Semiconductor heterostructure The present invention relates to a
semiconductor heterostructure comprising a support substrate with a first
in-plane lattice parameter, a buffer structure formed on the support
substrate and having on top in a relaxed state a second in-plane lattice
parameter, and a multi-layer stack of ungraded layers formed on the
buffer structure. Such heterostructures are used for wafer recycling of a
donor wafer after taking off a useful layer of a semiconductor material and

are known from the docugla EQI%UZCQQFSAO e61,70 iZUA%. This document
describes, for example, a wafer structure Tike 1he “§oHSr wafer 16 shown

in Fig. 7, consisting of a silicon support substrate 1 on which a graded
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the buffer layer 2, such as about 20 %, and has a typical thickness of
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stﬁ%&@éﬁgq{)"rgt%ctg?hlgl)é%ryz}h@%ggsﬂ{/ %t{%ier}ggtss ggqﬁgraep%ger%ieﬁlgyzer structure. To
perform this function, the buffer layer 2 has at its interface with the support substrate 1 a
lattice parameter almost identical to the lattice parameter a, of the support substrate 1,
and has at its interface with the multi-layer stack a lattice parameter almost identical to
the lattice parameter a; of the layer 3 of the multi-fayer stack directly adjacent to the

buffer layer 2.

| The thickness of the buffer layer 2 is chosen between 1 and 3 micrometers for surface
concentrations of Ge of less than 30 % to obtain a good sfruciural refaxation at the

surface, and to confine defects refated to the difference in the lattice parameters,

The relaxed SiGe layer 3 is formed with a uniform concentration of Ge almost identical to
the Ge concentration of the buffer layer 2, such as about 20 %, and has a typical

thickness of about 0.5 to 1 micrometers.

The strained silicon layer 4 which is formed on the relaxed SiGe layer 3 must not exceed
a critical thickness for relaxation. For the layer 4 made of strained Si inserted between



two layers of relaxed SiGe with a concentration of Ge of about 20 %, the
critical thickness is of the order of about 20 nanometers. The multi-layer
stack used has a sufficient thickness to form at least two useful layers,
such as the strained silicon layers 4, 8, that can be detached and
additional material can be removed togplanarise exposed surfaces of the
useful layers prior to detachment from the donor wafer. In accordance
with an example described in the document US 2005/0167002 Al
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Embodiments of the present invention seek to provide a semiconductor hetero-siructure

of the above mentioned type with a lower surface roughness.

in accordance with a first aspect of the present invention, there is provided
semiconductor heterostructure comprising a support substrate with a first in-plane lattice
parameter a1, a buffer structure formed on the support substrate and having ontopina
relaxed state a second in-plane lattice parameter a2, and a multi-layer stack of
ungraded layers formed on the buffer structure, characterized in that said ungraded
layers are strained layers, wherein said sirained layers comprise at least one strained
smoothing layer of a semiconductor material having in a relaxed state a third in-plane
lattice parameter a3 which is between the first and the second lattice parameter,

wherein a;<as<a,.



It is the surprising finding of this invention that direct bonding between a
donor wafer composed like semiconductor heterostructure according to
embodiments of the present invention and a receiving wafer can be
applied without difficulties by providing the at least one strained
smoothing layer in the multi-layer stagk, wherein the value of the in- plane
lattice parameter of the smoothing la @r is chosen such that it is in
between the value of the first and the second lattice parameter. By means
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suldyer Wr@g@oﬁﬁ@g%}gﬁg@mooth surface of the underlying smoothing
layer. In this context, the term "in-plane lattice parameter" corresponds to
a lattice parameter of the various layers in a direction essentially parallel
to the interfaces between the various layers and to lattice parameters
which the layers would show in an relaxed state. Itis, in fact, known that
the lattice parameter depends on the material used, but also on the
nature of the underlying material on which it is deposited. To be able to
compare lattice parameter values of different layers in the following, it is
always referred to values as if the layers were in a relaxed state, and not
in the strained state under heteroepitaxial conditions,, which is also
known under the terms pseudomorphic or commensurate growth. As an
interface may be characterized by two lattice parameters, the above-
mentioned condition can either be satisfied for both lattice parameters or
for only one. In addition, the top layer of the heterostructure is not
necessarily the final layer, further layers strained or relaxed can be
provided thereon. According to a favourite embodiment of the present
invention, said buffer structure comprises an at least spatially graded
buffer layer formed on the support substrate. The spatially graded buffer
layer is used to adapt gradually or step by step the lattice



parameter between the underlying support substrate and the depo_sned
material of the multi-layer stack, while trying to minimize the density of
defects. In a preferred example of the invention, said buffer structure
comprises a relaxed layer formed on the graded buffer layer. The_
ungraded relaxed layer on top of the graged buffer layer helps to improve
the crystalline quality of the layers of the multi-layer stack formed on the
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fayers strained or refaxed can be provided thereon.

According to a favourite embodiment of the present invention, said buffer structure
comprises an at least spatially graded buffer layer formed on the support substrate. The
spatially graded buffer layer is used to adapt gradually or step by step the lattice
parameter between the underlying support substrate and the deposited material of the
multi-layer stack, while trying to minimize the gensity of defects.

In a preferred example of the invention, said buffer structure comprises a relaxed layer
formed on the graded buffer layer. The ungraded relaxed layer on top of the graded
buffer layer helps to improve the crystalline quality of the layers of the multi-layer stack
formed on the relaxed layer.

It is furthermore advantageous if said relaxed layer is a relaxed SiGe layer which is
formed on a graded SiGe buffer layer and has a germanium content corresponding to the
highest germanium content of the graded SiGe buffer layer. The ungraded relaxed layer
of SiGe with constant Ge concentration corresponding to the Ge concentration obtained



silicon layer being formed on the relaxed SiGe layer, wherein the other
layers of said multi-layer stack are formed on said first strained silicon
layer. In this structure, the first strained silicon layer can provide a defined
strained base for the growth of the next strained layers of the multi-layer
stack including the strained smoothing layer. In another embodiment of
the invention, said multi-layer stack comprises a first SiGe smoothing
laxed SiGe layer and under the first strained
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another embodiment of the invention, said highest germanium content of
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planarization steps.

In a favourite example of the invention, said multi-layer stack comprises a first strained
silicon layer being formed on the relaxed SiGe layer, wherein the other layers of said
multi-layer stack are formed on said first strained silicon layer. In this structure, the first
strained silicon layer can provide a defined strained base for the growth of the next
strained layers of the multi-ayer stack including the strained smoothing layer.

in another embodiment of the invention, said multi-layer stack comprises a first SiGe
smoothing layer being formed on the relaxed SiGe layer and under the first strained
silicon layer, wherein the other layers of the multi-layer stack are formed on said first
SiGe smoothing layer. This has the advantage that the first strained silicon layer and the
other layers of the multi-layer stack formed thereon can be grown on the smoothed
subsurface of the smoothing layer and have therefore excellent surface properties.



alloy belonging to one atomic alloy Group V-V, Group 11I-V, or Group II-VI.
Based on these materials, embodiments of the present invention can lead
to a large variety of semiconductor heterostructures having all excellent
surface characteristics. Preferably, the ungraded layers of the multi-layer
stack comprise Si, Ge, SiGe, AsGa, InP, InGaAs, AIN, InN and/or GaN.
Since these semiconductor materials can be transferred with the present

invention ontg another wafer withqut difficulties during. bonding, ver .
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icon wafer. In other embodiments of the invention, the“suppor
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sthsioed Hilisdunthermate pasaiiedhaicemy@wateper part of the support
substrate 1 consists of silicon, sapphire, SiC or AsGa. The support
substrate 1 has at least in a region at its interface with the buffer structure
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form a multi-layer stack with high strained layers on said buffer layer. These high-

strained layers show very good electronic properties.

Embodiments of the invention are especially well applicable if the support substrate
comprises silicon, sapphire, SIC or AsGa, and the buffer structure is formed of an atomic
alloy belonging to one atomic alloy Group V-V, Group IlI-V, or Group il-Vi. Based on
these materials, embodiments of the present invention can lead to a large variety of

semiconductor heterostructures having all excellent surface characteristics.

Preferably, the ungraded layers of the multi-layer stack comprise Si, Ge, SiGe, AsGa,
InP, InGaAs, AIN, InN and/cr GaN. Since these semiconductor materials can be
transferred with the present invention onto another wafer without difficulties during
bonding, very efiicient transfer technologies with high-quality products can be provided.

In the following, the present invention and its advantages are explained in detail by

means of the figures wherein

Fig. 1 shows schematically an exemplary embodiment of the invention,



progressively increasing germanium content and has on top in a relaxed
state a second in-plane lattice parameter a2. The Sil_,Ge" buffer layer
(SiGe buffer layer) is preferably epitaxially grown on the silicon support
substrate 1. In the shown example, the buffer layer 2 consists of the two
compounds: silicon and germanium the goncentration of which changes
over the thickness of the buffer layer 2. By doing so, the lattice parameter

in the graded buffer 2 slowly changes. For example, one can start with

x=0 at the interface towards the silicon substrate 1, so that the lattice
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Then, the germanium concentration can grow until approximately 20 %,
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as a carrier gas. Depending on the precursor gases and their

Fdecom osition temperature the deposition temperature is chosen, as can
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20 %. The composition gradient is achieved by adapting the amount of
Fthe Si and/or Ge precursor. Alternatively the deposition could be carried
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deposition temperature SiH4 GeH4 800C - 900C SiH2CI2 GeH4 800C -

i -1100C SiHC13 GeCl4 1050C - 1150C In
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multi layer-stack 20 formed thereon.

In the example shown in Fig. 1, the support substrate 1 is a silicon wafer. In other
embodiments of the invention, the support substrate 1 can consist of or comprise
materials like sapphire, SiC or AsGa. It is furthermore possible that only an upper part of
the support substrate 1 consists of silicon, sapphire, SiC or AsGa.

The support substrate 1 has at least in a region at its interface with the buffer structure

an in-plane lattice parameter a;.

The buffer layer 2 is in Fig. 1 an at least spatially graded Si;..Ge, buffer layer with a
progressively increasing germanium content and has on top in a relaxed state a second
in-plane lattice parameter a,. The Si;.Ge, buffer layer (SiGe buffer layer) is preferably
epitaxially grown on the silicon support substrate 1. In the shown example, the buffer
fayer 2 consists of the two compounds: silicon and germanium the concentration of which
changes over the thickness of the buffer layer 2. By doing so, the lattice parameter in the
graded buffer 2 slowly changes. For example, one can start with x=0 at the interface
towards the silicon substrate 1, so that the lattice parameter corresponds to the one of



on the graded Si,.xa2Gexa2 buffer layer 2 or on the subsequent layer 3
having a roughness of about 1.3 A RMS, obtained for a scan window of 2
pm * 2 pm. Then the achieved structure undergoes a bake step, e.g. is
emerged in hydrofluoric acid HF and heated in hydrogen H2 for about
three minutes in a temperature range of;about 800 to 850 C. This step is
used to remove oxide from the surface of the buffer layer 2, but the bake
#enrgadslp apergased.gurface roughness of about 2.6 A RMS. The _
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CaIRighpie howiectier Geagoepitatys about 20 %. In other embodiments of
the invention, the Ge concentration of the relaxed SiGe layer 3 can-be
75 ifgegent from this percentage. In yet another embodiment of the
invention, the relaxed layer 3 can be omitted, so that the multi-layer stack

20 i8igiemtigdor mactedsffer tayris@oMiEheperaRpgdiment of Fig. 1, a
straineg;gificon dyt:lé’ie"g‘ form . tead of a
strained silicon jayer any4other ungraded and Ined SiGejlayer can be

formed &t the relaxddaayer 2 800°C - 950°C
SiH,Cly GeCly 1000°C - 1100°C
SiHCl4 GeCly 1050°C — 1150°C

In a subsequent step, which is not explicitly illustrated in the figures, a surface treatment
is carried out which comprises chemical mechanical polishing (CMP) to obtain a surface
on the graded Siy.,,,Gey, buffer layer 2 or on the subsequent layer 3 having a roughness
of about 1.3 A RMS, obtained for a scan window of 2 ym * 2 ym. Then the achieved
structure undergoes a bake step, e.g. is emerged in hydrofluoric acid HF and heated in
hydrogen H, for about three minutes in a temperature range of about 800 to 850 °C. This
step is used fo remove oxide from the surface of the buffer layer 2, but the bake step
leads to an increased surface roughness of about 2.6 A RMS.

The buffer layer 2 has the function to adapt the lattice parameters a; and a, between the
crystaliographic structures of the support substrate 1 and the layers of the semiconductor
structure overlying the buffer tayer 2 to reduce thereby the density of defects in the upper
multi-layer structure. To perform this function, the buffer layer 2 has at its interface with



Instead of SiGe or Si, the ungraded layers of the multi-layer stack 20 can
comprise Si, Ge, SiGe, SiGeC, AsGa, InP1 InGaAs, AIN, InN and/or
GaN. With reference to Fig. 1, a strained ungraded SiGe smoothing layer
5 is formed on the strained silicon layer 4. The strained smoothing layer 5
comprises such a concentration of Ge that the smoothing layer 5 would
have in a relaxed state a third in-plane lattice parameter a3 which is
efween the Eir§t Iat'q'ce arameter a, of the support substrate 1 and the
rlpd)?a subsirate Ig
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I aggﬁp%qﬁglgng%‘r itah%rﬂ al layer on top of the buffer layer 2. Having the
same compounds, S8SL1 ially the same growth conditions can be chosen,

except for the amount of precursor gas provided 9 for each compound.
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content between 0 % and a percentage being less than the highest
germanium content of the graded SiGe buffer layer 2. In particular, the
Infitenafedistapkobbigohs B sireinatesiiatindpgtaihedGiteilayets: Sefixal layer 3.

InStéandfsy atrated|GMELIAYERIS bny other ungraded and strained SiGe layer can be
formed on the relaxed layer 2.

Instead of SiGe or Si, the ungraded layers of the muiti-layer stack 20 can comprise Si,
Ge, SiGe, SiGeC, AsGa, InP, InGaAs, AIN, InN and/or GaN.

With reference to Fig. 1, a strained ungraded SiGe smoothing layer § is formed on the
strained silicon layer 4. The strained smoothing layer 5 comprises such a concentration
of Ge that the smoothing layer 5 would have in a relaxed state a third in-plane lattice
parameter a; which is between the first lattice parameter a, of the support substrate 1

and the second lattice parameter a; on top of the buffer layer 2.

This smoothing layer 5 is grown with a constant composition of the same compounds
silicon and germanium, but with a composition Sit.xa3Gexas different to the composition of
the final layer on top of the buffer layer 2. Having the same compounds, essentially the
same growth conditions can be chosen, except for the amount of precursor gas provided



4'. 4" 4" 6. In the embodiment shown, the highest germanium content of

the graded SiGe buffer layer 2 is about 20 % and said SiGe smoothing

layers 5, 5', 5", 5" have a germanium content of about 11 to about 19 %.

Each of said SiGe smoothing layers 5, 5', 5", 5™ of the multi-layer stack 20

has a thickness of about 200 A to about,600 A; each of said strained

silicon layers 4, 4", 4™, 6 of said multi-layer stack 20 has a thickness of

q\bpugc 0 A to about 250 A; and said multi- layer stack 20 has a thickness
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be about 50C to about 500C lower than the growth temperature of the

uffer layer 3. During growth of the buffer lower 2 one typically
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In the embodiment shown, the highest germanium content of the graded SiGe buffer
layer 2 is about 20 % and said SiGe smoothing layers 5, 5', 5", 5" have a germanium
content of about 11 to about 19 %.

Each of said SiGe smoothing layers 5, 5, 5", 5 of the muiti-layer stack 20 has a
thickness of about 200 A to about 600 A: each of said strained silicon layers 4, 4", 4", 6
of said muiti-layer stack 20 has a thickness of about 50 A to about 250 A: and said multi-

layer stack 20 has a thickness of about 1000 A to about 3400 A.

in the particular example, the smoothing SiGe layers 5, 5, 5”, 5™ of the multi-layer stack
20 have thickness of about 400 A, the strained silicon layers 4, 4", 4, 6 have a
thickness of about 200 A and the whole multi-layer stack 20 has a thickness of about
2600 A.



rather than on the peak. As a consequence a smoothing effect occurs.
This effect adds to the already advantageous effect of having a smaller
in-plane lattice-parameter applied in the first embodiment. Thus, a further
improved smoothing of the semiconductor heterostructur_e 10 and thus
also of the top layer 7, here the strained gilicon layer 6, will occur. Indeed,
when the growth temperature is high, the total thermal energy of the

Y is high and.the syrface energy, which is the energy of the
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impact, as by depositing atoms into the valleys, the overall St_Jrface
becomes smaller and an energy gain is observed. Thus, in this case a
smoothing of the surface will occur. If, however, the temperature is too
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achieved with a post-bake roughryggs of the buffer layer 2 being of the
order of about 2.6 A RMS. Also the buried interface between the ungraded
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IRAT U YR REFRgesErvth ofthatieliebisier| 2yarotypiaydoakiGhr a high
dgibsiiGrexenslerA0l30) eR0hdn §RWth rates but by choosing a lower growth
temperature for the ungraded layer 5, even though growth speed will lower, it is possible
to preferably deposit material in the valleys of the surface of the Si; Ge, buffer layer 2
rather than on the peak. As a consequence a smoothing effect occurs: This effect adds
to the already advantageous effect of having a smaller in-plane lattice-parameter applied
in the first embodiment. Thus, a further improved smoothing of the semiconductor
heterostructure 10 and thus also of the top layer 7, here the strained-silicon layer 6, will

occur,

Indeed, when the growth temperature is high, the total thermal energy of the arriving
atoms is high and the surface energy, which is the energy of the surface on which the
atoms are deposited, becomes negligible, so that it cannot have a positive impact on
smoothening. If, however, the thermal energy is relatively low, like here, the surface
energy can have a positive impact, as by depositing atoms into the valleys, the overall
surface becomes smaliler and an energy gain is observed. Thus, in this case a
smoothing of the surface will occur. if, however, the temperature is too low, the thermal
energy will not be sufficient for the arriving atoms to move to the preferred nucleation

sites in the valleys to reduce the surface energy.



Sil_xGex,xs[20,40] 750 - 850 600 -700 Sil.xGex,xs[40,60] 700 - 800 550
- 650 Sil_xGex,xs[60,80] 650- 750 500 -600 Sil_xGex,xs[80,90] 600 -
700 **600 Sil_xGex,x6[90,100] 550 - 650 <:550 For CVD layer
deposition of the smoothing layer 5 the precursors have to be chosen
such that they have a decomposition teppperature which is lower or at
least close to the temperature range indicated in table 2. As a
”Eéﬁ%‘%{}g%i} mta foccur that for the growth of the smoothing layer 5 a
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reference Is made to the description of the corresponding layers in the
semiconductor structure 10 of Fig. 1. It should be note that the exemplary
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trate the basic principle of the present invention, namely
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lgyes aba sewionstustaiemaialial havingnadeiaxed state a third
in-plane lattice parameter a3 which is between the first and the second
lattice parameter a,, a2 of the support substrate 1 and the buffer layer 2.
Teble g'rrangement, the thickness and the number of layers in the
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of the invention. The semic!%&pu?tor heterostructure 11 has a similar oW

rofighness at the surface 7 t5 r:%%r %98}6 like the semic&H&ICtbF]

heitePbstrgetus 20lot Fig. 1. TREfefd®) the semiconductor Braciym10, 11
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W4 fpryf‘nr éet;%ﬁméu ofa use?tﬁqay%$ from the semiconduc(?:’gf;3 = 7007
Si1Ge,,xe[40,60] 700 — 800 550 — 650
SirGex,xe[60,80] 650 — 750 500 — 600
Si1xGe,,xe[80,90] 600 ~ 700 600
SiixGey,xe{90,100] 550 — 650 <B50

For CVD layer deposition of the smoothing layer 5 the precursors.have to be chosen
such that they have a decomposition temperature which is lower or at least close to the
temperature range indicated in table 2. As a consequence, it may occur that for the
growth of the smoothing layer 5 a different precursor is used or needs to be used than for
the buffer layer 2.

Fig. 2 shows schematically another semiconductor heterostructure 11 according to
another exemplary embodiment of the present invention. The semiconductor
heterostructure 11 differentiates from the semiconductor heterostructure of Fig. 1 in that
the smoothing layer 5 is grown directly on the relaxed layer 2. Regarding the properiies
of the support substrate 1, the buffer layer 2, the relaxed layer 3 and the layers of the



structure 10, 11 as described below. Fig. 3 shows schematically the
embodiment of Fig. 2 during an implantation step. In the example shown,
an ion implantation is performed in the semiconductor heterostructure 11
through the layers of the multi-layer stack 21 down into the smoothing
layer 5'. In other not shown embodiments of the invention, another
implantation depth can be chosen. Implantation is achieved by implanting

atomig , like for example rogen jons or other inert gases,
S ol T ) LR R rEIEE 1 mace 1o the
{reermy bfencey aswendied itershe Gnoothivan thwbr Sirictarotiter Fig. 1.
variant of the invention, the implantation conditions can be chosen such
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an insulator layer can be formed on the handle wafer 14 and/or on the

i i ' ture 10, 11 prior bondin he .
s A R Fige 7o
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treatment or another type of energy is applied on the implanted and

i ing.t litting of said struct long the
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leads to a detachment of a remainder of the donor wafer 10, 11.
Fig. 3 shows schematically the embodiment of Fig. 2 during an implantation step. in the
example shown, an ion implantation is performed in the semiconductor heterostructure
11 through the layers of the multiayer stack 21 down into the smoothing layer 5. In
other not shown embodiments of the invention, another impiantation depth can be

chosen.

Implantation is achieved by implanting atomic species 12, like for example hydrogen ions
or other inert gases, with a predetermined dose and energy. Due to the implantation a
weakening area 13 is formed into the smoothing layer 5'. In another variant of the
invention, the implantation conditions can be chosen such that the predetermined
splitting or weakening area 13 is positioned in any one of the layers 5'7, 57, 5, 5; 4™ 47,
4’ or at an interface between two of these layers. In any case, the weakehing area 13 is
positioned below the useful top layer 6 that will be transferred from the semiconductor
heterastructure 10, 11 and above the strained layer 4 that will be used to help to reclaim

the donor structure.



Fig. 5 shows schematically a split part of the embodiment of Fig. 4 after
the splitting step. In the following, the non-useful layers 5™, 4™, 5™, 4", 5",
4', 5' of the multi-layer stack 21 are removed, preferably by etching. If the
non-useful layers 5™, 4™, 5™, 4", 5", 4", 5' consist in general of one
material such as SiGe, these layers can{e removed in one etching step.

If the non-useful layers 5™, 4™, 5™, 4", 5", 4", 5' consist of different material
have to be applied
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buffer structure comprises an at least spatially graded buffer layer formed

on the support
Fig. 5 shows schematically a split part of the embodiment of Fig. 4 after the splitiing step.

in the following, the non-useful layers 5", 4", 5™ 4" 5" 4 5 of the multi-layer stack 21
are removed, preferably by etching. If the non-useful layers 5", 4™ 5™, 4" 5" 4, 8
consist in general of one material such as SiGe, these layers can be removed in one
etching step. If the non-useful layers 5, 4™, 5™, 4", 57, 4', 5 consist of different material
stich as SiGe and strained silicon, several etching step have to be applied to remove

these layers.

Also, the remaining part of the layer(s) on the structure formed of the layers 1,2, 3,5
and, if present, 4 can be removed selectively with respect to etch stop strained layer 4.
This allows to reclaim the donor wafer for preparation of a further donor substrate.

Fig. 6 shows schematically the embodiment of Fig. 5 after removal of the smoothing
layers. The resulting structure consists of the handle wafer 14 and the useful layer 6

formed thereon.



substrate. 3. Semiconductor structure of claim 2, characterised in that said
buffer structure comprises a relaxed layer formed on the graded buffer
layer. 4. The semiconductor heterostructure of claim 3, characterized in
that said relaxed layer is a relaxed Sii_.2 Ge.2 layer formed on a graded
Sii_xGex buffer layer, x being the content of the Ge of the buffer layer,
xa2 being the content of Ge of the relaxed layer, wherein x822Zx. 5. The
icond r of claim 1, characterized in that the buffer
Zﬁi@; ture igﬁg& gcrgﬁféﬁgg%%ﬁ%su@e’rﬂy%rr?\r/‘v?tlﬁ)raegﬁHE%‘?%‘%“&W&H%WQEOUSW
3 (feﬁlt, A RdurtoniJayerstask ismigiad slemtteahtngesiical Geperties can be
RepéTeck viitbi e the soatertafgengiiheduties dayengrifeing thig.content
of Ge of the alternating layers, wherein O<xs<x. 6. The semiconductor
heterostructure of claim 5, characterised in that said multi- layer stack
consists of alternating SiGe smoothing layers and strained silicon layers.
7. The semiconductor heterostructure of claim 1, characterised in that said
multi- layer stack has on top a strained silicon layer. 8. The semiconductor
heterostructure of claim 4, characterised in that said multi- layer stack
comprises a first strained silicon layer being formed on the relaxed SiGe
layer, wherein the other layers of said multi-layer stack are formed on
said first strained silicon layer. 16 9. The semiconductor heterostructure
of claim 4 or 8, characterised in that said multi-layer stack comprises a
first SiGe smoothing layer being formed on the relaxed SiGe layer or on
the first strained silicon layer, wherein the other layers of the multi-layer
stack are formed on said first SiGe smoothing layer. 10. The
semiconductor heterostructure of claim 6, characterised in that said
highest germanium content of said graded SiGe buffer layer is 20 % and
said SiGe smoothing layers have a germanium content of 11 to 19.5 %.
11. The semiconductor heterostructure of claim 10, characterised in that
each of



said SiGe smoothing layers of said multi-layer stack has a thickness of
200 Ato 600 A. 12. The semiconductor heterostructure of one of the
claims 10 or 11, characterised in that each of said strained silicon layers
of said multi-layer stack has a thickness of 50 A to 250 A. 13. The
semiconductor heterostructure of one of the claims 10 to 11, characterised
in that said multi-layer stack has a thickness of 1000 A to 3400 A. 14. The
semiconductor heterostructure of claim 2, characterized in that x, which is
the content of Ge of the graded Sii_x Gex buffer layer, is 0<x50.4 15. The

GraasicOiagduetor heterostructure of claim 1, characterised in that the support

substrate comprises silicon, sapphire, SiC or AsGa, and the buffer
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4. The semiconductor heterostructure of claim 3, characterized in that said

relaxed layer is a relaxed Siixa2 Gexa layer formed on a graded 5i1..Gey buffer
layer, x being the content of the Ge of the buffer layer, x.: being the content of
Ge of the relaxed layer, wherein xaz2x.

The semiconductor heterostructure of claim 1, characterized in that the buffer
structure is a graded Siix Gex buffer layer with an increasing germanium
content, and said multi-layer stack consists of alternafing Siix.s Ges layers, x
being the content of Ge of the buffer layer, xa3 being the content of Ge of the
alternating layers, wherein 0<xas<x.

&

6. The semiconductor heterostructure of claim 5, characterised in that said multi-
layer stack consists of alternating S5iGe smoothing layers and strained silicon
layers.

7. The semiconductor heterostructure of claim i, characterised in that said mult-
layer stack has on top a strained silicon layer.

8 The semiconductor heterostructure of claim 4, characterised in that said mult-
layer stack comprises a first strained silicon layer being formed on the relaxed
SiGe layer, wherein the other layers of said multi-layer stack are formed on
said first strained silicon layer.



