SEM CONDUCTOR HETEROSTRUCTURE AND METHOD FOR FORM NG A SEM CONDUCTOR
HETEROSTRUCTURE 5 The invention relatjes to a method for formng a
sem conductor heterostructure conprising providing a substrate with a first
in-plane |l attice paraneter a,, providing a buffer layer with a second
In-plane lattice paranmeter a2, providing a top |layer over the buffer |ayer.
The invention furthernore relates to a correspondi ng sem conduct or
het er ost ruct ur e a8EMIGONPUGITORHETEROSTRUCTARE AND METHODsuch a
sem conduct or heff@RIDRMING ASSEMITOMNDUCTORHETEROSTRUCTURE t ures |like this
are known from US 5, 442, 205 di scl osing sem conductor heterostructure
devices with strained sem conductor | ayers The known heterostructure
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treating the surface using a S furthernore a bake to
20 The spatially graded Ge,Siix layer of the buffer layer is used to adapt the lattice parameter
between the underlying substrate and the deposited relaxed material, while trying to
minimize the density of defects. Usually the additional capping layer of SiGe with constant
Ge concentration corresponding to the concentration obtained at the top of the graded layer
- is provided as a relaxed layer to improve the crystalline quality of the structure.
25
The structure obtained usually has a surface morphology which is not suitable for further
use. US2003/0215990, which is preoccupied by preventing interdiffusion of dopants in
semiconductor heterostructures, proposes a planarization step, in particular a Chemical
Mechanical Polishing (CMP) step, before growing any further layer. Here it is the role of
30 CMP to provide a polished smooth surface, which is typically of about 2 A. Following CMP,
the substrate needs to be further treated to prepare the subsequent layer deposition. Such
treatments include treating the surface using a HF solution and furthermore a bake to
remove any oxide. Then US2003/0215990 proposes the epitaxial deposition of further layers

like silicon germanium or strained silicon layers.



renove any oxide. Then US2003/ 0215990 proposes the epitaxial deposition of
further layers |Ilike silicon germaniumor strained silicon |ayers. 2 It
-appears, however, that the achieved surface properties for the sem conduct or
het erostructures are unsatisfying, when applying the above described prior
.art processes. Indeed, due to the bake prior to the deposition of the
further |ayers, a roughening of the 5 silicon germani um surface occurs.
During the subsequent growh of, e.g., the strained silicon |I|ayer, the
surface roughness tends to dimnish again the final roughness, but
neverthel ess stays considerably higher than the roughness of the graded
GeSi layer surface or of the capping layer, if present, after the CW
process, as the thickness of the strained silicon Iayer cannot exceed the
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15  after planarization, but still only final surface roughness values of the order of 5 A are

achieved.

Furthermore the buried interface between the top layer, e.g. the strained layer, and the
underlying layer have even a higher roughness, due to the bake after CMP of the buffer
20 layer. This buried interface can, however, become a top free surface in case the strained
layer is transferred onto a handle substrate to create a strained silicon on insulator type
semiconductor heterostructure. This can, for example, be achieved using a SmartCut
technology based process. Again also here, no additional CMP can be carried out for
flattening out the surface.
25
The surface roughness is critical for the substrate quality, as a rough surface on the
heterostructure will in turn lead to a rough final structure for electronic devices developed
thereon and is furthermore detrimental for the electrical behavior of the formed devices. It is
therefore the object of the present invention to provide a method for forming a
30 heterostructure and a corresponding semiconductor heterostructure which has better

surface roughness properties and/or better buried interface roughness properties.



therefore the object of the present invention to provide a nethod for
-formng a 30 heterostructure and a correspondi ng sem conduct or

het er ostructure which has better surface roughness properties and/or better
“buried interface roughness properties. 3 This object is achieved with the
met hods for formng a sem conductor heterostructure according to clains 1.
It is the surprising finding of this ihiventi on t hat by providing an
additional - layer, in particular 5 after the planarization and bake steps,
between the buffer layer and the top |ayer, wherein the value of the
in-plane lattice paraneter of the additional l|ayer is chosen such that it is
in bet ierbjast is achieved witte the methagisdfos dommiog |aasempengantembeterostrudteresur f ace
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gr aded JaR¥@s lagkishin@ direction essentially parallel to the interfaces between the various layers
and to lattice parameters which the layers would show in an relaxed state. It is, in fact,
known that the lattice parameter depends on the material used, but also on the nature of the

'20  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

25 satisfied for both lattice parameters or for only one. Furthermore like mentioned above, the
buffer layer can comprise a plurality of layers, e.g. a composition graded layer with or
without a capping layer. In the wording of claim 1 the subsequent layer of the substrate is

the buffer layer and the subsequent layer of the buffer layer is the additional layer. In
addition, the top layer of the heterostructure is not necessarily the final layer, further layers

30 strained or relaxed can be provided thereon.



W thout a capping layer. In the wording of claim1 the subsequent | ayer of
“the substrate is the buffer layer and the subsequent |ayer of the buffer

| ayer is the additional layer. In addition, the top |ayer of the
.heterostructure is not necessarily the final layer, further layers 30
strained or relaxed can be provided thgreon. 4 According to a preferred
enbodi nent the additional |ayer and/or the top |ayer can be grown wth a
grow h tenperature |l ower than the growth tenperature of the buffer layer. It
i's another surprising observation that, in addition to the internediate in
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critica ness, s occur, rnparticular |ess than 1000
A, nore in particular a thickness of about 200 A to 800 A even nore in
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additional |ayer can conprise at |east two 25 conpounds A and B and have a
di ffoer efxtcomtimptwsart advantadgera? Bbddinnedt he thialBiksa 3f thiet duditonpldayer dan bededs ot her .

Coen” REBh e Bl Blee| 5k i et ARAPLIF BhrsciEaf b, OB B '
di m ni sﬁmﬁs@ulﬁcmﬂndmess of about 200 A to 800 A, even more in particular of about 600 A. it
should be noted, that the critical thickness depends on the material choice for the additional
layer and the underlying layer, but is also a function of deposition temperature. However, for
20 the above mentioned values improved surface roughness values have been obtained. To
keep the additional layer thin has the advantage of preventing defects on its surface and
furthermore is advantageous with respect to production, as throughput can be kept high.

Advantageously the buffer layer and the additional layer can comprise at least two
25  compounds A and B and have a different composition As.x2Bxs2 @nd Aq.a3Bxas With respect
to each other. For example, the buffer layer can be a gradient layer of a binary material,
such that starting from the substrate the lattice parameter increases (or diminishes) towards
the interface with the top layer and for the additional layer the composition of the binary
material can be chosen such that a step back (or increase) in lattice parameter is observed.
30 In fact, by changing the composition usually the lattice parameters change in turn. By using

the same compounds, the buffer layer and the additional layer can be grown under similar



the interface with the top layer and for the additional |ayer the
.conposition of the binary material can be chosen such that a step back (or
increase) in lattice paranmeter is observed. 30 In fact, by changing the
conposition usually the lattice paraneters change in turn By using the
‘same conpounds, the buffer layer and the additional |ayer can be grown under
simlar 5 process conditions and onlySthe supply of the conpounds needs to
be adapted to realize the different conpositions and thus different lattice
paraneters. Preferably the difference in conposition Ax = xeZ-xe3 is
approximately 0.5%to 8% in 5 particular 2%to 5% nore in particular
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with respect to silicon germaniumthe buffer |ayer deposition process is
wel | Yest abl i shed so that high quality graded layers or layers with a

st eppedpraERBR/ thep &ARr BSn BEN S¥atbLMys! é\‘Yé Flé?a)&@dtlgyé hm J%H?&JIM e il of he

silicon and (?er mani um pr ecur sors res ect i vel Accor preferred
enbodi néttined |iticen) ¢s3i), giligpPn 19gyBaniuANSheGei)| Q@WW rfﬁﬁ) and @sllivm, Freenide)

Thus to(@k t&gg tmsa%téa.ém}e pléﬁbf&'%n%Bon@é?ﬁ)‘ol@ﬂ?rntoﬁeﬁdégétrént@ d?\ﬁl%éi’éﬁr@' r eady

usedfo buftfer layer to grow the desired |ayer According to a
pr ef er r with elmﬁﬁﬁ'\(eﬂbﬁ9m|@f\élﬂftt@fngﬁefelﬂéﬁfrﬁu§m§3 %Hb@%at"@atelﬂﬂi% qpiifrizegle elestreniet er of

{ NeqBUT bRipeRY tan! BFEEHASRR: AFISAGRILY RS sSBEAS Barl BYLIHBST Sndbf e tdfer and
layer can be silicon germanium (Siixa2Ge€xaz). The silicon as a standard material is readily
available and allows to keep fabrication costs low and furthermore with respect to silicon
germanium the buffer layer deposition process is well established so that high quality graded
layers or layers with a stepped composition can be achieved by playing with the supply of

20 the silicon and germanium precursors respectively. According to a preferred embodiment
the additional layer can be silicon germanium (Siy.xa3Gexas) . Thus to grow the additional
layer one only has to adapt the process already used for the buffer layer to grow the desired

layer.

25 According to a preferred embodiment, starting from a Si substrate, the lattice parameter of
the buffer layer increases. The resulting surface roughness after CMP and bake of the buffer
layer can be attributed to a surface topology having peaks and valleys, wherein the lattice
parameter of the crystalline material tends to be larger on the peak, compared to the
nominal lattice parameter, and tends to be smaller in the valleys. By now growing the

30 additional layer with a smaller nominal lattice parameter, the growth speed of the layer in the
valleys shall be higher than for the peaks, as a better match of lattice parameters is
observed. Thereby leading to the desired surface flattening effect.



| ayer can be attributed to a surface topol ogy having peaks and vall eys,

" wherein the lattice paraneter of the crystalline nmaterial tends to be

| arger on the peak, conpared to the nominal lattice paraneter, and tends to
. be smaller in the valleys. By now growing the 30 additional layer with a
snmal | er nomi nal lattice paranmeter, the growth speed of the layer in the
val | eys shall be higher than for the peaks, as a better match of l|attice
paranmeters is observed. Thereby leading to the desired surface flattening
effect. 6 Preferably the growh tenperature of silicon gernmani um when used
for the top layer and/or the additional |ayer can be chosen to be: Table 1:
| ayer material growh tenperature [C] Sii_xGex, xs[O0,20] 650 - 750
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5
For this specific material choice, improved surface roughness values have been observed.
Advantageously the growth temperature of strained silicon germanium when used for the top
fayer can be chosen to be less than 600°C, in particular less than 550°C to 700°C, or
wherein the growth temperature of germanium when used for the top layer is chosen to be
10 less than 500°C. For this specific material choice, improved surface roughness values have
been observed.

Preferably the precursor for the additional layer can be selected such that they do not
incorporate an halide element. For GeSi, this would lead for instance to a germane and

15 silane or disilane precursor. The presence of an halide in the precursor creates the risk to
have crystalline defects revealed, e.g. due to preferential etching at the location of a
crystalline defect, which could be present in a GeSi material, and which would lead to an
increase in the size of the defect and deteriorate the quality of the layer.

20 The invention also relates to a semiconductor heterostructure according to claim 12. As
explained above such a semiconductor heterostructure benefits from improved surface

roughness values.
i



I ncrease in the size of the defect and deteriorate the quality of the |ayer.
-20 The invention also relates to a sem conductor heterostructure according
to claim12. As explained above such a sem conductor heterostructure
_benefits frominproved surface roughness values. 7 Sem conductor

het erostructure according to cIairan,7 wherein the surface roughness of the
top layer is less than 1.8 A RVM5, in particular less than 1.5 A RV5, even
nore in particular less than 1.3 A RVS. Such | ow surface roughness val ues
are advant ageous as actually the electrical behavior of devices forned

t hereon heavily depends on the roughness of the initial 5 substrate.
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t hi cknéss 0 I ona a er a reduced
criti cdhe sunfaclemewghneds. Pref er abI y the thickness of the additional |ayer
and/or the top layer is less than the critical thickness above which
defects occur, in particular less than 1000 A, nore in particul ar of

15  According to a variant, the buffer layer and the additional layer can comprise at least two

compounds A and B and have a different composition Ajxa2Bxaz and Aq.xa3Bxaa With respect
to each other. By changing the composition of the layers desired lattice parameters can be
easily achieved by changing the growth conditions

20  According to a variant, the difference in composition Ax = Xa2-Xa3 is approximately 0,5 to 8%,
in particular 2% to 5%, more in particular 2.5%, as previously stated. For these values
optimized surface roughness values have been observed. For Ax less than 0.5% the desired
flattening effect is not sufficient and for Ax larger than 8% the maximum thickness of the
additional layer would be limited to much due to a reduced critical thickness.

25
Preferably the thickness of the additional layer and/or the top layer is less than the critical
thickness above which defects occur, in particular less than 1000 A, more in particular of
about 200 A to 800 A, even more in particular of about 600 A. To keep the additional layer
thin has the advantage of preventing defects on its surface and furthermore is advantageous

30 with respect to production, as throughput can be kept high. Furthermore the creation of
dislocations is prevented. It has been observed that the surface roughness tends to become

better after the growth of the top layer material, which would actually incite one to grow



about 200 A to 800 A even nore in particular of about 600 A. To keep the

- additional layer thin has the advantage of preventing defects on its
surface and furthernore is advantageous 30 with respect to production, as

~ throughput can be kept high. Furthernore the creation of dislocations is
prevented. It has been observed that the surface roughness tends to becone
better after the growth of the top | afer material, which would actually
incite one to grow 8 thicker layers to provide mninmal |ayer roughness.
Thi s advant ageous effect of the thickness is, however, limted by the
critical thickness as in crystalline structures grown on underlying |ayers

wi t h ditffi€ler éayierstoymoetie memphlagerabegtmesgr Dk BOvAritagpss bfactsf the tHiekrets | i ke
di sl ocati,ons X\/ni.ch ig tur.n g@tgriorat,e thszq ualit¥ of the substrate. 5
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Iger rranilayér%wdh _dF;erém@mmum;bawme%sbgwmgsm |§@sst'tﬁlde¢éytb m@ddliénmtibhg‘,f eL
ayer can he si on ger,nmani ym e invention furthernore relates to the
use of "&I‘Fé"'Eé‘l‘ﬁnéJ@?ﬁﬂ?E%Srth%%‘{agffyo%ft”?%ﬂtlﬂréteas 0 descri bed above, as a
subgtrate in the fabrication process of the sem conductor devices. Wth the

optim zed surface roulghness, the electrical behavior of the sen conductor
devi ceSrefeeahly dbe £8P olRYemeas i ©Hadewt et skained ogliqonc tsilicen agarmadiumg and t he

| nvent ig@fin il 4 tA&'BEBdtRte cdrbdISiidonShd it mrgep(ef&éﬁ e incén%rﬁlfaﬁium.

sem coriduct or heterostructures. 15 The inventi urthernore relates to the
use of a seniconductor heterostructure as described above as a substrate in

the T abpbCRLEMPrPlRhERRo8! refaise T ROUNE! Bf 1 bfonbibioP idleldstlctii®as
sem conductor heterostructure as disclosed above can advantageously Used in
t heDf aldes@ipedorboyeoae assubstratesinrthe deltichtigreprogess ab thieasamnicanduetor devices.
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devi cefabricatedi orpthe\sednipersivetor hetereatriicture acnoedingl tes thesinverttios will bé superjor oved
propert | : ' e ' onprising strained
Iayers,Ed ﬁ%ﬁ‘gésefgﬁﬁ% ﬁ%ggéal ?fit’&%ﬁ&%@@%@'ﬂ%ﬁ%?%é%ﬁ@jggi nportant they are at
the basis of faster sem conductor devices. 25 Preferably the sem conductor
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donor described above as a substrate in the fabrication process of a semiconductor device. In
addition the semiconductor heterostructure as disclosed above can advantageously used in
the fabrication process of a strained layer on insulator wafer, in particular a strained silicon
on insulator wafer. With the improved surface roughness of the inventive semiconductor
20 heterostructure electronic devices with improved properties and engineered substrates with
improved properties are achievable. In particular substrates comprising strained layers, like
strained silicon, become more and more important they are at the basis of faster
semiconductor devices.

25 Preferably the semiconductor heterostructure as disclosed above can be used in a SmartCut
type fabrication process, wherein the semiconductor heterostructure is used as a donor
substrate. Typically a SmartCut type process comprises the steps of providing a handle
substrate, e.g. a silicon wafer, forming a predetermined splitting area in a donor substrate,
attaching the donor substrate to the handle substrate and detaching the donor substrate at

30 the predetermined splitting area to thereby transfer a layer of the donor substrate onto the
handle substrate to create a compound material wafer. By forming the predetermined

splitting area in the additional layer or at the buried interface between additional layer and



substrate. Typically a Smart Cut type process conprises the steps of
~providing a handle substrate, e.g. a silicon wafer, formng a predeterm ned
splitting area in a donor substrate, attaching the donor substrate to the
handl e substrate and detaching the donor substrate at 30 the predeterm ned
- splitting area to thereby transfer a | ayer of the donor substrate onto the
handl e substrate to create a conpoundgmaterial wafer. By formng the
predeterm ned splitting area in the additional |ayer or at the buried
interface between additional |ayer and 9 top layer, the buried interface
wi |l becone the free surface of the conpound material wafer follow ng an
etchin , i.al As the
buri ed%pﬁ%)?e(e}kwtgé’)ghﬁg?{[gﬁ&r%%hegésur %erere 635&5 %]eeélj;{ﬁe gﬂbé ﬁatﬁr"@xﬁiﬁf% nduct or
het er ofdlpwinganeetckiog e’tem togetnove teenaining niaterial ohibe addiibnal leg/er. tAs thé b
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i t t . As
 men? | oRGESb5VEPRy A EH B0 abeoEs Fed e roled st el fBreRtel ect v cal
behavi astefionpathedinbbsuifase Mughhessem conduct or device conprising a state of

the art heterostructure substrate. The invention also relates to a strained
silicon on insulator wafer (sSO) conprising a wafer, in particular a Si

waf er, Ta@mv@mnms@wét@@wéb@m@iﬁd@t&td@wcaeemﬁnsnhgau%émkwum(mbeen 15
transf ﬁrred onto th er froma sem conductor heterostructure as discl osed

above, NAREASEPRIVEG @S g?ﬁ?"L%@/éPo‘ies As raentigngd @baye, thesserigonduciondevigiowili n t he

or i gi nghdw sﬁb&rloedle'cﬂfcﬁftfe@ﬁﬁor BhyEed td A SinflkF §érﬁ‘i@6’ncﬁjcldr @emcé aé(rﬁﬁns?d'gda the
addi ti onal |ayer corresponds to the free surface of he sSAO wafer. This

sSa waﬁa&ofdhgtartﬁ@éﬁre%@mr?§etp$rafer omthe prior art by the fact that its
surface roughness qualities are inproved with respect to prior art sSO
waf ers. 20 Advant ageous enbodi ments of the invention will be described in
the folfheiuvegtian alRo relaisa e a straineq ilicemyon wisulatar yafer (FPO()comprising a Wafers t

ﬁg?g(rjlosmf P%rél?ﬂlfié%es'i WS 1ah8 R tdnedsdrRicel MEPS StrSiREA CONAWG Riving? Been
15  transferred onto the wafer from a semiconductor heterostructure as disclosed above,
wherein the top layer is a strained silicon layer and wherein the originally buried interface
between the strained silicon layer and the additional layer corresponds to the free surface of
the sSOI wafer. This sSOI wafer distinguishes itself from the prior art by the fact that its
surface roughness qualities are improved with respect to prior art sSOI wafers.
20
Advantageous embodiments of the invention will be described in the following with respect

to the figures:

Fig. 1 illustrates a first embodiment of the inventive method for forming a semiconductor

25  heterostructure,
Fig. 2 illustrates a corresponding inventive semiconductor heterostructure, and -

Figs. 3a to 3f illustrate a SmartCut type process using the semiconductor heterostructure

30 according to the invention.



Fig. 2 illustrates a correspondi ng i nventive sem conductor heterostructure,
and Figs. 3ato 3f illustrate a SmartCut type process using the

sem conductor heterostructure 30 according to the invention. 10 The
foll owi ng enbodi mrents will be described using a silicon substrate, a silicon
germanium buffer layer and a strained silicon |ayer. This does, however,

not represent a limtation of the invention to those nmaterials. |Indeed, the
i nvention can also be applied to othel® suitable materials, |ike strained
SiGe, SiGeC Ge or GaAs. 5 Fig. 1 is a block diagramillustrating a first
enbodi mrent of the inventive nethod for formng a sem conductor
heterostructure. In step S1 a silicon substrate is provided. Silicon

subst r Zhe folloaire ér&bmﬂxdnyntswall bahlleecﬂMeti fustgfd Silicont subs#sts, a@mcdu GIE D
crysta uffer layer of Si1l xCGe, is grown,

bﬁfr surf geﬂ ste 82 a
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ayer. By doing so

and germani um changes_qver  the thickness of the buf

t he Iaf'\af%@l'spg']?eaﬂéﬁ"gﬁds&%ﬁ PieeGCR¥ LT fer sl owly changes. For exanple, one
cangstart with x=0 at the interface towards the silicon substrate, so that
t he Iattlce paranpeter corresponds to the one of the underl
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chosenarefrgadilyravaiiaile \A@b%ftﬁrentc;%esmd dlft%ﬁnt@rwmersed@neqoﬂ%n rmhztepgﬁzcm h of
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exanpl e 20 ‘chem cal sitron 1n an ep aX| al equil pnent usi ng
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aclpé ev%i%P }fle?&%pthé rfrg-p arﬁg vlgtﬂ?é’ BEraﬂetérrbeeéhegn%&r. It should be noted, however,

that the final germanium concentration can be freely chosen, for instance 30% or 40%, and

could even reach 100%.

The growth of the buffer layer can be achieved using state of the art techniques, for example
20 chemical vapor deposition in an epitaxial equipment using standard process conditions.
Suitable precursor gases for the deposition of silicon germanium include for example SiH,,
SisHg, SizHg, DCS or TCS and GeH,, GeH3Cl, GeH,Cl,, GeHCI; or GeCl, together with H, as
a carrier gas. Depending on the precursor gases and their decomposition temperature the
deposition temperature is chosen, as can be seen from Table 2, which represents some
25 possible examples suitable for the growth of Sis.2Gexsz With @ germanium content of up to
about 20%. The composition gradient is achieved by adapting the amount of the Si and/or
Ge precursor. Alternatively the deposition could be carried out by molecular beam epitaxy.

Table 2:
Si precursor | Ge precursor deposition temperature
SiH4 GeH, 800°C - 900°C

SiH.Cl, GeH, 800°C - 950°C




Ge precursor. Alternatively the deposition could be carried out by nol ecul ar
. beam epitaxy. Table 2: Si precursor Ge precursor deposition tenperature
SiH4 GeH4 800C - 900C SiH2CI 2 GeH4 800C - 950C 11 Si H2Cl12 Ged 4 1000C
-1100C SiHCI3 Ged 4 1050C -1150C Then in step S3 a surface treatnent is
“carried out which conprises chem cal nmechanical polishing (CWP) to obtain a
surface on the Sii_xa2Gexaz2 | ayer hav?hg a roughness of about 1.3 5 A RM5,
obtained for a scan wi ndow of 2pn¥2pm Then the achi eved structure undergoes
a bake step, e.g. is enmerged in hydrofluoric acid HF and heated i n hydrogen
H2 for about three mnutes in a tenperature range of about 800 to 850C.
This step;isSikeld to re@eBk oxide howorcCt-heiguct ace of the buffer |ayer, but
the bake stepi-eadstt-o—janhd-hereased-surface roughness of about 2.6 A RMs.
10 FoIIoW'nggﬁﬁg3surfac§e@*eatnent,1ﬁﬁy§rébﬂﬁhp an agdditional |ayer is grown
on the buffer Tayer. ~ This additional layer is grown with a constant
conposition of the sanme conpounds silicon and germanium but with a
conposition Sil .3Ge.3 different to the conposition of the final |ayer of
the bufrheh ih 34y S, HaMirfaBe tABITHTEs EATRE UL WhikS SRS | Hehiel ARERarFEAM h 15

conditions can be chosen, except for the anount of precursor gas provided
for ea®Blishingn(SMto obkrin 8 gtid@ace: 911 R Fboe G2 faver hadng A songhnessyefrabauid! .3l |
furgher ep6talrnddtforrd Ecdhlinddl bf 56m* C ' ould be
|l ess t aﬂralmtghé&gri ti %g:f thi pﬂn@é%, §ltﬁ_-8 %?évgﬁ% l\tﬁt‘%tearahﬂr?t_Jéc‘q ea Qlfug% uh@@?%ﬁsgcat i ons
or ot hbekelstepc esg. vikiegrergrsliindhystrefivoria agidce HEhargd hedted e bydrogere Ho erl alsoudf t he
critic L el } 0 : | en

buf  er DIgE GBS g ERARERI R ol ool E AN 650 C THRREE TS L @lehiEle

t enper axide dronBiet surkssealaf shehbwfter layeerbuiding batedstepleadsito landswresseadfsurfess t han
1000 A, i ' f thickness in a range of about 200 A to 600 A
nore i Hodéépgﬁéﬂagoﬁbg?ﬁﬁ%uﬁ 600 A for the additional |ayer. The conposition
of 10he second | ayer is chosen such that the in-plane lattice paraneter is

smal | erFollowing the surface treatment, in step S4, an additional layer is grown on the buffer layer.

This additional layer is grown with a constant composition of the same compounds silicon

and germanium, but with a composition Siy.3Gey.s different to the composition of the final

layer of the buffer layer. Having the same compounds, essentially the same growth

156 conditions can be chosen, except for the amount of precursor gas provided for each

compound. The total thickness of the additional layer and all further layers that are not lattice

matched with the buffer layer should be less than the critical thickness, to prevent the

nucleation of dislocations or other defects which would occur above this thickness. The

value of the critical thickness depends on the difference in Ge concentration between buffer

-20 layer and additional layer, and also depends on deposition temperature. Best results have

been achieved for thicknesses of less than 1000 A, in particular for a thickness in a range of

about 200 A to 600 A, more in particular of about 600 A for the additional layer. The

composition of the second layer is chosen such that the in-plane lattice parameter is smaller

than the in-plane lattice parameter of the final layer of the first buffer layer. With the

25 germanium composition of 20% on top of the buffer layer, in this example, suitable

percentages for the additional layer are of 12 to 19.5%, in particular 17.5% of germanium.

For 40% Ge in the buffer layer, Ge concentration in the additional layer is between 35% and
39.5%.



than the in-plane lattice paraneter of the final |layer of the first buffer
-layer. Wth the 25 germani um conposition of 20% on top of the buffer |ayer,
in this exanple, suitable percentages for the additional |layer are of 12 to
019.5% in particular 17.5% of germanium For 40% Ge in the buffer |ayer, Ge
concentration in the additional |ayer 1i25 bet ween 35% and 39.5% 12 Then in
step S5 a.strained silicon (sSi) layer“is epitaxially deposited on the
additional buffer |layer using state of the art |ayer deposition nethods.
Fig. 2 illustrates the result obtained after that the inventive process has
been carried out as 5 described above. The sem conductor heterostructure 1
accor di Pepneio stenl 85 enytrinadesiicon iel) layenisrepdaxdally dsipositashors thiestdidiiosal duffert h a
first I t] ded Si. | xa2Gexa2 buffer layer 3
havi ng lgy%}e@@nélt%dgg%c@ﬁ[ag eg’fbs@b/n "fétﬁdg interface with the substrate 2
and having a gernmani um percent age of about 20% at its upper surface 4.
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than thlﬁebefféﬁ iapdr 3 thieak pRas |dtie mahéaeaaalinck@saé ab thesarfdurtioned iftRedesg t hat
its _Flanelattlce aranmeter is Iar nal value. Finally on
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surface roug ness val ues of | ess than particul ar |l ess than
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the art processes, only surface roughnesses exceeding 1.8 A RVS have been
obser veiglaxed, intplaniedaitige mararerteriad isdesainag sayon tee qﬁlﬁhq uffer faver Boldewevepet ween
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roughness of |ess : VM5, in particular |ess
that its in-plane Iattlce parameter is larger than the nominal value. Finally on top of the

additional layer 5 the strained silicon layer 6 as top layer is present.

For a strained silicon layer 6 with a thickness of about 200A, surface roughness values of

20 less than 1.8 A RMS, in particular less than 1.3 A RMS, have been achieved with a post-
bake roughness of the buffer layer 3 being of the order of about 2.6 A RMS. Up to now, with
the state of the art processes, only surface roughnesses exceeding 1.8 A RMS have been
observed.

25 It should be noted that already the buried interface 7 between the additional layer 5 and the
strained silicon layer 6 has already a roughness of less than 2.5 A RMS, in particular less
than 2.0 A RMS, even more in particular of less than 1.8 A RMS. The buried interface
roughness is thus improved with respect to interface 4 having a roughness of the order of
2.6 A after CMP and bake.

30
The first embodiment of the invention has been explained for a graded buffer layer 3.

However, it is also possible to provide a buffer layer having a different composition structure.



than 2.0 A RM5, even nore in particular of less than 1.8 A RVS. The buried

I nterface roughness is thus inproved with respect to interface 4 having a
“roughness of the order of 2.6 A after CMP and bake. 30 The first enbodi nent
of the invention has been explained for a graded buffer |ayer 3. However,
it is also possible to provide a buffer |ayer having a different conposition
structure. 13 [For exanple, a cappingg ayer could be provided on the graded
| ayer 3 prior to CMP and bake, or the buffer layer could conprise a stack
of bi-layers, i'n particular three to five bi- layers, wherein one bi-|ayer
has a graded conposition and the second bi-Iayer a constant conposition. A
buf fer ei ng conposed of Iura of la const an er mani um
5 conpo'gpklﬁﬁfnﬂﬁt gmpﬁp g By EM, 8 Ihﬁ%}%ﬁ‘f"gfé(?r E(prrogj,%gl\éP g?%sent s
a furt hedke, ak tiey B@fférvl%yed cnwddompm a IstackSof &Jr-@yeﬁoﬁiﬁ pattieulaothpeoty i Bine or
nor e further gddrtron al so call el axed | a er in
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di fferent Sr Ge conposition. i0 Instea of a silicon germani um buffer |ayer,

ot he¥ c@m’@mﬁﬁwnnﬁtﬁer’\ﬂﬂt LT cegeastlw feomy Jyer i Rclakals Eerrpsentsid furier
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According to a turther variant, a_gernmani um Ge, or Si GeC | ayer may

be growalsasalled gapRing Pripkaxed |'ar§t8eaub%we%@esqqd&hﬁeldaxﬁrrﬁ %thﬁé‘yélﬂa!@r 6

second g t la

et or ost S TS! arbtner IO R (UE DT g e o e il BB e

Therr ddiffereinp SiGmcampositiit repeated 20 again, but is incorporated herew th
Y ¥ ference. The difference with respect to the first enbodinment lies in

the act that during the growh of the additional Iayer@gstep S4) a growth

t enper alnsteadi of asiidcomhgermanisini bufier layein othes agmpatind teatgiaiaimayebeisised dur i ng
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growt h valogerature of the graded buffer l[ayer. During

15  According to a further variant, a germanium Ge,Si.,Gey or SiGeC layer may be grown as a

final layer, instead of the strained silicon layer 6.

A second embodiment of the inventive method for forming a semiconductor heterostructure
comprises steps S1 to S3 and S5 of the first embodiment. Their description will not repeated

20 again, but is incorporated herewith by reference. The difference with respect to the first
embodiment lies in the fact that during the growth of the additional layer (step S4) a growth

‘ temperature is used which is lower than the growth temperature used during formation of the
buffer layer 3. The growth temperature for the additional Si).xGey layer is chosen to be about

50°C to about 500°C lower than the growth temperature of the graded buffer layer. During

25  growth of the buffer lower one typically looks for a high deposition temperature to ensure
high growth rates but by choosing a lower growth temperature for the additional layer, even
though growth speed will lower, it is possible to preferably deposit material in the valleys of

the surface of the SiiGe, buffer layer rather than on the peak. As a consequence a
smoothing effect occurs this effect adds to the already advantageous effect of having a

30 smaller in-plane lattice parameter applied in the first embodiment. Thus, a further improved
smoothing of the surface of additional layer 5 and thus also of the top layer 6, here the

strained Silicon layer, will occur.



25 grom h of the buffer | ower one typically | ooks for a high deposition
tenperature to ensure high gromh rates but by choosing a | ower growth
" tenperature for the additional |ayer, even though growth speed will | ower,
it is possible to preferably deposit material in the valleys of the surface
. of the Si1 XGex buffer layer rather than on the peak. As a consequence a
snoot hi ng effect occurs this effect ds to the al ready advant ageous effect
of having a 30 snaller in-plane lattice paranmeter applied in the first
enbodi ment. Thus, a further inproved snoothing of the surface of additional
| ayer 5 and thus also of the top |ayer 6, here the strained Silicon |ayer,
w ll occur. 14 |Indeed, when the growh tenperature is high, the total
thermal energy of the arriving atons is high and the surface energy, which
is the I t S
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arriving erre |on Si es N Ieys to
r educeandan soergygeinds ebgprved. 1Thushi tblsrcase)ammtlnnm@‘tthe emfaaeomﬂhoecmbtfal ned

accordin ol th the. {
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i ncor paoaised nivedatiehprbiermed nacleation sitds frothe ivall@ddo téducalthevsurfaseesergpn be
applied to the second enbodinment. The only difference is that the surface
oltgyhness properties are 15 even better both at the buried interface 7 and

oR t Eeﬂsexréefmeo:wuctdne hetepostrayture Gobt&ined aacce)tdﬁfg ned ttfsé | $eond I emaod;ﬁaem th a
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addi ti %nal l'g %he stralned si éc | ayer 6 s i E‘g_r o(ﬂ_gd roughness
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t efger aldi Betfeith %@tth@I'theleé'rféBépE%a S tHehsurfaeedfl thk t@;f) l&yee 6. PRIa
strained silicon layer 6 with a thickness of about 200A, surface roughness values of less
than 1.15 A RMS has been achieved with a post-bake roughness of the buffer layer 3 being
of the order of about 2.6 A RMS. Also the buried interface 7 between the additional layer 5
and the strained silicon layer 6 has improved roughness values of less than 1.8 A RMS, and
20 aslowas 1ARMS.

The advantageous temperature range actually used depends on the material of the layer,
e.g. for a Si;Ge, layer on the Germanium content, the precursor gases used, and the layer
thickness. Table 3 illustrates the preferred temperature range for the additional layer 5 as a

25 function of the Germanium percentage in SiyxGey.

Table 3:
layer material typical growth temperature | growth temperature additional
buffer layer 3 [°C] layer 5 [°C]
SiyxGey, x€[0,20] 800 - 900 650 —- 750
SiyxGex,xe[20,40] 750 - 850 600 —- 700




e.g. for a Si1 _XG%I|ayer on the Germani um content, the precursor gases
~used, and the layer thickness. Table 3 illustrates the preferred
tenperature range for the additional layer 5 as a 25 function of the
Germani um percentage in Sil xCGeX. Table 3: layer material typical growth
-tenperature growh tenperature additional buffer layer 3 [C] layer 5 [(
311 , CGe., xs[0,20] 800 - 900 650 - 75015 Si 1_%=ex, xs[ 20, 40] 750 - 850 600 -
70015 Sii _xGex, xs[ 40, 60] 700 - 800 550 - 650 Sii_xGex, xs[60,80] 650 - 750
500 - 600 Sii_xGex, xs[80,90] 600 - 700 < 600 Sii_xGex, xs[90 1001 550 - 650
< 550 For CVD Iayer dep05|t|on of the additional | ayer the precursors have

to be cho ey ey < conposTtTomtet m*e—mﬂ—c-h Is | owner
or at |eadt ¢t oé‘égid'ﬂé%%e t enper at u(riaewrange ndi cat eg I'n tabl e 3 uged are
chosen. As Si, @¥)3€[P0B0}e it nMaYE50GETH0 t hat the growt 500 —@oot he addijt i onal

| ayer 5 a ursor i s used or needs to bhe used than for It he

buf f er Iay%rx@xs#'-ie@sgol’a to 36001 (@ rate althird enb®BPrent accorlding to

t he i nventfigon Smart o 1 fabritatTomrprog ustng—a

sem conductdr"Gﬁﬁg‘gr ds ctur ei%:’gorgl ng to the first orﬁsﬁlo second
enbodi nent to fabri cate a strained layer on insulator wafer, here a strained
silicon nsul tor waf e ustrate the sem cond ctor
het er osf P (g\/fa fayeq 88?1%?? ﬁag@ﬁgéqqlgyﬁgﬁ\eéqr@qtgg Shayefo e Créﬂ?&“lsHé]‘

addi t :j othal hbwerde&ommEmbn Iﬂaﬁpéreﬂge f/vai@hnf] RinRE op et @gdﬂ ﬂ@sé% ﬁmb@erﬁpéréﬁnré)r
secon 15 t de ove. The semnmi conductor heterostructure is
eq asTaRRe THGASH TghGrS CHiLTE AMBCTASH EorSPRISIEE 1\ BB Po@r iFAt dac it

layes 16f thée aBaiayhal fsher B giffeyiepreblrsbbis@isBd or AGHsB R (edttha 1R iHe LB} dl zi ng
t strained | ayer 6. The heterostructure 1 together with the isolating

| ayer 18Y83-| ds up a donor substrate 12. 20 Fig. 3b illustrates a handle
substrate 14, typically a standard wafer, e.g. a Si wafer. The

Figs. 3a to 3f illustrate a third embodiment according to the invention, namely a SmartCut
type fabrication process using a semiconductor heterostructure according to the first or
10 second embodiment to fabricate a strained layer on insulator wafer, here a strained silicon

on insulator wafer (sSOI).

Fig. 3a illustrate the semiconductor heterostructure 1 comprising the strained silicon layer 6

and the additional layer 5, which has been fabricated according to the first or second

15 embodiment described above. The semiconductor heterostructure is used as an initial donor

substrate. On the stained layer 6 an isolating layer 10 is provided. This layer 10 is e.g.

( achieved by thermally oxidizing the strained layer 6. The heterostructure 1 together with the
i isolating layer 10 builds up a donor substrate 12.

20 Fig. 3b iliustrates a handle substrate 14, typically a standard wafer, e.g. a Si wafer. The
surface of the handle substrate can either be with or without the native or a grown isolating

layer, e.g. the native SiO; layer the case of a Si wafer.

Fig. 3c illustrates the process to create a predetermined splitting area 16 in the initial donor
25 substrate 1. This is achieved by implanting atomic species 18, like for example hydrogen
ions or other inert gases, with a predetermined dose and energy. Due to the implantation the

predetermined splitting area 16 is created inside the donor substrate 12. The implantation



surface of the handl e substrate can either be with or without the native or
a grown isolating layer, e.g. the native § 02 |ayer the case of a Si wafer.

‘'Fig. 3c illustrates the process to create a predeterm ned splitting area 16
in the initial donor 25 substrate 1. This is achieved by inplanting atomc
.species 18, |like for exanple hydrogen ions or other inert gases, with a

predeterm ned dose and energy. Due to {de inplantation the predeterm ned
splitting area 16 is created inside the donor substrate 12. The i.nplantation
16 conditions are chosen such that the predeternmined splitting area 16 is
positioned in the additional Iayer 5 or close to the buried interface 7

towards th op la trates the next step in,the process
whi ch cﬁﬂ%cftéqr§ i %/ms&e I‘ﬁuﬁbqbﬁe&j‘ﬁ rﬂr‘?‘%@?mﬂ'& SPItENG; Atpe; 161i% Pagtionsd; 'Héh?landl e
subst r akedifidndblayepb dr BBsé hethbafed ntdriaes 7abwadds theepliater B9 | ayer 10 of the
donor substrate 12 onto the handl e substrate 14 to thereby forma

donor - handl e conpound 20. Prior to bonding eventually a surface preparation

step i SF?aTSEi'iIﬂQt@téts th@h@xﬂ@t@@ﬁn N ﬂo@e@ﬂﬁi@HQ@nﬁ&s'ﬁ attBeiing trRCiRfial dirr @
furnace (not shown) and heated suc "0 that the predetermned splitting

ar ead 16Sukstipteld 1q hedapdesybstraian # Py beagiao the fé@wf@éﬁ REthe inFulatingdavee @i nder
22 of t BeyoBGRorsiisira®t €2 bato tHashaRk eubs%@a/w'taq éresgff@rh NESHRY- aﬁ &

fragilization and detachnment may al so be achi eved ovi di ng ad Itional
ener gy remaeynd 3G rRyorite bondiag ayrmiualiy etfwrirea Prepaemtigy step iqcargatpuat i on of
thermal and nmechani cal energy. 15 Fig. 3e illustrates the result of the
det achnment step. A conpound naterial wafer 24 is achieved conprising the

sul at |T he doagreitandle cormeound 2 igyeen placasdinty  furpagst (nphehawddiand beatedisagler 5
then un rgoeggee%urtr{%e% gﬁp ggéeat E?‘esgftré’ﬁi‘hzte-drp@ 1@@%8%@5%8?&%&@ part
of the &edremainddr 22yafrthg. dorior ssubstrate ot2. drstepd ef roviding ebheundl yerengyettiodi ng
st ep. A€, t uct or
et or oo IPAIERRE U R ) Bfte'(¥ SRR, th Bloviety daZbnaBl SRy )
on i nsufanofor instestce amech@bicabenerdy arst camlzination thr@rmatfandlmecmmmal mmgw he
handl e substrate 14, the isolating |layer 10 and the top |ayer 6, thus the
strained silicon layer. As due to the provision of the additional |ayer 5
t he125 Etg iaedlllusttateé doe ré’sultnofv\thlsedietgcm'dmtfstm A wofrpoend Memlpmfétom dar f ace
r oughnes erti
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5 in this order on the handle substrate 14.

The compound material wafer 24 then undergoes a further surface treatment to remove the

20 remaining part of the additional layer 5. This can for example be achieved by an etching
step. As a consequence the buried interface 7 of the original semiconductor heterostructure

Q 1 now becomes the free surface. The final strained silicon on insulator substrate 26 is
ilustrated in Fig. 3f. It comprises the handie substrate 14, the isolating layer 10 and the top

layer 6, thus the strained silicon layer. As due to the provision of the additional layer 5 the

25 buried interface 7, now being the free surface, has superior surface roughness properties,
the strained silicon wafer according to this embodiment is improved compared to the prior

art. Instead of a strained silicon on insulator wafer also other types of top layers 6 could be

transferred including the above mentioned SiGe, Ge or GaAs.

30 In addition to the sSOIl wafer, a SiGe on inulator (SiGeOl) wafer could be produced, for
instance by using SiGe as top layer 6, like mentioned above, or by depositing a relaxed
layer of SiGe on the top layer 6, thus a layer which is lattice matched with the buffer layer.



art. Instead of a strained silicon on insulator wafer also other types of
.top layers 6 could be transferred including the above nentioned Si Ge, Ge or
GaAs. 30 In addition to the sSO wafer, a SiGe on inulator (SIGO) wafer
coul d be produced, for instance by using SiGe as top |ayer 6, like

‘menti oned above, or by depositing a rel_.axed |ayer of SiGe on the top |ayer
6, thus a layer which is lattice mat ch€d with the buffer | ayer. 17 The

sem conduct or het erostaructures according to the first and second enbodi nent
as well as the strained |ayer on insulator wafers according to the third
enbodi mrent are advantageously used in sem conductor devices, as inproved

el ectrical or optical properties 5 can be achieved wth the substrates

havi ng Lnproved surf r ess. prapertiges, .t 18 CLA| .. Met hod for
For m v e seecantiie BferStanies aBbaRg bt pret pad tecon wiBedinat G 551 W 1
first iasphanetriiatd i mgepamnaimsutatoralwafgrs outadirding atobuiid ethird agrebodidpntwiakdr a
second in-plane lattice paraneter a2.. pravidin op, lLayer (6) over the
ut fer PAFBIUERySIE 1sPa i S BRSHEfer BRipes Fedthar et dcuiea) af illest RoplER i deq

i n bet wefbd Behibusd with haysabsttles Bavihg iMpréved suffded roughlessIroskriggddi t i onal

| ayer (5) having a third in-plane lattice paraneter a3 which is in between
the first and second lattice paraneter al, a2 to thereby inprove the surface
roughness of the top layer (6), and wherein the lattice paranmeters of the
substrate and the buffer layer correspond to lattice paraneter values in a
rel axed state respectively and are the lattice paraneters at the interface
towards the subsequent |ayer. 2. Method according to claim1l1, wherein the
ddi tional layer (5) and/or the top layer (6) is growm with a growh
tenperature | ower than the growth tenperature of the buffer layer (3). 3.
Met hod according to claim2, wherein the growh tenperature of the
addi ti onal

£



| ayer (5) and/or the top layer (6) is chosen to be about 50C to about 500C

| omer than the growth tenperature of the buffer layer (3). 4. Mthod
according to claim1l to 3, wherein thegthi ckness of the additional |ayer (5)
is less than the critical thickness above which defects occur, in particular
| ess than 1000 A, nore in particular a thickness of about 200 A to 800 A,
even nore in particular of about 600 A. 5. Method according to one of

claims 1 wherein the buffer layer (3, 13) and the additional |ayer
(5) are cot Mﬁ ng at | east two conpounds A and B and have a different
conposition A, ,,ZB 2 and A, _xa3Bxa3 wth respect to each other. 6. Method

accor di ng tol- Mfiﬂ”fﬂ M%aﬁe{rmnéw@ré}e@wmrwm@m on Ax = xa2-xa3 is
appr oxi mat el y *0. &9wbstsatg ) with pfisst incnlanglatpios parswgtenar e in particul ar 2.5% 7.
Met hod accor diengprovidonge fffec layem®) vithe sécondiireplena lattive pametaygr (6) is a
strained | ayer movidinga tap txyet @Y over thanbyffer tayet3ar one out of silicon (sSi),
silicon germanium (Sii_xGex) and germanium (CGe). 8. Method according to one
of clains 1 tQ@hdractediexihthat he additional layer is a strained |layer. 19 9.

Met hod aCCOfd'aHQd&@lo&ﬂ?ay@f ﬁh@ﬁrﬂﬁdédh%e&vé@ﬂ%@éﬂfe}r@e@@ hid @B&lp lagyer (5) is
silicon ger ma%}'%@g Melihod.ac fesddi %odng,h in ii L2 ms 7 to

9, wherein the Qraii 4 1étir l,ag%{ﬁ% used
dependlng on t

gf iy 4 mmﬁs@o oler o
rat ur e
['d Sil xc;e>s1 baY%r%respf’ %émce? szlete;z&s) SN 4 glals@os B0 Sil xGex,

xc [ 40, 60] 55Gespefasvely agydjarg, J@m%’afwt%w thwt%@@e togyafdsthe subsgqiienigo, 90] <
600 Sil_xGexlayes [90, 100] < 550

2. Method according to claim 1, wherein the additional layer (5) and/or the top layer
(6) is grown with a growth temperature lower than the growth temperature of the
buffer layer (3).

3. Method according to claim 2, wherein the gfowth temperature of the additional
layer (5) and/or the top layer (6) is chosen to be about 50°C to about 500°C lower
than the growth temperature of the buffer layer (3).

4. Method according to claim 1 to 3, wherein the thickness of the additional layer (5)
is less than the critical thickness above which defects occur, in particular less than
1000 A, more in particular a thickness of about 200 A to 800 A, even more in
particular of about 600 A.

5. Method according to one of claims 1 to 4, wherein the buffer layer (3, 13) and the
additional layer (5) are comprising at least two compounds A and B and have a
different composition A|.x;Bxa and Ajxa3Bxa3 With respect to each other.

6. Method according to claim 5, wherein the difference in composition Ax = X4p-Xa3
is approximately 0.5% to 8%, in particular 2% - 5%, more in particular 2.5%.

7. Method according to one of claims 1 to 6, wherein the top layer (6) is a strained
layer or a relaxed layer, in particular one out of silicon (sSi), silicon germanium
(Si;.xGex) and germanium (Ge).

8. Method according to one of claims 1 to 7, wherein the additional layeris a
strained layer.



11. Method according to one of clains 6 to 10, wherein the growth
tenperature of silicon when used for the top layer (6), is chosen to be

| ess than 600C, in particular |ess than 550C to 700C, or wherein the growth
tenperature of gernmani um when used fl8r the top layer (6), is chosen to be

| ess than 500C. 12. Sem conductor heterostructure conprising: - a substrate
(2) with a first in-plane lattice paraneter al, - a buffer layer (3) with a
second in-plane lattice paraneter a2, - a top layer (6) over the buffer

| ayer (3) ehalaitibénicoeding b dreat cRATE 8 Resh theyitda) lays (spisbet ween t he
buf fer |ayer {iBjonaRtmidien(SR. L6y (6), said additional layer (5) having a
third in-plane lattice parameter a3 which is in betvveen the first and

second | at tihCerefal aBkdhg G %ﬁl Mfto' Archih A2 h%.}i% areld}® | VTS
are tho lattiy l‘&t“ ﬁﬁa‘?@i 6L AR e B (o %Ver doL s aaBE Tayer
13. Seni condu% Ccrocr)(é{lgéll&eﬂ gg% rE§TAYM B PEC 8’i‘ﬁ$°12 wherein the surface

roughness of thn fJ\n | ayer (6) s tess-than 1.8 A RMS in particular |ess
than 1.5 Ji R yemawnalmp .ngxs%wﬁhutﬁmmiatuteds@than 1.3 A RVS. 14.

Seni conduct or hpt Si1aSex.x6i03% According t ©¥1-ddh 12 or 13, herein the
interface roughRas&eatxe[Re,4Dht erface bet weeh7@the additional |ayer (5) and
the top layer (PBBiix&Gex]asgopbpn 2.5 A RV5,550ng3articular Tess than 2.0 A
RMS, even nore pgitigeyl arf6bgep| than 1.8 A5@§\Z§go 15 Sem conduct or

het er ost ruct ur e[ ggCRJI IgghQopNe of claims Igygo 14, wirerern the buffer

| ayer (3) and tp 1 WWEAM t wo
conmpounds A and—%—l—'g*l@rgx’?‘fg‘v%bi 00 fHerent—econpost L%or‘ Al—xazBxa2 and Al _xa3Bxa3
with respe t o each other. 6. conduct het er ostructure accordi ng
to claim 135 Mribpd peeor %gEH‘ané’ifé H%S‘? nto@ heem 6&@& tenpepatyrg ot s

appr oxi mat el ysikicogoyheg uged for th ggl? layerPhiis chosendobedess thand0DTC, ar ti cul ar 2. 5%
particular less than 550°C to 700°C, or wherein the growth temperature of

germanium when used for the top layer (6), is chosen to be less than 500°C.

12. Semiconductor heterostructure comprising:
- a substrate (2) with a first in-plane lattice parameter a;,
- a buffer layer (3) with a second in-plane lattice parameter aj,
- a top layer (6) over the buffer layer (3)
characterized in that
an additional layer (5) is in between the buffer layer (3) and the top layer (6), said
additional layer (5) having a third in-plane lattice parameter a; which is in
between the first and second lattice parameter, wherein the lattice parameters of
the layers correspond to lattice parameter values in a relaxed state respectively
and are the lattice parameters at the interface towards the subsequent layer.

13. Semiconductor heterostructure according to claim 12, wherein the surface
roughness of the top layer (6) is less than 1.8 A RMS, in particular less than 1.5 A
RMS, even more in particular less than 1.3 A RMS.

14. Semiconductor heterostructure according to claim 12 or 13, wherein the interface
roughness at the interface between the additional layer (5) and the top layer (6) is
less than 2.5 A RMS, in particular less than 2.0 A RMS, even more particular less
than 1.8 A RMS.

15. Semiconductor heterostructure according to one of claims 12 to 14, wherein the
buffer layer (3) and the additional layer (5) are comprising at least two
compounds A and B and have a different composition Aj.xx2Bxa2 and A1.xa3Bxas
with respect to each other.



17. Sem conductor heterostructure according to one of clainms 12 to 16,
wherein the thickness of the additional |ayer (5) and/or the top |ayer is
| ess than the critical thickness above which defects occur, in particular
| ess than 1000 A, nore in particular20a thickness of about 200 A to 800 A,
even nore in particular of about 600 A 18. Sem conductor heterostructure
according to one of clains 12 to 17, wherein the top layer (5) is a
strained |l ayer or a relaxed layer, in particular one out of strained

silicon (551'6) Selﬁicbh&ﬁfbrggtref@ﬂhé{me(a&drda daid'fs, %fef@l?{h%%t@eg@ﬂc’e ignd/ or the
addi tional |ay pdsﬁloﬂ A%% Bﬁ?@ﬁlma& 0 1%t‘ﬂocfik"o, ﬁ'tl&!ll%ﬂ £, gor mani um
ot
aS a

(Sii, a3Gexa3) a ; a sem con uctor hePeros ructure accordi ng
to one of clalms F substrate in the fabrication process of a
sem conduct devi c of a sem conduct 0 I os cture according
to one of ¢ aﬁ%fﬁ%@r?‘étef%twﬁﬁre R ‘F’%é‘{?rl?rf’f“} ab‘@%igtoo\‘éé{" Fihifed | ayer on
i nsul at or waf BHCkngss éhemdémoa? aves (Pand/erthedon fayerds loss thaw thegrigiealwaf er . ~ 21.
Use of a semi Hufkagwstadevashish defests eequr.dn aariovlar legs then L9000 Anmare imher ei n t he
fabrication prutiedsr 4 bicknawef slowt 200.fdo BO®Sesename itearieliradabutt or
het erostruct up@) dccording to one of clains 12 to 18 is used as a donor
substrate. 22. Sem conductor device conprising a sem conduct or
het er ost r uct8uBemreadcEHr MgtetRtruMine a@éoralhgltdr&aelo?f cladnd 82 10287, whk¥epi thed silicon
on insulator ygfigfer 9% );trﬁﬁ’éﬂl'éj’e?'of"g r(ﬁa%@ Sler, ih 3arH@t§l§n' SHIRE ofstrSlneaWaf er, and
on one surfacsﬂl&&p(sg smﬁt%g i\ L@y, £ndhg%¥1‘n 1968). Lhdigehe Ted onto the
wafer froma i s to
@dﬂl&ﬁﬂ 61i0h SBahe] B @gotam gﬁsg?m taglu r,dﬁ%;}

18, wherein t e fop al ne I'CO ayer ein the
originally bu?Fed |nterface (7) between the strained S|I|con | ayer (6) and
the additional layer (5) corresponds to the free surface of the sSO wafer.

19. Use of a semiconductor heterostructure according to one of claims 12 to 18, as a
substrate in the fabrication process of a semiconductor device.

20. Use of a semiconductor heterostructure according to one of claims 12 to 18 in the
fabrication process of a strained layer on insulator wafer, in particular a strained
silicon on insulator wafer.

21. Use of a semiconductor heterostructure according to claim 19, wherein the
fabrication process is a SmartCut type process and the semiconductor
heterostructure according to one of claims 12 to 18 is used as a donor substrate.

22. Semiconductor device comprising a semiconductor heterostructure according to
one of claims 12 to 18.

23. Strained silicon on insulator wafer (sSOI) comprising a wafer, in particular a Si
wafer, and on one surface thereof a strained Si layer having been transferred onto
the wafer from a semiconductor heterostructure according to one of claims 12 to
18, wherein the top layer (6) is a strained silicon layer and wherein the originally
buried interface (7) between the strained silicon layer (6) and the additional layer
(5) corresponds to the free surface of the sSOI wafer.



