not be viewed in a limiting sense. It is
to be further understood that in the practice of the present
invention, these techniques may be suitably carried out
using a variety of apparatus and process conditions
well-known in the art and, in some instances, may be omitted
or combined with other techniques and conditions without

departing from the scope of the present invention.



greater detail below in the context of these wafer
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In one preferred embodiment, the substrates comprise a
single crystal silicon wafer, the wafer having a diameter of
at least about 75 mm, 100 mm, 150 mm, 200 mm, 300 mm, oOr
more.

[0023] One substrate will be referred to hereinafter as
the "handle wafer." The handle wafer has a dielectric layer
directly deposited on a surface thereof, and serves as the
substrate for the final SSOI structure. The other substrate
will be referred to hereinafter as the "donor wafer." The
donor wafer has a fully or partially relaxed (generally
referred to hereinafter as "relaxed") layer directly
deposited on a surface thereof and, in one embodiment,
serves as the substrate upon which the strained silicon
layer is formed prior to a wafer bonding step. It is to be
noted that the donor wafer's relaxed layer can comprise any
material upon which a strained silicon layer may be formed,

such as Ge, SiGe, or other III-V compounds. In one



the "handl e wafer."” The handl e wafer has a dielectric
| ayer directly deposited on a surface thereof, and
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The other substrate will be geferred to hereinafter as
the "donor wafer." The donor wafer has a fully or
partially relaxed (generally referred to hereinafter
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1nééggdaigu§h§0§gr§£gg g?%gcggoféy§§@, Typically, the SiGe
layer comprises at least about 10% Ge, and in some instances
may comprise about 15%, about 20%, about 25%, about 35%,
about 50% or more (e.g., 60%, 70%, 80%, 90% or more). In
one preferred embodiment, however, the SiGe layer has a Ge
concentration in the range of at least about 10% to less
than about 50%, or from at least about 15% to less than
about 45%, with a concentration of at least about 20% to
less than about 40% Ge being preferred. It is to be noted
that the actual percentage of Ge, or the precise composition
of the relaxed layer, may be different from these SiGe
compositions without departing from the scope of the
invention depending on the desired application.
[0025] Essentially any technique generally known in the

art may be used to form the relaxed silicon-comprising

(e.g., SiGe) layer; see, e.g., U.S. Pat. Nos. 5,221,413;



about 50% or nore (e.g., 60% 70% 80% 90% or nore).
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I nduc conpressive strain in the strained | ayer.
StF@éﬁ?ﬁ ﬁ?ﬁ?gghe rel axed | ayer, essentially any

t eclioionue geies atthey deaed N djer ards syt el s exhy 0
te%%%ghgg generally known in the art may be used to form or
deposit the strained layer on the relaxed layer such that
strain is present in the layer after deposition thereof. In
one preferred embodiment, one of the known epitaxial
deposition techniques (e.g., atmospheric-pressure chemical
vapor phase deposition (APCVD); low- or reduced-pressure CVD
(LPCVD) ; ultra-high-vacuum CVD (UHVCVD); molecular beam
epitaxy (MBE); or, atomic layer deposition (ALD)) is used,
optionally in conjunction with precursors such as silane,
disilane, trisilane, monoclorolsilane, diclorolsilane, and
triclorolsilane. The epitaxial growth system may be a
single-wafer or a multiple-wafer batch reactor. The growth
system may also utilize a low-energy plasma to enhance layer
growth kinetics. The strained layer may be formed at a

relatively low temperature (e.g., less than 700°C) in oxder

to aid in the definition of an interface between the



deposit the strained |layer on the rel axed | ayer such
that strain is present in the |layer after deposition
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at nospheric -pressure chenical vapor phase deposition
(APCVD) ; low or reduced-pressure CVD (LPCVD) ; ultra

- hi.gh .- yacuum D D ecul ar |tax
st riuhre (37eenee sheay e ShehotrYEon (REGL F AECagel
ineptifaral hyyl BnhaRjicen c:hleo Bqutaﬁuanec Bepan:atauelh o&s removal
il ane, di,sila e tri_si | ane

Sl
of bR o FE eI arn LoyRd (7PE BhbI SPiated ThECES | I 3P

em@b@WhaniYShEWhﬂ&% kecassiraghedwabgeroboatains
mul ti pl e-waf bat ch .react or. lge row h system nma
Su§ﬁ§8nﬁtlf”‘lllli’e 1Q°|°0\ﬁleﬁé’f°§1‘y 5Ras aéf% eﬁ‘ﬁé(nl’:’@ |f5§er3d in a

dePoaWh oki B bb%%tusTh@e%hbataadchéﬁ%ér”@ﬁa@e1E0h6Edeﬁbosed
a relative é'IOMItenperature g | ess_than 700C) In
toor 6 EEEPdSIn 3 Fe GOMTREL P8H  of PEHEPHt BELRLBIECheen

avbﬁ%%h@abQ%Qsl%ﬁ%&aﬁﬁ%akﬁ%nr&h@xﬁﬂpE@Wth SueNq@ality of
definéd interface nmay enhance_t he subsequent

theepaterifogeolataverals tapingd dpveinedd apderrfofrPiRE -
adugkaxgdihayernd Biad ierbodibpent nbh wai ¢brhie $hbai Aed

ayer con ai ns substantially 100% silicon, this |ayer
i smppbeafldymptivien si ldgoos PEESHTSPFASAL uFhi clle BPgasgter

creRaIRe L Rk ﬁ#% tﬁéﬁp%%gvkﬁtlgﬂﬁleé§”pl%ﬂg@e@ethermal

SoUrce “gas., el ping to avoi di ng cross
cond@ntawumatwaw'iﬁdp diseipaget heaguakiony def Lces

suﬁ%&%@eQ&ﬁﬁb%ﬁﬂﬁﬁﬁl%ﬁ{%h%e%tE%X%rdaﬁg e%la%%% g@%eon]an

Iona e strained Tayer forme
malisriadmiice Itquomrélaaqdadcmrpn@@unwl(l@les whriogti diegls by the
better Hﬂernal conductivity than conventional Si.
er t1ier el conductivity may hel p di ssi pate heat
froqm@aﬂ]ceGeﬁebaemyeapéakingneﬁhenstheistdalaydr 14 is

L5 YRR 4105 SANRAERY P2t
su@i@ﬁ@ﬂty meaiﬁhﬂ;eqdehﬂ: ﬂevmdeeidmaathbn s lgrtowoett ghick
enoug bsftoanlrnttlhael lcyrysq: fOrl@tttryccek%ecs%hteh%txposed silicon
surface to undergo significant plastic relaxation.
Typically, therefore, the strained layer is grown to a
thickness of between about 1 nm and about 100 nm, preferably
between about 2 nm and about 80 nm, and more preferably
between about 10 nm and about 60 nm. In one preferred
embodiment, the thickness of the silicon layer is about 20
nm.

[0029] Referring again to Figure 1A, either before or
after the strained layer 14 is formed, ions, such as
hydrogen ions (i.e., either H' or H,*), are implanted to a
substantially uniform depth below the surface of relaxed
layer 13 in order to define a separation or cleave plane 17
in the relaxed layer. As further detailed herein below,
ions are typically implanted to a depth of at least about
10, 15, 20 nanometers (nm) or more below the surface of the

relaxed layer (or interface between the relaxed layer and



sufficient for subsequent device fabrication, but not
thick enough for the crystal lattice at the exposed
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rel axation. Typically, therefgpre, the strained |ayer
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is performed prior to the formation of strained layer, the
subsequent growth or deposition of the strained layer on the
relaxed layer is preferably performed at a temperature low
enough to prevent premature separation or cleaving along
.plane 17 in the relaxed layer (i.e., prior to the wafer
bonding process step). The separation or cleaving
temperature is a complex function of the implanted species,
implanted dose, and implanted material. However, typically,
premature separation or cleaving may be avoided by

maintaining a deposition or growth temperature below about

500°C.

Handle Wafer Structure

[0032] Referring now to Figure 1B, the handle wafer
structure 11 comprises a handle wafer or substrate 16 having
a dielectric layer 15 on a surface thereof to provide an
insulating layer in the final SSOI structure. The
dielectric layer may be any electrically insulating material

suitable for use in an SSOI structure, such as a material



alternative enbodi nent, other inplanted species may be
used, such as H+ or He+, with the dose and energy
wheing24ds ust ed accordingly. [0031] It is to beCT/usihen30171
noted that when inplantationqgs performed prior to the
formati on of strained |ayer, the subsequent growth or
deposition of the strained | ayer on the rel axed | ayer
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tﬁgr&iéfg%trlc layer is grown to a substantially uniform
thickness sufficient to provide the desired insulating
properties in the final SSOI structure. Typically, however,
the dielectric layer has a thickness of at least about 1 nm,
preferably at least about 10 nm, and more preferably at
least about 50 nm or even about 100 nm. In one preferred
embodiment, the dielectric layer has a thickness of about

145 nm.

Wafer Bonding and Transfer of the Strained Layer

[0034] Once the donor wafer structure 10 and handle
wafer structure 11 have been prepared, forming the final
SSOI structure involves transferring the strained silicon
layer of the donor wafer structure onto the dielectric layer
of the handle wafer structure. Referring now to Figure 2,
generally speaking, this transfer is achieved by contacting

the surface of the dielectric layer to the surface of the



| ayer that may occur during subsequent processing,
possi bly due to softening of the underlying dielectric

wo 2008102483 t enper at ures typically used during deeT/T82006/030171
fabrication (approximtely 199€0-1200 0C ) . [0033] The
dielectric layer may be applied according to any known
technique in the art, such as thermal oxidation, wet
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ofbainyg el ¥bw wocedures in order to obtain, for example, a
low surface roughness (e.g., a roughness of less than about
0.5 nm root mean square (RMS)) prior to bonding: (i)
planarization by, for example, CMP and/or (ii) cleaning by,
for example, a wet chemical cleaning procedure, such as a
hydrophilic surface preparation process (e.g., an RCA SCl
clean process wherein the surfaces are contacted with a
solution containing ammonium hydroxide, hydrogen peroxide,
and water at a ratio of, for example, 1:2:50 at about 65°C
for about 20 minutes, followed by a deionized water rinse
and drying). One or both of the surfaces may also
optionally be subjected to a plasma activation after, oxr
instead of, the wet cleaning process to increase the
resulting bond strength. The plasma environment may
include, for example, oxygen, ammonia, argon, nitrogen,

diborane, or phosphine.



particular theory, it is generally believed that the
gquality of the surface of the strained silicon |ayer
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1nterface may have a bond strength that is greater than

about 500 mJ/m?, about 1000 mJ/m?, about 1500 mJ/m®, or about
2000 mJ/m?.

[0038] Referring now to Figure 3, after the bond
interface 18 has been formed, the resulting bonded structure
20 is subjected to conditions sufficient to induce a
fracture along the separation or cleave plane 18 within the
relaxed layer 13. Generally speaking, this fracture may be
achieved using techniques known in the art, such as
thermally or mechanically induced cleaving techniques.
Typically, however, fracturing is achieved by annealing the
bonded structure at a temperature of at least about 200°C,
300°C, 400°C, 500°C, 600°C, 700°C or even 800°C (the
temperature being in the range of, for example, about 200°C
to about 800°C, or from about 250°C to about 650°C) for a

period of at least about 10 seconds, 100 seconds, 1000



separation along the cleave or separation plane 17 in
the rel axed |l ayer) . Typically, however, wafer bonding
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[0041] The thickness (T) of the residual relaxed layer
33 is approximately equivalent to the depth to which ions
were implanted into the relaxed layer prior to wafer
bonding. Accordingly, T is typically greater than about 10
nm, 15 nm or even 20 nm. For example, in some instances the
residual layer may optionally be at least about 30 nm, 50
nm, 80 nm, 100 nm, 120 nm thick or more.

[0042] After separation has been achieved, the
resulting structure 31 (i.e., the structure with the
strained layer thereon, after separation), may be further
annealed at an elevated temperature (e.g., a temperature in
the range of about 600-1250°C) to further strengthen the

bond between the strained layer and the dielectric layer.



addition to annealing. [0040] Referring again to

Figure 3 , upon separation, two structures (3 0 and
w@1jo7me433 or med. Since the separation of the bpe®es2006/030171

structure 20 occurs along tRe separation of cleave

plane 17 in the rel axed layer 13, a portion of the

rel axed | ayer remains part of both structures (i.e., a
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[0044] The appropriate etching composition is selected

according to various factors, including the precise
composition of the residual relaxed layer (e.g., SiGe layer)
and the selectivity of the etchant, wherein "gelectivity"
refers to the preferential rate at which the etchant removes
the relaxed layer material in relation to the strained layer
material in accordance with the present invention. In one
preferred embodiment, the selectivity of the etchant is
evaluated with respect to the rate at which the relaxed SiGe
layer is removed compared to the rate at which the strained
silicon layer is removed. This ratio of SiGe:Si removal is
at least, in part, dependent upon the concentration of Ge in
the relaxed SiGe layer, as well as the etchant composition.

Generally speaking, higher selectivity is preferred so that
the residual relaxed SiGe layer is removed quickly while

retaining as much of the strained silicon layer as possible.



concentration of |ight point defects, and/or being

substantially free of Ge on the surface of the
wareoaionads | ayer. Specifically, substantially aPCT/OB200é1¢30171

residual relaxed silicon-com8ising |layer 33 is

renmoved via a wet etching process using an etchant

conprising NHAOH, H2G2, and H2O . This etchant is
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preferably at least about 4:1, still more preferably at
least about 4.5:1, and still more preferably at least about
5:1 or more.

[0047] Generally, the etchant may comprise
NH,OH:H,0,:H,0 in a ratio from about 1:1:200 to about 1:1:10,
or from about 1:1:100 to about 1:1:25. Alternatively, the
etchant comprises NH,OH:H;0,:H.0 in a ratio from about 1:2:200
to about 1:2:10, or from about 1:2:100 to about 1:2:25. 1In
one preferred embodiment, the etchant comprises NH,OH:H;0,:H;0
in a ratio of about 1:2:50.

[0048] Generally speaking, the duration of the etching
process and the temperature at which the process takes place
are sufficient to substantially remove the residual relaxed
SiGe layer, as detailed elsewhere herein. Typically,
however, the handle wafer is exposed to the etchant for

between about 10 min and about 500 min, preferably between



the residual |ayer is at |east about 10% Ge, and in

sone i nstances may be at | east about 15% about 20%
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70% 80% 90% or nore) . Inq@ne preferred enbodi nent,

however, the Si Ge | ayer has a Ge concentration in the
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to about 750 watts, or from about 200 to about 600 watts.
[0050] The etching process of this invention produces
an SSOI structure having a surface with desirable features
for subsequent device fabrication. One such feature is the
degree to which the residual relaxed layer has been
"substantially removed," i.e., the extent to which the SSOI
surface is "substantially free" of the residual relaxed
layer. This feature can be measured by determining the
level of non-gilicon elements remaining on the SSOI surface
after the etching process. Here, the detection is focused
on the non-silicon elements that were originally comprised
in the relaxed layer. For example, in the embodiment of the
invention wherein SiGe is the relaxed layer, the level of
residual Ge on the SSOI surface remaining from the relaxed
SiGe layer is measured. Residual Ge may interfere with
subsequent device fabrication or operation. Therefore, in

accord with this invention, after etching, the strained



1X0C to about 100 O0C , preferably between about 200C

and about 900C , and even nore preferably between
w@bwan24360C and about 800C (with | onger etchi nECT/UABES6/030171

bei ng used for |ower tenperapgres, and vice versa)

In one enbodi nent, the etching takes place at about 65

OC for about 200 mn. [0049] During the etching
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using techniques known in the art, including for example
SurfScan SPl by KLA-Tencor.

[0053] While an overarching goal is to totally
eliminate the LPDs on the SSOI surface, LPDg may still form
during processing. As such, the size and concentration of
such LPDs is preferably reduced as much as possible. Stated
otherwise, while some silicon technology produces either a
high concentration of LPDs having minimal size as preferable
or a low concentration of relatively large size LPDs, the
immediate invention produces SSOI surfaces with a low
concentration of relatively smaller sized LPDs.
Specifically, according to this invention, the SSOI surface
comprises less than about 0.35 LPDs/cm®, said LPDs having an
average latex sphere equivalent diameter of less than about
1 micron, preferably less than about 0.5 microns, and even

more preferably less than about 0.3 microns. Preferably,



and thus conprises |less than about 1.0 x 1010 Ge
atons/cm 2, and preferably conprises | ess than about

WO 2007024489 Ge atons/cm 2, | ess than about 5. O RCOS206€030171
atons/cm 2, less than about 445 X 108 Ge atons/cm 2,
or even |less than about 5.0 x 108 Ge atons/cm 2 . Most
preferably the SSO surface conprlses essentially no
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lofe25chBRBAieBn2e , Sand kRRankawvi Bgrafier mobility are
desirable characteristics. For example, the SSOI structure
of this invention is suitable for use in the manufacture of
EMOS, PMOS, MOSFETs, FinFETs, CMOS, and bipolar-CMOS
devices. This list is in no way intended to be restrictive

or comprehensive.

[0056] The present invention is further illustrated by

the following Example.

EXAMPLE
[0057] A crude SOI structure was prepared using common
techniques in the art, such that, after separation, the
resulting structure comprised the handle wafer, the SiO;
layer, the strained silicon layer thereon, and a residual

relaxed SiGe layer on the strained silicon layer, the



average | atex sphere equival ent dianmeter of |ess than
about 1 mcron, preferably |l ess than about 0.5
wor@roe33 and even nore preferably | ess than apoTIUSDNE030171
m crons. Preferably,the SSO22urface conprises |ess
than about 0.30 LPDs/cm 2, |less than about 0.25
LPDs/cm 2, less than about 0.2 LPDs/cm 2, |ess than
0 PRs/ or .l es t Q. LPDs/ cm .
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Lateaprephens weniM@=alt .The present invention is further

illustrated by the fol l owi ng Exanple. EXAMPLE [ 0057] A

crude SO structure was prepared using conmon

techniques in the art, such that, after separation,

:E: éﬁ%ﬁétIQgesééggégéeiggggéiggdiéhgogaygkftggfgé’the
above embodiments and can be variously modified. The above
description of preferred embodiments is intended only to
acquaint others skilled in the art with the invention, its
principles and its practical application so that others
skilled in the art may adapt and apply the invention in its
numerous forms, as may be best suited to the requirements of
a particular use.

[0060] With reference to the use of the word(s)
"comprise" or "comprises" or "comprising" in this entire
specification (including the claims below), it is noted that
unless the context requires otherwise, those words are used
on the basis and clear understanding that they are to be
interpreted inclusively, rather than exclusively, and that
it ig intended each of those words to be so interpreted in

construing this entire specification.
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| ayer, the strained silicon |ayer thereon, and a
residual relaxed SiGe |layer on the strained silicon
wo ayen2448her esi dual rel axed | ayer having a thi BRIES®0€©030171
f 120 ran. This structure wes then exposed to NHAOH H
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remove the residual silicon-comprising layer to expose a

surface of the strained silicon layer.

2. The method of claim 1 wherein the relaxed silicon-
comprising layer has a lattice constant substantially

different than the lattice constant of pure silicon.

3. The method of claim 1, wherein said relaxed silicon-

comprising layer comprises SiGe.

4. The method of claim 3 wherein said etching comprises
contacting the SiGe layer with an etchant that has a SiGe:Si

selectivity ratio of greater than 3:1.

5. A method for the preparation of a strained silicon

on insulator structure, the method comprising:



1. Anethod for the preparation of a strained silicon

on insulator structure, the nethod conprising: formng
wa@200eloamexl silicon- conprising | ayer on a surfBCEUSI00&030171

donor wafer; formng a straged silicon |ayer on a

surface of the relaxed silicon-conprising |ayer, -

farmng a dielectric layer on a surface of a handle
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formed between the strained silicon [ayer and the
watediiel ectric | ayer; separating the bonded structure

alFefth 1S RPNl PIsaNE Wnt N elN®r 8l Xe%ace of the
silicon-conprising |ayer, such“that the stral ned

relaged edd icapecoowrgigndades iwaf er has a residual
BRI (AT 8y BYEL MRS Ul A0fanae

t her eof "having a thickne at l'east about 1
wafegnd, etching the separated handle wafer to

SYBNARY Ao SR Galle LN A palbldh CORGRODT L BLEin o
| ayer t0 expos€e a surface of the strained SiTi'con
bond| apderface Tise fivpmiedd betweleai whe witewenedt sé liebaxddyer
bl ri:si yer has a lattice constant
and §3€s?§%§%gﬁﬁ§%aﬁ S?ént than the lattice constant of
peepagialtiingn the bofidednmethrod tofrec bdiomgl a, sepereitnosaipdane
rises Si
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Si Ge: .Si, sel ectivi.t i f t t 3:1.. 5 A
relaRgth 6 LTy RO BFAFATE, 1ON0 o8 ELFaFHEAReR FOGROSS  2nd,
| esehdhor thier veparetethhamelbodagetpiosisnpstannting 1y

rel axed sil.icon- conprising |layer c rising SiCGe
remoys, the ZEGNSL SdaPTOS BT IN 1RTs UPY RS0 16f SAPASOP
surfarkebf tormshgadnstr ainedon Lagefr,| aherecdn @8hsuetateng
comprises exposing the handle wafer to an etchant with a

selectivity ratio for SiGe:Si of at least about 3:1.

6. The method of claim 1 or 5, wherein said etching
comprises contacting said residual relaxed silicon-comprising

layer with an etchant comprising ammonia.

7. The method of claim 1 or 5, wherein said etching is

performed using megasonic agitation.

8. The method of claim 1 or 5 wherein after said
etching, the exposed strained silicon layer surface has a RMS

roughness of less than about 1.0 nm.

9. The method of claim 1 or 5 wherein after said
etching, the exposed strained silicon layer surface has less

than about 0.35 LPDs/cm®.



rel axed silicon-conprising layer; formng a dielectric
| ayer on a surface of a handl e wafer; bonding the
wa@loman24433 er and t he handl e wafer, wherein a bpemus2006/030171
interface is forned betweerkd he strained silicon |ayer
and the dielectric layer; separating the bonded
structyre along a separation plane.wthin the rel axed
sﬁprco#%ec&ﬁ&ﬁaﬁlﬂflc Fﬁgsﬁgh%tWQFrFﬁg'§FF§Fh§&1d
etchiinki, cehel akglosen sAirdimeadise 1waber 189% ra HagSiaddrl
rel axed sillcon-conprisin% Iaﬁer on,t he surfag; )
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substantially renmove the residual silicon-conprising
| ayer to expose a surface of the strained silicon
| aéer, Thige FsitAoch @ fetcdfitAy 1c B pPi ¥88Tedpodiong PRE
1mp1RARALE 1WRIL T HeO 13N 8t @Al 1Wohh cdmp@li@Ghlgv kY ehat |
for SiGe=Si of at |east about 3:1. 6 . The nethod of
subsgegitind 1ot a8 ondnise SEPRLS&IL@Ne PeRNGy akoApLiepEs of at least
aboutORAGH R 193 EreshAudloe elraxed $lehibgRlr s3aTRLkSI NY
ayer wth an etchant conprising ammonia. 7 . The
comprashod dbyeitaim 1 or 5, wherein said etching is
performed using negasonic agitation. 8 . The net hod of
claim1 or 5 wherein after said etching, the exposed
stlRai n8thes meitdodl lody erlagoy flace BayherRVB seuighhessilef wafer
and %%i%.h%%% %%E%r;ggﬂgﬁ%.%iamgQ%rn%%h%% qga%%@b@ %toﬁo% mm,
whérein after said etching, the exposed Strai Red
silicon | ayer surface has |ess than about 0.35 LPDs
/ . . t f. clai erei (R
sggg e#%ﬁiH%EEF%ECQQEQEQHI%tPg;%egkggﬁicdn fgfgigﬁgglgg,
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aton§Jcn1 ~ 11. The nethod of claiml or 5 wherein
nm %ngn§ HE i1 &fted into the rel axed silicon-
conprising |layer substantially along a separation
pl.gne at a.depth of .at l.east about 10 nm bel qw.t he
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strained silicon layer, a handle wafer, and a dielectric layer
therebetween, wherein a surface of the strained silicon layer

has less than about 0.35 LPDs/cm®.

15. The silicon on insulator structure of claim 14 the
surface of the strained silicon layer has a RMS roughness of

less than about 1.0 nm.

16. The silicon on insulator structure of claim 14
wherein said strained silicon layer has a Ge concentration of

less than about 1 x 10*° Ge atoms/cm?.

17. A silicon on insulator structure comprising a
strained silicon layer, a handle wafer, and a dielectric layer
therebetween, wherein the surface of the strained silicon
layer has less than about 1 x 10'° Ge atoms/cm® and an RMS

roughness of less than about 1 nm.



| ayer. 12 . The nethod of claim1 or 5 wherein said

handl e waf er and sai d donor wafer have a di aneter of
w@tooreasts about 200 nm 13. The net hod of cl ai P€1/USI005030171

wherein, after etching, saiZb strained silicon |ayer

has a thickness of between about 1 nm and about 100

nm_14. A silicon on insulator structure caqonprisin
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the $@lrackl b¢ karvektrthenebeikwaeaoniayeknhassur kage r@lghness
the strained silicon |ayer has |ess than about 0.35
of leppstépp abeyt PhdSsifi-con on insul ator structure of
claim 14 the surface of the strained silicon | ayer has
a RV5 roughness of less than about 1.0 nm 16 _. The
sill9i-coAben silAdgom on dfsydetrE LrErhkivrel2fngdpdimls or 17
Ld St gal i L er ngent i-O
wher R BRI PRCIY TeE R e SESRSFET SenegiieaRonRhe 200
mm. sjlicon on insulator structure conprising a strained
silicon layer, a handle wafer, and a dielectric |ayer
t her ebet ween, wherein the surface of the strained
si20i.cofheapdd ilcas loas d nsivda tao gt ruckurel @ LGe lationdAcpr 17
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lesst hhmasurlane of. 5t ke 19°r @enedosi) ¢0dn | ayer has a RVB
roughness of |ess than about 0.75 nm 19. The silicon
on insulator structure of claim114 or 17 wherein said
handl e Thef el lia®ona o dmstdatolr @t riuedstrealodutc 120t h oxr 17

20. he silicon .on.i.nsul ator st tur f.clai #
sherBin, LU E e g Rt L L e Lo e
aboutoncemt rald aboaft [1@s rinthan about 7.5 x 109 Ge

atons/cn2 . 21. The silicon on insulator structure of

claim14 or 17 wherein the strained silicon |ayer has
a thickness of between about 1 nm and about 100 nm



