WO 2009/ 101494PCT/ 1 B2009/ 000141 1 Sem conduct or
Substrate Surface Preparation Method The invention

wo edoatiesior o a net hod for preparing the surfacepof/1BE2009/000141
sem conduct or .substrate, int particular to a method
provi ding an oxi de-free sem conductor substrate
surface. For certain applications, it is necessary to
provi de sem conductor substrates from V\hi ch t he
nat ural nﬂ@oh&ﬁ@for'ﬁfas?ﬁ%@Shmxw Fthdpd
situatio ears 1nt S0 ca
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be able to successtully bond the two substrates, it is

i mportant .to renove all possible sources of oxygen or
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oxl' de or oxygen precipitates which would delimt
naturalmlmwec hagpbeensempyed.nSessBhSitbatiomifer exaspple, appears in the so
t
calleoepﬂ{erﬁ cotm§orpdrn‘?€ﬁ?§§efefvc\:gﬁ?’ig8% ﬁﬁ%%@l tgtﬁtcgliy Qé'hé@ﬁ(mo ) surface
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his buffer |layer is an internedi ate | ayer between t

would: bg sesponsiplaafsilew Sonding @neLdies. deading teoingwiicel ?t"&-“éﬂon T between the
aving in the region of one interface, a
two bpg??llﬁrglte&g%?aﬂet er substantially identical to that of
the f] rst structure (the silicon substrate) and in the
t r .
The lgﬂtqf ﬁré@e% cg: %@% I if’hg ro ésa&f:fg g%oﬁg%&f silicon layer. To
prodL&J‘er a Gitnaireed( siheorr @yexednéltmcdllaysiar)s fioppiacsingle, crystal silicon support

uf fer er is .2 | aye er in hthe
subst(g%tﬁtqgn\fvhlﬁ% ;eé@gq%vg# %pnoqer &%@eﬁ @y@g 5 g%tcﬂt?g&i lt'/Ly a buffer layer.
This uffef Mayefniesan itfeanediate tdyer ftﬁit‘ﬁé@d tvof é@stdllaglebhl,c atructures with
' thin second | ayer is _grown étp/p | cal k W { t hi clintg ¢
differgnt JasiAn, PACIMG (R baVidRAp(iae | Eoiana Pt 008 ¢ lnikificant< RS parameter
subs%hﬁalﬁg@eﬁﬂ‘lcatl tﬂ:?th%ﬂ@ﬁ'ihé’ i) sfr@ét@?ée@he%i@@oﬂ §M§§tra@é")dand in the region of

S a strained Silicon layer (sSi). Like in
its otherintestases ptlatiice parameler suhiaatally idernigal o thapef th?esecond structure
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in the straine can p i cations
strainsgh e 1orR oo o kedn BBrREHiRiR Sution, e fiysigliecauality of the
stralﬁé@sﬂ&inel-"a‘yepfs h&&atReRSRNtendddesyt thenplegete vt dRygam or oxides on the
I mproved sem conductor -substrate surface preparation
surfageoh 8¢ \wiaxedwHeHaxsfe bondi ng energy can be enhanced
in DSB applications and with which strained silicon
: crystalline |layers can be achieved with inproved
in thergrwlr airl, ithe squibn ttg  thalaboverdipeeribedsprablene geasigist iR amelF treatment,
d acc I Al d 0
whicfp g 1§ & BidloPff® s BLr stater SR aWat & haUF, BRiod%yer to grow
sem conduct or substrate (step b), an additional step
(step'a) of transform ng the natural oxide into an
artificial oxide is carried out beforehand.
Surprisingly, it was found out that, by transform ng
the natural oxide into an artificial oxide and
subsequently renDV|ng the art|f|C|aI oxi de, superior
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Preferably, step b) can be a reducing step, in
particular a liquid treatnent, nore in particular an
WaHB0YtEgat4ent . Thus the sanme chemical |y reduciR@I/IB2009/000141
treatnent as in the prior &t can be used to renove
the oxide and still the abovenentioned inprovenents
concer ni ng the surface preparati on can be achieved. As.
Neverq}qlelgio 1 d ?er%d ltI'Qar% @ﬂit%eﬁhgﬁrré%m%ﬂf‘ ohgf'? 6v§%oﬁd|ng energy
was aa:htdved mmIDSB applivations andt tmaidiafec’lg varessib beasent tnothge&tralned silicon
he arti Wth a dry treatnment the
app"ﬂ?@%h&ﬁu‘%{rﬁ’ﬁwl%ﬂﬁ? ﬁg-cgﬁeéjél&aée%?arme substrate can
also be reduced and inproved bondi ng results have been
bserved conpared to a |iqui
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tion of ‘an inert gas lead to inproved surface
DSB acglgmﬁee% 3qda\h/ith iwdche stipiaed ilicon: ¢rgetalfanlayars (aasube @shieved with
ing capabilities of the treated
mprobgtgfzﬁ}gyatll R;k?l)e further inproved. Accordingly, a: .
reduci ng plasna conprising, for instance, hydrogen and
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prlor i eémbmlﬁd tagbeddertiom tﬂieheua‘em @tf)rallsemmondud:tst lsabsaratar(step b), an
sil1con icon. (1 ubstrate, or. a.
a0ditial e Lo a) P NsITing Mg bR bR ingyay o ffiELE s carmed ou

beforédriced [ ayer or a strained silicon layer. For this
ki nd of sem conductor substrates, the inventive net hod
| eads to i nproved hydrophobic surfaces
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di oxi de, "an optim zed .oxi de renoval treatnent can be

appl i ed such that the abovenenti oned i nproved
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ydrophobic surface, in-particular of the

surfaa@mﬁmafsamnm@eobereqm Si Ge layer underlying the

strained silicon layer, the surface qualities of the

strained silicon layer can be inproved. According to a
As arfi lal’tematlva@vanadgltlolm,sstearh)a:an canherisend gaseeus keaiment, in partlcu|ar a
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sem conduct o ups rat Li ke al read ntion ve,
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followi ng the renoval of the artificial oxide, the

bondi ng{ energy can be optim zed, Preferabl
Adva@@@@ﬁus %eﬁﬁﬁd@ﬁ'dﬁj’dﬂ BISERAN GarePrisg P CUG GRS 7 Fl&%%ﬂa and an inert gas
plasrha. eﬂ"‘ Faaditid Idel\o BeftYakMead BViRIPrbWR sRtdtedoudiness q\ﬂbﬁthas compared

el ng optimzed, the bondi ng energ 3/
to trefatmehtsrwithet aoédherleb)eft@ beedinaisgpabililiassofghe treate substrates can be

funh%rnﬁepg{angda ak g%ﬁ‘ipw Wﬁ d FéquEf:r‘\ngl S%WEmgulfopﬁstance 1hydrogen and

in oW ng: res la -
argonm isl sustablet for aea‘hznngtthe mwenﬂl\(a/reetmldodl ment according to
the i nvention. :
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WD 2009/ 101494PCT/ 1B2009/ 000141 4 Figures 3a - 3i
illustrate a third enbodi nent of the invention
walzaeediegh t 0 preparing a strained silicon on iFSUIB2O@®I000141
substrate. Figures la - Ic3llustrate a first
i nventive enbodi nent according to the invention, which
deals with a nethod for preparing a surface of a _
sem conductor substrate 1. The treated substrate can
4 then be used in subsequent fabrication nethods. First
Accordingatbla pre&ﬁréd:anddmtrmnt shé semidondiictos spivsirdtel edn béha silicon (110) or

.. sem condyct or substrate can, . or anpl be a
a siicg (1 0GRS ale & rileop BBy Wi 2 0 COEr /akes e Sice relaxed
layer @F éstrQﬁé& dilldohhayer e rthis Kihd e @niisHRebr dubsafed! the inventive -
exanple a silicon substrate with a silicon gernmani um

meth%\ep@ to imrrpveshby BePRERi¢ FUReSger mani um r el axed | ayer,
typically the starting substrate for the growth of
strained silicon |ayers.” The sem conductor substrate 1
Advamtageeusiynsteprajucarmrbebaarsied auldsuchs thalr thgceatugal eoxide is turned into
t
stoecﬁ?ﬁ%’trﬁ?g%&smg%é@g rﬁl}é g?é##?oé@}@{tmg %erélgotx#e&él the composmon of
WhICht lbenott atable, rafw by @pviay tamedrtde mgtural @tlde intd anaartlilmallox@e of known

e sem conduct or ubstr te |
chemisg| HorpPAStE AR SO S ioBn Ot R aRset woe how yefilent can be
appliddPieh that the @balerdéhtidried |ﬂ||prc§i)éldd1$'dhmr©b|c7surme§ lsah befaehieved.
sem conductor base 3 is then covered by the artificial
‘ oxi de layer 7 instead of the natural oxide. Step a) is
PrefeFa’fHI)}' |1pd iAvEntREChetHORl catl flremsic ﬁs‘éeaV\ﬁéﬁrc)fdfoﬁrfovﬁjir@ea strained
Figure | b, the upper nmain side of the substra
S|I|cor1(§Sl) lagercengsithe exijefigesalsirate surfaee.athanks de fhe Iamra\@d hydrophobic
0 | it 5QgP I
surfa%_é;(i aﬁ@%‘,ﬁé?g ?@i%ﬁg?&ngﬁtu{]n%@o?zo ed %g’e Ié'nﬂe‘fI Lﬁwderlymg the strained
silicom tayeqube swifatzt quaiities of thexstnapied aﬂmongaysﬁri O@ny@smmwﬁm
or a thermal oxidation step. The oxidizing, step is
carried out such that the native oxide, the
Acconfdir@ewiwlﬁmﬁey @dva\ntdgebui;wamaual thg invantiorowan d:Qmprise a step d) of
0X de nown echi o

attaciyf o ST PR 1 RETRAPIHSS SHRUECHER, 1F S8 free substrate

suﬁaéé’%ﬂ%do'@%@c&loOQemlEehémngﬂshﬂt@XLiﬁtétalﬂﬁdﬁtrﬁ@atldnbe above, due to
artificial oxide layer 7 has a thickness of

the impygped |th|@ghpp|§mugpc¢ aialitiasofiellqwing thefgmoval of tﬁe artlf%lal oxide, the
@,1&%@ 99/ 000141 5 The nodifi ed
bond%@m conduct oér:gsurﬁi%trate 1' is then placed into a

reduci ng at nosphere 9 (see Figure 1c which illustrates
Prefe?%bgh th@@!&c%n%%%r@gﬁrﬁdt{ Béfr tg:ﬁ%@?% IZ%T\geS%I en ?é;?tﬁd according to the

invenéive n‘ietbmdal Tbms dwith bythrsu?fas:es tbiedntg, optimized, thedhonding energy is further
further nodified sem conductor substrate 1" is

imprayeli eved whi ch presents an oxide-free substrate
surface, thus essentl ally without the presence of Si-0

or Si-OH bonds
Preferred embodlments of the invention are shown in the Figures and will be explained in

detail in the following:
Figures 1a — 1c illustrate a first inventive embodiment according to the invention.

Figures 2a and 2b illustrate a second embodiment dealing with direct silicon bonding, and



The reducing step to renove the artificial oxide can

be realized using one of the follow ng treatnents or
W@EAe@aRd nati on thereof: According to one al trrmBE2000800141

aliquid treatnent, in part4 cular using an HF

treatment, is carried out to get rid of the artificial

oxi de | ayer 7. According to a second alternative a

Flgur% g (5' sﬁ'at%%ﬂ}% ptg L ﬁ? tﬁ% uive?\ggﬁn gfrﬁétex t§ %%%nﬂg a strained

_s|||co@bﬁmmlrmme$ubs$ram3pl i ed. V\hen using a chemcally
reducing plasma, it is preferable to conbine the gas,
whi ch has the reducing role in the plasnma, with an

Flguréé"QEt ORSillQsPREBa firdli ifTertivetbSditBAt acdsTHingtt® Bier haéstion, which
fromunnecessary material renoval. As a cons

dealstwith aumethed o preraringra serask af A %ﬁﬂn@@mﬁmdﬂgis&@te 1. The treated
[ on substrate

substiHOEoh B16h B up ST SUbsBgRak fabr 8l PRl T, Sed
results. The artificial layer is renmoved fromthe main

First ?fuzﬂlf%gﬁ@g:%ﬁ@ﬁgr g%brﬁtt%ge ? @éﬂ@ﬁteﬁeq{h@%mlcbﬂdtfuﬁ&t %ubts'ﬂgte 1 can, for

exampief, @e 4 sitiobn svafler, witls addflOneda e(ﬂ)@ﬂ!)&sub’ﬁtratebwmk@ir aéthout further layers
surface is. ty prot.ecte

arangeshiier anrrike Bh Sanilelt S SibatAB M A S fineosmaniu bufer layer

and/of 3NsifEETH GeMaki@inhrefx@d Jaydrk &/ pidaliyi shé atartng Bubdtgile dor the growth of
1c) .. The oxi de-free surfaces achieved on the

straingd %ilicBAMIEIDr substrate 1" have superior hydrophobic
properties, thus surfaces preventing a regrowth of an

‘'oxi de, conpared to sem conductor substrates from which
The semeicerduster substrate hewsrae Remisendugionbagh Jeansbite eUrfaggsmyre covered

W,thgﬁétﬁmﬁgggﬁg %(/er?bst rate 1", it becones possible to

starting substrat es for the subsequent
fabrication pr ocesses Figures 2a and 2b illustrate

oG B S b ol TR HE i) accorain
to cldi@nd,] ch@"dln@ & Mrmﬂtmbemicmhduélﬂar \subttraie(liomaacesdmrﬁtacm oxidizing

and aSI|l ubs rate. 23 1 t.rate
envirgnE R BBl RTSoE i LB enoR Byl TR AR e fie Rler 7. so that
the sémhRah8dctbt K@s@@@t‘hbh%@vé\‘eﬂ%yrtﬁé Reffcial Bxite WYy |h§tead |o¢ the natural
and, therefore present dr ophobi ¢ surfaces 25 and

oxudev\,ﬁteﬁ:ha 4P SaEISTQHt ISHEN ;haé@h;@s erothe wafgy front side (in Flgure 1b the upper
main %Q%Scffltg%ggﬁsggé ﬁgzg g%@%lﬁ%rﬁeé\%t@ tRekificlafOxide two

tr ought into contact and a
slight pressure is applied so that a bondi ng wave is

e 5058354441 6 -S05E993 RIS Ra 15 B DRE8 cgane 09, ooy
a gaseols toxitation Xbr 28arhpleassiry an beygetnop!fasmm oha ttmrmad:pmdanon step. The
oxicR g GHER, oL B 1At Rl OTlRe nE SfogP Bt plargunicn is usually

unknbWe, Bituaet it hn tdxRieadf dwrestoebisibwesy. Ihihetsase of silicon oxide, the
substrates 21 and 2 about a facior of

3 1 .
naturabOTG RS- 6 IWPRHERIO IO 10U tE CxReligh seno s Flice! oxde laver 7
has f@f&iﬁgsssahasg 051 AN &chIa0BsS st 1oviAes from whi ch

e native oxide |ayéer had been renoved and not an
artificial oxide layer. Table 1 illustrates these

The tr&sforiationardm thd hAREEAdeERBUAE BHtificial oxide can be verified using standard
analyzing techniques, like XPS (X-Ray Spectrometry).



Bondi ng Energy room tenperature (nd/ n2) Exanple 1

Hydr ogen Helium 250W 10s 50% He 18 3 Exanple 2
wdohdo/egasy Hel i um 250W 10s 68% He 15 2 Exanpl ep@r/i1B2009/000141

Hydr ogen Helium 250W 10s 95 2 Exanple 4 Hydrogen Argon

250W 10s 50% Ar

The modified semiconductor substrate 1' is then placed into a reducing atmosphere 9 ‘(see
Figure 1c which illustrates the final result of the next process step). This reducing step leads
to the chemical removal of the artificial oxide layer 7 so that, in the end, a further modified
semiconductor substrate 1" is achieved which presents an oxide-free substrate surface, thus

essentially without the presence of Si-O or Si-OH bonds.

The reducing step to remove the artificial oxide can be realized using one of thé following

treatments or any combination thereof:

According to oné alternative a liquid treatment, in particular using an HF treatment', is carried
out to get rid of fhe artificial oxide layer 7. According to a second alternative a gaseous
treatment, in particular a 'chemica|ly reducing plasma or a thermal treatment in a reducing
atmosphere, is applied. When using a chemically reducing plasma, it is preferable to
combine the gas, which has the reducing role in the plasma, with an inert gas plasma, which
protects the substrate surface from unnecessary material removal. As a consequence the
~ surface of the further modified semiconductor substrate 1” remains smooth. For a silicon

substrate an argon/H, plasma treatment lead to optimized results.

The artificial layer is removed from the main surface in case of the plasma treatment. In fact,
the ion bombardment coming from the plasma acts on the wafer front side, as defined
above. The backside surface is typically protected from the ion bombardment. In case of

liquid treatment, the removal can occur on both sides like illustrated in Figure 1c).

The oxide-free surfaces achieved on the semiconductor substrate 1" have superior
hydrophobic properties, thus surfaces preventing a regrowth of an oxide, compared to
semiconductor substrates from which the natural oxide was removed. As a consequence,
using this superior substrate 1", it becomes possible to obtain improved starting substrates

for the subsequent fabrication processes.

Figures 2a and 2b illustrate one inventive application using the improved semiconductor
substrate 1”, namely the direct silicon bonding of a silicon substrate 21 with a (100) surface
and a silicon substrate 23 with a (110) substrate. In this embodiment, both substrates 21
and 23 have been treated like described with respect to Figures 1a — 1c and, therefore

present hydrophobic surfaces 25 and 27, which are essentially oxide-free.



4 1 inventive Exanple 5 Oxygen 535W 10s H Ar 250W 60s
18% Ar 240 46 inventive Exanple 6 Oxygen 535W I Gs
wWOH£be/1@390W 120s 18% Ar 185 .35 I n the tabl e, rd®IB2009/000141
bondi ng energy is representeed for different reducing
pl asmas treatnments. The nethod used to determ ne the
bondi ng energy is the so-called crack-openi ng nethod,
described in detail in Q-Y. Tong & U
GCsel e, _"Sem conductor wafer bonding: science and
As a rﬁeﬂ@ stepl thg o spbgeited) ah823.ard I’meougiﬁﬁrﬁo wventachandialslight pressure is

d, f
soplicge = e RSP A 1 osRe g ST SFreiel Sfo TR itertace
betwedhaMé 496 stbstratedR thERIbY AttabR te o §L£Hstrﬂh§s0211 t23&oeash other to form
bondi ng ener gy results have been achi eved. As can be

the diegcb Ropdd e SEPEEAE 294 which are exanpl es that were
not treated according to the invention, a bonding
-energy in the range of 4- 18 mJ/ n2 was observed. For
It waseglbsaived ttait 4l bending gnetgyatfuisr eraperay whichi ehasagtedzes the strength

of theg%}k‘bscfhgr%rniygw&nf 855(%/035{%9%3 €4t %lﬁ?&ge{\}ﬁs %Buf:é”féét&dof at least 10

secon rans orm the natrve oxide
highearcoapgaréd doatheobending erdezgiea of direct bonded substrates achleved from
substrates from which the native oxide layer had been removed and not an artificial oxide

layer.

Table 1 illustrates these resulits:

Sample , Plasma treatment Bonding Energy
_ room temperature (mJ/m?)

Example 1 Hydrogen Helium 250W 10s 50% He 18+3
Example 2 Hydrogen Helium 250W 10s 68% He 1512
Example 3 Hydrogen Helium 250W 10s 92
Example 4 Hydrogen Argon 250W 10s 50% Ar 411

inventive Oxygen 535W 10s H/Ar 250W 60s 18% Ar 240 + 46
Example 5 A :

inventive Oxygen 535W 10s H/Ar 250W 120s 18% Ar 185 £ 35
Example 6 ,

In the table, the bonding energy is represented fof different reducing plasmas treatments.
The method used to determine the bonding energy is the so-called crack-opening method,
described in detail in Q.-Y. Tong & U. Gésele, "Semiconductor wafer bonding: science and
technology”, page:.25, 1999. The tests were actually carried for each kind of plasma
treatment for a number of different time durations. However, Table 1 only provides the

 experimental results for which the best bonding energy results have been achieved.

As can be seen for Examples 1 — 4, which are examples that were not treated according to
the invention, a bonding energy in the range of 4 — 18 mJ/m? was observed. For examples 5
and 6 treated according to the invention, thus for which first an oxygen treatment was

carried out for 10 seconds to transform the native oxide into an artificial one and then a



WO 2009/ 101494PCT/ 1B2009/ 000141 7 hydr ogen ar gon
pl asma was applied to renove the artificial oxide, the
whmndiongoener gy was between 185 - 240 md/ nR2. |WCT/IB2009/000141

concl usion, using the inveritive nethod to provide an -

-oxi de-free sem conductor substrate surface, superior

direct silicon bondi ng bonded substrates (li ke the DSB
hydroé%ﬁgg@tﬁagr%é%str gp;ﬁ@a'tgr}gﬁmogﬁg I us?glf?ﬁ?'egl%ﬁﬁ {hg bondmg energy was
betweent188i-n240 mdfmt.he i nvention directed to preparing a

strained silicon (sSi) on insulator sem conduct or

substrate, using the nethod illustrated in Figures |a

In conclufort, @splttak fin@!htuOéMﬁod [cﬁﬁro%ldfef@ﬂ@mdefiﬁeefsdrﬁ“boﬁdtﬁi@or substrate
consists in providing a silicon substrate 31 5

surfacg $UPETIa GG %mnrmr@mgoramd&gép platep 4 the aubstrate 29) with a

, hlghe hdrffitg g\hérg yaheafmEhge according to the invention,

us turning the natural oxide into an artificial
OXI de and then removing it (see Figures la - 1c) or

Flgur%@ éah % H’l[l%ﬁ%teai fhlr%wﬁgﬁ}s&f%é Mehflors 4ty E)(?p%éiaﬂgg a strained

) a silicon germani um
silicorl (aﬁ@rorﬁ@sulatqmrsemm;tmxﬁuotoensubstteateemumg)ttmmtethodslhmmalted i Figures 1a

ure he buffer |ayer 33 the germani um
—1ct%8R{agh$no eéﬁfé“e sun%qq Chearly or by steps - to

progressively change the lattice constants in the -

The f%i];s];f%);pgnﬁy %aﬂg’ gfﬂvuﬂgi%&glgc%tnlr ﬁg%e%t@e% C{a]a grom which the oxide

layer K& bESPRIMHSVED efth& @Fﬁﬂr@ I‘Weﬂﬁ)@ éc%b?dm‘g?td?ﬂiéslhaéﬁtloﬂt tHu&urning the
surface of the buffer |a 33, a relaxed s

ili
natur@@xﬁﬁﬁntemn arjibeiakaxids and 1168 rgEIOVAGIILPEBATIQWRE Tar- 19T With a prior
“art methdd @63 K@rm §ﬁ1 g rﬁ@wp tHeehatliAY 8%ig8. | nterface 36

t owar 35 I's grown (Figure 3c).
Then, a stralned S|I|con | ayer 37 is deposited on the

re - VR
Then, a Lle&q‘gger?%aq{ lf l{ﬁF 'r@efﬁggg Ulfe ée@ %gﬁ{éénden%gl?tor substrate 31
(Fi |gura rwer Iryﬁhegbdffey tayer 88 ﬂ)eegierhmp&rm 8bntemhinsrdasger lidgarlyasr ba/ steps - to
e_] const% tt f nt, to %?e one of
prograsaehishaBBR e ik wdtibtarts, fuhe Bufibt ekt 4 mes "o ot .
The strained silicon Iayer 37 is typically grown to a

hi ckness of about 2 illustrated in Figure 3e
SUbS%UEP%ePQF% Hed d§}§|’?$ t 9‘?{5“%'% sonteat thasn b@@@a{%ﬁfhed and  which

correépBﬁd@'Qo té"gréd@téﬁ‘rﬁﬁ’eé'Iéthé‘é’@oﬂﬁéﬁ‘[‘iﬁi tHB kansde 3P theTIB'uﬁet‘ fayer 33, a
achi eved | anting ions (e.g. Hydrogen and/o

relaxerkclioom desme lqnmay@gﬁmvn@ toe iggrmaniugl cordent <pfat;1@rbu§er layer 33 at the

buﬁerVQe%gQ&/eﬂfgéé' 9% ?&Jérﬁ@%ﬁ@%%@%’ﬂe&S is grown (Figure 3c).

Then, a strained silicon layer 37 is deposited on the relaxed layer 35 (Figure 3d). The
strained silicon layer 37 adapts its lattice constant to the one of the underlying layer relaxed
layer 35. Thus layer 37 has a lattice constant which is different to the one of natural silicon,
which leads to its strained state. The strained silicon layer 37 is typically grown to a
thickness of about 200A.

As illustrated in Figure 3e, a predetermined splitting area 39 is then created inside the
relaxed silicon germanium layer 35. This is achieved by implanting ions (e.g. Hydrogen

and/or Helium ions) through the strained silicon layer 37.



Subsequently, the obtained structure 41 is attached,
in particular be bonding, via the surface 38 of the
waraaitenegk si | i con |ayer 37 to a carrier substrtBIB2809/000141

(see Figure 3f) to thereby § orm a donor handl e

substrate 45. The carrier substrate can be any kind of
substrate, in particular -a silicon wafer. Here, the
carrier substrate 43 conprises an oxide |ayer 47 on

its surface. Subsequently, a detachment step is

Subsé@fdritl?dhéldibtainsémgtnﬁ:tgre 41 Ishattachéd, on partlafatahaeibfoablng, via the surface
ar men

re thereof 0
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together with a part 49 of the relaxed sjlicon
a S"'CQQrW?éﬁf tere.dhe carpsr substeate 48/FORPSiERR AR OYI08ilRY S Yhits surface.
insul ator substrate 51 (Figure 3g) still carrying the
part 49 of the relaxed silicon germanium | ayer 35.
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-achieve a thicker strained silicaon

is theg pmpxpd oWy & PP Bgatained %'ltcor‘soy“r@%@%@éﬁybﬁt@te 51,
remove any silicon oxide fromthe surface of the
strained 'silicon layer 37. To do_so the inventi
For caéann@ppa@atwegcmebsé@wﬁd pilipars lgwer 37 withiitghickness of ab%it 200A is not
SUffIC etﬁ? N8SE B%@Jdﬁgéq n rﬁ?o Sk ah ford QQ%'an l%‘Mcon layer on the
ncor por a y Fore is carried out I rst
stralnedtsllmen tayied 87 o ebtam agreater thickpess &fthe §tralm|edé@blarnt o an
artificial one, which is then renoved. By doing so, an
I mproved hydrophobic surface is created on |ayer 37
To aghieed « aickdrestrainsd siliedont lagest53r Wlthlga |serffaient oerystalline quality, it is
t hi ckeni ng the straine |I| er oht ai n,t.he
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Met hod for preparing a surface of a sem conduc
whuchs isoBet r@p@a@dnaﬁa'%mg inoeErptegsbinfeferencexisyear r'ﬁ‘g °t“|t1eF irst the native
ox:d rrefsél CollstrhibiGres 81 IQQUﬁié‘at |9fo §th?ﬁﬁcﬁél%r(e1)/vrﬁt91 ish@efiemoved. By
ans ormt e natural Oxide (5) into an artificial

don_ngps«n i:4) umpv@wwdappmmeuﬁgcq Isecraatepfanclager d% wiich(gan then serve as
the s@f@%&él?ﬁﬁ@ﬁc&ﬁwﬁ?ﬁ?é ag}%g%lc]@ﬁ I%e‘??o BHQ% fh%”?nal substrate 51" with
a thiokedsteaingd giisorplagem®3.and an i nert gas pl asrra and c)

attaching, in particular by bonding, the sem conductor

substrate (21) with its oxide free substrate surface

(25) side to a second sem conductor substrate (23).

2. Met hod according to one of clains 1 to 5, wherein

t he sem conduct or substrate (1) is a



Si (110) or a Si (100) substrate or a Si substrate

wth a SiGe buffer layer and/or a Si Ge rel axed | ayer
w@toosvisiuyai ned silicon |layer. 3. Method accor di wgr/iB2009/000141

claim6, wherein step a) i9 carried such that the

artificial oxide (7) is stoechionetric Si02. 4. Method

according to claim9, wherein the second sem conductor .

substrate (23) has al so been treated according to

steps a) and b). Claims

Method for preparing a surface of a semiconductor substrate comprising the steps of:

a) oxidizing the surface of the semiconductor substrate (1) to thereby transform the
natural oxide (5) into an artificial oxide (7), and '

b) removing the artificial oxide (7), in particular to obtain an oxide free substrate
surface ('11) with a reducing plasma  comprising a reducing gas plasma and an
inert gas plasma, and

c) attaching, in part.icular by bonding, the semiconductor substrate (21) with its oxide

free substrate surface (25) side to a second semiconductor substrate (23).

Method according to one of claims 1 to 5, wherein the semiconductor substrate (1) is a
Si (110) or a Si (100) substrate or a Si substrate with a SiGe buffer layer and/or a SiGe

relaxed layer or a strained silicon layer.

Method according to claim 6, wherein step a) is carried such that the artificial oxide (7)

is stoechiomet{ric SiO,.

Method according to claim 9, wherein the second semiconductor substrate (23) has

also been treated according to steps a) and b).



