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1 METHOD OF MANUFACTURI NG A SEM CONDUCTOR
HETEROSTRUCTURE 5 The invention relates to a nmethod of
manuf acturi ng a sem conduct or heterostructure,

conpri sing manufacturing a donor wafer, conprising
providing a first substrate with a first in- plane
|attice paraneter, providing on the first substrate an
at | east spatially graded buffer |ayer having on top
in a relaxed state a second in-plane lattice
paranmeter, formng on the graded buffer |layer an
ungraded | ayer of a sem conductor material having in
rel axed state a 10 third in-plane lattice paraneter,

for mywsn@ib 6P ﬁ%{f

sem conduct or #awugﬁegﬁﬂldg’% gﬁaMﬁCué'g@f ri 'aEgé%‘g%Ttﬁué“mRE

waf er, conprising providing a second substrate,
bstrate an insul ator |ayer,

f n the second._s
?IE bnggn oh el{;ltﬁ% Sia &h H}eﬂ'wafcg rManUfacinpg, @ $eaHeANduUGIRT I@terositgcture
S@W%’Qhﬁ@@@@fr‘tqﬂeg e dosir vater, womprisiriglpeovidinig % findt @uBSHSE with 8 First in-
%ﬂéﬁe%lﬁm&a pér&nétérﬁﬂ%ﬁrﬁfng H8hd ﬁrgt Sy te 9:( at I%Qsﬁ fsbﬁr?ally ?"?‘ fyaged buffer
E’qet av"bgo?{bPP\A%F &P ts&"te F ﬁ%"%ér’fﬁﬂ"@’e\/\'faﬁf@ Pafﬂ“ﬁpf fRfm'palon the
sarpdedibyifer layer an whoreded lagéraf aissmicomiottol &R Ravingdid 208 state a
Qhifet ||f9§lblﬁ9 Ia‘itﬁ:@‘ Bé}grqélt@; Oforrmg& (nle'ih%r gﬁ%&%t aggr de¥ C%?/er of a

ai ned .sem conduc

- ﬁ?W@P'&@H"UE‘F@F’@ a'ldrfE*Frlh'E?é%" "39 Qf‘ﬁ%ﬁlm‘é%fefemmmﬁlnalpfdvaytera second

chibgate] omingon therseeonid $UbsvaieCah insuldd? GFEe HnPNSIding the donor wafer

$m$&mgﬁnlgﬁgé;rate with a spatially graded GeSi
epi taxi a ? ayer, which in turn is overlaid by an

ungraded GexoSii o layer, intervening between the
§|einloomﬁllctbubaérbﬁhetuﬁﬁd|k& s &Eru@écp‘?(ﬂ :As@a)ﬁ@é ‘o té%eé? the top tayer or

gan se t ance
uﬁ%%? Jl';rc? ﬁ&%;ﬂ ety F é‘le%ra%?ﬁqf“ﬁr ﬁb mﬁ@?ﬁs"f 8?"“‘"@5” ME’Fé’Vafer onto
ﬁﬁﬁwgﬂ%v@%le graded Ge.Si1, layer is used to adapt

t he Iattlce paranmet er between the underlying:
sited relaxed material, while

Rg ( nd .t he dep

B o 1 RO dRATOND Jomafo BB Sisclomapamconductor

R Eﬁ%" Oﬁtwgiueed delideaywdth stfairsd Gemidohtuckn ﬂ@eﬁd’l tThEeknown heterostructure
c:e ntration

iﬁ&ﬂ&a@@ §t?§ﬁde@ %ﬁﬁg(m? %&E&%ﬂﬂ& glg%é ahill§ V\%‘I Js Fl)orcg\gfl QL& agllicon

t ai. ned Ia er
S‘Faé? 5’%’&& paljaly gﬁijef’ rﬁﬁx%'veemlﬁé'alclﬂw,t \aﬂiwh mletuqualqveljald)by an
llrlgeadsd r(E&;&Su&ﬁayeThﬂeﬁblﬁlh@bém@erﬂhé atictAdubstia A heStrafhed layer.

§.H:F| fh%ﬁ)sm&&oéaﬂ%\é hl%l’ |nstancrt]aogs g’ young‘att)llone er %Lrlrfgcg re¥n||qtt?ng LEDs or
NOSEETS.

The spatially graded Ge,Si;, 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 ungraded 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.

The structure obtained usually has a surface morphology that is not suitable for further use,

. in particular for bonding or growing of further tayers thereon. US2003/0215990, which is
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 GEREs B DGO T de e e
: ﬂ)&fOtdf]ngir@mvSurtﬁek Ry&l HeednisgRd P@@b\UUMPQB pﬁivfd@laﬁﬁiﬁshed smooth

in particular for bonding or growing of further |ayers
t hereon. US2003/ 0215990, which is 2 preoccupied wth
preventing interdiffusion of dopants in sem conduct or
het erostructures, proposes a planarization step, in
particul ar a Chem cal Mechani cal Polishing (CWP) step
before growing any further layer. Here it is the role
of CMP to provide a, polished snooth surface, which is
typically of about 2 A Followi ng CVMP, the substrate
needs to be further 5 treated?to prepare the
subsequent | ayer deposition. Such treatnents include
torRREING bite pre%é'r”tfn&(iﬁerld%ggn B nga?n@ it ée%o@ﬁlgctor heterostructures,

furthernore ke"to renove any OXxl
hercel MesogeieA PolsAing (OMP) step,

SHSOI KRBy o DOE Bofgind P B sl et b v
festgd &Pm&e'[edhwu%ﬁegumnﬁmw dépgisition. Sushrireajpyeintsi ingudehteeating the

- 8huce. OGS Td BB sHUAT afd HurtHeRR&GESE Shake | 00 RGhve A bRde. Then
_ %‘Eo&%‘ﬁg or to qe sition of thefurther
Fagerisiy # JUGRERT hﬁ L a’?ﬁi depagition op furifer Iayans ke siligpn gemanium

eﬂﬂmm@dSMGrﬂm@nthe subsequent growth of, e.g., a
strained silicon layer, the surface roughness t ends

‘tJ]o di m ni sh again the final rou%;mess but
eIRACEIe | fnevar, thataihe @shigtedestiitap Iprapheies tfarthe heemiconductor

hmergktﬁ.eﬂﬁewéretlh&atﬁfyﬂg adhéﬁeaiiplﬂlﬁy@é aEH\Fef @é’é@nﬁéﬁ p‘%r b %rocesses

G e I8 ek brHSIET tonedlioTet Inechoer 4 adniaening of e
Hicoe garmaninc sirface adcutsh Duﬂmgelhs sullzeyomd grolaticdf, egf, actrained silicon
Mﬁ#' tﬂe %Ul@éc%‘%@gh%gshb sith %II |§f¥ QPauQ quaﬁna J&ﬁgl{ﬂggse rbL?r?&/ertheless

(% at rai ned e un
~°t?¥é SRply “tgﬁﬁfdbﬁ'wse f@flgftnﬁ‘és $t ingiareded<34Si dayer purfpee or of the

casplhg)(faybhllﬁWpreﬁmt tdnet tfﬁ%‘l‘iﬂﬂ:ﬁrdde% d}s t%l?@?shsb& t{%@rsfrélﬁtgd silicon
u rrace e Sir
4% Bl Blcsg e kel bt ese i e efpes i titeefivinin he
layee of fat wae@ﬁa%quetbe stidihesivamdy the weletlyiag layerpr Thessfenet thef overali
thibheS16f BE %trérﬁ’é!ﬂé?lfb%ﬁ er IQ%&QW\A%& {‘rﬁa?ﬁﬁ aac{!:ﬁ”é?lapéﬂpoc%ﬁ%e carried
ntrol the tenperature
0{1%8(/\5??“33?’9 eyt e sifaps ofdhe Yrpinegsilican layer t@ihreymlreﬁ aplues. In addition
ts uhé abekﬁasugbupeétsa%ﬁhdgteﬁ\ Qénlélhﬁnﬂb@ﬁein@foéﬁhé\ Srface roughness,
1S 0 r ea
crease %‘fa quoggges tSlYSWFPé@? lC?f" Wi“"%tal: 'ﬁ'éH‘etalﬁbers are grown
aftg{y@lananzatlon but still only final surface roughness values of the order of 5 A are

achieved

Although, this procedure leads to a decrease of surface roughness of the strained top layer,
it does not influence the roughness of the interface between the strained top layer and the
underlying SiGe layer. Since even this interface will be the top surface of the finished sSOI
product after layer transfer and removal of the remainder of the split SiGe fayer, the resulting

sS0I structure will still have an increased surface roughness.

- Because of the high surface roughness and overall topology of the top Iayér of the donor
-wafer, during direct wafer bonding of the donor wafer with a handle wafer with or without an
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it does not influence the roughness of the interface
between the strained top |ayer and the underlying
SiGe layer. Since even this interface will be the top
surface of the finished sSOL product after |ayer
transfer and renoval of the remainder of the split

Si Ge layer, the resulting 30 sSO structure wll

still have an increased surface roughness. Because of
t he hi gh surface roughness and overall topology of the
top layer of the donor wafer? during direct wafer
bondi ng of the donor wafer with a handle wafer with or

Md{;l&wﬂﬂay@ﬂoﬁ B}%Lﬂaﬂﬁlgrwalfé? bl hBGoRRALE: dé(éﬁgrgés voids, etc. ocour.

B R ol et e b fr sl D e e oo
@sitUs kooven fran thedramtced pedess. eAlthﬁIﬁi N8, fhQehfhl, boéstbie to anneal a
bhdh Q%@%I'enﬁa eﬁ%erjta{l ltu%ekgl Wr{rgg tpg%glfsga [ﬂt Curﬁ% the bonding

process
éﬁ?ﬂ%ﬂ despitey @ﬂ@te@tface br@peraea:ef thei bordiedravaddrs, such a heat

‘abatmahtedl highTBApathiFeas n&&eécﬁﬁrﬂérﬂéﬁ!@ ir} A€ PP PDrocess. H?re it is

t.h de ite of unf nat e _surface, properties o
S8 19455 s ool i d pelpe soingawiinis Saromegat about 400 to

5@@@'@&@‘9@ ihe switce emnditione ntla kiosori waférhtess Sometriddily( prfect before
ﬂfrﬂﬁ@ss‘éch et ﬁie Hohd rsseveh %ﬂ&r lB@qem;Seg?tDr%vb% y &l %bog{) S&bs of high

?t g ore s or fTE
Yty dear’vmef%@% &wéaceﬂwﬁetelm Rk enly oble rplugﬁhef@fbuasmmlso have

that the bond is. even after [ow terrperature bond| ng
at about 200C of high 10 quality. A "nearly perfect”
Rufhermose, Habas detre ohgsrvednthat sﬁlittlnngasoalgrbysemrdadéfeahéuMdan the

lﬁﬁuﬁﬁ)rh@h{:@wdéd Y& fﬁé A0 R[ibstifel ﬁﬁ% J%nﬁiﬁ)n F@%ﬁ§ e cY%[ny be that the

ernore,

‘ ﬁgeng@us surface tO ogra
388% Bty therlenorspaterimay %ﬁéOVﬁlfﬁ?\/ﬁs?é)On@ﬁ@mtﬁe‘ﬁe%wha@an be

wmentt::tllbg thd exsatératk F am tﬁnsﬂét@?«/ la?&d)t nHe HG]?)r I‘&tﬁﬂgékethts d!foﬁlO? and to
a natio r effect can

ﬁ‘% s %p%&gcb%‘g' © Bk reatd I"HBF@H% aa%wsv%af* gfficigpiyponding and
tWSfafrlﬁ‘eqltabt‘mpldt"’lghe bondi ng i nterface what can be

prevented by the existence of an insulator |ayer on

F he donor. to block this diffusion, and to absorb
Phging (ot theedonge pafier itywrsythereteeshnedessann togfemmm o thertdp layer of the

derroe e aalinsefafdétl‘ayegb ggsmlea& & oxidatich ﬁephbighe %%y& ¥r, more
(0]} on

PRI o) Lep @i A YIRS s b Tor Ryt s senardl to it

foFr iHfesr insddter bysoxidationu ISince thel faymtlpn ef an inbylatoelays oﬁftheﬁdibnor wafer

|s%hﬁ’é&éd0\5hﬂ§5€ilﬁ’erﬁlgl FOEmLARE ﬂ?eygcfnop (Mafebecg thdth flggcfl Yhe donor

ause

WQ§ LﬁfS'tlon of an I nsulat
Swa S/%q gxcggqi, ér%ﬁﬁ'? thesmakbugaetpof the donor wafer causing, for lnstance an

unintentional diffusion of germanium inside of the donor wafer leading in turn to diffuse

interfaces between the layers of the donor wafer.

As deposition tends to form a rough surface, an additional polishing-step may be necessary
and as a consequence a uniform thickness of the resulting insulator layer is difficult to
achieve. Because of deposition -andfor polishing of the insulator, there occurred thickness
non uniformities of the formed insulator layer. This thickness variance influences the

- emissivity of the final substrate which affects the temperature distribution on its surface
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formthe insulator by oxidation. Since the formation
of an insulator |ayer on the donor wafer s connected
with a thermal treatnment of the donor wafer, the
thermal | oad on the donor 25 wafer could exceed a
certain thermal budget of the donor wafer causing, for
i nstance, an unintentional diffusion of germani um

i nside of the donor wafer leading in turn to diffuse
interfaces between the |ayers of the donor wafer. As
deposition tends to forma rofigh. surface, an

addi tional polishing step may be necessary 30 and as

@uﬁ%ﬁﬁ&‘%@ss@n&lﬁbgﬁﬂt& idi GF;(?J%[%S& ¥n %{1 S8 5 ra e e[g avide thicker

S. tor I ayer IS
E?JB Flicohvalirg F’e‘fﬁﬁlnﬁwi@@lu@f@ rreessassul at or t her e

occurred thickness non uniformties of the formed

e L et T MR —

- fheesop ppicates b@dmgs?tf tHewsionorovaferwvith bhasdle fvaiee 4  duri ng

further processing like epitaxial deposition on the
rate strained silicon

A & BRI St B LLEN 1 e

¥ret fvbstrade with thhdophiagbr balofediontiihy 20N dcRPROREYBMEIRE g8od bonding

Qﬂrggrmy@{egm havi ng an oxi de deposited 5 thereon
corrpll|'cat essbondl ng of the donor wafer with a handl e

wafer. It is therefore the object of the present

Ttma/dijédtEmzr{l\fegflﬂﬁél%ﬁetﬁdﬂeofttﬁ@éﬂ@v‘g rléc?ﬁigré%‘otr %@Eg%%w to which said
d?@IaﬁE er IS ] &}’%’P%ﬂ?%@@”%[%% v&%@? ﬁ)ﬁ thied g+ p}:‘eﬁgpllqﬂtqerp@rameter of
th'éé‘?tﬂ"ﬂ@ Sf![@itﬁ'l’lg fayebisdetween tBe)hz\sedndJSeoanMﬁb@Cbaﬁmdté‘reand said
h%h@e’ Qvaf@?'?é baRd JithPhe %ﬁ@'rmf&gi s%clww Wg azzﬁhd {nﬁ@nt?rh?aly%f of the

IS, a strained snpbo aer

fﬁaﬂ(y I3 Walee s bopgied direstiy eﬁetrerfre@fsurfm of thst top layerof dipdaniai wefer, or

theaipsatorsiafae ofMeRMdnbe vﬁéfér% bé\'ﬂﬂzd QR Qudeﬁfcta'l %?er belng present on
waf er is bgnded wth the

nd,said
rgea%@@%gﬁ ‘“3%% Y Af \R’/ﬁjpof‘?fa‘f’aff’rh &3l Fuperagigrlayes paying p thickness
beiRg equsi tean dinglfendifapriCinandoetabsd di rectly onto the free
surface of the top |l ayer of the donor wafer, or the
| ul ator | ayer of the handle wafer is bonded onto a
té% ErSHiPARiIRY NN P! hisiipkpnlignelbain sopalled fipverterdbandingfoetween the

derop V\Iraﬁer&rndoﬂ-net @drRORarer WAl 8k, appddd withtRe rdffh&:'ltﬁs dyaﬂr&'hdmg the
srﬁ@o\fﬁ ﬁaglta?ersbe Celeﬂ SSgre\(l?e ugfer !gyeaﬁlamti ?heot(rnp lsé%ar wherem the value of the
in- piane lattice parameter of the smoothing layer is chosen such that it is in between the
value of the first and second lattice parameter. By means of this idea, the surface roughness
of the ungraded smoothing layer is reduced compared to the surface roughness of the
underlying graded buffer layer. As a consequence, the surface roughness of the donor wafer
is reduced in comparison to the state of the art heterostructures and the donor wafer can be
bonded directly with the handle wafer without the necessity of depositing an insulator layer
on the top layer of the donor wafer before bonding. This is due to the fact that the top layer
grows on a strained but smooth surface of the underlying smoothing layer. Due to the
omission of a formation of an insulator layer on the donor wafer, the thermal foad on this

wafer can be-reduced and all of the above mentioned disadvantages connected therewith do

not apply aithough the donor wafer can be bonded with the handie wafer especially well.
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20 It is the surprising finding of this invention that

a so-called "inverted-bondi ng" between the donor

waf er and the handl e wafer can be applied w thout

difficulties by providing the snoothing |ayer between

the graded buffer layer and the top |ayer, wherein the

value of the in-plane lattice paraneter of the

snoot hing | ayer is chosen such that it is in between

the value of the first and second | attice paraneter.

By nmeans of this idea, the suPface roughness 25 of the

ungr aded snoot hing | ayer is reduced conpared to the

surface roughness of the underlying graded buffer

| .aye As a consequence, the surface roughness of the

JB%B%CO\W&F%F‘E term “fneRkanedatticerparasmaierr sasteRPQNgs tarlatipapasameter of the

. tviadowuarlgyelsdin erdh@btfod@b%{nﬂ&lly%ﬁ&gfﬂh@ tiﬁ?ﬁl@ﬁad&@fb@ﬁveéﬁfhe%nous layers
e, hand| e er, W

%gggg}t@ c'p f dé‘ erg\ﬁ“;ht%hntg Lyerniqd 1”a§fb'fe?ax8?1 S[‘]?‘F?e It igyin fact,

1KBgHst thé*ft ¢ lalticel paremetsa flenendedrothe ntaltamdl usgd, blihalso orsthe meture of the

tuAddriping h€drial Jiﬁkhl&mielstcﬁﬁoglt@d’ g6 b%%b%rtg \éﬁm[%}ﬁ b 'bgilarﬁ%%r values

e under | yl ng snoot

| %u&'ﬁ?’gqq%’fss'm%gq‘ﬁ%‘?’f“%f“ 5 sREVREAFER BRaeS ARG ﬁnealﬁws were in a

relgred stafe, ehe ndbinche wirdiead, stat entidraretadepit®ad coRdifiddk,Swhich is also
W\nﬁ]rurﬁérnthg%rrn%gﬁ g@ﬁ)g&ﬁ(ﬁ&# coﬂ‘rrrﬁ]?hl? bgﬁ'\o/meithngn%l ?nter%ce may be

di sadvant ages c
ghargeiiger tbh dwa datbiee \afagetass the abbenuettionsd ftotdigonheandpither be

watibiind 28 D6 Rltcy piRineterd orlfBr Bﬁyson@zorﬂ %E@ltiont hﬁ‘e k& Byer of the

| : %éé%}gﬁty {n]lre |8fno$ chesgaa“ly @e g ngld@g@r Sflrjretlﬁapg;y&[sq, %{%maeg ﬁ)?tregléx%g can be

@@gdmﬂm%m¢w'parallel to the interfaces between the

various layers and to lattice paraneters which the

écﬁers woul d_show in an rel axed state. It is, in fact,
o hBiefaried qmatodimest, fhe smeetbing dayse magdionihet tap layer can be

grewewitah gmﬂttegirb:éf;ttﬂé ﬁﬁ/epfhaﬁ iR d’l‘@WtH rt&nﬁbfrathr'&%f the buger layer. It is
é*@ﬁ'g %%P”ég‘ﬁp”gﬁ%”ﬁ“g{' b B%fﬁ%?ﬁé? te '%ﬁ"fﬁ&ate faﬂ:ﬂaawqﬂ@ﬁ@ﬁ{ameter
af Hipesmpothingt lyeer.f byl rb@wmgg)f thet growthaémmtstureeﬁ)emé &mhobthing and/or the
t(’!/[ﬁ‘a&@%oﬁﬁaﬂeél td A€ cﬁbﬂ? Ee?np‘@ﬁartlﬁ'g o E buff&J I%?%? ; th%tsﬁ{faede rougguness of

not 1nt estral Sstate un etero
e Epicongudor Maiereptryciire Isskyrtherimaioverh d?ewnnmsqretomshat is achieved

apsoediolp N6 rthd) bforOdrt. cnﬁm%éh@mggh@%@ roufinéda rbtmcﬁlbflﬁ&tﬁods the

o B A SHF e e b b ot b

eplanped.atti ce paranmeters or for only one. In addition,
the top layer of the heterostructure is not
ecessarily the final layer, further |ayers strained

A Yan}agp%gyd%@ﬁo\gg terppeseteae chosep dohe about 50°C to about 500°C lower

than the growth temperature used for forming the buffer layer. The exact choice of the
temperature depends e.g. on the precursors used during CVD type deposition of the layers.
In this range best results have been achieved for numerous materials.

According to an advantageous embodiment, the thickness of the smoothing layer can be

~ 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. It should be noted that the critical thickness depends on the material choice for the
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15 According to a preferred enbodi nent, the snoot hing
| ayer and/or the top |ayer can be grown with a growth
tenperature | ower than the growh tenperature of the
buffer layer. It is another surprising observation
that, in addition to the internediate in plane lattice
paraneter of the snoothing |ayer, by reducing of the
growt h tenperature for the snmoothing and/or the top

| ayer conpared to the growth tenperature of the buffer
| ayer, the surface roughness 8f 20 the seni conduct or
heterostructure is further inproved in conparison to

M’rﬁ%thin@ Ié\FeP 'aﬁd’ ﬁl@ un qé)rég btuP the &’Fdngliolqa% de?cﬁsﬂléﬁ teQXperature

i& |n|Q$ he roughness re gucin
SN T &mqa.vwenwmga Vel imrseNsH ﬁéé@cedpugﬂﬁesmﬂhms have been
whfame?.b‘écf EJEE@ the Dﬁbrétgadqa{,b&r Eﬁrts hil frﬁ%fdvarﬁéﬁéad”f‘iﬁé?{rent%@ defekgzts on its
0
é@”&@ B A 1 B R 1 ot Irodhedtcan be
ature used for forming the buffer layer. The
exact choice of the tenperature depends e.g. on the

r|Q\reck1rsor5? l{ﬁe% ur| ng CVD type deposition of the
geoush, giPylier Hesther waenthing fayol oo SAMBRETFH 8l kegst two

ﬁ@npwudeﬂc&md Bralﬂmavabshffe%t é@ﬁ]ﬁtrsﬂ“ b @4 LB 2ANd Aj.xa3Bxas With respect

- RAVRRIRAP G RITRAL! tﬁ% %Lﬂ?rtlél% t%%\a rePngdéé)rlft lJz%ygr pf @ binary material,

sm)othlgg 'ayer can
B4eh it steting é’B@N@e Gitbsteate theflatiesspaserpeler, ingreagea eridirvihighes) towards

the SiteifdeawithGR® top, laydiRh& forthd @ﬁlbbtﬁirlb MyeAthetoftpBSHch &fth? binary

BEH £8TP5 Cust Pepulit AT A Ao e peeifiserved.
Ia dgsbrharshangingtbe patmsitio unlady e Idtite pahendiers shangt i t0@. By using
thé‘)é%e @&Qp&mﬁs Mfﬂewagé} AnﬂXlE%sm(poLﬁ]imd lg%eq'lc%ﬁ é)g ggol%%ct}ndgrn similar

deposition te
‘?’f%‘f??? WH'O%?W'Y the pupplypf Hherpmpeunds rgedsds e wadnteskto realize the
difterent berepositiohs &idRek diffdert BRielpARMENGS aded | ayer thin
has the advantage of preventing defects on its
surface and furthernore is advantageous with respect
Rr g‘embbd'lbetdlftﬂtﬁncasn tcompogiivoulx car.-be; isSagpepdmdtelgn.5% to 8%, in
péﬂ’\é@ﬂrt 248998 Yrord iR %anfdllllgreﬁ 5«%3)’5&! thgélédchtaﬂqejeésﬁ'%&%E%Q%n (H)amlzed

er can conprise

rQUAPFSCYaRIPE hathpReS qch@meqmr mzqg;iacze ofrie Imprtay@ByFRaAx less

| thant ﬁJIS%eﬁneeﬁswed fatRARl énto,bters NIt QUABRATRNEL for L0 1akjef fﬂ‘?ern 8% the

o 005, 3% O B e Bt Pt o o

crifigalthickress.i ncr eases (or d| m ni shes) towards

Preferably the top layer can be a strained layer of a relaxed layer, in paiticular one out of
strained silicon (sSi), silicon germanium (Si;«Ge,), germanium (Ge) and gallium arsenide
(GaAs). These materials are playing an important role in modemn electronics and therefore
with improved semiconductor heterostructures of these materials optimized electronic
properties can be achieved. Advantageously the substrate can be of silicon and/or the buffer
layer can be of silicon germanium (Si1xa2Gexaz). 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




the interface wwth the top layer and for the snoothing
| ayer the conposition of the binary material can be
chosen such that a step back (or increase) in lattice
paraneter is observed. |In fact, by changing the
conposition usually the lattice paraneters change in
turn. By using the sanme conpounds, the buffer |ayer
and the snoothing | ayer can be grown under simlar 15
process conditions and only the supply of the
conpounds needs to be adapted’to realize the

different conpositions and thus different lattice
%&%@ﬁ%@% vg{ﬁreﬁgtg%)%p gé{n tig 'cfah%r S’}\Qﬁ Sveéir})y p?{?’n Skl B2 supply of
Pirtlice st oepgriiv BpurAesp eespeptlp%lytu cul ar 2.5% For
those changes in conposition, optimzed 20 surface

fkggog{lrgggt%sa ﬁ;%l?#gé?{?%%ﬁﬁmqng Slge farﬁ%:;tp(?%/pelg%r f:ﬁrbbqj%fseﬁlp%germamum (Sis.
5 #bQadsknihyg tedrbe tite sheothity layef bieordnhasan dddpothe Axodess gjeady used

ton &2 pBfRrIARr oo 1Y Bbdifah ss of the snoothing |ayer

woul d bé.aéﬁfted to nuchﬁggg to a reduced critica

thi ckness. 25 Preferably the top |ayer can be a

Atooedime t laaytasr: fakorablé ednsbodindngy Sarting ﬂroﬁlaét SiCWibdtrateNéhe lattice

F?%AT&ErG%ﬁ &Jaaeea?rbauﬁfle ul rﬁ(;e?r &c}esa?ﬁ% T&%ir&%ﬁluﬁl tﬁﬁagﬁ Ideaness after CMP
10 gndghekp of béﬁefrdm@r can de attgbybdiyd apusiace twpdegyahavingopeaks and
. Vaneﬂoﬁﬁéfbﬂ tRE 1attRB Ipafinfd dr RS S{é{élﬁ‘ne M%tte:rhl 'téﬁ&& Qé( %Q larger on the

F1condu tor het erostructures of these teria
Poes GApagd &y We npginpllattics e?ﬁ@r'?t%én%?ﬁ%*@ bsc,sma&%'athe valleys. By
nbdvgaowing) thesslopthing days it 4 srhalee Asmiba Ia]fce&‘;jal'anféﬁéi A8 dfdth speed

Jf tﬁ?e E%rfiﬁ rgﬁg\g}allbﬁy &lrail %Q'}‘g&%l{jg\r asfblj tbg ?)n % és]g ?)I g%ﬁ rfw%fcl%‘ ‘of lattice

P&fﬁé"‘?‘% !S@baﬁuechﬂh@m Ieardingte thef dasiredsurfrerflationing effesty and
furthernmore with respect to silicon germaniumthe
Fggffg&tl er d%ﬁOSItlon rocess IS well established so

- THEEPHIHGHRIRPrEfE R 'iopn geHRARyUn when upgd fas th tom layer and/or
tiet sgudtdngcleygp s be cosaatd bee achi eved by playing with
the supply of the silicon and germani um precursors
respectively. According to a preferred enbodi nent, the

20 sppot hi ng@@jer can be of silicon germanium (Sil_ 5

. 3Ce. 3 IayéF‘M§teF|éi gr OW TN omReh Pirrd [T OTTE only

has toladapt_the orlocess alrea v used - for thd buffer

| ayer @“g@%wﬂﬂhgfd sired | ay8P9-A8®or di ng to |anot her

favor apkg GIRASHBRNT, startinged Lopy a St_substirat e,
the |ajtice

1

434

Si1<Gex,xe[40,60] 550 — 650
Si1xGey,xe[60,80] - 500 — 600
Si1Ge,,xe[80,90] <600
Si1xGe,,Xe[90,100] <550

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 600°C, in particular less than 550°C to 700°C, or

25  wherein the growth temperature of germanium when used for the top layer is chosen to be
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paranmeter of the graded buffer |ayer increases. The

resulting surface roughness after CMP 10 and bake of

the buffer layer can be attributed to a surface

t opol ogy havi ng peaks and val |l eys, wherein the lattice

paraneter of the crystalline material tends to be

| arger on the peak, conpared to the nomnal lattice

paraneter, and tends to be smaller in the valleys. By

now growi ng the snmoothing. layer with a smaller

nom nal lattice paraneter, th& growh speed of the

| ayer in the valleys shall be higher than for the

e lisan 585° t] aranmeters is

?bserve‘?@ ?—ﬁ?ﬁ%{?%‘f@%ﬂgi lofhhffbucd SRl BRRLEES vides orne
PRlpYeE AT the d%‘?‘l‘ré’@ r hﬂeé’ﬁéﬁ @Ilﬂes)“ef’ he growth tenperature

of silicon gernanlun1mhen used for the top Iayer

%{ﬂgsl{ tﬁ‘? Sfeglggoqtf f}:y? é‘\?r{gﬁ%p{:%%gﬁg%?: B éuTtha?t it does not
gicarpRiatsan h@@?@e@ﬂ?ntﬁ?ﬁ@ GeSir B0 insBnie g@emana.e$iBbe disiboRy -
pfQurs&s lcaﬁ(@%seﬁsﬁqu) g%%]wce'soﬁ%n halﬁ)\%grbglg'pﬂeeﬁgg%e)éﬁs[tﬁg r&4h reveal

2 elne sty w6 beresol ina
UReSeTsely hich 6) b cpresst ingrGesh mgtesiglee pf due toraretergniipl etching
atttoe loestion wpa aystdlireadefert; GeddniQb AR FRreddd sk HAVE the®fect and to

2 B&8fiot ﬁtgm fhg\(]ﬁg}ﬁ@&q,g)eugéglag/he growt h tenperature of

stral ne I con ‘ger mani um When used for the top
| ayer can be chosen to be less than 600C, in

Advehtaget 8 lenlbB8ifiehd B theIffentidh \Zﬂgg’de&ﬁ'lbgd'sm"m@fo%wﬁné Qftn respect
@q&yﬁﬂ tenperature of germani um when used for t top
rg i°¢" chosen to be s |less than 500C. For this

speC|f|c mat eri al choice, inproved surface roughness

48S0 9 ol Tel L have hbeen

%;ls er voe 6 sEr‘flﬁ?at;EéI@ 1I‘u§¥§‘t% eS%%? 8 E g? % o(?m? Y & Fﬁ)gd'g'ﬁﬁt ?fﬁﬁ?ﬁ Jventive
B} of engpuigetudg RerHispnale helsastieludoes not 5

|ncorporate an halide element. For GeSi, for instance

r | a ! ane precursors can be used.
R 2D B o e adman Tt BRtescPma B erfie method
of mgkuf@c@umg\mmlconductor heterostructure; and

Figs. 3a to 3g schematically show a SmartCut® type process using another variant of the

-inventive method of manufacturing a semiconductor heterostructure.

The following embodiments will be described using a silicon substrate, a silicon germanium
buffer layer and a strained silicon layer. This does, however, not represent a limitation of the
invention to those materials. Indeed, the invention can also be applied to other suitable
materials, like strained SiGe, SiGeC, Ge or GaAs.

Figs. 1a to 1g show steps of an exemplary embodiment of the inventive method of
manufacturing a semiconductor heterostructure.

In the step shown in Fig. 1a, a silicon substrate 2 with a first in- -plane [attice paraméter ais

~ provided. Silicon substrates are readily available with different sizes and different crystalllne
- surfaces.
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crystalline defects, which can be present in a GeSi
material, e.g. due to preferential etching at the
| ocation of a crystalline defect, leading to an

i ncrease of the size of the defect and to a
deterioration of the quality of the GeSi |ayer. 10

Advant ageous enbodi nents of the invention will be
described in the followng with respect to the
figures: Figs. la to 1g schematically illustrate steps

of an exenpl ary enbodi nent of °the inventive 15 nethod
of manufacturing a sem conductor heterostructure;
Figs. 2a to 2f schematically illustrate a SmartCut(r)

%E‘e 'pr ocess_using the inventive nethod of
JP'REENGT forfde- dbsiB ginewritrpcancit laset sppiéally owededibuifer ayet 320 SiiCe,

& grewn, PeeitrablB gpitxiamyTeh keadiloyn &m%t@ 2S'thteg4$\&r{ éxambféethg buffer

t her va I nventive
S Sﬁe’t ‘331‘%% & %‘n a'ﬁfé)ﬂoﬁ"d HSERATUER fgcqoppaatrationeot which
F!Eﬁ"E%"?/\PYﬁf] “@f’b@lﬂ’%m Ehevhurfbr lager GeBg dobibg do,Uhé Ragtica parameter in the
giabéc Qﬁff&tkmﬁrw Bh&hged Bdr! éé&Bm%ﬁ%Qh léert Qﬁ{ L&y al A interface 9

%Wgrd% gl ned | ["i con ){ oweve
repr eé'i%?' ioQn SR ‘laIft? SR '8ﬁ‘ ft%'éﬁlcezsararﬁvt@ﬁmr@ﬁpqr@s tchﬂag@ne of the
vRsiedyiing | sllicon nalibeithte t he Then ang lgyﬁngfﬁmn a{;&@e,h.%t,@fp Rlah €Grow  until

%&r&fnﬁlﬁ%ye“%%t ﬁ@y tEBtlr? [)Ia ?agt 6;e| é?aérﬁegr al%e[cglﬁgs k{geénlt should be
%ﬁﬁ?‘ﬁ?\?r i dler ﬂfﬁhﬂerﬁfanlumecqnmmm@nmm dbosen, for instance

Joeerf4aed, uhd OdiPeveR rdaeQAgMEt or heterostructure. 30 In
the step shown in Fig. la, a silicon substrate 2 with

a first in-plane lattice paraneter a, is provided.
T8e|drewh of ils buffer dayen Becanadadhjevay aking Btte WF tHe art technlques for

estarh IS{@@@;%LE@J%{ gogl'iofnf fal Srp ﬁarXYaite)%lyllplg\?@pu%?gr 3& &aégsqrocess
cg?éttqnm §vta6l,eda@"djr%fgp§qs foay-@v depogifiorspi siliaBa xgeranign dwlude, for
eparafler gill, yswg; S@Hﬁl ddsyor i Eﬁt?eléHL 'Sk %ﬁénagc?erfcl {q“@ecu

fer ayer C onsi s
thfé{?.eF tmmn d%s "% i ﬁaf”(?b rfjaﬁn (P Gendiem |°l'}muleh Ereshisete 9ePast gt their
d@#ommsl@cm @"!Ih‘ﬂiwg‘e she deposttibe térhperktm%SiS dhf)sénh %_b whh@e seen from

- They el which Wprgéynﬂ;gsoﬁ% p&sgﬁlel &%Fn se‘?ab%n%tr gl;rowtiﬁ 0"? Sixa2Gya2

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 deposition could be

carried out by molecular beam epitaxy.
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graded buffer slowy changes. For exanple, one can
start with x=0 at the interface 9 towards the silicon
substrate 2, so. that the lattice paraneter
corresponds to the one of the wunderlying silicon
substrate 2. Then the germani um concentrati on can grow
until approximately 20% thereby the in-plane lattice
par anmet er becones larger. It should be 10 not ed,
however, that the final germanium concentration can be
freely chosen, for instance 0% or 40% and coul d
even reach 100% The growh of the buffer layer 3 can

bebrehi eved using state of the art techniques, for
exa ical vapor _deposition in an epitaxial

equi BrRSPUISE5i| g Riqeaivaa) d geRasiies tempsragsadi ti ons.

* Sui t ablSiHpr eq urs@éH4gases forgaoF@ g@pgm tion of silicon

Si-3H4 Si 2H6,

ger ¢ exXaHPp , '
o R o gém GeHCl PSOEe@lz&F% GeHOI|3 or Ged 4

t odet ﬁétzCWt 1 H23&é;$1 a carrlmoogaeﬂ@ependl ng on the

| Yo
pr §CUTSHAE, Jab €S GaaY tHer T [RePysigsson—tenperature
t hd—deposi-tibn termer ture 1s chosen, as can be seen

from Tabl e 2, Wwhi ch represents some possi bl e exanpl es
suitable for the growh of Sil_xa2CGe, 2 20 with a

e ten of u t 20% . The conposition

g'r% | en n?% é\%dﬁ B exBl’f%Et HyRyatef dn Lith in@ Bifags Fedgment is
- @iRdsut t@ctptcermmsmhemmat reechabical @blshing ¢CHIP PR biainsurface on the

Q‘Qdﬁdcblp,gzc a%[.tf&%ﬁ#& h%gln%'g rglﬁc_tﬁlnggs % BOLEPS E\WS c;b(ealned for a

recursor e oSi t1 on

icé?rﬂ’&dat’ﬁfé F Pedian fscohieverbglmelug: HEEr@esarkgsBe. e.g. is
em@@@l@nfﬁydrﬁﬂddﬁu@la&d%ﬁb A Cin hyl!ﬂc@;@l@Hz Ebr aboliCGheFRirlitds in a

h ot
E){}I Cit] yéeoﬁr ct"t?gﬁ @30 %ﬂ&géh'slstg% 1% H%q%ateérgwgb‘apﬁ%trom the
spgaceg A & husfgr loyar 3wt die eaptep desls chamihcabseteoiiaRire@hness of

apoutizd piis(CVMP) to obtain a surface on the graded
Sii_Weexa2 buffer layer 3 having a roughness of about
1.3 A RV5, obtained for a scan window of 2 pm* 2 pm

Foluving the sartie areatthent, ilibk Uted SHORR INOAESIcRad akPadth &khoothing layer

5% &own Bn the buffer layer 3. This smoothing layer 5 is grown with a constant composition

. of the same compounds sificon and germanium, but with a composition Sijxa3Gexss different
. to the composition of the final layer on top of the buffer layer 2. Having the same
~compounds, essentially the same growth conditions can be chosen, except for the amount

of precursor gas provided for each compound. The fotal thickness of the smoothing layer 5
and all further layers that are not lattice matched with the buffer layer 3 should be less than
a critical thickness, to prevent the nucleation of dislocations or other defects which would
oceur above this thickness. The value of the critical thickness depends on the difference in
Ge concentration between the buffer layer 3 and the smoothing layer 5, 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 smoothing layer 5. The composition of the smoothing layer 5 is chosen

such that the in-plane lattice parameter a; of that layer 5 is smaller than the in-plane [attice

- parameter a;, of the final layer of the buffer layer 3. With the germanium composition of 20%

on top of the buffer layer 3, in this example, suitable percentages forthe smoothing layer 5
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emerged in hydrofluoric acid HF and heated in hydrogen
H2 for about three mnutes in a tenperature range of
about 800 to 850C. This step is used to renpve oxide
fromthe 10 surface 4 of the buffer layer 3, but the
bake step |l eads to an increased surface roughness of
about 2.6 A RVS. Followng the surface treatnent, in
the step shown in Fig. 1c, an ungraded snoothing | ayer
5 1is grown on the buffer Iayer 3. This snoothing | ayer
51is growmn with a constant coﬁp03|t|on 15 of the sane
conmpounds silicon and gernmanium but with a

Wl th 19.8%inl pa?e@fr?'.glgﬁ‘?(??%’/o df %érﬁnﬁﬁﬂtg ll'c? bL)eGg ermgéuf;e% Rler 3, Ge
Eﬁnceﬂga‘% 5‘% @B?T‘ﬁbﬂr?p dg betwaaneipis d 339 ft"/he sanme

grow h conditions can be chosen, except for the anount
ﬁEconﬁ]ﬁgf égfeg%ﬂ&?rp[ o,yb gﬁcg &tﬁ:r ﬁx&er gfc sl?rg%(e)g gﬁtaon;g] gi) is epitaxially
Fﬁ?qsﬁ‘:éjroq tﬁ?/é’P%OﬂP'PﬁhlaY%f@UﬂmtStﬂt%mftth@& lawerciepdsitivntnietdds, resulting

i deabor Wayastrugdughieul d be | ess than 20 a critical

t hi ckness, to prevent the nucleation of dislocations

or other defects which would occur above this

The danee yefer TR @csadiog toothist dveboglinent Gak cbhbﬂé@é&ﬁ@ sfkeReNdstrate 2

\Ol[h b st di-fibgd ﬁﬂﬁ:@ CF thmegffr &0 ﬂ%eﬂééﬁ%t éié,faz(gexaz Cr lFaged‘ 3 having a

fer |ayer snDot

buf
Qfé'Bg'HWE P W“@@ﬁd&fl oot ﬂ‘én‘p@ﬁ@ﬁ%?é""”‘B@@t syhstratet 2 andvisaving a

deevanias peewdagd arabbiiti 20kN&SE ppétfsulrfess. 1il‘?]@ﬁhb’thcl,tggiﬁar'%yell $the in
0 abou

oPRfelod Planis o eflte e gosfh SRSy RRs G0 Bhaerads Huffer laver
Sisoseentialy telaxed. th'émiadﬂdripxﬁsr byars tle dryeadedDERitBKAICS| x3Ge.ws
lAy@y 8 s p"?’owd%dméweéb de%Hfﬂ%d 57\{39 Hall ﬁeénnff){?nlueéeﬂﬁ# (%IFLé%nd baking the

bgﬁefa gr 3 of that I'S Sna
R P"Qf%dedp'igroamgéweaé hes atgrendniuma percentage vdfich is in a
rarige dfabdien2 tay®5%3in paitichlat (E5%9 eSaMaL HMSGRAROBLS fehRe®fin-plane

Ia%@:é’pa etté?% %fle qga gugl;t%nr ?%8‘5%?7%‘5%1 |aH%?} gipzlpsé*aq_slthe g\lcéness is

sul tabl e cen ag
lest thep the C&t@alst@lbckmqss e shoalhiag layst. S sifainge mnesning hat e lin-plane

Iaﬁ@%pﬁ%nie[ér fsl”lé‘rggfqﬁ;rﬁhe L\@M@éle\%tug,sqg/l gﬂ g@ﬁ@oﬁé il ltage$ 5 the

ﬂ IS bet ccor
Stfadnetdf? '@be" WS\K?P'?Y?rFﬁFg’eSBI‘H a top layer 6 of

strained silicon (sSi) is epitaxially 5 dep05|ted on

Fﬂ@%@aﬁ@:ﬁ osﬁl:&rrwgltakea} gvrwtq?%ﬁ'lﬁkﬁ%‘;’c}f %F)?Ft %Bg&qhgyr?q%tg ¥1ness values of
lesst thae t & RMS, imbasticitandessvibdret.3 PORBISE havdi tregn taghibWidSwith a post-
baRERAUGhARRof 1B W& MRS 5 Béirg bithe Shabd §FQBodt YRSA RS L?i) to now, with

the state of the art processes, only surface roughnesses exceeding 1.8 A RMS have been

observed.

It should be noted that already the buried interface 7 between the smoothing 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

- .Toughness is thus improved with respect to interface 4 having a roughness of the order of

2.6 A after CMP and bake.
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with a first in-plane lattice paraneter a,, the graded
Sil_,a2CGexa2 buffer layer 3 having a 10 germani um
percentage of 0% at the interface 9 with the substrate

2 and having a gernmani um percentage of about 20% at

its upper surface 4. Wthin the buffer layer 3 the in

pl ane lattice paraneter a2 increases as the anmount of

Ge increases. The graded buffer layer 3 is

essentially relaxed. On the graded buffer layer 3 the
ungraded, epitaxial Sil1l .3Ge,'23 layer 5 is provided,

whi ch as descri bed above has been forned after CWVPI ng

dnd e 1819 efn Jhe

%mﬁobﬁkﬁ a9 ggdﬁéntk%g@tezﬁveé@‘leé’x glpned ero(\:fé ﬂ‘?.ruges g raded byffer layer
h gweYeén'bés Iso pewiifle 1 PfCU'dEQ“ Buffer |'ﬂvepaﬂ‘tm9:alfhfferﬂﬁl dBftposition

|
Shudturet Fdartezamplaj £ aépplrtghuﬁer rcﬁllla%@q)rodld'éd RInahe grald@& tléy%ﬁ 3 prior to

AR B e B8 (3% e ek o biie, uriar s to

: EYelyP' Hayers, tiierekn enssbitlawer dav at gradey dompesitidn sl Bier sicoredbi- fayer a

nfigork or. | o ith constan
@g& E@oe i@;}n on. ASbL{{ﬂ'gi‘ myf'nﬁ?’"r#a?“d %n&aa{[’ AN ot leers Wilh Lonstant
PR g 8§} ButWith a. grpwingr compasitiar Trera daver I8/ layergrepresents a

- fugher| alipmativies Inpadefiient it isFado possiblead PaYids dnk P %dr@}'@!heﬁungraded

‘ Mﬂ(ér@ aisol &11&&8@@&9% ré%%gt i%%éﬁbetﬁg%g%eugrgﬁggd Isrélggthlng layer 5

ues of
qrﬁé fie op Jovar RVET engivile nethenSiedavetimay bédepopitasitontdihl smoothing
layen § itk asiiflefent SiGeRumbsdiidnayer 3 being of the order of
about 2.6 ARMS. Up to now, with 25 the state of the
art processes, only surface roughnesses exceeding 1.8
Insteagepfieasiicoh eermanalns bufiee dayet B, sthaothpbendmbedals dy be used to
swmﬁfﬂébé E@%eblé'iﬂc@ ! Dbl
d ? 5 and & he g’?ﬁﬁ%ﬁ%%&#é@ﬁ Qh °°8 ﬁﬁ'ggpagﬁf ?e&% rds the
g e&d’@h‘ﬁess of | ess than 2.5 A RVB, |n particul ar |ess
30 than 2.0 A RMS, even nore in particular of |ess
L buried interface roughness is thus
ACLRng 1o T var S e G St (] S1CSC ayer may be

- MRS edtem ladr, insteachof dler stained 2lliGondayef 6er CMP and bake.

12 The exenpl ary enbodi nent of the invention
AS alned above includes a graded buffer layer 3.
%o ppother gmbedipeat | ofl dher dnysntivgi deetaody L eranlifagtering a

sdnmvonnégcta' detﬁlfa)ﬁg.&flﬁ'e F??fg?&lé% 'lglﬂﬂrth of 'Erirégfr/r?ﬂ'rﬁdedFQﬁoothmg layer 5 a
rod g%[eraijr uﬁFc?(Wh gl@owtartefnﬁgragm fugpd during

fogré;ghe Of:tﬂelbdff@fdamr Bsﬁmgmwmakmpérahrefoﬁme luBigratiéd Siy,Ge, layer 5 is
chdér lod Houf & 880 bBout 500°C lower than the growth temperature of the graded
buffer layer 3. During growth of the buffer lower 3 one typically looks for a high deposition
temperature to ensure high growth rates but by choosing a lower growth temperature for the
ungraded layer 5, even though growth speed will lower, it is possible to preferably deposit
material in the valleys of the surface of the Sii.xGe, buffer layer 3 rather than on the peak. As
a consequence a smoothing effect occurs. This effect adds to the already advantageous

effect of having a smaller in-plane lattice parameter applied in the first embodiment. Thus, a

- further improved smoothing of the surface 7 of the ungraded layer 5 and thus also of the fop

- layer 6, here the strained silicon tayer, will occur.
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5 five bi-layers, wherein one bi-layer has a graded
conposition and the second bi-layer a constant
conmposition. A buffer |ayer being conposed of a

plurality of layers with constant gernani um

conposition but with a grow ng conposition fromlayer

to layer represents a further alternative. In

addition, it is also possible to provide one or nore
further ungraded |ayers, also called capping or

rel axed | ayers, in between th® ungraded snoot hi ng

layer 5 10 and the top |ayer 6. For exanple, another

Siderd | ¥Rt i .ed. smyot hi ng. . | ayer
AR T T AEREDI< SRS i ol Hhda? o g toms
&§ Vo BRd fersHERReRe I Wideh isdeenagy ofithesurtaorrpowhigh the atoms are

Kepaesited Ibscames ragligitse; do tiat it Shithth MaveCh BR9EinddA6 dnddidoning. I,
"con substrate 2

t t] fromthe sil

ROWET e Adicerihy b Bty Bh. ectiven g sirea eraytian have o
(a7iveinPach agby denvsiting atamSinto Bieivallé@e theosverall stif{ce Getayds smaller
amyarDéner s 8sefveli ORhi is ol S—ﬁt?cl | ned
ﬁ%wévgp %ﬁgﬁ? 6. 20 Agg%f%jﬁlqﬁla cfLﬂ%"Satzalno ‘t@ég %ﬁlﬁeo%ﬁfrﬁgen\f’ﬁgf our. It
the m@?n ORHE R &9 B hauthgfmg! eperyyill aot kessifisisntiior therariving
#eme lomoveto thermefemiet dudalionesitgs PUbdvASystth Ra8had@thce energy.
snmoothing layer 5 a growth tenperature is used which

és | ower than the growth tenperature used during
PYorRg thisyadant ehbe ipuertion, thegwfacg roughresg pmpbities are even better both

dt eneiariatl int@fabo 7 ahfen wodAdedohd tgg%er g%o? Etsﬁ‘gihét% ﬁigcon layer 6

( ] b b 0C bout
I R B0 B8 e S ol B P (O i 1o

beeR Pefjevgd ovin fa pokt-tetie ringhhess df awesufier Iy 3teligtkteYorder of about
2|.63ﬂkl$M§.0rA!% {he B 9!&5‘!‘615& 9%e@&mﬁé%ﬁ%\%§?ﬁt Iéy%ﬁ %rch the strained

hi gh ?romﬁ rates but choosing
S\."%‘ﬁlp'e StUhes iMerovetheougingge yalues bhiges than 18vk RMShaudbs low as 1A
Riytowt h speed will lower, it is possible to preferably

deposit material in the valleys of the surface of the
Sil, G" buffer layer 3 rather than on the peak. As a
To pdwptasaows emperatirdniange abfiait used elepends Thithe Rfafeiigt of the layer,
egdﬂﬁaQQ*ggg S 30 effect of having.a
-8 aftr oR M o FAUA TR 1 risPEdsBr v N R taer

ane

h&galler in-p
- thickpess. L33 lusirates theereferrgd tdnperdtere rangerfontiaelsrsomiaiodlager 5 as a

funétioh loé the Wit Riny pditentdd@ in8QL@gled | ayer 5 and thus al so
of the top layer 6, here t he strai ned silicon | ayer,

will occur. 13 Indeed, when the growth tenperature is
hi gh, the total thermal energy of the arriving atons
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is high and the surface energy, which is the energy of
the surface on which the atons are deposited, becones
negligible, so that it cannot have a positive inpact
on snoot hening. If, however, the thermal energy is
relatively low, |like here, the surface energy can have
a 5 positive inpact, as by depositing atons into the
val | eys, the overall surface becones snmaller and an
energy gain is observed. Thusf in this case a

snoot hing of the surface wll %occur. 1f, however, the
tenperature is too low, the thernmal energy will not be

Slabki3c ent for the arriving atons to nove to the
pre Ay \Qflﬂﬂ sites. in the VH||PVQ tao reduce

I C T

the 'aly?"a{%aet ] gYPica gragh teRiRRIU | [s SpUH temperare; yngraded
i'nviention, the 9 urf amé‘errlagwglams pr opertl agyeasgcgven
bet[gir i [I t llIU uu Hefr fuu unu
surfaé”éé%‘){g{ohzgl top Iay%or 690dFor a Ctral ned quT@on

| ay|eFir-Se.wil20moh th| cknEB.ﬂs—&ﬁO about 200A, seod-arm

r oyoliness Foes—of—ess *”"‘n FA5HA P&@—W

acf%ﬁ%ﬁiﬁéﬁ post - ﬁ@e tToughnesg of the puffer

| ay eﬁf'u@ebEIﬁ@@Ob the o@@ewmf aboutl 2.6 Asg8MSB00AT SO

t hgu face 3 -
an SV’ Gb’@? Soé'ogd 15 Slq [ coiﬁal ayer ¢ has irrpfgséd

ro@lthE[%ilQﬂ&s of | 59 —tdsan 1.8 A RVS, andsgs | ow as

1A—TRVE—The—atdvantageesus—t-enperat-ure—r

used depends on the material of the layer, e.g. for a
Fgyr f Ddayer|dgpesitiop f theesmpothirmriayemsctbe pentrsors haveploaeUtt®een such
tWStﬁéy TCToY P @é%rﬁphﬁtldna é)era&g'etm e Rwe rT)?kgrlqeagst close to the

tem eust at es referre erature range
n%é'i"‘HTer@"ﬁ’ea'Q@Fat lgdable 3¢ 8 cPpseaunce. hbmgsepmmhahﬁor the growth

opthecamwbthing liver Shidiffefadt preci@borIuseliab héadd to bEYRH than for the buffer

|é@;§r| al typical growth tenperature growh tenperature
ungraded buffer layer 3 [C] layer 5 [(C] Si1_, CGex,

xs[ 0, 20] 800 - 900 650 - 750 Siv.xGex, xs[ 20, 40 750 -

F&50e GHBws the0ddep of nﬁ&?ﬁg(_ 1R §8Ltraf0Q condiifhg Q:IllCO!‘lGél' another
m%g“af(%%!x%ﬂcg ; 650 750 éi@ %8

rrigs iippterialfgpa resgttjpg heterostructure.
With reference to Fig. 1f, an insulator layer 10 is formed on the handie substrate 1 forming a

. handle substrate 14. The insulator layer 10 can be a native or grown insulator and is in the

shown example of SiO, formed by an oxidation of the handle substrate 1.

Fig. 1g shows a bonding step in which the handle wafer 14 is bonded with the side of the

_insulator layer 10 directly onto the free surface 8 of the top layer 6 of the handie wafer 12

resulting in a source-handle-compound 20.

Although on the top layer 6 of the donor wafer 12 no insulator layer is formed, bonding can
be performed very well. Due to the absence of an extra formed insutator layer on the donor

wafer 12 and because of the influence of the smoothing layer 5 it is not only possible to

provide a very low roughness but also a good topology of the surface 8 of the donor wafer

12 so that the surface 8 is well suited for bonding. This way, inverted bonding can be applied
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Si yx3ex, x6[ 90, 100] 550 - 650 < 550 For CVD | ayer
deposition of the snobothing |ayer 5 the precursors
have to be chosen such that they have a deconposition
tenperature which is ower or at least close to the 5
tenperature range indicated in table 3. As a
consequence, it may occur that for the gromh of the
snoothing layer 5 a different precursor is used or
needs to be used than for the buffer layer 3. Fig. le
shows the step of providing d°handl e substrate 1
consisting of silicon or another 10 material suitable

t&b@ﬁtthél%ox%rco'@fér'vﬁfh tﬁ@h dl@lzvaifepgcc@ro@?;stglvsdggﬁgit is only necessary to
het ructure. ref erence
PGP Heuhiic yaler wih foinpting eyo The donoaiaienesdp setbasebiasted to

- hdhramnalgreatmedna fodl bdormiabiet difainﬂnslﬂatorﬂ]/@r foR §éﬂo@{gQéadl®Yt8 ihelf@ct that

nsul
RGP ool Aot Ees YR ML 08 5O ok Pate? pat b pigiaed and the
Hidiies ig t?ﬂﬁ@tloatoéa Domagenpius. insbiptisdleyes o tiEotudbngafartdemot ovcur.
mhlch the handl e wafer 14 is bonded with the side of

r 10 directly onto the free surface

'%3‘5 zar e t%c:'i'einﬁ &l Wudlietq poloribgscambosiareet aseerdngs e, iRgpntion,
namely 8 dimartCutfatydé datrioatjoa note29 usiag the tnhsmgb redthdd'® fbitate a

ét@lﬁ@& la@eern lﬁéqu?ata%ﬂ—;rr § Lt a?r?ed%ﬁ nnosnl’%nssa \t}ag?r wa?%ﬁ?é g

f ormed; bonding can ver
the absence of an extra forned |nsulator | ayer on the

. Ritpi2arshowsthe doddd vaimsh 19%6@9%90% thRerhiafd H%'”%Gfdeﬁfbuﬁféﬁac?/ers the
- RO Bl o cbhctrlobe B354 v bip then apecata as

ver

d§ﬁF$&ééX8eof the donor wafer 12 so that the surface 8

iIs well suited for bonding. This way, inverted bonding
to bond the donor wafer with the

plied 15
Ff%’aﬁm E ‘Mgfaélia(‘e‘g'@d’fﬂf?j’i g Onoa Wdish sibstrate Towhigh isctypisalisray standard
weater, @powi sﬁh&oz}t Ig%fdﬁggg ||r%u1\étﬁ|fgg (f::ayéé}‘| ¢ :@Probﬂéd“ Blid T@erI W%n be a
RSB o 3R b BRI oY e GPRherc o BRndis,geiatey. resulting
€90 @ $i:2 lagerdn thy dase bieSifveatér. Tiinsulatiag &'tylek/ﬁ) i pEdierally formed by
okuﬂHtiBﬁ Bﬁ&gﬁ]ahﬁlb‘é’ﬁ%?r L?hle gle%‘ﬁ%l} tcl‘usfﬂK {rﬁlﬂeto %BQ fd%éaﬁer eln&g very

mai nt ai ned Ires In

: ”rﬂfg’%g%’ﬁ%'fﬂ!}s andhdesigant g 4 ahamica) mttagke witish m’ly Wéiﬁ'e rin dosubsequent

procassing stepiafiér. th@splitiag fepschematical ly illustrate a
further enbodi nent according to the invention,

Fig. 2¢ illustrates the process to create a predetermined splitting area 16 in the donor wafer

12, 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 wafer 12. The implantation
conditions are chosen such that the predetermined splitting area 16 is positioned below the

strained layer 6.

Fig. 2d iliustrates the next step in the process which consists in attaching the donor wafer 12
to the handle wafer 14 by bonding the free surface of the insulating layer 10 of the handle
wafer 14 directly onto the free surface of the top layer 6 of the donor wafer 12 to thereby

" form a donor—han_dle compound 20. Prior to bonding, eventually a surface preparation step
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nanmely a Smart Cut (r) type fabrication process using
the inventive nethod to fabricate a strained |ayer on
i nsul ator wafer, here a strained silicon on insulator
wafer (sSO). 10 Fig. 2a shows the donor wafer 12
conprising the substrate 2, the graded buffer |ayer 3,
the wungraded snoothing |layer 5 and the strained
silicon | ayer 6 which have been fabricated as

descri bed above. 15 Fig. 2b shows a handl e wafer 14.
On a handle substrate 1 which'6s typically a standard

waf er, a silicon wafer, an insulating layer 10 is
€39 Qé’rhéjdsguér E\Lﬂ'&cﬁgh ‘i%ﬁé ISJFIQ) s?%)rélthp‘étlnsula%g a%t%i:]ctér? ﬂ-\gl&gw}/ gf’ thg Eop tayer 6,

E)HB@W Bgtwean th?@éﬂﬂrt"i’q‘@ 12eang the hanglleSivater 14alpads forvetyhgwod bonding
ecaxskts.of a Si wafer. The insulating layer 10 is

preferably formed by oxidation of a Si handl e

substrate 1, because this permts to obtain an oxide

- Thg éPncw@ﬁwge o@nnouRd 2¢) s therr maceldnmto adtmaandotrBews) dtheti@d such

that h%r@@terﬁfn‘é@%bht%' dr ffﬁ;]g'illgé/& wﬂclf‘fr?aﬂ)l? %%gg ?025 detachment of

oce55|ng§0% after t

rﬁlgfupg?r fhe dﬁqqga\@geg 1gdn§@e§i€ﬂf @rogldwg @wgp@qumpm,dhe fragilization

erprlllaldbbcm'@emnm déo be ablie\ééépﬂpbrdﬂﬂfngradd%gnal -Qﬁbﬁ;y i® any form, for
V, n om ¢ ecl es

B Bkt SRy Lt G R Frecymittendiin o

predet erm ned dose and energy Due to the inplantation

mbez@ruadﬁt@sr me%ghltsaﬂ ihEtdeEbQ:hﬁ\Bﬁasté& A %orﬁé}(gﬁhelgatblna?'m%?er 24 is
h%d nor \Aﬁfﬁﬁt ['ant at1on
oY e LTRERINg '“%"l‘?él"%laé%r e HsiteRiaYes Biand pinag oheainggded layer
5l9tlp1@gidetmtbelhfmeileoaub§ﬂ‘ae1st rained layer 6. 30 Fig. 2d
illustrates the next step in the process which
consists in attaching the donor wafer 12 to the .
HherRIMPousk iapterial waler B tenngderbeesf a Bharsuffamedreafmdnii® remove the

. remSMithﬂaﬂ@f U@Wﬁ‘fooﬁlﬂlgq{iyér BeThapsl for é%ﬁ% 9%4 &Lévggiak%n etching

il Ra nerue SU@ of the top |ayer
A5 & fonseglinsg A, Prmer i diniseits 'Ff%%‘éﬁcéméﬁ)ﬁﬁél@ﬁ@llme

Prior to bonding, eventually a surface preparation

AP sﬁgined Sl dn ﬁ&lrﬁ&l SUbA{rate?Z;égisH (5%%3?% in?]Flgt %f I cgmgpses the

snpot nsul a

- hgndie B%H?tﬁd tbemeletmlmerd@am theddrelpyet B, mnsjtherwauhamlmn layer.

Reafugio i predsith dfahd/ ShiotRIRG fhyBo8 e Mried RRHLES7, 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.

In addition, the thickness of the strained silicon layer could be increased by epitaxial
deposition of silicon, for instance up to 600 or up to 800A.

Besides the above described sSOI wafers, SiGe on insulator (SiGeQl) wafers can be
produced with the inventive method, for instance by using SiGe as top layer 6 or by
depositing a relaxed layer of SiGe on the top layer 6, wherein this SiGe layer is lattice
matched with the buffer layer 3.
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5 The donor-handl e conpound 20 is then placed into a
furnace (not shown) and heated such that the
predeterm ned splitting area 16 is fragilized which
finally leads to a detachment of the remainder 22 of

t he donor wafer 12. Instead of providing thermal
energy, the fragilization and detachnent may al so be
achi eved by providing additional energy in any form
for instance nmechanical energy or a conbination of
thermal and nechani cal energyl” 10 Fig. 2e illustrates
the result of the detachment step. A conpound materi al
wafer 24 is achieved conprising the insulating |ayer
10, the top layer 6 and a part of the ungraded | ayer
5ig5n34 I 30 sahewptically shew & &marteu wipstiredees singl Bnofhes variant of the
TOBRITE TR behbillaclih§ b sémichi@RoHRAEEIRRRIA further
surface treatnent to renove the remaining part of the
snoot hing | ayer 5. This can, for exanple, be achieved

- bhe stap elhayhi indfigs s3zetp .3c And 3e ¢ Bg eqttespad, in érerdl @ fersteps shown in

hﬁg | fadto' M el{hfa% re&?c%& ﬁ&gﬁ% U]'Sfeteng rH&{ etge @(Sascription of

'1'con ©on I nsu at or SU

‘E %? straine
I8¢ #1819 Ztabave-n F| g. 2f. It conprises the 20 handl e
substrate 1, the insulating layer 10 and the top |ayer

\ﬁ/lth H?é}g%cr?qg F%t :i]aa EM 5 lrtjﬁﬁlpllagﬁ}g% lsedrﬁ?@?gﬂtﬁg E{tﬁa}epg of the donor

Wﬂf?feﬁ albdhey example $heivndn Fige 34, rtee supstiickblager 194ds asapear dxide layer
r&Uﬁ'nf; %P@uckﬁéé@ m&% Seqﬂél%%\kérelﬁan t‘l@%aﬁ&nﬁ&‘egeqn %’tﬂel’ %%hmles of the

ccor hi s enbodi nent IS 1 np

ity 35 Sorag « 'fbﬁfd? S e TSGR BRUILOTGE pefoRe @reparation siep
peifbinedronathe dores wafkt 02, Bafies safse pf’ép@f%ﬂloﬁ }z(tlé@%ar@fncﬁx@@ a cleamng

|
ﬂas{dg)ﬁ g d)%%}ﬁ&gacﬁz%telén é&,ﬁ;%& ? hggo&mf;\{log%)f a Vﬁgﬂglﬂlngsﬁﬁg@ oxide
layer 1hen erten taeet 64 ecdonot \agfelr 1% Gihlecsubefidial tayems®id, bacause of its
Vglgl IB\ﬁ)fhléﬂneséjS’l’p@% Hnoﬂotocfo db%osﬂith érﬁ{)xi&é’]é imﬁaq%rulgy%gﬂned or

OBes esthe ove descri

dﬁ%‘?‘;@%'“teﬁ'@"ﬁﬁ ﬁ‘W%‘HP taxer o 18e G@pdRyer Gaf ers can be

pr oduced with the inventive nethod, for instance by
arela

AP0 31 38 Rk S e BRI e S i e

swwyfml Ias'eﬂ ‘W ani the topriayer Idedf thed ddnot Wwafebtd. f BésplitayetheJibsdnte of an

inShISRr 1238 Pefhg 3G . ! &&/\‘t. i "Hondi
o ocre Sg B g gkzgrtbﬁgirﬂdvgé?)e dayn st;rﬁ gﬁnmgé %j{h(e l:)on[‘jl}‘\g %urface of
the donor wafer 12, bondmg between the handle wafer 14 and the donor wafer 12 leads to a

very good bonded donor-handle compound 20.

The heterostructures manufactured with the inventive method are advantageously used in
semiconductor devices, as improved electrical or optical properties can be achieved with the
substrates having improved surface roughness properties.
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i nventive nmethod of manufacturing a sem conduct or
heterostructure. 5 The step shown in Figs. 3a to 3c
and 3e to 3g correspond in general to the steps shown
in Figs. 2ato 2f. Therefore, regardi ng these steps,
reference is made to the description of Figs. 2ato
2f above. Wth reference to Fig. 3d, a thin
superficial layer 19 is present on the top |ayer 6 of
the donor 10 wafer 12. In tilae exanple shown in Fig.
3d, the superficial layer 19 is a native oxide |ayer
haV|ng a thickness bein gual or |ower than 10
nanonetres. |n other Eﬂﬁﬂ wrergl$e i nvention, the
superficial | ayer 19 can be formed as a result of a
surface R ratlon step perfornmed on the donor wafer
%S Flgce preparation step can include a

Qleanmmgmbﬂkﬂ@ and/ or a plasma activation step | eading

0 th n of a very thin superficial oxide 15
Iayerﬁfgp nﬁ%ﬁ% Yop layer 6 of the donor wafer 12. The
duperdpper strfacayptthe blfféerdayeb8cause of its very | ow

Ehi ckiiess l&ga A0 nm  not conparable with an oxi de or
|nsulator "formed or deposited intentionally as
Bn exop @yerdx@ainejiﬁlﬁdoe)top | ayer 6. As shown in Fig.

- g€, tmuﬁe@ﬁwageﬁ@tmgg%%obtﬁmp%fa? i‘g{dg Ié%_egB' nsul at or

| ayer 10 onto t super on the top
$ ayersudagsroftietopdayer 6 waf er 12. Despite of the absence
of aweafabatﬂea&éaﬁ th@w,@fsd%gfr&e zta*aa%e g (%Egguffe‘? A&}Qeffe

snoot hi I nfl uence on bondi ng ce o
Honodn %’aYPQO“ therhandlg “@&f\ﬂéen the handle wafer 14
and Hbmxdﬂﬂgw wafer 12 leads to a very good bonded
ﬂgnor- ndl conpound 20. 25 The heterostructures
nuf32{&Ma® wi th the i nventive nethod are
v apteaigRavBeY spR@ 4rea  semi conduct or devi ces, as
4 roved electrlcal or optical properties can be
chi &8d with the substrates having inproved surface
A00ugdoeshapdiegempb@si 18 Reference nunerals 1 second
ubs}rate 2 first substrate 5 3 graded buffer |ayer 4
tppef™s9%ce of the buffer I|ayer 3
24 compound material wafer (fig. 2e)

26 final structure (fig. 2f)
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5 snoothing |layer 6 top layer (strained silicon) 7
buried interface between snoothing |layer 5 and top

| ayer 6 10 8 surface of the top layer 6 9 interface
between the first substrate 2 and the graded buffer

| ayer 3 10 insulator layer on the handle wafer 14 12
donor wafer 14 handle wafer 15 16 predeterm ned
splitting area 18 ions 20 Hbnor-handl e- conpound 22
remai nder 24 conpound nmaterial wafer (fig. 2e) 20 26
final structure (fig. 2f) 19 Cdains 1. Method of
manuf acturing a semi conduSi@Mshet er ost r uct ur e,
conprising manufacturing a donor wafer (12),

MRS of rﬁQmﬁa@tﬁﬁNét; disBehiconiduERf he tgtﬂtﬁ"e (&Qmﬁcfri

first in-plane tice paraneter , providin
F}?@Ufﬁq@mgﬁj%@waﬂ%@((ﬂ?— ,&amrisingast spatial ly graded

buf f t
sgcoﬁ 'ﬁ ane Fu ‘Q g‘?tgni Si i?\ §§(’§|a?¢%%?prﬁsr %@tegeﬁ?aﬂ,
t he gpr@delmgmf ﬂi@rflr*stegtbstréfé)(zmn ah@emtfbmygtadeﬂ baffer layer (3)

t St at
thi o AED R fop TR Blee stitE petbcphd uplang lfes hitineler (o0
t he uogningeth theyeade buFfer ke (3)(EH) ur@‘ra@edslggb:c@f@s@mbnductor

'.rraterla{ nd rra,nufaturl a handl e wafer (14),
conpr'd eﬁ'ﬁ g A fothirey HE‘PPH?éat("i? pafameter (as),
‘ forming on the ungraded layer a top layer (6) of a semiconductor
material, and

- manufacturing a handle wafer (14), comprising

providing a second substrate (1),
forming on the second substrate an insulator layer ( 1 0), and
bonding the donor wafer (12) with the handle wafer (14)

characterized in that

- said ungraded layer is a strained smoothing layer (5) wherein the third in-plane lattice

parameter (ag) of this strained smoothing layer (5) is between the first and second
lattice parameter (a4, a,), and
said handle wafer (14) is bonded with the donor wafer (12) in such way that
the insulator layer (10) of the handle wafer (14) is bonded directly onto the
free surface (8) of the top layer (6) of the donor wafer (12), or
the insulator fayer (10) of the handle wafer (14) is bonded onto a superficial
layer (19) being present on the surface (8) of the top layer (8) of the donor
wafer (12), said superficial fayer (19) having a thickness being equallto or

smaller than 10 nanometres.

2. Method according to claim 1, wherein the smoothing layer (5) and/for the top layer (6)

is grown with a growth temperature lower than the growth temperature of the buffer

layer (3)
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form ng on the second substrate an insulator |ayer
(10), and 15 bondi ng the donor wafer (12) with the
handl e wafer (14) characterized in that said ungraded
| ayer is a strained snoothing |ayer (5) wherein the
third in-plane lattice paraneter (a3) of this

strai ned snoothing layer (5) is between the first and
second lattice paraneter (&, a2), and 20 said handle
wafer (14) is bonded with the donor wafer (12) in such

that the insulator layer (10) of the handle wafer
'V(A@l')wd 3Cqoatiae i epimedt whersii the urawthitemperaivref éhg gyoething layer

I%)gajdgp gﬂ;@»ﬁgg @qg% chpg [ﬂeng% neg@h%b (g ?ci@fsobt@ lower than the

lmbdemmrattmegﬁmrtfuﬁerlﬂyer(?éyer (19) be| ng present on

the surface (8) of the top layer (6) of the donor 25

waf er (12), said superficial layer (19) having a

Meithddarzerdig tooclaiqualto B, mlwremsthaltihtekr}dsb@mth@smmoothlng layer (5) is
claim1l

netres,. . Vet hod accoyr.di
BRROERLA Blicalicfers ghaveilibh Pt deshr Magartcpiey fespnan 1000
érmfe iy ;idmmregraormohnémr@b@bw@o AawsootA) aveh Aeorg; Wﬁérﬁ’icular of
g&grsture of the buffer 30 layer (3) 20 3. Me d
ﬁb to claim2, wherein the growh tenperature
of the snoothing layer (5) and/or the top layer (6) is
chosen to be about 50C to about 500C | ower than the
Melbee rccerdingrtaonesf slaimad to vt mberdiminergradyd beffer. layer (3, 13) and

RO By (kS ech i L ot BN BUpER g egd have 2

différentcedmpdsitiohrss:Bab avid Avii:Bh.; dvthaetseat ¢ each other.
particular |less than 1000 A, nore in particular a
t hi ckness of about 200 A to 800 A even nore in

Npethbd abtarbingfto c%‘ﬂﬁlﬂ m/ﬁ@?blrf\the]&ﬁéren%w&ﬂn g&&@érplbﬁg W Pxas is

one of clains 0o 4, wherein the graded fter layer
aPBFOX!B§tebfrﬂj5°/ottﬁeﬁ"/s,rm@tamqutpn?&@e6°/c( ;moranrepa@nplar gy at

| east two conpounds A and B and have a different

conposi ti on Ayxa2Bxa2 and A, _xa3Bxa3 with respect to

Medhdd acduading 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;..Ge,)

and germanium (Ge).

Method according to one of claims 1 to 7, wherein the substrate (2) is of silicon

- and/or the graded buffer layer (3) is silicon germanium (Si;x.2Geyan) .

10.
- germanium (SiyxGex) when used for the top layer (6) and/or the smoothing layer (5)

Method according to one of claims 1 to 8, wherein the smoothing layer (5) is of silicon

germanium (SijxssGexas) .
Method according to one of claims 7 to 9, wherein the growth temperature of silicon

is according depending on the germanium percentage:

layer material growth temperature [°C]

Si1.xGey, xe[0,20] 650 — 750
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6. Method according to claim5, wherein the difference
in conposition Ax = xa2-xa3 is 15 approximately 0.5%
to 8% in particular 2% - 5% nore in particular 2.5%
7. Method according to one of clains 1 to 6, wherein

the top layer (6) is a strained |layer or a relaxed

| ayer, in particular one out of silicon (sSi), silicon
germani um (Si 1_xGex) and g@rmani um (Ge). 20 8. Method

accordi ng to one of clainms 1 to 7, wherein the
s—of—-silicon :\nrl/nr th buf f er

'l
UUDLI o U1

ayer %’; $§>§[2]0|1an ger mani um (§0075@Q39xa2) 9.

t'hod in the
5 oot h|§ﬁ'q %\C}QSP@(%{@ i$ of silicon 25 ger mani um
Si, _xaSicE3a:Xe[60,800. Met hod accorsfigngeo® one of| cl ai ns

va fn 9 _wherein the gitowth tenperature of silidon

VO T

ger nan@ers;xﬂ%@l) phen used for<t6IQQ top laygr (6)
amndr? O g bll ayer—5)y—s ot-ctrg—dgpendi ng
on the é FanT g‘?nlf @?cant age: 30 Iaygsbmaterl al [growt h
tenperature [C] SI1 xCGex, xe[0,20] 650 - 750 21 | |
’al h@@ c[20 40] 600 - 700 Si, ,~Ge, ~, xs[ 40, 60] 550

acgpr Wq&qf@m@gp tgd@ whgTRin the growth temperature of silicon
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