SEM CONDUCTOR HETEROSTRUCTURE AND METHOD FOR FORM NG A SEM CONDUCTOR
HETEROSTRUCTURE 5 The invention relates to a nethod for formng a

sem conductor heterostructure conprising providing a substrate with a first
in-plane lattice paraneter al, provi d"ng a buffer layer with a second in-plane
|attice paraneter a2, providing a top | ayer over the buffer |ayer. The
invention furthernore relates to a correspondi ng sem conductor heterostructure
and to sem conductor devices conprising such a sem conductor heterostructure.
10 Sem conductor heterostructures like this are known from US 5, 442, 205
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15after planarization, but still only final surface roughness val ues of the
order of 5 A are achieved. Furthernore the buried interface between the top

| ayer, e.g. the strained |ayer, and the underlying | ayer have even a hi gher
roughness, due to the bake after CWMP of the buffer 20 layer. This buried
interface can, however, becone a top free surface in case the strained | ayer
is transferred onto a handle substrate to create a strained silicon on

i nsul ator type sem conductor heterostructure This can, for exanple, be

achi eved using a Smart Cut technol ogy based process. Again also here, no
additional CWP 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
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el ectrical beh o] o e I e the ect of the
present i nve '?5& h&Jﬁr\%{;ﬁB& Eh@%?ﬁeqléh &%a?eorpﬁép%meg {é’ et Br oSt 48[ ure and a
corres pond|hﬁ@r0§§lﬂﬁtle'@m@f@dt“éﬁﬂsfy@gewm\tapawmm the aklave ﬁeﬂqwdtr@?'t @t proepssesce roughness

properties aagd queb@kﬂeeﬁakbgjhbretd th@&@fo&%&aﬂt@ﬂ:ﬁﬁ@ﬁ?ew QRBUghbRS: of 1 Thi s obj ect
IS achl%ed W th the ctor fructure

met a se het er
hecor i o Sy ahmhah Syrass docpR il e BB o G Gro- e Ter s AT on-f hat by
provi di ng aayeadu surfermiougranpes tendsrto girinishcagasrthe Bnahfaughnesh duphexertrelezat i on and

bake Step&st@gw\%%ratbw%m frah tlhé%ﬁ% n@éldofttltfla'egrraeéh béy.qayer mf%r:@bnoftth@ val ue of

t he in- attice _paraneter of tignal layer Is chosen such that it
isin bet weEBPPIShBYsfall GEsEt #fise the ¢IF péﬂ?ﬁﬁssé%gﬁdh'ldﬁleﬁ? glethp aialirst &kon t he surface
roughness Qéyet Eﬁhn&tcﬁibédddhabnticﬂylﬁid&km& bedu eticic 0sTpay eculd suddae \@linftace roughness

of the updgrl, t'%'fnﬁ%acléa& e stéf%e&‘a 9%%‘&8%‘@#5@3%[ Sr%fe%fee h%%U&QI ess of the

het er ostruc urels re on t z
het er ost r udtickness, of i rajingd éU@nt‘@)Vef H’éoq Bt sq Wat na #riditipesh CME\eap bgcaivigd on a

al r eady SmiﬁﬁﬁaﬁSMﬁd@ﬁﬂxe sbﬂ'ao%@dihb ls%edlsmcdnh@emaiee déaﬁeot@me& ayLuitiget s

transt erreq Bt Ot ak e spec uati]l i rgLe %RI | oV Pnrel te%f Itf?et & a%ger b tv‘éeen the

addi tional ande t HE 83p e\ 8 QUG 1R Be%nr’iﬁf We °hdW FHESCSTPFEEE: al so an

i nproved suiF28¢H02168fhaies sromsp$ tdoeontstbistber wmeramge athehichuihe &yers gfe grbign addi ti onal

l'ayer g5 Snpgt E\@ﬁan&mn Miesnwmpaﬁa RftadehBudhREQr laie8 Bt Y b@kr drayRlare 15 I this
context the termlin-plane [attice paraneter” corresponds to a lattice
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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 cartried 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. itis
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.



20 underlying material on which it is deposited. To be able to conpare lattice
paraneter 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

st at.e under heteroepitaxial conditions, which is also known under the terns
pseudonor phic or comensurate growh. As an interface may be characterized by
two |attice paraneters, the above-nentioned condition can either be 25
satisfied for both lattice paraneters gr for only one. Furthernore |ike
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without a cappmg layer ln the wording of clalm 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 lavers

30 strained or relaxed can be provided thereon.



process conditions and only the supply of the conpounds needs to be adapted to
realize the different conpositions and thus different lattice paraneters.
Preferably the difference in conposition Ax = xa2-xe3 is approximately 0.5%to
8% -in 5 particular 2%to 5% nore in particular 2.5% For those changes in
conposition, optimzed surface roughness val ues have been achieved for the
surface of the top layer. For Ax less than 0.5% the desired flattening effect
is not sufficient and for Ax larger than 8% the maxi mum thi ckness of the
additional layer would be limted to nuch due to a reduced critical thickness.
"3 Preferably the top layer can be a strained |ayer of a relaxed layer, in
particul ar one out of strained silicon (sSi), silicon germanium (Sii.Ge.),
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ayer and the underlying layer, but is also a function of deposition temperature, However, for

20 the above mentiohed values improved surface roughness values have been cbtained. To
keep the additional layer thin has the advantage of preventing defects on its surface and
furthermore is advantagecus 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 AquoByaz and Aq.xaaBxas 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



650 - 750 Sil.yGex, xe[ 20,40] 600 - 700 Sii Ge, xs[ 40, 601 550 - 650
Si 1. " Gex, xc[ 60, 80] 500 -600 Sii..Gex, xe[ 80, 901 <600 St 1Gex, xs[ 90, 100] <550

process conditions and only the supply of the compounds needs to be adapted to realize the
different compositions and thus different lattice parameters.

Preferably the difference in composition Ax = Xa»—Xas is approximately 0.5% fo 8%, in

5 particular 2% to 5%, more in particular 2.5%. For those changes in composition, optimized
surface roughness values have been achieved for the surface of the top layer. For Ax less
than 0.5% the desired flattening effect is not sufficient and for Ax farger than 8% the
maximum thickness of the additional layer wouid be limited fo much due to a reduced critical
thickness.

Preferably the top layer can be a strained layer of a relaxed layer, in particular one out of
strained silicon (sSi), silicon germanium (Si,Ge,), germanium (Ge) and gallium arsenide
(GaAs). These materials are playing an important role in modern etectronics and therefore
with improved semiconductor heterostructures of these materials optimized electronic

15 properiies can be achieved. Advantageously the substrate can be silicon and/for the buffer
layer can be silicon germanium (Siix2Geysz). The silicon as a standard material is readily
avaitable 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 precursars respectively. According to a preferred embodiment
the additional layer can be silicon germanium (Sii.sGexs) . 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 buifer
layer can be attributed to a surface topology having peaks and valleys, wherein the faitice
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 latfice parameters is
observed. Thereby leading fo the desired surface flattening effect.



5 For this specific material choice, inproved surface roughness val ues have
been observed. Advantageously the growth tenperature of strained silicon
germani um when used for the top | ayer can be chosen to be | ess than 600C, in
particular | ess than 550C to 700C, or wherein the growh tenperature of

ger mani um when used for the top layer is chosen to be 10 | ess than 500C. For
this specific material choice, inproved surface roughness val ues have been
observed. Preferably the precursor forgthe additional |ayer can be sel ected
such that they do not incorporate an halide elenent. For GeSl, this would | ead
for instance to a germane and 15silane or disilane precursor. The presence of
an halide in the precursor creates the risk to have crystalline defects
reveal ed, e.g. due to preferential etching at the | ocation of a crystalline
def ect, d be woyl d lead to an
i ncrease i hre?eﬁ%?y%%grog*rﬂ?'ﬁ%ergig?é%f'ﬁ:ﬁﬂ881’8'3?’8’?'|W8F'é‘t'§fd?‘?{$ecf%ﬁa¥’ef9“%‘?r the | ayer.
20 The i nvénetadditirnal Isyer cal et asgsendo be:sem conduct or heterostructure according to
claim12. As expl ainggd @above such a sem conductor heterostructure benefits
frominproved sur ss-values. 7 Sem conductor heterostructure
according to claijm 'fﬁriﬁgbl n the $ovPaererdtighlkbss of| the top layer is |ess
than 1.8 A RMVS, inspasd.eul2er | ess thansd 5758 RVS, even nore in particul ar

less than 1.3 A W%Ware advant ageous as
actually the el ect G| or of devPTes'Hor med t herfeon heavi |y depends on

t he roughness of t@%gggkamoao] bsubst r at essdeeggoconduct or et erost ructure
according to cl ait2—e6r mrer-eth—t-he+-nierface-roughness at the interface
bet ween the addi t|i e"'l‘%@eﬁol and t he togoq%l?}:ur is less than 2.5 A RVB, in
particul ar | ess tlhginG2, &9 BV, even noredon particular|less than 1.8 A RVS.

Dependi ng on Sir.Gey xe[90,100] <550

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
layer can be chosen to be less than 800°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 GeSj, this would lead for instance to a getmane 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 sericonductor heterostructure according to claim 12. As
explained above such a semiconductor heterostructure benefits from improved surface
roughness values.

!



13 the use of the sem conductor heterostructure the buried interface between
the additional |layer and the top | ayer can becone a free surface again and in
this case an inproved surface roughness is advantageous as in particular

el ectronic properties depend heavily on the surface roughness. 15 According to
a variant, the buffer layer and the additional |ayer can conprise at |east two
conmpounds A and B and have a different conposition Al.."26,,a2 and Ai.xa3l3xaa
with respect to each other. By changing the conposition of the layers desired
|attice paraneters can be easily achieved by changing the growmh conditions 20
According to a variant, the difference in conposition Ax = x22-xas is
approximately 0,5 to 8% in particular 2%to 5% nore in particular 2.5% as

previ ousl y sghrb@fctonterbfiRe@reLRbdIGRy BRIHH 5,%‘19%91}[ tf-@gﬁ'fafzé) f'éga{e?ag of Yl ues have

been observed. For & | ess éhan 0.5%the desire attening erfect is not

suf fi ci ent BrYer Sresathang &y RMSh Brpagisyieriess faei TR MY eKkaierde rragigaraddi t i onal

| ayer woul &sbehah it 3iA REISt SBuaishsioiaes boghaessedueedreauivdntagadustabacthangss. 25

Pr ef er abl yeﬂa&ﬁca‘i F'éh%bigreif%e\%estfﬂﬁe@ﬂg?egﬁ ﬁ&gﬁ Je@%ﬁs oﬂﬂ{yr% hhaps% oF tﬁg inlti yer is less
t hi ere Skt par

than the critica ckness above whic S occur, icular | ess than
1000 A, Snofést#eparticul ar of about 200 A to 800 A even nore in particul ar of
about 600 A. To keep the additional layer thin has the advantage of preventing

defects ondits surf rt npre, | dvant.ageous.30 . with respect to
pr oduct i on>"A&°Y ?%ﬁ%‘%ﬁg{ﬁga% aﬁ%’%@? %'ﬁfnghforﬁgr\%eg?'rr‘rﬁre 'e":%efri?‘ée CrERFon of
di sl ocat i ofkthe intesiasy Befiveen thetadpiienablaxan aod tertor tyertiadess fen Sdr A B8, inoughness

tePdsI Ito bﬁ&ﬁfﬁr%é&t@h oaf & st E\@H_@’fofké/% B?rﬂéuiérlit%ﬁirﬁﬁ1!8W§M8.n@ép§ﬁdirf§1cin whi ch woul d
actl ua I nclite e 0 ..gr gw | r ayer.s rovi,ae ni X ayer
oughneds. Toiee Sdpareutndiio detekefihe pRiSTRe inbaed brEler bha0@ioral Y ot ed by
the criti célyen ddcthedepsiage dan heryws alfieg serfase ragein iana gn ¢ghisowase an ioprdedl yi ng | ayers

wi th di ffegghke duysieal | A0amafeal®sa Sarti@ld WehtbnRigideticl 888 t@vfldhect s | i ke
dlslocatlo%ﬁ@}\jf\%ﬂch n turn deteriorate the quality of the substrate. 5

Pref erabl y %Gp°H9aYE* can be one out of strained silicon, silicon germanium
and germani um and the substrate can be silicon and the buffer |ayer can be

sili C0q5ge%g&p&i% a variant, the buffer iayer and the additional layer can comprise at least two
compounds A and B and have a different composition A.aiBxae and AixasBiaa 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 = Xep-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 additiona} 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, i 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



The invention furthernore relates to the use of the sem conductor
heterostructure as O described above, as a substrate in the fabrication
process of the sem conductor devices. Wth the optim zed surface roughness,
the.el ectrical behavior of the sem conductor devices fabricated on the

sem conductor heterostructure according to the invention will be superior to
devices forned on state of the art sem conductor heterostructures. 15 The
invention furthernore relates to the use of a sem conductor heterostructure as
descri bed above as a substrate in the ¥abrication process of a sem conductor
device. In addition the sem conductor heterostructure as disclosed above can
advant ageously used in the fabrication process of a strained |ayer on

i nsul at or Foad articular,a strained_silicon on insulator wafer. Wth the
i mproved s}@@}%é%’e‘r”%ﬂgﬁﬁ‘&% Qe faer r?‘f@%?‘?f’i \1;@5 ALRMBROHTIBHEST Of SGHREBPSst ruct ur e
el ect r oni cisdenveyers innfediyiteptritived thigsnesp es ti estading sengireegoedorsutastyirgt es Wit h

| mpr oved proRetih Bferdfi@nathhelaBheers! donf Ll |t SYBRLE MATIGQRLI Si Ng

strained layers, i ke_strai_{ ned silicon, come nore and nore 1 nportant they
are at thewé'é%mur&det?%%r?t&t eHRiC I RPEiAtedevi ces. 25 Preferably the

sem conductor heterostructure as discl osed above can be used in a Smart Cut
type fabri i oces rel sem conduct or heterostructure is used as
a donor suﬁ%iérr%{wea{e'r?b i %&?'}Amagés%ﬂ% (Efbt"?[&yr%@e"gﬁ @%oé'SS?'I'Eo@nﬂ?rl“g@gthg st eps of
provi di ng @prwawum@n%ﬁfﬁﬁbsaﬁé,ca@b@ﬁﬁcan gid the biifenla¥es can feorilivpmgeraanimedet er mi ned
splitting area in a donor substrate, attaching the donor substrate to the

handl e substrate an et achi t he donor bstrate at 30 the predeterm ned
splitting e LveRgiep %8'9‘6%’9”? rfn'ﬁts’f 2? the I'"%ﬁ/@ful‘?f SETHEPNEERS &5 S e Sont 0 t he
handl e 8ubsrsciited aboves e at ibsiratroimpbr fetiricativre pioedss wathersemiBgnduoioniievged. he
pr edet er m pgd t@mdtsmzb@gurae&%u?ﬁhegé?%@&t&ég%@ﬁévﬂr WL sQhicudGeits! ed
interface pbetween additional Tayer and 9 )

fabricated on the semiconductor Heterostructure according to the invention will be superior

to devices formed on state of the art semiconductor heterostructures.

15 The invention furthermore relates to the use of a semiconductor heterostructure as
described above as a subsfrate 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 spilitting area 1o thereby transfer a layer of the donor substrate onfo 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



top layer, the buried interface will becone the free surface of the conpound
material wafer follow ng an etching step, to renove renmaining material of the
additional layer. As the buried interface has inproved surface roughness when
usi ng a sem conductor heterostructure according to the invention the final
quality of the engineered wafer obtained by the Smart Cut 5process is inproved,
as far as the final etching step is controlled so that it does not deteriorate
the-final surface roughness. The invention also relates to a sem conductor
devi ce conprising a sem conductor hete¥ostructure as descri bed above. As

nmenti oned above, the sem conductor device will O show superior electrical
behavi or conpared to a simlar sem conductor device conprising a state of the
art heterostructure substrate. The invention also relates to a strained

si | i con onfoP fr¥e Be brrisgdnterface ylbegomedhpireesivieces! thgfcempound materiziiveler ar a Si

waf er, andfonuwn@rbe. e‘wrfgesee@ tbh@ﬁ&a?enaauﬁrtdraét&%dof%ne Adam{al Q?éf'ﬂ(&lh@tﬁﬁ@d 15

transf er redt sen conduct or, het er ucture as di scl osed
above, vvhe'F'gﬁ ﬁﬁé "E'%%Veldﬁyréarce foélgté[‘eg? W&ﬁ”ﬁ’é@9§|sF’?“86’?‘?“thr§}$Fe“§Hbc Wherein the

ori gi nal | yadsandingdp thairgerftiqe thelfedl weality of the esgineeraterkigiobiainenby thy 8marthd t he

addi ti opal phaxels ibl&s Qpﬁaplgs tﬁ@flrkh&cl‘flr{ges?epﬁé’&fnﬁ'@fzed Q%Ithtapﬁdog} fer This sS01

waf er di stln uishes itself fromthe prior art act t its surface
roughness Qﬁﬁ%ﬂofatt‘?@%f'%ﬁ'é“rfaﬁﬁfoﬁ S%ith respect to prior art 01 waf ers. 20
Advant ageous enbodi nments of the invention will be described in the follow ng

Wi th res peﬂe l&]\%&ﬁ[& EIJO rglg{egﬁa a semlcomﬁlc%r ?F]V[Ce CLFH%EL g:agrérgg?gduc 11 embodi ment of the

i nventive met sem conduct of ructure, Fig. 2
illustrat e%et%{oﬁi@‘?fr@s%&?&?”h ii’tﬁ\f%rﬁﬁ rentigediaberediie sonicher@erssiceuei ur e, and 10

The fol howsag s@ﬁmde:s&masbéwhér cBRpAesehishadr sHiRdddrics idvieBmsiiPstkr ate, a
silicon ger niant Eﬁ ¢ F'%Ei atag a strained silicon |layer. This does,
however, nBf® %?8 ﬁtF’Oa”iC ¥8tY%5h of the invention to those materials.

| ndeed, th_e invention can also be applied to other suitable materials, like
strained SifHRnvertidielso ERieQ%o £8MARed silicon on insulator wafer (sSOI) comprising a water,

in particular a Si wafer, and on one surface thereof a strained Si layer having been
15  transferred onto the wafer from & semiconductor heterostructure as disclosed above,
wherein the top layer is a stralned silicon layer and wherein the originally buried interface
between the strained silicon layer and the additional [ayer corresponds to the free surface of
the sSO| wafer, This sSO! 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 fo the invention.



5 Fig. 1is a block diagramillustrating a first enbodi nent of the inventive
nmet hod for form ng a sem conductor heterostructure. In step S1 a silicon
substrate is provided. Silicon substrates are readily available with different
sizes and different crystalline surfaces. Then in step S2 a buffer |ayer of
Sii.Ge is grown, preferably epitaxially, on the silicon substrate. The buffer 1
O layer can be a graded buffer |ayer, thus the concentration of the two
conmpounds: silicon and germani um changes over the thickness of the buffer

| ayer. By doing so the lattice par amet,er in the graded buffer slowy changes.
For exanple, one can start with x=0 at the interface towards the silicon
substrate, so that the lattice paraneter corresponds to the one of the
underlying Si substrate. Then the gernaniun1concentration can grow until

apPr oxi et oo WnckinGRE LRSI sPLANE, LALH Lakuar AURbE L Recores Larger.

It should be not however F Tani um Concentration can be
freely chor layesand %%tfa&}?éé”'%%yéf TM%OB%I‘?QNQ)’GUP@F revesent 2lndiation@dte The growt h

of thle bgg ﬁwntaém@omahmraqmeeueﬁe Ubition Shiatbeo ok s}bb%d&ﬁ%tﬁe@@ﬁ@b[gues fotr]I g
exanpl e e t an epitaxial equipnment using standar
% I?’c{g ﬁ& stré |tC)i|d EQ %Pé ée %r aﬂ&

process condi'tions. cur ‘ases for the deposition of silicon
ger mani @m i ncl ude for exanple 811-14, Si3H3, Si2H3, DCS or TCS and GeH4,

CeH3Cl, CehgGlLgda b@@ﬁ'@b&’raﬂﬁlln%éa ?n@ﬂﬁﬁtr&@lfnem df hehiRreRtire 3Bk rfdr%nnﬂ&ﬁ Dependi ng

on the precursor ggg g osition tenperature the deposition
t enper at ur ¥ ﬁfematé“%% 'Béteg ef SH58 THsYBleds @OV'Wr CHCIEHPESEAt s sone 25
possi bl e earamakifysaveilabteatithaliffecant sitee agd oWtbrantafysGilide ﬁ;rf&&s Thainwtebl$, @ ger mani um

content ofy, g kb dPHlc AW m@epr&&gmféangh i} & RO, uﬁstﬁaﬁeh ¥y adapting

t he ampunt o sor terna position could
be car 19 edeicabye WF‘MH@‘W *Eﬁ@érﬁ‘%ﬁ?qcﬂiﬂ“frﬁfﬁbPfsthQ*WOSiOW\QP@@&rsélmﬂ agd precur sor
deposi t i ongdreamen aldnges SletHhe GrdideB00Ge HufRd BGerII b2 oG Httice parameter

in the graded buffer siowly changes. For example, one can start with x=0 at the interface
towards the silicon substrate, so that the lattice parameter corresponds to the one of the
underlying Si substrate, Then the germanium conceniration can grow until approximately

15 20%, thereby the in-plane latlice parameter becomes larger. It should be noted, however,
that the final germanium cbncentration 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 deposilion in an epitaxial equipment using standard process conditions.
Suitable precursor gases for the deposition of silicon germanium include for example SiHy,
SizHs, SizHs, DCS or TCS and GeH,, GeHsCl, GeH,Cl;, GeHCly or GeCl, together with Hy 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 SiieGeys; with a 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 depasition could be catried out by molecular beam epitaxy.

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

SiHzClz GeH, 800°C - 950°C




800C -950C 11 S1H2C12 GeCl 4 1000C - 1100C SiHCI 3 GeCl 4 1050C - 1150C Then in
step S3 a surface treatnent is carried out which conprises chem cal nechanica
polishing (CMP) to obtain a surface on the Sil..32CG3.2 |ayer having a
roughness of about 1.3 5 A RVS5, obtained for a scan wi ndow of 2pnmf2pm Then
the achi eved structure undergoes a bake step, e.g. is energed in hydrofluoric
acid HF and heated in hydrogen H2 for about three mnutes in a tenperature
range of about 800 to 850C. This step., s used to renove oxide fromthe surface
of the buffer |ayer, but the bake ste61leads to an increased surface roughness
of about 2.6 A RVS. 10 Followi ng the surface treatnent, in step 84, an
additional layer is grown on the buffer layer. This additional |ayer is grown

Wi t h a const antsgpaposiHttansef—the—sapecompaunds—si | i con and germani um but
with a conpo itls%ﬁdgiu.si .%%@’GeB 3 di qugrcgﬁﬂfqégcthe conposi tion of the final

| ayer of the|bufSitéis | ayerGe®lavi hg t h&0s8Hhe1tOMpounds, essentially the sane
grow h 15 conditions ctanm bethosem, —except—for—the—anount of precursor gas
provi ded for each conpound. The total thickness of the additional |ayer and
all further layers that are not lattice matched with the buffer |ayer should
be | eﬁs tgal}ibnt ihatepréata eatactd eathBRSS carfi mgm&;ntcﬁmb%eauﬁéneadﬁl irr@&weilﬁfcaldi fsl ocr:lati ons
or ot her X i ahove.this thickness. T a of the
critical t ?gﬁﬁigﬁmﬁgggﬁﬁﬁggﬂgﬁﬁgw%?gﬁﬁféﬁfngﬁm%%g88%'@ﬁ??%?%%ﬁg§etmeen
buf fer 5 ARMS, obtained for a scan window of 2um*2um. Then the achieved structure undergoes a

bake step, e.g. is emerged in hydrofiuoric acid HF and heated in hydrogen H. for about
three minutes in a femperature range of about 800 to 850°C. This step is used to remove
oxide from the surface of the buffer layer, but the bake step leads to an increased surface
roughness of about 2.6 A RMS.

10
Following 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 @ composition Sh.xasGexas different to the composition of the final
layer of the buffer layer. Having the same compounds, essentially the same growth
15 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
vaiue 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 parficular 17.5% of germanium.
For 40% Ge in the buffer layer, Ge concentration In the additional layer is between 35% and
39.5%.



20 |l ayer and additional |ayer, and al so depends on deposition tenperature.

Best results have been achieved for thicknesses of |ess than 1000 A, in
particular for a thickness in a range of about 200 A to 600 A nore in
particul ar of about 500 A for the additional |ayer. The conposition of the
second |l ayer is chosen such that the in-plane lattice paraneter is smaller
than the in-plane lattice paraneter of the final |ayer of the first buffer

| ayer. Wth the 25 gernmani um conpositi of 20% on top of the buffer layer, in
this exanpl e, suitable percentages for the additional |ayer are of 12 to
19.5% in particular 17.5% of germanium For 40% Ge in the buffer layer, Ge
concentration in the additional |ayer is between 35% and 39.5% 12 Then in

step 55 a : t he
add! t1 onal S“SE?%“&?& @‘g Wﬁi’id%é"fs”% (GRSl BBt ARl | 0ds. Fi g,

2 i |1 ustrat®er YW SO the FHEE AeResiden BethedSat t he i nventive process has been
carried out as 5 described above. The sem conductor heterostructure 1
according t i SI|IC substrat with a first
i n-pl ane | aFﬁ)g{ Emu&ra(?ggbtﬂg réEEE'B?tE néﬁsaffépﬁgt&h gﬁg bjo es? P belegcgpecgo ﬁa R/ ng a

ger mani Um p"éﬁ@é‘?ﬂ a*gyeoThwmon@uﬁt@r hefereptfugtiee Wﬁd@ftimgéo mgvh@mnﬂthmd havi ng a

ger mani um REmERAL eaggandah @Bﬁ#&ﬁe 2Q% af ﬂ‘stt - fwae%mcwafr@ﬁe%erﬁm Wdrkien gihe buffer
| ayer 3 the n |ce £arama i ncreases as the anount of Ge

i ncreases. Jé”%%F éﬂ?@d BEYPEA JeRyum Qeré%’g%gﬁt‘i‘faﬂ% gt fh@l”’aiﬁ'@ﬁe Y Bhe graded
buffer | ayesnbs%a’arﬁ addiaving agkrmaeipintpascesthgeSH abdut BGet i@pbayserfach 4i Withit ovi ded,

whi ch as d%ﬁ&ﬁ%ﬁﬁk&@ﬁap base |Qﬁ8@pafr95é{§dazme%gesq\zpwgno%ﬂpof%é'ﬁwgséshe buf f er

| ayer 3. The itlon ayer has a germani um per cent in a range
of ~about® 12e gragled Bufer; '?‘Yebﬁrqsﬁ%“éﬁ"é{r‘e'ixﬁ%% t@cﬂ@%ﬁtbuﬁ%@ayﬁb%ﬁhéijd"f'DFPius rel axed,
i n-pl ane | abkdxeSPaGaRtigkr 8% pr&vndﬁS&hiﬁma@d&En@ﬁ dooNR ?fs bﬁ&efﬁbhﬁdfﬁtérh I ayer 3.
However , e SSp t criitical thickness t

addi ti onal %m%gr h@ bamng!? t?'%a&flﬁeed%ﬁe% Srhe %%H't'?naﬁtager A alg§W§ g Qefcegta?)ar aneter is
| arger t harWi’l!Ghes ionirgnge of #bewd 12Fp ﬁal5%y inoparticyigr aF, 5%h§0 ditlite n@fnlaﬁﬂ heyyer 5 the

strained S'réib)ﬁé@nlnjpﬁ)ﬁgﬂattﬁsefb‘érahﬁ&r b@)8EssitSan2eRa8 of tROBuf@r 18)er 8] R@vsi | 1 con | ayer
6 with t hi face rou ’}%n@i%y‘%{%{ues of 20 less than 1.8

r
" Rve T paiEERes de8 tandfe qied Kidges 5 SUAT JSFHNS: post - bake
roughness dlhattlthen-uarﬁef &ttick apemeBr lirelarpgr ten tteenaomnicke ivalod. Faledybn ZapbofAheRVS. Up t o

now, W th ta*a&n&xtaﬁ%ﬁergfméé?&n@é gmcgﬁ%? shou?pig%lr)é pgé% f:ace roughnesses exceedi ng

1.8 A RVE have been observed. e note that already the buried
interface 7 between the additional layer 5 and the strained silicon |ayer 6
has al r eadyFona lsbaightneissn Gfyed @&ish & kreoknéssof AbdaMB)0A, Burfag tdughreed vdues sf t han 2.0 A

RMS, evqu m)s.s‘:t‘he!nm Q %rrﬁmé qh%gmﬂlar Ie%§§haﬁ1?1a:? l\ﬁ% 'ﬁa@@en}@ﬁe@h‘%tﬁg porft erface

roughness i s thu oughness of
t he order cbﬁkaoeghﬂB%ﬁ Qfé‘?e HoffET taden3 b%lmaﬂf% orde3 of gt 25k ySe | UPéP watppithg | ayer

coul d be priviged; aR dii@o@Eadeshy ayBte Bughhnbes bebdid A8A AKX RaveDked he buf fer
| ayer could conprise a stack of bi-layers, in particular three to five

hi -1 ayers, 8f%€t n one hi-layer has a graded conposition and the second
hi -1 ayer a constant conposition. A buffer |ayer being conposed of a plurality

of layess W B 8L SL@RA thad QRN Bried 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 {ess
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 o provide a buffer layer having a different composition structure.



5 conposition but with a growi ng conposition fromlayer to | ayer represents a
further alternative. In addition, it is also possible to provide one or nore
further additional |ayers, also called capping or relaxed | ayers, in between
the additional layer 5 and the final |ayer 6. For exanple, another Si Ge |ayer
may -be deposited onto the additional buffer layer with a different SiCGe
conposition. Instead of a silicon germanium buffer |ayer, other conpound
materials may be used to slowy increase the lattice parameter starting from
the silicon substrate towards the desi ked value. 15 According to a further
variant, a germaniumGe, Si.i..yGey or Si GeC layer may be grown as a final

| ayer, |nstead of the strained silicon |layer 6. A second enbodi nent of the
inventive nmethod for formng a sem conductor heterostructure conprises steps
Si to 53 anmbrSabfletheadingstyeenhotberpmtidedTheine ge@se tbypt 3 piorwd CMPR@l repeat ed
20 again [ A i nce Wth
respect to%[he*o? @%%%I%glgtbﬁ 415'[9%{( Jf%llggeﬁp g?ra-%?ar rée{%ﬂve(%l'ovvth of the
addi ti onal lm@gﬁerwhergmeo@estn javer ‘@Fc@\/ﬁfiﬂﬁeﬁéﬁ'ﬁéﬂ?sﬁfpmaéd ihs sgeaad bhhvftfhi 4ogsiaréwer t han

the growt h LeRpAl Uharrbsigr Bbid dﬁpﬁ&ﬁ%ﬁéb!@ﬂ%ltt@f)f byees vathfcb@dtark 8RERiIGy The growth
tenperature for .the additional. out 50C to

about 500C LERETIN A Wik 28"8HirH ﬁogﬁ‘ﬁ)%gﬁoﬁt‘ﬁ%b iaé'Fr {%E’V‘ar 58'?89"@%1af WRNerayer .
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tenperature di tional er, even WI| | ower, it
is pOSSI b dar Gxﬁﬁ‘l%@f @P‘&IBFS/S‘@@Wﬂ [“aWﬁ? a‘f-noa!rem%t% %ag‘ﬁthné'))%‘ffﬁ'f'alehé"%arface of
the Sii.." Gaferdmabf®Rrcolmpystont at her than on the peak. As a consequence a

snoot hi effect occurs this effect adds to the already advantageous effect of
havi ng 30 smaller in-plane lattice paraneter applied in the first

enbodi ment . Ingteassof & sificpnt grsfnaniyp regfies davgrrodiehicagpaind tipterisisrmayclee vfeddddi ti onal
llayer 5 anddypscrabeandiatich@atapbtel aM@kg form BRIsBicdRbsiAioneds Peldesian | ayer,

will occur. 14 |Indeed, when the growt%] tenperature is high, the total thernal
ener gy of t‘ﬁ‘&‘ arriving atons is high and the surface energy, which is the
energy of the surface on which the atons are deposited, becones negligible, so

that it §an£t%rdlaevaeaﬂmﬂe§¢ahhmea bamaﬁﬁm@aﬁn@@td?%mmayérfmyﬁe hRwRYeL, the
t hermal energ ﬁﬁls relativel ere, the surface energy can have a

positive inpa yeré&“%ﬁ“’ﬁl@ﬁﬁ%?‘?qdﬁd'c%'@f?ée| nto the valleys, the overall surface
becones snaller and an energy gain is observed. Thus, in this case a snoothing
of the SuUrfAEE M L@t of hb im B UBlhpd %&@ﬁﬁgﬁ%@ﬁkmc&ﬁh&%ﬂawe the
thermal energy w Trcient for rrrving atons to nove to the
preferred nwslpdesasistans Sit @83 F”Pi’ the tﬂFeflr"ttéSﬂEC‘dc"Be'Y‘eT(H‘B‘EéESPW%’D%WF’Pa"d@OE‘éWér gy. 10 The

sem Conéﬁlgtéﬁamhﬁhtqé %bﬁput&ddrtﬁar@%adyﬂ@ﬁrea@ecoﬂw @erér@e g réeﬁp@ﬁﬁd terpadi ment
corresponds

t he on | rst errb t he
descri ption rBt? djrpegt H‘eéé'} ﬁ‘?e%d ?ng THES N c?rm“&?egﬁ e?cgd\?[\nm?%?%nr (?tg? g?)gan%rOMhAl so the
addi t'i onal tesperatutess oged M@ha@!pwwéhianttbe arpeth é@wrﬂmr@mdprmrf@ﬂnaﬂqm@f bal y
difference i gt Bk st iRt Foith aFHefAHSRNAS 3MRABILEESaRF B 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 Siy,Ge, 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 occcur.



15 even better both at the buried interface 7 and on the surface of the top

| ayer 6. For a strained silicon layer 6 with a thickness of about 200A,
surface roughness val ues of less than 1.15 A RM5 has been achieved with a
post - bake roughness of the buffer layers being O the order of about 2.6 A
RVS. Also the buried interface 7 between the additional layer 5 and the
strained silicon |layer 6 has inproved roughness values of less than 1.8 A RM5,
and. 20 as low as | A RM5. The advant ageous tenperature range actually used
depends on the material of the layer, £.9. for a Si14Gex layer on the

Ger mani um content, the precursor gases used, and the |ayer thickness. Table 3
illustrates the preferred tenperature range for the additional layer 5 as a 25
function of the Germanium percentage in Sii.xGex. Table 3: |ayer nateri al
typical growmh tenperature buffer layer 3 [t] growh tenperature additional

I_ a¥86 ST El"?\deseld,l v%e’n t@l(e:s érg\?vt%%m;?egaoturé isgt%{'n, t g?otélzr?e(l)'mgl eln_errg];ﬁsgfx tﬁé gr%\’/i#g(a) r];lton7135 0 - 850 600

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,
5 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 smalier
and an energy gain is observed. Thus, in this case a smoothing of the surface will occur. If,
however, the temperature is too fow, 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.
10
The semiconductor heterostructure obtained according to the second embodiment
corresponds to the one of the first embodiment as shown in Fig. 2, the description of its
features is incorporated herewith by reference. Also the additional variants can be applied to
the second embodiment. The only difference is that the surface roughness properties are
15 even better both at the buried interface 7 and on the surface of the top layer 6. For a
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 TARMS.

- The advantageous temperature range actually used depends on the material of the layer,
e.g. for a Siy.Ge, layer on the Germanium content, the precursor gases used, and the layer
thickness. Table 3 Hlustrates the preferred temperature range for the additionat layer 5 as a

25  function of the Germanium percentage in Sis.cGey.

Table 3:
layer material typical growth temperature | growth temperature additional
buffer layer 3 {°C} layer 5 [°C]
Si1xGey, xe[0,20] 800 - 800 650 - 750
SiyxGey,xe[20,40] 750 - 850 600 —- 700




15 SivxGex, xs[40,60] 700 - 800 550 - 650 Si4.."Ce,, xs[60,80] 650 - 750 500-
600 SkxGCe., xs[80,90] 600 - 700 < 600 Sii, CGex, xer90, 100] 550 - 650 <5650 For
CVD | ayer deposition of the additional |ayer the precursors have to be chosen
such t hat

15
Si;.xGey,Xe[40,60] 700 — 800 550 — 650
Siy«Gexxe[60,80] 850 — 750 500 — 600
SixGewxe[80,90] 600 — 700 <600
S Ge.xe[90,100] 550 — 650 < 550

For CVD layer deposition of the additional fayer the precursors have io be chosen such that
they have a decomposition temperature which is lower or at least close 1o the temperature
range indicated in table 3 used are chosen. As a consequence it may occur that the growth

L 5 of the additional layer 5 a different precursor is used or needs to be used than for the buffer
tayer 3.

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 (sSO1).

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

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

15 embadiment described above. The semiconductor heterosiructure is used as an initiat donor

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

C achieved by thermally oxidizing the strained layer 8. The heterostructure 1 together with the
isolating layer 10 builds up a donor substrate 12.

20 Fig. 3b illustrates a handle substrate 14, typically a standard wafer, e.g. a St 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 donaor
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 subsirate 12. The implantation



t hey have a deconposition tenperature which is lower or at |east close to the
tenperature range Indicated in table 3 used are chosen. As a consequence It
may occur that the growh 5of the additional layer 5 a different precursor is
used or needs to be used than for the buffer layer 3. Figs. 3a to 3f ‘
illustrate a third enbodi nent according to the invention, nanely a Smart Cut
type fabrication process using a sem conductor heterostructure according to
the first or 10second enbodi nent to fabricate a strained |ayer on insul ator
waf er, here a strained silicon on insuk@tor wafer (sS01). Fig. 3a illustrate
t he semi conductor heterostructure 1 conprising the strained silicon |layer 6
and the additional |ayer 5, which has been fabricated according to the first
or second 15 enbodi ment descri bed above. The sem conductor heterostructure is
used as an dontitidral arel ohaien sutis theaihe prédetetrhifeds tMiting dreh ayseE pBsifidhed $0hat i ng | ayer

10 is provi .5 & 1,S.:€4: i.eve thermal |y oxidizing the
strained | a%@g"‘éamf%é’ Cﬁé@é? ég?érﬁ’ggdu‘greeﬁ%%{y (}avtva rﬁsetgé(%ioﬂaﬁ'eﬁ e isolating layer 10
buil ds up a donor substrate 12. 20Fig. 3b illustrates a handl e substrate 14,

typically arigtanfafsedlaiext Serbin ik Hhocd@ iRt cdidisSHLfiReRg e g dBapdl e

0 L ne® natbyBie o e fyfelake Bepongnahe e aiacgye B kit eo i ho
process to @rieatienca sprdet € oiinde sphitsubsigteatéew thérebynfotrhen danbthaable donor 25
substrate 1com Q\'Jr&i_ 205 Pﬁ&h(b gngQWeﬂtm)lr nggrfaggpr\%e?aﬂog S%P% aftied Enﬁ’ like for

exanpl e hydrogen ions or other inert’ gases, eterm ned dose and
energy. Due to the inplantation the predeterm ned splitting area 16 is created
i nsi de. t he THermwhorsiahdé catgoub@ 20 Ehiteni prgab@mtoad fufface (not shown) and heated such

( ‘0 that the predetermined splitting area 16 is fragilized which finally leads to a detachment of
the remainder 22 of the donor substrate 12. Instead of providing thermal energy, the
fragilization and detachment may also be achieved by providing additional energy in any
form, for instance mechanical energy or a combination of thermal and mechanicat energy.

15  Fig. 3e illustrates the result of the detachment step. A compound materiai wafer 24 is
achieved comprising the insulating layer 10, the fop layer 6 and a part of the additional layer
5 in this order on the handle substrate 14.

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

20  remaining part of the additionat layer 5. This can for example be achieved by an efching

step. As a consequence the buried interface 7 of the original semiconductor heterostructure

(» 1 now becomes the free surface. The final strained silicon on insulator subsirate 26 is

ifustrated in Fig. 3f. It comprises the handle substrate 14, the isolating layer 10 and the top

layer 8, thus the strained silicon layer. As due to the provision of the additional layer 5 the

25 huried interface 7, now being the free surface, has supericr 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 tap layers 6 could be
transferred including the above mentioned SiGe, Ge or GaAs.

30 In addition to the sSOI wafer, a SiGe on inulator (SiGeOt) 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 8, thus a layer which is lattice matched with the buffer layer.



16 conditions are chosen such that the predetermned splitting area 16 is
positioned in the additional layer 5 or close to the buried interface 7
towards the top layer 6. Fig. 3d illustrates the next step in the process

whi ch consists in attaching the initial donor 5 substrate 12 to the handl e
substrate 14 by bonding the free surface of the insulating |layer 10 of the
donor substrate 12 onto the handl e substrate 14 to thereby form a donor-handl e
conmpound 20. Prior to bonding eventually a surface preparation step is carried
out. The donor-handl e conmpound 20 is then placed into a furnace (not shown)
and heated such C '0 that-=the predetermned splitting area 16 is fragilized
which finally leads to a detachnent of the renainder 22 of the donor substrate
12. Instead of providing thermal energy, the fragilization and detachnent may
al so be achieved by providing additional energy in any form for instance
mechani cal ®wrergicontucr betaostnaturesracodrdivderthefirsbard seewkdamibocimeerenmgy. 15Fi g. 3e
|11 ustrates, je %@aﬁhadt Rbr heindadiac harut ablcfiing A gg@n gnggﬁg&ﬁéd e wafer 24 s

achi eved conprising the’'insulating |ayer e a part of the
addi ti onal 39%guq9esusinuse i Seapiepadu dF‘ﬁcéishaéri@P@V%qJ%%‘tﬂlca‘t% oplical PrPREMtEBNPOUNd

mat er i al 5 wada@be 2dnidvae withihd @uighess Bavinglithrevedsurdcacaighmieeabrypsitiest 0 renove the 20
remai ning part of the additional layer 5. This can for exanple be achieved by
an etching step. As a consequence the buried interface 7 of the original

sem conductor heterostructure 1 now becones the free surface. The final
strained silicon on insulator substrate 26 is illustrated in Fig. 3f. It
conpri ses the handl e substrate 14, the isolating |layer 10 and the top | ayer 6,
t hus the strained silicon layer. As due to the provision of the additional

| ayer the 25 buried interface 7, now being the free surface, has superior
surface roughness properties, the strained silicon wafer according to this
enbodi nent is inproved conpared 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 nentioned SiGe, Ge or GaAs. 30ln addition to
the sSO1 wafer, a SiGe on inulator (Si Ge0l1l) wafer could be produced, for
instance by using SiGe as top layer 6, |like nentioned above, or by depositing
a relaxed layer of SiGe on the top layer 6, thus a layer which is lattice

mat ched with the buffer layer. 17 The sem conductor heterostructures
according to the first and second enbodi nent as wel |



as the strained layer on insulator wafers according to the third enbodi nent
are advant ageously used in sem conductor devices, as inproved electrical or
optical properties 5 can be achi eved wgh the substrates having inproved
surface roughness properties. 18 CLAIMS 1. Method for form ng a sem conduct or
het erostructure conprising: providing a substrate (2) with a first in-plane
|attice paraneter al, providing a buffer layer (3) wth a second in-plane
|attice paraneter a2, providing a top |ayer (6) over the buffer |ayer (3)
characterized in that an additional |ayer (5) is provided in between the
buffer layer (3) and the top |ayer (BLAI¥E& d additional layer (5) is a
strained | ayer and has a thickness |less than the critical thickness above

whi ch defects occur and has a third in-plane lattice parameter a3 which is in
bet ween the Mefhof fdeMmMitcoIRN i FRAYSIUSlRAr AHEYECORIPTISIAP t 0 t her eby i nprove the

f h f the t I 6)., d wherein t latti t f
The cubstrate anioeHes partebrelEah 2 drsERtn A e SrArblCe’ par anot o1 values in a
I d stat ' : [ ‘ the interf
Lovar a5 the. cubsanignt ¥ Palre 0. il Aer Bl M B MR AR e Gi n the

addi tional layer,{adin@BHphyet (18 ol@ind @¥eFa{&)3)j S grown with a growth
tenperature |lower than the growh tenperature of the buffer layer (3). 3.

Met hod according to claim2, wherein the growth tenperature of the additional
| ayer (5) andhéactehiged mhhtayer (6) is chosen to be 50C to 500C | ower than the
grow h tenperature of the buffer layer (3). 4. Method according to claiml to
3, wherein the thickness of the additional layer (5 is |less than 1000 A 5.
Met hod accor dinrdditianabiagerd$) is baivided h tetvetn thehleyfier layerH@) dadfthietopllaype(t).(s8id 13) and

the additionalyliGuel érf'{)s)t RILACHIRTASE B Als 4 BRXhedIBsCRIP MG Ec A ridRAeR and
have a different conpositionR -xa2-xa2 and Al-xa3Bxa3 wth respect to each

other. 6. Meehow wbiebrddfasly ewuePad W25 2 {ivedr BirfrreHallish PRE@MEHE i WitbifpBisi ti on
4X = Xa2-X2S pkfvedn a6 HiRt and second lattice parameter a;, a, to thereby improve the surface

roughness of the top layer (6), and wherein the lattice parameters of the substrate and the
buffer layer correspond to lattice parameter values in a relaxed state respectively and are

the lattice parameters at the interface towards the subsequent layer.

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 growth temperature of the additional layer (5)
and/or the top layer (6) is chosen to be 50°C to 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 1000 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 Aqa2Bya2 and AsxasByas with respect to each other.

6. Method according to claim 5, wherein the difference in composition AX = Xz2-X,3 is 0.5% to
8%.



19 7. Method according to one of clains 1 to 6, wherein the top layer (6) is a
strained |layer or a relaxed layer, that is, one out of silicon (sSi), silicon

germani um (Si |, Gex) and gernmani um (Ge) .1g8. Method according to one of clains 1
to 7, wherein the substrate (12) is silicon and/or the buffer layer (3, 13) is
silicon germanium (Sii-x22Gexa2). 9. Method according to one of clains 1 to 8§,
wherein the additional layer (5) is silicon germanium (SiixasGex.3) 10. Method
according to claim7, wherein the growth tenperature of silicon when used for

the top l7ayeMe(h6) acisdichaser o olabe 1 @3 whhein 6OGQ layer\Wies @smaitdrclagar onk h

tenperature %flax grleﬁr/grnitl'hémsm’gﬁé]%d{%?giliéoﬂr(séi ,%Eligﬁp%érﬁlgﬁ[lm((§D1_;(Gé-x§a GnitR be | ess

than 500C. 11 "Semr'conduct or heterostructure conprising: a substrate (2) with
a first in-pl@e lattice paraneter al, a buffer layer (3) with a second
in-plane lattice paraneter a2, a top layer (6) over the buffer |ayer (3)
characterized in that an additional |ayer QSQ is in between the buffer layer
(3) and the MsBor &peqrdingjo oneasf FlalaRiil de Hnyrereia s suPayate §14 'S3lean A8 Bfer and
has a t hi cknesfserlss(3t tBm dilken gemiahical (St hh@kpess above whi ch defects occur and
has a third in-plane |attice paraneter a3 which is in between the first and
second lattice paraneter, wherein the lattice paraneters of the |ayers
corresporid t detratitdccerdppartaneteee! daimgek 9 1§, aheeinaiedadsitiona lpgesderts slkdop and are
the lattice paLamRheis. abelhe interface towards the subsequent |ayer. 12.
Sem conduct orf heterostructure according to claim 11, wherein the surface
roughness of the top layer (6) is less than 1.8 A RVS.

10. Method according to claim 7, wherein the growth temperature of silicon when used for the

top layer (6), is chosen to be less than 600°C or wherein the growth temperature of

germanium when used for the top layer (8), is chosen to be less than 500°C.
11.  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 a,,
- 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) is a strained layer and has a thickness less than the critical thickness
above which defects occur and has 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.

12.  Semiconductor heterostructure according to claim 11, wherein the surface roughness of
the top layer (8) is less than 1.8 A RMS.

13. Semiconductor heterostructure according to claim 11 or 12, wherein the interface
roughness at the interface between the additional layer (5) and the top layer (6) is less
than 2.5 A RMS.



13. Sem conductor heterostructure according to claim11l or 12, wherein the

i nterface roughness at the interface between the additional |ayer (5) and the
top layer (6) is less than 2.5 A RVS. 530 14. Sem conductor heterostructure
according to one of clainms 11 to 13, wherein the buffer layer (3) and the
additional layer (5) are conprising at |east two conmpounds A and B and have a
different conposition A -xa2Sxa2 and Al-xa3Bx03 with respect to each other.

15. Sem conductor heterostructure according to claim 14, wherein the

di f f er ence. i nSeoepodictdr dateanstracinaracc@ding 1@ 068wt daik 11116. 13Sehtrenride dtider

het er ost r uct u f i.ckness of
the additiona ?iela@ggﬁod@?gdéid%n%ﬁg)(eq 5) Cgéégémpr%%ﬁéaggégt M%%;gdurﬂdé J&%n&l Al £

Seni conduct or hh‘@t%@*ﬁ@?ﬁhﬁ@mp%}t'%w@m@dﬁo e Yaih respertis eadh Qﬂaﬁr16 wherein the
substrate (2, 12) is silicon and/or the buffer layer (3, 13) is silicon

ger mani ums( Si lsemaRdRXA 2hetaidei turé hﬁ:cbr@p@ ayefairh5)4,i wharelt tiai nEtkrdrayein or a
rel axed layer, that is, one out SJ ained silicon (sSi), silicon germanium
(Sil..,Gex) aﬁﬂm@‘ésr‘ti‘?ﬁr‘ﬁxurﬁa?(’@ﬁs hif P the additional layer is silicon

ger manl um (Sii-Ka3Gexa3). 18. Use of a sem conductor heterostructure according
to one of1éec| aiSemicbhductor 1igterasiramtusalBstarding tonortehef fokebns dat foons proereissthef a

sem conduct or t»ﬁ%\éb&%f addH% a;%{ye@(S?%f&%&Hﬁr%e&qrﬁ{ pprauct ure according to
one of clains to 1 abrication process of a strained |ayer on

i nsul at or wafer. of a sem conductor heterostructure according to claim
18, wher el tﬁ@we&mﬂw%t PIFOPFGEES SoPYdige ShefeOt Ape 1ar@cé§sW§ﬁ8'% fe

sem conduct or shedrateot, r12g tidisidccrcaardi ihg tulierolagero, dBpisnslichd dgeondVumSused as a

donor substrat ee%e%gnogor”w?oooqggr?@f@s 4G RIRdr 81 068y BE GANGUEE L of

het er ost r uct urd rai ned SI I con on
i nsul at or wat @tralo%(smyom(ﬁﬁn)r isficerg gernwatuer (SiifPeparnd eemr@niva Spelwandpr thend on

one surface t@ga,g&q‘mg td AR demant AY S, Na¥LH9 been transferred onto the wafer
froma sem conduct or Keterostructure accord‘ang to one of clainms 11 to 17,

wherein the t rained silicon |a t he
oo na 1|1 bulled feahphedsties i e; fsoeRalny® o PRt ] Ba7' Fef and the
addi tional | ayebst(=5 in ter falesptordsotess bfmse‘nmamdsmjmfcm@ee of the sS01 wafer.

19. Use of a semiconductor heterostructure according to one of claims 11 to 17, in the

fabrication process of a strained layer on insulator wafer.

20. Use of a semiconductor heterostructure according to claim 18, wherein the fabrication
process is & SmartCut type process and the semiconductor heterostructure according to

one of claims 11 to 17 is used as a donor substrate.

21, Semiconductor device comprising a semiconductor heterostructure according to one of

claims 11 to 17.

22.  Strained silicon on insulator water (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 11 to 17, 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 sSO! wafer.



