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1  Sem conductor wafer and process for its production
The present invention is related to a | ayered

sem conductor wafer and a process for its production.
5 Prior Art SO wafers ("sem conductor on insulator")
conprise a substrate wafer ("handle wafer" or "base
wafer"), generally consisting of 10 nonocrystalline
silicon, a layer of an electrically insulating
material (the so-called "buried oxide |ayer”, BOX) and
a superficial |ayer of sem conductor material ("top

layer” simicod@ubess! AYALr )ak® MoTed B8 610, pbl&ltion
represents the so called active layer that i prOV|J%d
for the production of 15 electronic conponents. SO

Ted g Se Lt RevRBRYbACEYr 26 bYeyald QUS NRLBAASemFEE SEl dhor
a wdely used nethod is to transfer a'thin |ayer of

it &t BFOCREFefPAl 113 R AL HSHS -waf er to the
substrate wafer. Prior to 20 this transfer, the

Eurfagﬁghof the donor wafer or of the substrate wafer
or- o re oxidized in order to formthe insulating

| ayer. This nmethod is referred to as "layer transfer"”.

on R_insulating |layer, can be directly, formed
Lo A o teftutar cnariilaforil SREPEL S guibstrate
wafese | Nthen2deonefet”i tvs Swudacescartd, agerakbhnyy tdensisting of

. quently in_order_to, for . .

RO SIS 55 2r085 € Y G BarRee o fpaneniating
Rt fiialst(tivet Rodcél garbumirst e)idies legsti'y B tandvar K

| . (Y} Cess i.S I L.developed for ,
S Tor R PR p P e e A R PR o
‘WHawasatlaver”s eapeoadued orlseddtice ghlichumepresémss ((@aN)so
Zd NG P%icde vEZA r ﬁﬁv‘?” | 0 ort
active Laygr. %%??h%?%%?%{ It Fgal?ﬁ%t%@gtéggﬁhééaoniy%
SlafteondGecorraaeeEfal s for which bul k wafers 35 of
appropriate dianmeter exist which is however the problem

for 2 _many interesting materials |ike silicon carbide
%Q% @?fe§§|ppanpe manufactured by various methods: Firstly, a

widely used method is to transfer a thin layer of semiconductor
material from a donor wafer to the substrate wafer. Prior to
this transfer, the surfaces of the donor wafer or of the
substrate wafer or both are oxidized in order to form the
insulating layer. This method i1s referred to as “layer
transfer”. Secondly, an insulating layer can be directly formed
within a silicon substrate wafer by implanting oxygen ions into
one of its surfaces and annealing the substrate wafer
subsequently in order to form a silicon oxide layer. This
method is called “SIMOX”.

The first method (layer transfer) is costly due to work
intensive process steps. It is well developed for silicon and
within limits for germanium but not for alternative
semiconductors like gallium nitride (GaN), zinc oxide (Zn0) or
other materials to be used for the active layer. Furthermore,
it is limited to semiconductor materials for which bulk wafers

of appropriate diameter exist which is however the problem for
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arsenide (GAs) or galliumnitride (GN). The second
method (SIMOX) is [imted to materials for which 5 bulk
waf ers of appropriate dianmeters exist and ion

i nplantation and formation of a buried oxide |ayer by
post inplantation annealing steps is feasible. It is
cost intensive due to the required equipnent,
especially for the ion inplantation, and the |ong
processing tines. 10 Subsequent deposition of

het er oepi taxi al buried oxide and sem conductor |ayers

hy2 i$tleirGQR i fﬁﬁt@fﬁﬁié“ﬁfkérgﬂfic%ﬁtEggblgé %}%ﬁ allium
manuf acturing SO wafers, as for exanple descri f of

apenige /f%ﬁégﬁﬁagaﬂ%{% nitgiidgydGaMe-in the papers H.
J. Osten et 15 al., "G owh of crystalline praseodym um
oxi de on silicon" Journal of Crystal G owh 235

hepFEronshgiethod 4 (SO chﬁflékﬂ&ed ép Bpterigmly (jQurdiich

BuMk RiaFe riee Bav bpprogith d MErFrrER rsCoRResi 1@ implantation

al . Si fllns on hex- Pr20G3(0001)/Si (111
R B Sbie > Dbt eihl SO oAdGIPEd DPhpS T St g at Lon

E(Tﬂﬁ@ﬂ)l;ﬂglllgﬁEﬂJB 1s- FARREI0: 6. ItThisS c&@lth@ﬂtéMixkkﬂQﬁle to fthe
| taxia |t| an .ins ayer, consi sting o
Prasé gyﬁﬁé g?ﬁ ?ﬁf%;yh&% ghﬁl %?y%TQ&aQQQFﬁﬂﬂurénd
ue) aonglpmooassmbgttﬂmasmafer and subsequently a

silicon |layer on the insulator |ayer. 25 WO03/096385A2

discloses a simlar nethod. It mentions cesium oxide
Subserpendl daposunion tafl detEAbNpiaadibanthanednadiuE mindm

1@%nﬁh@@%gﬁiﬁggﬂgQ&$El@fﬁld%% % I?éggﬁggcﬁblclfd method

“These nateria ave latti¢ce cons
ofr penalfastnusnar 881 3 idmsse atso fomosgamplsidémmnibed for epi-

sIer/n%&agehsi' Blso,l kﬁeL. %%nscm e pﬁggrgo adaptthe .

lattice Constant™ of t tor laye
adver PRy tienf convviot brideaypmaseedymisn| pxbre ger mediicnn”,

j@u@%ﬁl gEttQQQEQY GfbﬁéH'bjSaW%bO?ﬁ,aggﬁthE§4%%kf%onSchroder

oxi de” can grown at the inferfate between t
&4 Bileon' §EE§FF5¥%rvﬁﬂ¥ﬂﬂ¥§§'@ﬁ@th@rep@@@x4Qﬂ¢%face

depesiitedn PFULBL OIx1AY e AY 13 thenBBb, 3nex—
Pry,03(0001)/8i(111) support systems”, Journal of Applied Physics
98 (2005), 123513-1 - 123513-6. This method includes
epitaxially depositing an insulator layer consisting of
praseodymium oxide having a hexagonal crystal structure on a
silicon substrate wafer and subsequently a silicon layer on the

insulator layer.

W003/096385A2 disclosés a similar method. It mentions cesium
oxide (Ce0z}, aluminium nitride (AIN) and lanthanum aluminium
oxide (L.aAlQs;) as materials for the insulator layer. These
materials have lattice constants and cubic crystal structures
clese to those of silicon. Ternary materials like LaAlO; can be
used to adapt the lattice constant of the insulator layer to
the overlying semiconductor layer (e.g. silicon-germanium,
S5iGe). Optionally, a thin layer of amorphous silicon oxide can
be grown at the interface between the silicon substrate wafer

and the epitaxially deposited insulator layer by a thermal
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treatnent under an oxidi zing atnosphere. This |layer is
preferably fornmed if a dielectric having a | ow
dielectric constant is required. WO03/096385A2 does
not recite any further effects of this silicon oxide
layer. 5 It turned out that SO wafers according to
W03/ 096385A2 have several disadvantages when they are
used as substrates for the prpduction of electronic
devices: 10 The adaptation of the lattice constant is
only possible in a very |imted range: La203, LaAl103

2neh k23 e dhf bRIQDEin ré%ﬂéﬁph%&%qC@Hﬁgsiaﬁégoﬁbhas

a cubic la-3 crystal structure whereas Al203 has

RIGHFTGYs feg@edr 61 vkt #t Rt r Biyinbatiype WheRw Bbelectrice

@xidestane Fex@dred. Vo B Yo efs 3 Uekyr 88+ 88 {8 AR, further

dependi n o%,the,La/Al ratio, e.g., LaAl03 has a

%§$%v§kfgép PkELSEFOR WP YV R-3nR symmetry at room

tenperature. Due to the different structures it is not
ossible to m a an A1203 in any desired ratio

B ST, o Ehaf EOT LR R hapg LexTaRs AHeESA2 have

grareedk idii eabivkat syesiothuge 0y aexi skedf a6 babMN r2bs for the

ratjos.from.about 0.8.to,about 1.2. In addition, this
%ﬁ%ﬁﬁgiﬁpg 0;3628Ft§?ﬁ%%uﬁ%§%?ﬁs'epitaxiaIIy depositing
nmonocrystalline cubic sem conductor materials thereon.

C .decqupl { f. the buried _oxide |attice from

I{}%e%ﬁgb%éi%ﬁggoﬁgsjﬁ g?lraa W SPESaPh das %%Jtyg%‘ﬁsé‘:r%’[]ieoﬁn a

wOryoyimiseidt ragge ai besfad BIALYs thdr ARbOsrharat dhf deeetto
iffere ' cqoeffjcients, of. the

ETar s TR Phe hef brg TAf i off TeS¥ Bedaeplooppuotore

Whereas Atf@ctiasesarnsdin i cuoorre ki thoRAEH epmmet the When

od%h SkiUCLULES flkéa 4 REHTRIy BEPLR0LE0, A0NGALING as
wel | as cooling down cycles) in the production o t he
dsperganer casthel b2kl dintilsy sr6cesbpAgOofhasCadpeirceskite-

1ihe ishsubates %ﬁﬂ@ermﬁhtéy%mEQEQ dik&éﬂn@gmﬁg dG8%. Due to
xi de | ayer together provide insufficient i'solation.

t%ﬁi faki aFepki HeE I il 5 RogeReFalbFatermit g#20s and

Higakage seiyr ertiscdueat fo theort 0 alpsence, 0f @l 8hlscibility gaps
boundarhes mhlchkare per pendi cul arly oriented

exist. The perovskite-like structure only exists for La/Al

ratios from about 0.8 to about 1.2. In addition, this structure

is not suitable for epitaxially depositing monocrystalline

cubic semiconductor materials thereon.

Incomplete decoupling of the buried oxide lattice from the
silicon substrate resulﬁs in defect generation a) by misfit
strain and b) by thermal mismatch due to different thermal
expansion coefficients of the materials in the hetero-
structure. For example, the latter effect results in microcrack
formation in the SOI structures during thermal ramping
(annealing as well as coocling down.cycles) in the production of

the S50I wafer as well as during processing of IC devices.

The insulator layer and the thin additional silicon oxide layer
together provide insufficient isolation. Epitaxial oxides

exhibit in general rather high leakage currents due to the
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with respect to the current path and bl ock that way the
| eakage current. Thin anorphous SiQ2 | ayers are al so
not efficient due to thickness values in the reginme of
di rect tunneling 5 phenonena. Thicker Si Q2 | ayers
cannot be achieved in every case - and only if the

waf er is annealed at a high tenperature. This,

however, degrades the crystallinity of the epitaxia

oxi de layer and thus destroys £he basis for a perfect
grow h of the superficial sem conductor layer. This
becones evident 10 because a "repair anneal” is

ssarmented Lokl 0WLAga s 4 dRtdQN 34 eRndicularly oriented
W03/ 096385A2, gage 5 1line 16). Furthernore, a
ELiTSETEG Tt 6 TBE EWETFhE ?3 b it ArlocHehibiti eayithe leakage

E@EpHTed THan amak%nbﬁ&@i@} h&yEkgah kg2 Podyn &f feehis it due
t he buri ed OXIge y, parasitic charge trapping effects.

4% PHGHTETSt J2pECE ol b eth THE By ©f Birgchntsbpekingf
ﬁﬂuﬁ?méﬂﬁenEhEﬁkeﬁéfﬁmhtﬂéy@&@vgaﬁn@t §@b§%ﬁfﬁﬁé§‘¥h %?%ry case
pr.oduction, n sem conductor on 20 jnsul ator
stﬁ’L#ét%rlg i Eﬁea?’%ﬁé B Ay sk edi B PyIRot et ture.
Thies,| alotviecerdi degsaons oie thg/duaguliater bayeke f@fiddieial
integration _of either fully rel axed or strained

CEdadaet 810 FAyRreXoiaiL 1Aty "6F18 JaFi etybrect arowth of
et enipgirS iniah héghcomtwystadt lliayerquahiibybeténds &rident

r _ohj .10 |eve 25 sufficient lattice
g ecaou%I iangjrgéél%n%%ggéfonl%eﬁe\ﬁé)gﬁlepﬁlsg g%ﬁi%%ﬁb%c?ber
dxiyat igndsthe $UBS3/AYe384Hr palre Oxildeesléuctmuechdrsiore, a
hnter . W the Si.su e can he .
%¥§§¥%§eﬁgﬁgg%%réfl%@§g§ﬁﬁéé}apreggﬁg i%%ﬁéf%%ﬁFi%ﬁeﬁﬁ%ﬂﬁged to
gvpyisk hywitehepar ahbearnagmdpritdfecttoint blee desiiel oxide by
ARl €3kl PRa 30 é%ggggﬁ@(gfgégﬁﬁ nvention The present

invention relates to a sem conductor wafer conprising
the followng layers in the given order: 5 - a

PRRIGhY shabli B§1vadpstrate wafer 1 consi sting
essentially of silicon,

Therefore it is an object of the present invention to provide a
substrate for the production of an SOI (semiconductor on
insulator) structure which allows a high flexibility to adjust
the lattice dimensions of the insulator layer for the
integration of either fully relaxed or strained semiconductor
layers consisting of a variety of materials with high
crystalline quality. It is a further object to achieve
sufficient lattice decoupling and insulation between the
semiconductor layer and the substrate wafer. An oxide structure
is needed whose interface with the Si substrate can be
precisely controlled by the preparation of an interface layer

with parameters appropriate for the desired application.
Summary of the invention

The present invention relates to a semiconductor wafer

comprising the following layers in the given order:
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- a first anorphous internediate |ayer 2 conprising an
electrically insulating material and having a thickness
of 2 nm 5to 100 nm - a nonocrystalline first oxide

| ayer 3 having a cubic la-3 crystal structure, a
conposition of (Ml 203)1 x(Me2203). wherein each of

Mel and Met is a netal and wherein O <_ x :- 1, and a
lattice constant which differssfromthe lattice
constant of the 10 material of the substrate wafer by 0
%to 5 s. The present invention also relates to a first

r f.a onduct or. waf e
B2 S 00, B8 Rl St o
it veeoor der: 15 a) providi ng the substrate wafer 1, b) -

£s LA A lahAZpORISt iRge e 1St AK.09 | aygl ;2 80 2
| east one surface o str e waf er I, "afd f}l
tHeeel 93 1ty dasiAg ting me@ettahganchyvewe@gvvaf emohniessamf 2 nm
& MsPher e conprising oxygen with a partial pressure of

10-6 20 mbar to 1 bar at a tenperature of 200 to 1000 C

T MG YEEGLLangufésstt peiddylfmmidngavhedf aretbic Ia-3

HHTOUS: duirereedia un t
ST oy Ak Bnb Y B Lo O (A, BOUNIALY, OFL"ghBrein

THE i vl Rt HeEher #eretes ans arheé@eﬁdop%oée%slx ond a

et actdonstanth@hs el §oneied oronafigle qg%@ﬁbgegoﬁg¥ﬁﬁ% of the
r|S|n the follow ng steps in th

rb%ﬁe‘?tlag'?%%f%h%?n‘g‘%ﬁ-’ﬂ fg iR fubst Fate \?t/a%er 1, the

substrate wafer having a crystal lattice orientation
ﬁ_[ % .30 b Flthlally%gposnlngaflrst oxi de
a%/eo 1gvepgis tof 2t hér8hpR¥PeRe for

uﬁadhur&hg thesbethﬁhﬁﬁébdﬂ wdkerhavkngiBeHexagana
C al, 1 a.conpositi,on of |
?%%f tf’ g?&?yl%e K5ty elélcljf%gf INEF A RE2 i s a
Metdovandngwhbeebnb St xatke Galferand a | atti ce const ant

ifhter he .| at const ant of/:she
t

& glmo?E ?hé&g%gﬁé gthv\%ffelrrs Oxéa ?%y%roq YhPte)yteast
arirersvalflyet péathags et ragtsu lwaifeg Ilayendd waf er under an
e) thermally treating the resulting layered wafer under an
atmosphere comprising oxygen with a partial pressure of 107°
mbar to 1 bar at a temperature of 200 to 1000 °C for 10 to 100
minutes, thereby forming the first amorphous intermediate layer
2 at the boundary between the substrate wafer 1 and the first

oxide layer 3.

The invention further relates to a second process for
manufacturing the semiconductor wafer described above, the
process comprising the following steps in the given order:

a) providing the substrate wafer 1, the substrate wafer having
a crystal lattice orientation of Si(111},

b) epitaxially depositing a first oxide layer 31 on at least
one surface of the substrate wafer 1, the first oxide layer 31
having a hexagonal crystal structure, a composition of
(Mel1203)1-x (Me2;03) x wherein each of Mel and Me2 is a metal and

wherein 0 £ x £ 1, and a lattice constant which differs from
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at nosphere conprising oxygen with a partial pressure of
10-6 5 nbar to 1 bar at a tenperature of 200 to 1000 C
for 10 to 100 mnutes, thereby transformng the first
oxi de | ayer 31 having a hexagonal crystal structure
into the first oxide layer 3 having a cubic la-3
crystal structure, and thereby also formng the first
anor phous internedi ate | ayer 25at the boundary between
10 the substrate wafer 1 and the first oxide |ayer 3.
Short description of the figures Fig. 1 schematically

Eho UBLEAIES Arddetle %%beg%l Ci a?rojr at gjref ?‘&ﬁ@&?m&e ofafer by

i nvention wherein a Supe
Qefi tdnddot cindmaterial is deposlted directly on the

§Préﬁ€¥héﬁly'%r%%%9ﬁ% Qﬁbdﬁeé§W%¥ E%%gdngﬁ e upder an

schematicall y illUstrates a Secont
PrRREMC I \FOTHTd S ie PEYASR Wiﬁh(ﬁ @ﬂﬁd@aﬂayeESEQre of 107°

£h§|1§:§|1n%a@f atNgs%QWpégh@QLe@tof %OtOh%OS%%%Bd gxﬂ‘:‘gf 10 to 100

Xer 4, wherein Me5 1s a net wher ei n
Fierorhed by ttﬁénséeéwl%xﬁfcm fﬂraf)tepxdfde%a?eg 38 having a

ﬁé&&ﬁbﬂdﬂfdﬁ%é&aan%rﬁ@EEr§|ﬂ@ﬂﬁ&ﬁﬁsfQ&%tA%XQEeV§£%@¥SB having

cubi met al_ oxi des_having |la-3 symetr

i h‘"éﬂft}rﬁt el IcréﬁsﬁéﬁsFBﬁsc%‘fr%rulﬁr@ W@aﬁdagﬁ@r forming the
fﬁﬁéﬂIaﬂdiph%@thgte5m§BQ@§etigydflblhts%EEaBSuH&éf¥f%%ﬂween

mensi gns various_cubi c netal oxides having
(P eky Motk L cadR GWer T SC00B IR CobrTaERS uni
cell dinmensions of 35 hexagonal sem conductor
tiofi of the invention

terials. .7 I aaf i
éﬁhﬁ%lﬁ%sﬁféPgﬁPﬁdOf ﬁg%d$ 51nthe first step a)
(Figs 1 and 2), a nonocrystalline substrate wafer 1
essentially

r,ovl ists
|Olle ((::g%%s% 5 ?%23’ ?f%%t}f:atﬁﬁefaelféﬁﬁ F?be%%?%‘i Lhfthe
Rﬂbsﬁﬁ¢01nkeﬁt@©slWhe:munmﬁwangmnfﬁeﬁamlyapér98 o0 skGg of a

opg%?gﬁgFogﬂgaFé¥P§£rfg éMgs %egaél gP£§Sgﬁth%l§¥¥¥ace of
a second oxide layer 4.

Fig. 2 schematically illustrates a second embodiment of the
present invention wherein a third oxide layer 51 consisting of
Meb5;0, adjacent to the second oxide layer 4, wherein Me5 is a
metal and wherein 3 < w £ 4, is formed on the second oxide

layer 4.

Fig. 3 shows the half unit cell dimensions (in A) of various

cubic metal oxides having Ia-3 symmetry.

Fig. 4 shows the unit cell dimensions of cubic semiconductor
materials.
Fig. 5 shows the (111) surface unit cell dimensions (in A) of

various cubic metal oxides having Ia-3 symmetry.

Fig. 6 shows the (0001) surface unit cell dimensions of

hexagonal semiconductor materials.
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10 generally known in the field of silicon technol ogy.
The substrate wafer 1 preferably has a crystal lattice
orientation of Si(001), Si(lll) or Si(110). According
to the present invention, a nonocrystalline first 15
oxide layer 3 is epitaxially deposited on at |east one
surface of the substrate wafer 1 in step b) of the
process (Figs. 1 and 2) . The,first oxide layer 3 has
a conposition of (Mel203)1 ,(Me2203), wherein each of
Mel and Met is a netal. In order to guarantee a 100 %
mscibility, it is preferred to use netals 20 Mel and
Met whose oxi des Me1203 and Me2203 have la-3 symetry.
T fidssbidgsceapiiiofi | thd difbshtiinag andr €heaptoreriad
gasition nmetal, nost preferably, Ml is

%?gggg%yn%un1and Me2 L is yttrium Pr203 is about 2 %
too big, Y203 is about 2 %too small with respect to

il ey T, e o oo T
HHrErsitongagR TSI | iFuP¥¢E¢¢ﬁ#&aWhuchotbessstheeaﬂamﬂﬂ&&ﬁy of
dhanrd oy S%QlEﬁgngﬁfgcéﬁt%ﬂ&ﬂﬂ%ﬁ@ﬂaﬁéfdegﬁggség o%é%)

"|nterna Xxygen reservolir escri

14 $t e Ldropel Bare HowRberably ifs 98s 3j tiot 18R e? exbhita@ ofThe

éﬁﬁﬁﬂfﬂtep9§§b?|hh§|@émpﬂigé'tﬁ@?%sﬁa%odéﬁghﬁé'ﬁ tﬁﬁ%rltles
ua

i ne uallté 0 <- X <- preferably t I ne
genergilyngnpyYtadaptady %H%Miﬁﬁhﬁlﬂﬁéopatﬁch@ob@mﬁtéﬂﬁaof

sidlﬁtrfa*téshaﬁéh:dﬁ byEsrabd) tHer g t:'i:gg‘:yﬂeleli@lt,ié&%rlentatlon
constant of th material of the substrate wafer 0 %

Gl =5 (G lﬁ)ref‘;élf%tiaﬁ/ ot 951 13D -05 None of the oxides

meets perfectly the lattice 35 dinensions of Si. Only
an be matched perfectl 8 Preferabl

R TRtP o, s Papie T HHS T L £ or B EORPORTEI GRE st

didie aayﬁrfarﬂmlé@itéﬁiiﬂﬂﬁkﬁ@bsd@é@s§nléﬁ B4 &ne surface
i.S also SSIb e to start

téjlt nredi aPelgtr% vvl‘f%f chorﬁ%sﬁtﬁpo gPad lé%tpr%ee?serg&%? 1 and
2t)he Thhi fkne’ssomidé heaydi risthagxiedeohpy et t Bon Somt Meel_§6§
SR e B icRn Bkt SRR i e Cr?fpaegdfaf to
qmm§a9ubstaal@OwaﬁexsqibmeUys @@01$ prefdifd drd erdeatmedals
Mtelieaghrﬁé2 0%1119§9|@}¥j?c[e53 l\ﬁﬁ203 &nd MeZ,03 have Ia-3 symmetry.
Preferably, each of Mel and Me2 is a rare earth metal or a
transition metal, most preferably, Mel is praseodymium and Me2
is yttrium. Pry;03 is about 2 % too big, Y,0; is about 2 % too
small with respect to Si. Therefore, this mixture allows on a
50:50 basis, i.e. (Prz03)o.5(Y203)0.5, to meet the lattice
dimensions of Si. Furthermore, it offers the advantage to end
with Pr;0; and integrate by oxidatien the “internal oxygen
reservoir” PrO;, which is described in step d) below. However,
this is just one example of several possibilities. The index x
satisfies the inequality 0 £ x £ 1, preferably the inequalityro
< x < 1, and is adapted such that the lattice constant of the

first oxide layer 3 differs from the lattice constant of the

e

material of the substrate wafer by 0 % to 5 %, preferably 0
to 2 %. None of the cxides meets perfectly the lattice

dimensions of Si. Only by mixing, it can be matched perfectly.
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epitaxially grown directly on the surface of the

substrate wafer 1 in step b). If the substrate wafer 1

has a (111) orientated surface, however, it is not

al ways possible to grow a cubic la-3 oxide directly.

For exanple, Pr203 grows as a 15 hexagonal phase on a

Si(111) surface. If a direct growth of a cubic oxide

is not possible, a first oxideglayer 31 having a

hexagonal crystal structure is deposited in step b) on

at least one surface of the substrate wafer 1. This

layer is then transfornmed into the (thernodynam cally

stable) first oxide 20 |ayer 3 having a cubic la-3

Eﬁ%@ﬁﬁﬂban'@@EuﬁérSThbsiphaS@yeiriunﬂaiaonnﬁﬁcrm compositicn
al [ ri th rna treatnent of

%%uégd%é @ n)if%gﬁ gégg%?ged be#%% alct S éltgoen b5Si bl e

ol Gylgss tH@WEW@Knaﬂtt1%a@h@mtpqgﬁubhm phaseatrt ansmédoately

i an aoﬂ%%r fl%ggnoeyaaléﬁ% | of SEBR 130 kﬁethQBLI'lé;s”s"of the

step c) 2), nmonocrystal'l iné "Seco
?ﬁﬁ%ﬂaqﬁiﬂ§r ayean3bésept t bedwlt |y rteposi ted on the
surface of the first oxide layer 3. The second oxide

| ayer, 4 also has a cubic la-3 crystal structure and a

dsgddisti 6/iee 3eveneldlony 12 \qE4203) y eherbih sbcicifre. In
iRt %ﬁ@e@?4eb§eélﬁﬁiﬁ|lf|ihe(Hﬂyyédko Queﬁénggﬁsgégﬁfﬂagfer 1

mscihility is preferred to use netals Me3 an
%o@@léxpaeé1%32981%’6‘3%2(@%§%SFa081d§yh@fe¢J?y3 can be

dyiefsariablly, geaeh @iré@%ﬂﬁ”ﬁh'ﬂﬁ%'§ﬁr§a&ér§fe@Eér%ﬁﬁ%ﬁ?ate
ransi ti on nost pr ef era

Bresdoduath Ghrane SeLiHG Sy WHhET Ldesey (111)
gdlenshiced BthBGQQUE¢Wé@@ﬂD St Ms<nol, adwaPs epS&L UM e grow
|ne uaI ty,0 <. {; gpond OXIﬂe | ayer 4 has a
conpo F %ﬁ Qéﬁ?% A o%F CHE™PhEckh BFOYReas 2
Heasyagpnay @haBeSOWMSH uesfaat .t he ahwﬂi&%ﬁ&r&h?f a
t pde_lI r.3 a vari ross .t thic SS 0
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layer 3 having a cubic Ia-3 crystal structure. This phase
transition is automatically achieved during the thermal
treatment of step e), which is described below. It is also
possible to split the thermal treatment into a phase transition

and an interface optimization step.

In an optional step <) (Figs. 1 and 2), a monocrystalline
second oxide layer 4 can be epitaxially depcesited on the
surface of the first oxide layer 3. The second oxide layer 4
also has a cubic Ia-3 crystal structure and a composition of
(Me3203) 1-y {Me4;03)y wherein each of Me3 and Med4 is a metal. In
order to guarantee 100 % miscibility, it is preferred to use
metals Me3 and Me4 whose oxides Me3,0; and Med,03 have Ia-3
symmetry. Preferably, each of Me3 and Me4 is a rare earth metal
or a transition metal, most preferably, Me3 is praseodymium and

Me4 is yttrium. The index y satisfies the inequality 0 < y < 1,

R R o e i i pailic . , A " s e e o ettt et e e e et e
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constant of the second oxide layer 4 at its boundary to
the f--- 10 first oxide layer 3 differs fromthe
lattice constant of the material of the first oxide
layer 3 by 0 %to 2 %in order to guarantee single
crystalline oxide growth with [imted defect

densities. Preferably, the value y2 is selected
dependent from the lattice cogstant of the |ayer which
is to be deposited on 15 the surface of the second
oxide layer 4 in order to achieve a Iattice mat ch

Lpfé%blt}]ecﬂeaﬁ% aggaw 6’62 Q I’_ﬂL ni eg:%f Cox1de layer 4

densities in the sec OXIde Iayer ange in
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é&iﬁ% hapd ign Eh%r@ékdgocgemﬁgWgnésvéylétﬁb rgﬁtthéig tice
can be omtted if any additional |ayer

%Qﬁﬁﬁ§4§n9ﬂ qhéy@PtSIééﬁngtWWE)%ﬁCQ¥4n@ﬁé§ﬁyéﬁﬁﬁrlﬁeacrOSS its
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?%%éﬁ BYHad - dppr 531 HEL By e leshed §Pﬁhc§héén§@%n¥attlce

@sndthertf igstthexisdeonhayelfdd. 1dfext hi %t' $tBObohR8aFRSEs the
rform 30 step_.c) which allows to

r.ef erabl e
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S
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are praseodym um ter oW ng
Retivigenp s 88AMER 203 wqifemkrlafngmgmlzed with respect to the

interplay between strain effects on the one hand and defect
nucleation energies on the other hand in the oxide components

of interest.

Step c¢) can be omitted if any additional layer (e.g. a
superficial layer 8 consisting of a monocrystalline
semiconductor material or a third oxide layer 50) that is to be
deposited on the surface of the second oxide layer 4, has
approximately the same lattice constant as the first oxide
layer 3. If this is not the case, it is preferable to perform
step ¢) which allows to adapt the value yl to the lattice
constant of the adjacent first oxide layer 3, vary the
composition of the second oxide layer across its thickness in
an appropriate way and to end with a value y2 adapted to the

lattice constant of the next layer to be deposited.
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from3 to 4, but also the special cases of cerium

di oxi de (Ce®) and neodym um di oxi de (Nd02) where w =
4. Step d) is 10 perforned after step b) or after steps
b) and c) and prior to step e). If this step is
applied, the third oxide |ayer 50 consisting of Me5203
will be further oxidized and thus transfornmed into a
third oxide |ayer 51 consisting of Me520  wherein 3 <
w < 4, during the following step e). The latter 15

| ayer serves as an oxygen reservoir which facilitates

' f S d pho i_nt ¢ i ate.layer, . .

0%, HGEITR 2R P TRERIOLS L RELIECL B3 Ao
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et et ably <of! -380Pisaboer@p e B PEaseodpdimhn(fes.and

QMY Cab)bansupRbl 68ridud Ne i Brake LSS %&tﬁxggﬁgnging
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ox]%/gen-cont ai ni ng p| asma. This thermal treatnent forns
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étrt_t%re‘)?cafbeg\meeﬁtéjfaemlﬁpﬂi&i@ tvaf ;ehi%daag_iaéleliﬁiréﬁtso
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lxotdr. sEhweklast hihcknesgsn ofedeherdiisl shicht esoeti @des the
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erature, duaration, oxygen
furtheaf tokfrerilngroexygen) vofidhheriflhebmabestr Hagdread .step h)

f , Lk it . Of .hermal treatnent_5
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faredr ghoos thayep nm.

In a further step e) (Figs. 1 and 2), the resulting layered
wafer is thermally treated under an atmosphere comprising
oxygen with a partial pressure of 107° mbar to 1 bar at a
temperature of 200 to 1000 °C, preferably of 300 to 600 °C, for
10 to 100 minutes. Oxygen can be supplied in the form of
molecular oxygen (0p or ozone, Oz) or in the form of oxygen
compounds like dinitrogen monoxide (N;0) or in the form of
atomic oxygen. It is also possible to use an oxygen-centaining
plasma. This thermal treatment forms a first amorphous
intermediate layer 2 at the interface between the substrate
wafer 1 and the first oxide layer 3. The first amorphous
intermediate layer 2 has a thickness of 2 nm to 100 nm,
preferably of 3 nm to 10 nm. Depending on the material of the
first oxide layer 3, the first amorphous intermediate layer 2

comprises a silicon oxide or a metal silicate or both. The
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2 having the desired thickness and thus the desired

el ectrical properties. The purpose of the first

anor phous internmediate layer 2 is twofold, nanely to
firstly decouple the lattice of the first oxide |ayer
3 and the optional further oxide |ayers 10 fromthe
rigid Si substrate wafer 1 to avoid thermal m smatch
probl ens (defect generation, f4;l mcracking etc.) and
secondly to optimze the electrical properties of the
engi neered wafer structure (leakage currents typically

éﬂﬁﬂﬂﬂ@ést%§ntﬂg §1€é§ngn@%rméﬁfétﬁ@%@@%ghgﬂ% &%ép 2 1

effective dielectric constant val ue
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S ke m@fSEdéraﬂ@ ddeiddd s axi-denkayste éﬁdﬁ?hous layer
carried out in case of single crystalline cubic
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betivgenf #| amdll bt sdeorsithe cfhdnphotisce n$‘eaifméoélayer1022 /em?

PPl DU Sy 500

héitfal - m smat ch probl ens between 12 the f|In1and the
substrate are avoi ded so that Y203 filnms show inproved
crystalline quality with respect to the case of
ForgRraRYPEdupt 2Rl D3 Jersisditiby hsidabien rafttiheedoundary

peRREBANtRY $1Li c &Rl 1GRAILPLAREET | €Sna 11 AMVRNMS 4o 1ayer

internedi ate | ayer reduces
is carried out in case of single crystalline cubic Y,0; oxide

layers on 8i(111) by heating the system in 1 atmosphere of
molecular oxygen for 30 minutes at 600 °C, resulting in a 6 nm
thick amorphous intermediate layer 2 consisting of yttrium
silicate. The effectiveness of the amorphous intermediate layer
2 in terms of improving the structural and electrical
properties of the hetero-structure is controlled in the
following way. Concerning the structure, the decoupling of the
oxide film from the rigid silicon substrate 1 is controlled by
the fact that the cubic ¥;0; film is completely relaxed after
the treatment. In especial, the substrate-induced strain in the
oxide film structure is released and the single crystalline
oxide film floats on the amorphous interface layer 2, adopting
that way its bulk structure with the corresponding lattice

spacing. In this situation, thermal mismatch problems between



10

15

20

25

30

35

5 the | eakage current at 1 V to values below 10-8 A/ cnZ
and achieves dielectric breakdown fields as high as 8
M/ cm Furthernore, interface state densities bel ow
1011/ cnZ can be realized by the formation of the

anor phous internediate | ayer after applying additional
gas treatnents (e.g. formng gas 10 annealing etc.).
The formation of this first a phous i nternedi ate

| ayer 2 of the specified thickness requires the

di ffusion of oxygen from the atnmosphere through at
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oxygen vacancy crystal structures. This inherent

vacancy structure of Me203 oxides with la-3 crystal
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conductivity in oxides is a special case of ionic conduction.
The mass transport takes place by hopping processes of the
invelved ions, in this case oxygen anions, to special lattice
sites (interstitials, defects, etc.) which requires in any case
a certain flexibility of the host matrix. Me,O; oxides with Ia-3
cfystal structure belong to the so called ordered oxygen
vacancy crystal structures. This inherent vacancy structure of
Mez03 oxides with Ia-3 crystal structure provides the
flexibility of the crystal lattice to allow for the diffusion
of oxygen even at temperatures as low as 200 °C, placing these
compounds among the best oxygen conductors known. The inventors
found that if the first oxide layer 3 consists of (MelyOs):-
x\Me2503)x having Ia-3 symmetry, a sufficiently thick first
amorphous intermediate layer 2 can be formed during the thermal

treatment of step e) even at relatively low temperatures. A low
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mobility in oxides is negligible for tenperature bel ow
5 approximately half the nelting tenperature. However,
it is inmportant for the present invention that the
Tammrule is knowmn to hold for the netal cation, but
not for the oxygen sublattice of cubic la-3 crystal
structures. In particular, as nelting tenperatures of
the cubic la-3 crystal structujses are typically 10 well
above 2000 C, no substantial netal cation nmass
transport occurs bel ow 1000 C, but high oxygen

ERRbLILES A6 HRLEE! Sl gyl Ay CTRCLALULEY AF,LOW a5

C. This oxi des Wt
‘éﬁ]%’%aalllé’tlrﬁjfcﬂip éhGp@nstaxialc gmtcani@rmmr eewnadamyo
g&é‘@f’dﬁd R AR X ik !aalénpf ea;hceﬁ 418 %%eﬁgstggndlé;llﬂe

mor phous i nternmedi ate layer underneat h t
Tt Hel Y 130 @@ﬁﬁﬁﬁsﬂﬁgnégiu@ﬂ¢5yék§?$em@eIEGHWﬁth61h®

5854 &8 RARL N €S chBUhe § 01 By Ol GhfFaehe 0t gL hapd ¢

unde3|red nmetal cation diffusion into the Si subStrate
Wprtant Meralthec BrEaR hat P EHE iR thetstheuBsmmareleniss known

€ 15d1d &y tavoinded1 20 Pesausstt m%%e foPYhLt b§? €sublattice
%fnerally known to neg atlvel affect the eleciric

49 d&70F CrHETRAf %Fr%%%"aﬁ;r 1 Partienlary f e i mekting

f@ﬁpéﬂdﬂdﬂ%sebﬁ khecbhﬁl@piéiﬂuﬂryﬁﬁéﬂ drrwasupesf oF pically
or to s%% the thermal. 25 treatnent of step e
Ao @ foFm PRe® %Eﬁtnta‘-ﬁdr BR&GS CPALeR aysatleransport

éequms zelbwt1abso°turb@erh1@h(ﬁxy@%ntmebwt52@880£retJ€tected
rd N |de er 50 to, Me520 it,th 3. <. w< 4 as
%xprf al ne(? p§58¥3reﬂnﬁst%% % g‘?@‘f oFms TPESi REGPERFY PE A202
oxides wdyer thed [(&+§. crﬁ@talfsﬂMﬁ&thsepbpsﬁgdaniyﬂ@em1— 4
0 i O PrQ2 is.fo | ayer
Ehhlra D R DL R Pacinrth 1 G pBorPERS: aticnt drogne
¢®e Hamdamh@pamonphos$eqnﬁerManateZﬂayarnﬁnaﬂﬁgsmédﬂhrﬁhe
isde y C it lly.deposite n
P oS £ A Ebm e CO G e, UL B LY 30 B R e
dpaiged ayepc6takso hials o cubiic ba tha etbeysmmd undesired
ﬁéﬂa‘imclértgoﬂngl@fﬁgms dﬁﬂoorth%f s(lwéﬁ%%&?é%%&’ﬁ Metal
a n or
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@@ﬁﬁ@ﬁp@élgns in the Sl substrate must be strictly avoided
because these impurities are generally known to negatively
affect the electric properties of the wafer structure (carrier

lifetimes, mobilities etc.).

If optional step d) was performed prior to step e), the thermal
treatment of step e} does not only form the first amorphous
intermediate layer 2, but also further oxidizes the Me5,0; of
the third oxide layer 50 to Me5,0, with 3 < w € 4 as explained
above, and thus transforms it into third oxide layer 51 (Fig.
2). If Me5 is praseodymium, w = 4 after the oxidation, i.e.

Pr0; is formed. This layer serves as an internal oxygen

reservoir in further step h).

In an optional step f) (Fig. 2), a monocrystalline fourth oxide
layer 6 can be epitaxially deposited on the surface of the

third oxide layer 51. The fourth oxide layer 6 also has a cubic
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100 % mscibility, it is preferred to use netals M6
and Me7 whose oxi des Me6203 and Me7203 have la-3
symetry. Preferably, 5 each of Me6 and Me7 is a rare
earth nmetal, a transition netal |I|ike scandium (So),
yttrium (Y) or manganese (Mh) or a main group netal
like indium(In), thallium(Tl), antinony (Sb) or
bismuth (Bi). The index z satigfies the inequality 0 <
z <- 1, preferably the inequality 0 <z < 1. Simlar
to the second 10 oxide |layer 4, the fourth oxide |ayer

1@@%@5@:@@9%{1&@&@@&@ vc%{p%%ﬁ'lgﬁg ‘fh?M%&”c%')‘{‘ $Me7,04) 5

of thelayer. z starts MAth a val ue
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Meke 2PRi Va7 ox§ dréelﬂawesr the vReugaklemdy ke Jadradied such that

taddihienat ayararto otpt@%p%b&%ﬁi eﬁlégelawxf %C%to i clhe
fourth oxide | ayer 6, a superficial Tayer

bevndrsyi by ore Buiznd %md@oﬁéwéroﬁlnm@h%ﬁ tc>15the lattice
constant of the latter layer. Alsoc preferably, the metals Meé6

and Me7 as well as the value z2 is selected dependent from the
lattice constant of the layer which is to be deposited on the
surface of the fourth oxide layer 6 in order to achieve a

lattice match between the layers.

Step f) is preferably performed only in conjunction with steps
d) and e), in the sequence d} > e) = f). If step d) is
omitted, i.e. if no third oxide layer 50 consisting of Meb5,05 is
deposited, which is afterwards oxidized to Me5,0, with 3 < w <
4, there is no need for a fourth oxide layer 6. The fourth
oxide layer 6 primarily serves to adapt the lattice constant
from the value of the third oxide layer to the value of a
further, additional layer to be deposited on the surface of the
fourth oxide layer 6, e.g. a superficial layer 8 consisting of

a semiconductor material.
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Even if a third oxide | ayer 51 consisting of Ne520w
Wth 3 <w4 is present, step f) can be omtted if any
additional layer (e.g. a superficial |layer 8 consisting
of a nmonocrystalline 5 sem conductor material) that is
to be deposited on the surface of the fourth oxide

| ayer 6, has approximately the sane lattice constant
as the third oxide layer 3. Ifisthis is not the case,

it is preferable to performstep f) which allows to
adapt the value zl to the lattice constant of the

adj acent third oxide 10 |ayer 51, vary the conposition
of the fourth oxide layer across its thickness in an
Bt ot isatt@iwsly oxndet b26ed W tIrnsirdling 22 Mabapt wdtho3 < w <

4 hies I ptddes C%ﬁ%ba@§ finthe Jﬁ?@tédﬁﬁ%rahg D81t onal layer
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Shald §ﬁ§ﬁ13 tEn5P| B Eﬂiﬁ% &EﬂSEeﬁ%l%ﬁﬁcﬁpl%ﬁﬁﬁt the

valste haveoathargetti@ét¢dﬁsmmm§kﬁm&he $H§§c@ﬁﬁﬂgh&kﬁdﬁ%de
terface betmee | ayer and a

valld for an 0

SYEr Pirei AP &a%g? %O%Qﬁ&ﬁEﬂqquf gﬂﬁ EBHBE?y%¥%ﬂ?|%ﬂ¥er across

xﬂantﬁan&ueser1naaﬂrap¢roﬁamat&x&mplendlﬂoC@ﬁ@ with a value z2
la 5.layer 8 co g ure |I|con

EIt%il%s I e%st %génlﬁggﬁ%er e th sc2 % ﬁggf F?XFS ?%%ltroe&jet 0

dﬂﬂﬂsevedIC(Eehepbﬂ$ gﬁwﬁaﬂtmamceonsnaneasesechhbﬁn)1n Figs. 3

gydgger charge carrier nobility. The | ayered

sen1conductor waf er according to the present 30
i nvention, conprising at least a silicon substrate

TW%f%%p}esgloﬂ'“ééa ’ Can%%%'a% diale.| éﬁ%ﬂ' 2na%%g%er

first oxide la ageous y us&d
megps tprat&ceoRa %lée@mlt d;@té:llced@pégatchm ofn @ defined manner.

TSURBE! hekdl 1AQYErsih CONR & | t or
mat eri al . Thlgyléier cg%J%ecggﬁgéfgéﬁé$¥?é%%§¥§%431ﬁgerr the
agpPrERal O¥tep PYEFist hageda2pnal iper Lot dve cowsftaos than

the n@&ttmgyéffSifo%ﬂé“héx%yﬁﬁy%r(bh§lla@ﬂ5w S4eRSiak SQ}aln,
t%e aggacent oxide layer must have a larger lattice constant.
This principle is wvalid for any interface between an oxide
layer and a superficial layer 8 consisting of a monocrystalline
semiconductor material. For example, in case of a superficial
layer 8 consisting of pure silicon, a tensile strain by more
than 2 % misfit is required to achieve IC relevant prerformance

increases due tc higher charge carrier mobility.

The layered semiconductor wafer according to the present
invention, comprising at least a silicon substrate wafer i, a
first amorphous intermediate layer 2 and a first oxide layer 3,
can be advantageously used as a substrate for the epitaxial
deposition of a superficial layer 8 consisting of a
semiconductor material. This layer can be deposited in a

further, optional step g) (Figs. 1 and 2) either on the surface
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Figs. 1 and 2)i on the surface of the second oxide
|ayer 4 (i.e. after steps a), b), c) and e); Fig. 1),
on the surface of the third oxide layer 51 (i.e. after
steps a), b), (c)), d) and 5 e); Fig. 2) or on the
surface of the fourth oxide layer 6 (i.e. after steps
a), b), (c)), d, e) and f); Fig. 2). The sem conduct or
mat eri al of the superficial |ayger 8 my be, for

exanpl e: Goup IV sem conductors like silicon (Si), 10
germani um (Ge) , silicon-germanium (Sil_aCea, 0<a<

39 t1d 16iGeR oxauki @géa;_sl ﬁl)el Idl a\ft%%ms%eggug Ofgj %

al i um phosphi de [ um ni um phosph
lgiaqm UmaRict ?’.)de@pe‘éﬁﬁ Sm@%ﬁ?ﬁ i1 éﬁ‘@eﬁﬁ@@ﬁé(ﬁﬁs e layer 4
el Wi nifgm@rassepsds) (A!)AS)G | w; @&genwe &ﬁntﬁ%é’surface of

|nd|umn|tr|desvﬁ , |nd|umphosph| dé (inP),
SitdofGuerdrfs wWAVeR per e pikstcRteRs @bAsbl atf‘F)dev d) and
d |+<e_rlggalzl | v bAdtHe phesphd der (G0 £5h10R. 49b)e OIayer 6 (i.e.

_um arseni c 0 i de, (I 51Asq. 49P) ; II-V
as%rﬁ T ShEERE 67 ¢ Pﬁke?%h)n'c Yl ﬁﬁ d&d £2asii8nd2Yi nc oxi de
(ZnO). Al nmaterials are single- crystal line. 20 The

t ack of_ oxi s_h bic |a-

A ertre R or e er it % s SHECSELE %itf%sﬁe%ss e be,
Bubstxeapéewabteoug I(is@anidddlkctorsal Ské091) i vaf ersi)

110) .o S'(llO vvafer and . 111)
q(/\?a%é%n)l.ug"rﬁgegoper T AT Ay U%‘ iéﬁlﬁg’%’ %{ﬁ‘e< 1}, silicon
Jeoldiolwi i§ist FUEIEIf%SSQIldeCUTdLEZmoa‘BI ange &&1H1Gh (BHgphide

fer _i . sups he superfi ci

2 g Sptatin It AR AT Fer Pinc PR Ry
Gtﬁhlémnatar@ﬁnldﬁ §e&hg Ll(ﬁ)iummzfl@m psseskde afAtAw) , indium

SURstHat hey fi.Gi | 8 i o
cr ystlgle gtI g’ﬁ‘%i urleﬁan (dllieo S ?ketﬁ{q At %éflfl? %%%Jhcl% (InP)
ssiconylughpes vaiekaprieatiy gabshrabe GahAs heattice like

g%ﬂ@fiﬁfn' Qhékulln ﬁ&s }%_d@y(c%otJ]EﬁQ 49%’\560§' SHQELSHI %yééﬂc

structure and (001) orientation or a hexagona
Phospaidee ( 5%@15(73%0@? or?%ﬁ‘f%tﬁ@ﬁcom{iﬁé‘té’ﬁpeiik%lainc sulphide

Izayer aBdcambeogi ddefzd®ml.axed pheatigipede Ididpdt is
i ntended to deposit a strained |ayer of sem conduct or

orYsthatéRfal , the thickness of this layer shall not
exceed the '

The stack of oxide layers has a cubic Ia-3 crystal structure
and in any case the same orientation as the substrate wafer 1
(i.e. (001) on a 5i(001) wafer, {(110) on a Si(110) wafer and
(111) on a Si (111) wafer). The superficial layer 8 can have
the following structures and orientations: If a Si(001) wafer
is used as the substrate 1, the superficial layer 8 also has a
cubic crystal structure and (001) orientation. If a Si(110)
wafer is used as the substrate 1, the superficial layer 8 also
has a cubic crystal structure and (110) orientation. If a
5i(111) wafer is used as the substrate 1, the superficial layer
8 may either have a cubic crystal structure and (001)

orientation or a hexagonal structure and (0001) orientation.

The superficial layer 8 can be either relaxed or strained. If

it is intended to deposit a strained layer of semiconductor
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critical thickness for pseudonorphic growth. The
superficial layer 8 preferably has a thickness of 10 nm
to 5 50 pmdepending on the targeted application. In a
further, optional step h) the resulting |ayered wafer
is thermally treated at a tenperature of 200 to 1000
C, preferably of 300 to 600 C, for 10 to 100 m nutes,
thereby 10 form ng a second anorphous internedi ate

| ayer 7 at the interface betwsen the fourth oxide

| ayer 6 and the superficial layer B. This second

anor phous internedi ate |layer 7 preferably has a

hdtt €knEISS tofe Ah3chALES 400cHR THMfS- RHehEr ﬁgltyefiéé)é@ 2the

nm tolO and nost preferably from3 nmto 10
%&ﬁﬁkgsﬁh5°ﬁan??§Wm?ﬁpq4ﬁa§§ﬂw§@ent OXIde

Iayer (|n general the fourth oxide |layer 6), the

econd amorphqus internedi ate |a 7 conprises a
T | 495 10X 08 Torl *H ot b1 1128k T6° BotAICHRgSS of 10 mm to
$Orpon tdepemddhigt be skeobtdraemsphaus iicateraedi ate | ayer 7
depends on the application. For exanple, in case of

fully depleted CMOS 20 technologies, it is required to
Bva duntdesi, r edthavkl chaemeﬂ) tared I@S@S$lh§| ksyeté@cisfer is

%e.cn]f q_léﬁ%reggegl gp capag Ce an §0§f ?ﬁioé@'“ s of

ox1 de | ayers.
Erﬁﬁﬂnﬂaﬁyapé éﬁﬁrpho@@olﬁyerfdklkﬁ tbSlthmﬁnuneﬂ bwhéﬂ&by

t th
£ ABetbr ahSIRELE, L A R bt e s
#ﬂﬁenﬂ®Q@kb§ﬁﬁﬁ9hoHéelfmmwﬁﬁxﬂx%deIlayem B sodstise i mgpafficial
RAseedy Fhym sébbh&aéﬁofﬂ{% gg?ggﬁ%dggggph@é?%ta? eprefegably

silicon layer 8 and a Pr203
Ras r dhiekbeadedi PP 2 1ayied B0 wienm@@et heeferably from 2 nm

EtYO et LHE MBSt Srafdeal B ﬂf?ma 3pmt ‘éSt wemg' 5896 ing on
atnnsphere for 30 mnutes at 600 C secon
Dforpieadal; ﬁ?eF%d@%laecq%éerﬁeséﬁV% e germrajodihe fourth

B deha alyelSE) , 2BRE PASMSHd I RACR ! @M@érﬁedf@i@ll}’a & 7
decouple the, sem conductor layer 8 fromthe rig

5 Forerng §51ﬁ%?%r%§3tq%d:trurae”F&aévéﬂéll?ﬁ%‘?n%ﬁF l?ﬁtéTTHtTé]ﬁ
qmpdﬁteﬁ&eaﬁd tﬂe1§ec¢ﬂdﬂémﬂiﬁﬂw@sehﬁ@bfﬁé@ia@éQPQW£§asdepends

ters i ve in the descrlptlon of  the
6¥g§§r39 ﬁca 1R a g r%%ﬂﬂﬁge’ in case of fully depleted CMOS
technologies, it is regquired to aveid undesired back channel
and cross talks effects due to the too high capacitance and

leakage values of epitaxial oxide layers.

The thickness of the second intermediate amorphous layer 7 is
determined by the conditions (i.e. temperature and duration) of
the thermal treatment. For example, it was found that a 5 nm
thick amorphous intermediate layer 7 consisting of praseodymium
silicate forms between an epitaxial silicon layer 8 and a Prs0;
based buffer oxide layer 6 with an embedded Pr0O; layer 51 when
the hetero-structure is annealed in a protective nitrogen
atmosphere for 30 minutes at 600 °C. The second amcrphous
intermediate layer 7 serves the same goals as the first
amorphous interface layer 2, namely to decouple the
semiconductor layer 8 from the rigid, supporting

heterostructure to avoid thermal mismatch problems and to
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interface layer 2. 5 The optional step h) is preferably
applied only after a superficial |ayer 8 was deposited
in step g), i.e. only in conjunction with step g).
Step h) is preferably perfornmed imediately after step
g) 10 without cooling the | ayered wafer between the two
steps. This allows to avoid defect creation by
different thermal expansion cegefficients of the oxide
and the sem conductor of the superficial |ayer 8 as
wel | as to guarantee high quality electric properties

ihﬁﬁ&%@tﬁﬂg]eléﬁ%fﬁ%%ﬁggf appi og gﬁgﬁxﬁ?EEJ me%erﬁaﬁg? given

The formation of the f anor ph dirate

pnofhe tfpsEp@s e et ﬁh@kﬁ@gga:r@qmrr exf tiihe ditbrpsboa of
oyeeradd omydhe at mosphere through at |east the first
oxide layer 3 to the 20 interface between the latter

| ayer and the silicon substrate wafer 1. As at the
Théeeowtidrhe TPt 0A s0brkBer SELOND o 18I RROYS srter &

i nterpedi ate | ayer 7, the surface oF)the C

%%?ﬁ%%?@t Y\%f 8r YRS EBReFLerd)ith SEpetivciiak- | aydy B
comnpisdt g efitd seapbcgnductor material, the diffusion
of oxygen 25 from an oxygen containing at nosphere into
t he sem conductor wafer is substantially bl ocked.

Hﬁayéﬂom&Ipraﬁﬂrhaﬂ9|peﬁﬁéﬁm@dQumk@;@%%l@na@¥¥ge§te g)
xidize the interface betmeen

alnlngﬂan %Bheie to ,
Y%e SUpeT T dindl "PayerY8TeOndi St MFtyeer $BRi E¥AABkeRF- This
aetery dlo aAwithdsfext datésti drs h})emrfﬁléebﬂﬁstﬁéﬁﬁ§§3€E)¥pan51on
Lon of the,second anmpr

%%fegrlﬁf%atse Fn%h gxie qid g eé@?ﬁﬁpggPStPﬁt%ﬁr%}f% an
sm@ﬁauladxylgerarsauaaewehl Oa&thm g$1taaehqt@é Bxgdeqhayats.

' er abl
5%%%35%% F% Qrgﬁe% ? %§$%% dyé%WS harﬁ%l%f??@ﬁ?ﬁ densities
MSHACGL with 3 < w <- 4 (produced by deposition of a
| ayer of Me5203 in step d) 35 and oxidation of this
| ayer in step e) as described above). 19 During the
Tiebedmatignt AENELE nE e HOVESREWINscroddbete tayer 2 of
HYRE203 agaia. tﬁh@kﬁé‘@@rféd{ﬂ%so%}ﬁgeﬁ%f@ﬂsf&?'(%y &%JJ@%S%I’OITI

throu h the fourth oxide | ayer pr esent
ditresphere through at least the first oxide layer 3 to the

interface between the latter layer and the silicon substrate

.wafer 1. As at the time of the formation of the second

amorphous intermediate layer 7, the surface of the
semiconductor wafer is covered by a superficial layer 8
consisting of a semiconductor material, the diffusion of oxygen
from an oxygen containing atmosphere into the semiconductor
wafer is substantially blocked. Therefore it is hardly possible
to use an oxygen containing atmosphere to oxidize the interface
between the superficial layer 8 consisting of a semiconductor
material. As this oxidation is nevertheless necessary for the
formation of the second amorphous intermediate layer 7, it is
preferable to integrate an internal oxygen source into the
stack of oxide layers. This role can be taken preferably by the
above-mentioned third oxide layer 51 consisting of Me5,0, with 3
< w £ 4 (produced by deposition of a layer of Me5;0; in step d)

and oxidation of this layer in step e) as described above}.
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sem conductor material at the interface between the
superficial 5 layer 8 consisting of sem conduct or

mat eri al and the adjacent oxide |ayer (e.g. the fourth

oxi de layer 6). For exanple, PrQ is under nornal
conditions a stable oxide conmpound. However, in

contact with sem conductor materials, the oxidation
reaction at the interface is {hacilitated by the

relatively | oosely bound 10 lattice oxygen in PrQ2. In
consequence, PrQ2 is reduced to Pr203 at tenperatures

Mho t ! en,s Ly i

o Lo Ao he: Sony eandus s T 1 miPar s 15 rFHgeed to
MSt=8p f 2EBLN -DIFENGURGTEAUPHE PAYERT alad iamsdamt déf fuPe20Brough
{GRN FHREtnWokB b i Sy SeNE Cpipgyée%ren%' dea bikgits e

case for exanple 1% Wth S 02 resulting In the

FHIFRCORTOr PrEsEOYY i unils llindsrdsce Dehpeerdthe superficial

MRRY @96388M3t 1 hbeo s el FORHIRIQL MREBE 25 €05 dh NGhd g3 acent
t he present inventjon_ has the foll ow ng advantages: 20
FEt 167ea) (- FhethavEritdrs P@Sd leHar fhe Rexkexkammld, Pro;

iXhgeRr Wokhad 68RiLcddhs Storuelivr 8xWyt hc@xﬂ&é{%c@.blfﬁ)wever, in
| attice paraneters can be eastl{ deposi ted on a _
G "B T FALEOUR STOIATG H2 ap AR SF: 97 bitih reaction at
et NederfibeyisuficiDi ddeCwhi eher yslativé B ti g8 Ofy bound
1§i%Lcon much better than the materials with 25

A HSEaBFEIPR £7 B Yar dReCEPSCTISRIET FiNB03F 05898899 to Prz0s
ataviengerhexagonabo(AINO0 PE3rtenother egtémgl (d:8A B supply is
R-3nR) symetries.. l.n additio he present invention
%§5ér€%%eéntﬁ%l?%h%$eﬁﬂe %%%HQQQEBF%PFyP%fﬁt{hfmS at the
imgteerfacepi Papgnadippy oac hes: whitelriadsal h yc@Ota@sulHSOL Ncan mix

Lghly.speci al i t .. as ., s the_case for
W&6%3%§é§3§§%§%5 e0§¥§é§g%ﬁ?féﬁkgx%%etgﬁwﬁ%ﬁﬁﬁ$%ﬁ FRawle
wiitbs 8AP2 Famudritiingn iins thasédroat tobief era3ch2@Biomystalcates.
structures which are quite common over the periodic

system and can therefore be adapted to a high nunber
Compeakdabp eWeedd CHOtARdtZor tingt senaftend@stdmwates according to

sPgrEehal 14 i e, g epi cts
tt heShaIf un%t@%g%&di%ngﬁ%nge%%éfﬁ% ald{\érgca@.%fqnn) of
various cubic netal oxides which can be used as Me6203

raRdtMBF2031, bthe Al SRN AT HBuEASENEBYL e B P MBLIB s i des
Me2203, Me3203 or Me4203. The unit cell dinensions o

witp a cubic Ia-3 structure with adjustable lattice parameters
can be easily deposited on a silicon substrate wafer using
epitaxial growth methods. They suit to the cubic crystal
lattice of silicon much better than the materials with
adjustable lattice parameters given in WO03/096385A2 having

hexagonal (AIN: P63mc) or triclinic {LaAlOs: R-3mR) symmetries.

In addition, the present invention overcomes the inherent
inflexibility of the hetero-epitaxy approaches which usually
results in highly specialised systems, as is the case for
WO03/096385A2. The mixed buffer oxide approach of the present
invention is based on cubic Ia-3 A,0; crystal structures which
are guite common over the periodic system and can therefore be
adapted to a high number of valuable semiconductor materials

for the superficial layer 8.
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cubic Me203 la-3 crystal structures are within a few
percent twice as big as the lattices of the nost

common cubic semnmi conductor structures. In this way,

the heteroepitaxy of these oxides on the cubic

sem conductors results in the 10 formation of a (2 x 2)
coi ncidence lattice as the nost dense configuration.

For an easier evaluation of |ajfice matching
opportunities, the unit cell dinensions of the cubic

sem conductors (Fig. 4) are conpared with half the
values of the lattice dinensions of the cubic Me203
la-3 oxides (Fig. 3) 15 Figs. 3 and 4 are applicable

A% e atfd dwafertepinbs bhe Sigl00inisuckadedimensions (in
Rriengal ion. Ry ®exLAg; Lwe ?Ebf@%ﬁéecaq' Lol nﬁh?ch can be

OXIdeS t he whol e range of ttice constants
3Rd 3HMe%8s IS MaTeSs oPtthelsionany bhe dessé snay be, as

r@@iyo@va@éz‘aoaAl l1e 26, b pamy 4 Rt akn oxj des cgfm f&%ﬁ% %bg of all

-3 crystal structure are 100 % m sci
%%%3?%28&&% VP SHYESR Lt RETHEPRERP i Bk Wirkdtial ao>feeve9ercent

fwidd NG d o Ae $hki CoD: SEbStEAlG MRk %oﬁ%ﬂoﬁn@ub{‘@nd
Me1203, Me2203, Me3203, Me4203) and to the
i COHNTECSr SERBEERFSF - of ™ t HE S (#4587 f tRPahet ayesp Bty of

ﬁﬁa&;mtdaﬁrdelaa@d (:NEGEQBJ_@%@ME(NRK%Q%)ES A sGapsbe, sgen
cel| djpensi in the wi de range

#or %%g ofha Zunl%

FAAEELL L0249 2nTh b SHRMEITISF (AAEAFE ARyERE aBpE: dense
dbqﬁlqhnﬂmmwa tFeruamteﬁﬁﬂérCHvBﬂﬁﬁﬂQB& GEN1AY+ Ofe SR hing
ﬁ%% sen1cond tor nmater can _be used as

er ual?lltlefsér unl%eﬁ;‘?j{ﬁ %mqr‘f}}é’P%o ThBS dark*Gr ey
aaanea:ow\ue:rtgrshem@ r'ahgfre)fcdnqiattie@ewﬁlahaﬁﬁlerﬁhé hﬂillﬁs’ﬁl of

1%1% Takihed meghgih&g e he 'Fh%lﬁr &920% @a%l HE(FE}aﬁs Fig. 3).

a rare ear enen
Iattlce par anet ers t hat can be matched by m xing Me203

X S WM e I earth, el nent
L oD Mt £ (SRR LR gy
SHr(@81¢ o‘¥§|f§apat @rt@mtlcgar &veméxgnyghawvo cah ’ttieesmtl:uheﬂ:y

ARl Bxideo byy 81 i S l\@q%%% Q’ :igtg)ﬂ:%eéo Eglné\é? be eﬁwe%tn the

arare earth el ement. Fi gs. e equival'e
1§44 CPo FORRBAR ES O e thﬁélarﬁ‘/ subderate awifitevaiads.aAll

pInelilhesHl f 88Eq0% TRt Bld AN culbig 13-3 crystal structure are
100 % miscible. Therefore one can easily select the appropriate
metal oxides fitting to the silicon substrate wafer 1 on one
hand (Mel;03, Me2,03, Me3;03, Me4,03) and to the semiconductor
material of the superficial layer 8 on the other hand (Me 6,05
and Me7,03). As can be seen in Fig. 3, half unit cell dimensions
in the wide range from about 0.47 nm to about 0.57 nm are
available. Fig. 4 shows the unit cell dimensions (in A) of some
cubic semiconductor materials which can be used as materials
for the superficial layer 8. The dark grey area covers the
range of lattice parameters that can be matched by mixing only
Me;0; Ia-3 oxides with Me being a rare earth element. The grey
area includes lattice parameters that can be matched by mixing
Me203 Ia-3 oxides with Me being a rare earth element, transition

metal or main group element. The light grey area covers lattice
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depicts the (111) surface unit cell dinmensions (in A)
of the sane cubic netal oxides as shown in Fig. 3.
Fig. 6 shows the (0001) surface unit cell dinmensions
(in A) of various hexagonal sem conductor materials
whi ch can be used as materials for the c- 10
superficial layer B. The surface unit cell dinensions
of all cubic (111) Me203 |a-3,crystal surfaces are
within a few percent twi ce as big as the (0001) basal
pl anes of the nbst conmon hexagonal seniconductor

AR, %SthLa@ Lh Sb&‘@%(at&ge &y 8k Qrog% axy., 0 izbn%]b?ezm Ta-3

oriented hexag ona sem conductors fhede ¢l
QﬁédﬁﬁsMmtﬁhMelmQ}ﬁ@rﬁehﬁEﬂ|&ﬁrﬁMe§dbmsntn the formation
of a (2 x 2) coincidence |attice as the nost dense
configuration. For an easier evaluation of |attice
FrgitschisngndofpPeunt e exquivrd qrd0GiE  auAPtr tle¢lcase when the

ﬁiH&&%‘t@n%aQErt hes hexagonal s%ﬁ‘f‘a%@ngkl%ﬁﬁét#:ﬂ J-rfy. s
are conpared_ with half the values of

WOHSi bRE Sf LLheSerRce (i) awd2odimgrsiens dein si-Ur fafc g he

simanesviki getd) . odheeshadethaneas, gk 9. Bi1have dfis the
meani_.ng as in Fi 4. Furthernore, the superficial
033)39 SUGEBRCIANY THe. CHRSTEIORE dinab) B GTiemsb@exagonal

dentiegnauedornmat&xld Vs rneliaredaor et nakaeds Merlﬁles for the
Jﬂ %h flexibhllt% gf this approach offers that way
v

réipiatt haYslvantHie S pé.‘PéteE?%%ax‘i“dFel}saVé}s of all
csayoit:ermmm Mef| Sa Bechﬁﬁﬂ:ﬂgysm}ﬁcfe@f BrW WhtRih T4 percent

to _now u achlev raI I|t ef ect densities
i clofsBEg b e Rs (A, Befaal e TentY 0 ey
hbawgodslleemgcamdumtqnuntnmdmm&e&orInnewigmu&yﬂzﬂhﬁ whi ch
OoW-n asi hl e urt her ort
PRy b Y ho Mot edifiend herapSisd deeu Rsegors on
thasg st:bucthedaai eviid | (IKkAoworfientbhieon daghl tox ygerhadb
LVLEY [ ropert h op tion to

fg%ﬁgggg?ebgnaZEQ g %Bréﬁ% dﬁd%hé% ;egg}vo F° thﬁgmosﬁ dense
chofoofraPioR; bf ers etalﬁetera@vaﬂmageom oo f orahtamer placeding

FBE%EHEgt§é§ | ayer food1)7 Retween ? ﬁgﬂéﬁgq5% Eﬁélﬁgxagonal

ayers 3 and the Si substrate wa
Sﬁ@é§§§éﬁ9t0b%tWEéh ﬁﬁeaéﬁlF&%pare@thkhIhﬁ@éi§h®-®aén3850f

thBe1guperligimdnd S & thReseoi At eiiedivl e, | Ay el S:aT8

surface planes (Fig. 5). The shaded areas in Fig. 6 have the

same meaning as in Fig. 4.

Furthermore, the superficial layer 8 of one and the same
material can often be integrated in a fully relaxed or strained
way. The high flexibility of this approach offers that way in
principle the advantage to prepare epitaxial layer systems on
the 51 technology platform with either up to now unachieved
structural quality (defect densities of not more than 10%%/cm?
etc.) or even open the way towards integration approaches for

new materials which were up to now not feasible.

A further important advantage is the fact that the metal oxides
having Ia-3 structure are well known for their high oxygen

conductivity. This property plus the option to integrate an
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i mportant to decouple the lattice in order to avoid
defect generation by geonetrical lattice msmatch as
well as thermal msmatch. Certainly, the high
structural quality of the epitaxially deposited
superficial layer 8 transfers in C 10 excell ent
characteristics of 'its electric properties (charge
carrier mobility, life tines, ;gean tine to failure
etc.). Furthernore, the anorphous internedi ate |ayers
2, 7 play a crucial role in adjusting the electric
lmt%%{atll e%yQknt ?SseP@%PE o'eStiUC_Ltnurf%rgn' %Ui;?«;)' O%f% r5"€he
oxli de, capa0|tance interface traps

HIHANGEGF, tSoABTBf anpErheis mgrr@xiaa@s llﬁkerS(Zb.S Bhmtween

dHORpit-her aRl oﬁ@ﬁgufé#é@g Y3 @%n@d\ﬁﬂ@t §96F£19£t£@&}’ wafer 1

aegllcatlons in the of highly sca
r 3¢l BECPBAREY deRFEERen zt@lem@lﬁnaéséﬂat okh¥entdyprs 3-6 and

t3d QW@ PRAUT ac e eg 8 THO quakik¥qa PP e Efs WYy by

epitaxial deposition and thernal treatnent eps Clt

FPogterer 581 JeappPtedis Mttdics dn PESAT wee ec‘ﬂsow tdedimct

Gt rdeVbeen§t fushet £5caThe tiayer fiaR6e0rHI 8 $O1T NG thermal
|nvenéhon are 25}$referabl¥1de posited on at |east one
i)

PRttt acd ofigh SHHEsHTfaf eralet Rfd<heor

e@mttaaxaallydaapssit@;m afpdraerisl 3QyBeth +hendiedyiite
onents as wel | iﬁthe seni conduct or

m X oxi d

SRR S S Vs A FtB?Cc%?ﬁ%‘”éileSvdﬁé‘@Fge

o&&mdsmtmoh1MEtﬁpdslfﬁﬂnmmeSat@@ahthM@ adfLMire etc.
ectively,. In_case of PRV t nate S are

syERPEhOLE, Vent (R aShale Q¥ Cerbant ER ok wiieh: ra?fdp&ay a

c&h@na&lra5eeyap@d;ustmngehﬂene@eeSrltnpﬁ@péruﬁeé)da thiee

h%%%gﬁu§t¥ﬁ££uggcii§§&ﬂﬂﬂloge%fc¥9éteChn'ques arqﬁ%gplled

ressur ulse ion
inggpérgeutesparetén the range of 200 to 1200 C, but
grom h conditions with a thermal budget in the range
of 400 to 800 C are preferred. The 5 evaporation fl ux
Iy gAfERéoRar o efardet Jacanies adiidssedike Yskephre high

thBemAh Xedn&h &8y Of y L N8 %%%bﬁ%gg@ofppsﬁéﬂ§”5béfié%tl%héegn the

field of highly scaled microelectronic devices.

The present invention allows to manufacture a high-quality SOI
wafer only by epitaxial deposition and thermal treatment steps.
It is preferably applied to virgin silicon wafers without any
device structures. The layers according to the invention are

preferably deposited on at least one complete flét surface of a

silicon wafer.
Methods for epitaxial deposition of layers:

Both the bixbyite mixed oxide components as well as the
semiconductor can be deposited either by physical or chemical
vapour depositicn methods abbreviated by PVD and CVD,
respectively. In case of PVD, the target materials are either
heated by common electron bombardment and/or thermal

evaporation techniques. In case of CVD, the variocus well-
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buffer oxide filns wth stoichionmetry gradients,
conpound sem conductor filnms like SiGe etc.).
Deposition fluxes are typically in the range of 1 to
100 nnmfsec. 10 Measurenent nethods: Structure: Film and
interface | ayer thicknesses as well as the respective
roughness of the surfaces and interfaces is non 15
destructively probed by interfgrence techniques (e.g.
X-ray reflectonetry and elllpsonetry) Scanni ng probe
technlques i ke AFM and STM can furthernore be applied

tlfy r [ ou hness r,anet The
A e B e R oy B 18 (g preesuze CVD,
ithanabm@dﬁzeGVEyembrhy mbﬁdsummmnomempehatqnes aiéliﬂiﬁﬁé
0 r di ffractiqn asurene erve
{gh$yg¥gghpngot%28§ i a?%gig¥eﬁg |8§§ EE%O%? ?h rmal
ydofedr l@ndhESeﬁngen@iﬂcwﬂ Hoaypdls “®i bher pspietréa. t'_hea Si

aEEH%n‘A@fLﬁ f mr@ﬁ’e q}aﬁfl %%t ltgggg{:geéarﬁ uJSf-ta hec[ ansrtce?d to

hl'y aver ag e or mat i on out €” |1 ong-rang
Rﬁegﬂﬁ§'ﬁbﬁnﬁlxﬁdeflbmﬁetﬁ1ﬂ€h§ﬁﬁiésd260mmdssian31(e g. mixed

}ﬁff_ff%(i:t $x3a8 ?ﬁlﬂyw1ﬁﬁIsegd;lcm%ﬁ%t&gsgkgéi def ourg

densities and strain can or roborate

A coRglaRost Gd1es. 1 kR TGS ehiconet Pyrosithen fluxes are

ﬂgg;tle;raqa?,r UGt UhE tengStdidiednappdgayssctively by RBS or
strucfively with %he help of XPS and Tof - SI M5

sputtering techniques. The latter technique 30 is al so

MEHUretheh® fetrsdine With high sensitivity inpurity
l evels in the heterostructure. Electrical properties:
Leakage studies are carried out by J-V neasurenents

Jdrermperat upglﬂe@@@dﬂmerﬂaro@n&hget: ehfclnedd®S s 3R11 as the

neasurenents are su nted by frequency dependent
RS L et MRt Bt G Gy ERREE ber v R A ca g s non-

déls&]rﬁ@tﬁwelgopsctkaém bpflﬂﬂé&fbtﬁef’leé oxtiei @sedeld. AS X-ray

erface state d itie BILTS_ can. be further
red FCEGTEEEY T TS TYa - nEPROLNY (BEPDR (g e Like
AFive aodi @@/ cseniworttucicore beurdnal yed Hab | querasiae Ritts ce

L R T A I
maaydryscharacterized by X-ray dlffraction techniques. In-plane
and out of plane X-ray diffraction measurement serve to
determine the epitaxial relationships of the oxide buffer and
semiconductor layers with respect to the Si substrate wafer. X-
ray diffraction gives furthermore highly averaged information
about the long-range order of the films, i.e. defect densities
and strain effects can be quantified. Thesa results on defect
densities and strain can be further corroborated by TEM and
Raman studies. The stoichiometry of the heterostructure is
studied non-destructively by RBS or destructively with the help
of XPS and Tof-SIMS sputtering techniques. The latter technigue
is also applied to determine with high sensitivity impurity

levels in the heterostructure.

Electrical properties: Leakage studies are carried out by J-V
measurements (temperature dependent; transient etc.). These

measuremnents are supplemented by frequency dependent C-V
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Exanpl es 10 Exanple 1 Heteroepitaxy of a superficial

| ayer 8 consisting of silicon- germanium (Sil_aCea, a =
O0to l; "SiGe") on a Si(001) substrate wafer 1 via

bi xbyite rel ated oxide buffer |ayers 15 In accordance
wi th one enbodi nent of the invention (cf. Fig. 2), a
structure is provided which is suitable for the gl oba
integration of a heteroepitaxig superficial |ayer 8
consisting of SiGe on a Si(001) substrate wafer 1 via
nixed buffer oxide 20 | ayers of the la-3 type, spanning

%¥%g;;i(%) og%UB??gﬁgoﬁqu€E%gpéﬁf%%?p%+ﬁg rlc F8Mstant
%ﬂvﬁ?ﬁ

Set Qﬂﬁdepﬁéswﬁlllﬂ&erﬂh&nfa@@n$msteldehheties DLTS
PLERAL A4 ing ngbgﬁ%a%@' g sypenlheLal ! %xgisas trap

conS|st|ng%P uct ural “quafi
et g W@lﬁéqdlﬁ@@l¢@wd¢Qﬁ93nhﬂmm@a@ms Hﬂih mémsurements

Sehp ofo ARRORNhat @ha%éecgapf’:ﬂcgle o%e%%rg]g_X’_EHEe§s angh Pas

high electric interface quality i ntroduci ng
Rl dtliaty imethe sPitental o?er@qu todi dryeesi nt er f ace
| ayers between the sem conductor structures and the
oxi de buffer through post-deposition treatnments. 30 A)
*hg the starting oxide tenplate structure on
Si(OOl) The substrate wafer 1 (step a)) can be an
é%(ﬁP wafer, as for exanple commonly used in making
ed |ntegrated circuits 35 (ICs). After applying
establlshed Si(OOl) waf er cleaning 25 recipes (RCA
H%t ) 3 §) Xi Iayer consi sti ng
0BT ROBrY BT AemtPr SO (T3E8) b GPERtaL Al ef ot bicon-
g@‘rrr@mﬁmrl 9 SdE.QBA, bya GUbEt@nlzl].CUbS:L@@‘l’I a%ry ahrsz(@m)) _ sulbstrate
ntati.on. i.n,_st n¥ T e p a e epitaxia
%?q giﬁOnlﬁlgléFy%ﬁg FFHeeq § g@ﬁ hed?hefe and in
the follow ng by XRD. The f|In1 stoi chionetry is
BNAAeANEEe A0 Se d Dk e el
quUaNt Tt ati ve &g % ona ﬂm%%tgfc PP or Ay ey pﬁVlﬁ§§' Fig.
ZVheau§§rugtua65©55@rmvudqﬂewhﬂthPaBO@uahdbM@03nrajm:global
ﬂﬂ%%%&%%QOBoogrthéEéfJéﬂitaxial superficial layer 8 consisting
of S5iGe on a $i(001) substrate wafer 1 via mixed buffer oxide
layers of the Ia-3 type, spanning thereby the whole range of
possible compositions from a = 0 (100 % Si) up to a = 1 (100 %
Ge). The advantages of the present invention consist in the
preparation of single crystalline superficial layers 8
consisting of S5iGe of a) high structural quality by matching
the required lattice dimensions with the help of appropriate
mixed buffer oxide mixtures and b) high electric interface
guality by introducing insulating metal silicate or silicon
dioxide interface layers between the semiconductor structures

and the oxide buffer through post-deposition treatments.
A) Preparing the starting oxide template structure on Si(001)
The substrate wafer 1 (step a)) can be an $i(001) wafer, as for

example commonly used in making Si-based integrated circuits

(IC"s). After applying established 51 (001) wafer cleaning
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oxi de |l ayer 3 which perfectly matches the lattice

di mensions of 10 Si (lattice constant a = 5.431 nn).
The thickness of the first oxide |layer 3 typically is
in the range of 10 to 100 nm Film thicknesses are
determ ned here and in the follow ng non- destructively
by XRR neasurenents. Subsequently, an about 10 nm

thi ck second oxide |ayer 4 consi sting of
(Pr203)1_Y(Y2®3)y with a 15 gradual reduction of the
Y203 content to zero (y = 0) is deposited in step c)

T | ate for the
G%iipo?om '|a&§§5§53%§%sf§?¥ﬁg %F g?& %8%%?“% ConSlStlng
CF-fTEO@loife(hb@uﬂblEOOHﬁIﬁEhl(EkﬁE$ﬁx(Y}zCSﬁ;epﬂid:)h a Wiallheubs % of 0.5
h t nent
J%é)gj tcnvglep si W%nga\rqﬁtelg% n%lg%gy rJr'%DA %‘ s CERERTARHIT el Step
bin sThe ®)asceutd rifpet kpitakéel arslgty:sxrmmp mfomde films is
RESARRIE 180X ECH, T OF o 3B THANLES 13! xABOULy

O ,
Substrate tenperature measureénent carrle% out  here
srvd- dhdomefra vi 651 enphgsodl thretshamdbddeplfelébeheateith the help

cﬁoijuteﬂnQﬁ%@tcikr@SQPEO oﬁ@for?éjlkl? R cgquLgb?Qée UEP 8 VeRie use

to S|nu t aneousl y achi eve the follow ng mo mai n
%a‘ﬂ 90 :P0r BERFUrehel hPEaPsoxygeteCsohtluetdwitsd dfo gvew a first

%QNﬂ%@e&ebahﬁgcﬁXﬁgﬁfégﬂ%yndéf%ﬁeélkH@Blaﬁgfce dlmﬁ$51ons of

0st - deposi tion oxidation boundary between
U@t €SnarBrtanhnd T he 43% $loxThe Fhyekngsgiof the first

omder akgert 8NPOpatLI By {drouaheevangtebatiyely 144 6. riim
gg | ayers. 30 Besides_ decouplingthe first oxide
ti%z%;? e§SPRoATFEnECEEHRITS deikaPaf 1Nt bhavEpHl erekng mon-

o@-a%memattlmelpybgl f(lﬁlerrﬁéﬁsdﬂlﬁ’(dm:'s e&@@@§t@ﬁtp§a,efaiﬂ Celkﬁznutts 10 nm
%ﬁﬁ snatch effec esultlgg firs
|kpﬁ88§m nPEI Bt AR | Sz‘StéP{JhBF 6T nm(%aos y with a

ggialdueat eeducaishl b orheli vk deorataitc hicometrby (yproyj des a
Sodlglgct£|gtstru e. of high electric qualit
BrohEraeh P8I 41 iR G EPPacer S a e delites for the
anwthapacattherdcuxmdermﬁygw B@m&ohsyatﬂﬁ@ €t CsoicHi®metric
et o by ﬁ?iéﬁﬂ'eﬁ%gé%%ssd?%nﬁ{aer X dve HepBRtentotdng down
t@ﬁdWQﬁéﬁeagutEﬁEmmltmﬂﬂahmﬁmas (pbst-deposition annealing,
“PDA”} is then applied in step e), heating the materials system
in one atmosphere of oxygén for 30 minutes at about 500 °C.
Substrate temperature measurements are carried out here and in
the following with thermocouple elements positioned close to
the substrate. The PDA step serves to simultaneously achieve
the following two main goals. Firstly, the high oxygen
conductivity of the bixbyite-related oxide structures allows
the post-deposition oxidation of the boundary between the
substrate wafer 1 and the first oxide layer 3 at moderate
temperatures through even relatively thick oxide layers.
Besides decoupling the first oxide layer 3 from the substrate
wafer 1 to avoid defect gene;ation by different thermal
expansion coefficients (“thermal mismatch effects”), the
resulting first amorphous intermediate layer 2, either of a
metal silicate or a silicon dioxide stoichiometry, provides a

dielectric structure of high electric guality (highly
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Secondly, after the formation of the first anorphous
internmedi ate | ayer 2, the ongoi ng PDA treatnent
oxi di zes the stoichionetric Pr203 of the third oxide
| ayer 50 of about 10 nm thickness to PrQ2 and thus
transforns it into the third oxide 10 layer 51. O al
rare earth (RE) oxides, only praseodym umand cerium
oxi des form besides the trivalgnt also four val ent

oxi de conpounds. Praseodym um oxi de offers the
advantage that Pr2G3 as well as PrQ2 are stable

t
OO Megeas LDegages il S5 U s R0 sRteTE.
TRt 4Tes PectloNgk rasuer okt - txnﬁh?Ieéﬁptcecakygemp@xt}es are
déﬁgrmfﬁ%d %b§gu§ﬁ8dlhntﬂ&“%éfﬁAd%ﬂggggnggbﬁuggg?ogﬁg 'S

used in th enbodi nent of the p vention as an
emReEAtaIr CoRpgeRdenbseY v "I\ aezchitenent at echohaudre

oxi dation of the boundary between the buried oxi de and
t he superficial |ayer 8 consisting 20 of sem conductor

SR, By ERE| *éag. horidelemtah d@cokjgeh aHOFPRRUs
istkseruant cPDAysteps. tIEéI-)orlchlQﬁj @@Angrre@{:lﬁéﬁg @}E‘Pdlzess the

strai ned superticial itaxial silicon 2

ST P EBENT L Fn Tt 68 B%‘Fepé“f‘ﬁeo § dves PAt efrabeut 10 nm

tildihe sfsle L3 EQOQSaﬂ/&FHhu%S teahl ﬁbrzgﬁ r%% %ﬁﬁ:&g—ﬂéo @SS 8dide

epi taxi.a con | ayer the Si substrate

st gt ath SRee @ya&i’%nOﬁﬁé%sneﬂ%l:érréraseodymwm and

dkﬂﬂﬂMﬂo&&debyfhrghbésﬁﬁﬁsﬂﬂhmﬁt&1ﬁ@le89 Qléérﬁwuﬁ(ﬂhlﬁﬁi oxide
Rectroscopy techni ose

PG o ARE PR Y eGP S oo Apapd AT S ehiat Pri0s as

wailtamlakby mwerqﬁab&e bpm@oundBOBhéréHEﬂﬂQIqy@ad@& Cerlum a

f.Qurt istin

%ﬁyﬁ ougéfgg (%%gggglﬁxé?g% 3ée'fﬁg¥ 83%§8u% j g known

ifry hmngr@m@hestafos uwstwaﬁKE& @@updslatan@foxygeﬁ)ébtuhat, as

c{lstcu%g%dl ﬂlt lcﬁg OIS, év?:%?cr; i ];che_rs%ogngo%mc?r :658 stse?’ci3 1nn)‘dhls

ater onits nposi change st 1ts
ergpodiimendi ﬁﬁnéh@rﬂ@ré@nt h@V@Iﬂ@\MDh 8f an Supﬁrénrcalaloxygen

ﬂe%%%%o%reftoeéfﬁfgvélﬂAﬁéﬂwgna¥ﬁ@ 0Li SLEALDE ayer%gJ%Fary

. First an epitaxial superficral
b§¢@9@@)tbﬁdgpr;@@5¢¢¥dgqqqg frhe superficial layer 8 consisting

of semiconductor material by releasing the lattice oxygen

during subsequent PDA steps.

Bl) Integrating relaxed and strained superficial layers 8 of

epitaxial silicon

The present invention offers the option to integrate fully
relaxed as well as either strained or compressed epitaxial
silicon layers on the Si(001) substrate wafer 1. Strain and
relaxation phenomena are determined by high-resolution X-ray
diffraction and Raman spectroscopy techniques. For this
purpose, the starting oxide template structure of part A is
epitaxially overgrown by a compositionally graded fourth oxide
layer 6 consisting of (Pry0s:)1-.(Y.03), of about 10 nm thickness
in step f). The double oxide film growth starts with a

composition of z = 0.9 to fit the lattice constant of PrO, (a =
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5 can be grown if the Y203 content is reduced to zero
(z =0) . A pure Pr203 top layer results whose lattice
di mension is by about 2.5 % bigger than the crystal
structure of silicon. In this respect, the epitaxial
overgrowh by Si in step g) is suitable to prepare a
superficial layer 8 of Si(001) with a device 10
relevant strain to raise electyon as well as hole
mobility. Secondly, in case of the overgrowh by the
conpositionally graded fourth oxide Iayer 6 consisting

3 2 ' th =
PP A0 a0t 2 2 Rnln HLR Dl e
Wit lice tdl@!é@fsapﬁsaﬁpr opffie aJIBD‘nfﬁin cricat eupstbitihl ylayer 8 of
. fiCi f 1
smrtapetinial | s 8 SO m o) o, o
B itegnsilseiupgréfcier 2%3)6;.33_.5( ‘(2'1)3:)12 08Adi ngdert bems Ple estrain

2P Zyroub) i BHETv RN Lsgt@ﬁﬁevweéeogléew' a&srémz = 0). A

sem conduct or gr owt whose attice nension IS
RHEUP 1205 D8R fdlYieer TERBAT ST whape slazmzlmeoeﬂem@nelenabs elsy about

4 hats WAy JeR $hen eﬁet&ey&@w&r% t%reseﬁemfé&k layah; o

8 of epitaxial Si(001) which is under device relevant
sitpe §PP~E§§laJ¢\ IVHLTPOHR Predindht step applieduitable
tdn ) at Qugecoup] £1 the &l ther skidhned,Hin fa?'c?é&ﬁd:e

syperficial | ayer 8 of Si(001) fron1the oxi de tenpl at e.

IAJEVRDE S5TRRE” AP g b3 P LSdudsi VPLY of Berke mpkgility.
JeRloldad, ( Ph26B34d - of Y2(B)ove rdaithitd Q&'@ﬁeoéoﬁﬁﬁéfﬂﬁﬂﬂélly

oxi de Ia er 6 is the central physical propert

A FPUREROPELAS | AT § RO PO By PR oAl 1 (kO8] = ending
»mtygen =00 . EhenPs€&p of ) ,t hfhet Ridideoxkeflplhoyefia®dnhdd the Si

i,eve the OX|dat|o e oundary between the
é%‘ttlgfa gﬁm@ﬁ%aﬁwlﬁ ﬁthf;%' O SofPRFPBBIF AP tHEate a

fhxilllyt redxixdd lsayerfﬁclaun 1alykirs 8pbac:95$001 heibuwtdegd fHr.02

th rd xide, layer. .51 is uce
eregy tPENSPIR TR hg- T §§896 ﬁ?r?ﬁléﬁgiﬁ¥qlé§%r
d5281whnbe afséEDﬁH aabYﬁh@usauhﬂggwadmaaephagerﬂ% (af =a1)
E?loﬁ'kbﬁa%$09£é§%%§g%§pl% L1E o%tséhec5%%erf%9%ﬁowg whose

creatio amor phous~rnt er
lathéfer dipgnstonl ingdywiemeuthe . gr dwemahter i @an stiac Whus

pABcEAROE! BAlo) LEGULETRIY 110 2B ) IBhECY SR bY
superficial layer 8 of epitaxial Si{001) which is under device

relevant compressive stress. A final PDA treatment is applied
in step h) to decouple the either strained or relaxed
superficial layer 8 of 5i(001) from the oxide template. Again,
the high oxygen conductivity of the Ia-3 related (Pry0s)i-»(Y20;).
double oxide of the fourth oxide layer 6 is the central
physical property which makes it feasible to use the weakly
bound lattice oxygen of the PrO, of the third oxide layer 51 to
achieve the oxidation of the boundary between the epitaxial
superficial layer 8 of Si(001) and the fourth oxide layer 6. In
this process, the buried Pr0O; of the third oxide layer 51 is
reduced to Pr;03, thereby transforming this layer into third
oxide layer 52, while a second amorphous intermediate layer 7
of a metal silicate or Si0; is formed at the interface. The

creation of the second amorphous intermediate layer 7 before
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S

expansi on coefficients of the oxide and the

sem conductor of the superficial layer 8 as well as to
guarantee high quality 5 electric properties
(insulation, Iow charge trapping densities etc.). B2)
Integrating strained and rel axed superficial |ayers 8
of epitaxial Sil _aGea (a = 0 to 1) C 10 The oxi de
support systems di scussed in rt B2 can certainly be
used for the integration of relaxed as well as strained
superficial layers 8 of epitaxial SiGe filnms of

re S C tri.es,. Rirst various relaxed
Gl Rona® LR e s 1 R YR o8l b e
ﬁﬂgmﬂﬂemsﬁtdeOIayelé @EfﬁCt(dﬁdaﬁiph b@Yﬁiﬁiezéﬁﬁﬂﬁﬁbrmal

; u j.Cl y 0
LS 1o, BB oL SIS R DRItk Bl ch&Y Bl Corfluclo o
thet superfacéhédlavey th oxivvd U apets 6uef.antee h:l_gh quality

d&%&%@@klprE gg@iés fiﬂéﬁié@%ﬂﬁ Z 164U hérg é?%ggguélden81tles

stressed” Si | ayers under 20 tenS|

ressive strain can be realized. For exanple, 100 %
Ge | ayers experience a conpressive strain on a fourth
oxide layer 6 of (Pr203)1 ,(Y233), all possible
B@énﬁ%?ﬂ?éﬁé“‘ﬂr%ﬁﬁlm% agl relpsegr swpehbimiak layens I8y of

aglaxedl gypg@&;cgaL lhayer 18 of epitaxial Sil_aGea film
up to a 25 conposition of a = 1 on an la-3 rel ated

fourth oxide |ayer 6, a new oxide conpound is needed

The bhedtostibPooki esdaerdiGomiess ihapdi€edidBNHLRAiB1y be
g ougﬂ The best, choice |s the very _efficient
oGeBRT R ORI Dr i B 903 (Bt Efcas Ut it Sk rai0ess

sﬂ@krﬁhbﬁhlslag@iéMS&ﬁt@@d&a&ﬁ@l|aEGéCﬁulﬁéﬁﬁﬁﬂdﬂfféQ%nGe
% %é’ 03|t|ona; % graded fourth
Qﬁ&%l?“&y*é?l%s Ji% @B PLF VB BT kBT abidiit 1B0STim can be
gthwnknasﬁopso@rlm%tmdm staejrhi) ﬁlurtnpoiﬁdéimajdﬁsr¢ of
art. AL  The

[ I 51 rlbed | eta
B0 graaen s AoSp LS H FRacharots) Vsl
lewﬁpQSBtoﬁnSme zwrtro aQZ%et @om&énh dvhesd at tgmer dflurIB_I?S refsxed

off 15{3%(;@3&51& %gfécmxtl&@ema Lhe Bi 208 J 6' g (¥205) 2

raised to nat the 87 nen3i Ons' o
framgetvedn supeqddicd 4. 1Sepend8yef stressed SiGe layers under

tensile as well as compressive strain can be realized. For
example, 100 % Ge layers experience a compressive strain on a
fourth oxide layer 6 of (Pry03)i1-,(¥203). all possible
compositions from z = 0 to 1. To grow, however, a fully relaxed
superficial layer 8 of epitaxial Si;_,Ge, film up to a
composition of a = 1 on an Ta~3 related fourth oxide layer 6, a
new oxide compound is needed in the fourth oxide layer 6 whose
lattice dimension is big enough. The best choice is the very
efficient oxygen ion conductor Bi,0s; (lattice constant a = 0.566
nm) which slightly exceeds the lattice dimensions of Ge (a =
0.5658 nm). A compositionally graded fourth oxide layer 6 of

(Biz03) 1« (Y203)x of about 10 nm thickness is grown in step £} on

‘top of the third oxide layer 51 described in detail in part A.

The oxide growth in step f) starts with a (Bi03)1-5{Y303),
composition of z = (.92 to match the lattice dimensions of PrO,

(a= 0.533 nm). Then, the Bi,0z ratio is raised to match the
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epitaxial SiGs. For exanple, to achieve the growth of
fully relaxed 100 % Ge filnms in step g), perfect
|attice matching is achieved by a fourth oxide |ayer 6
of (Bi203)1 z(Y203)z with a 5 conposition of z = 0.03
inits top layer region. Finally, prior to cooling,
PDA treatnents are applied in step h) to activate the
oxygen diffusion fromthe burigd "oxygen reservoir"”
PrQ2 of third oxide layer 51 to the boundary between
the fourth oxide layer 6 and the superficial layer 8.

f 1
%%%%%%@I%O% r%%:g%g }Fé%f)(%i( Stqﬁ)er%ﬁecg dllgPs?%Fp?]o(&g
et eriet fisd. ai@r @xampaenetqua@hﬂev&at@eogroﬁtﬂZofsfully
féf?Qéﬁjﬂﬁ@ Qxicdatyl; Qﬂsoi?t9§%§q§ %%fﬁg%tlggemagchlng is

of the interface ayer “fe sane
Whiarabdy @ foershl oxnd@al@yem 6 156 E)Ban@j a- zthgos) = with a

&aﬁﬁasqeoqa@af ‘%f = gdhympi t£d de, 1)1%§Debg%gggh' ' E{fﬁaally, prior

nitride (G ilms on an Si(1 wa
W9 £ Kt Dﬂewaﬁéﬁmg@t%xiﬁ% arfi@ds innsgepohtlaheceactivate

Wid happther reBedhMmepdm Of nhd hﬁ;fl@éﬁn‘% g’ﬁe(lct:eseﬁ!rcglr’z)PrOZ of

a structure is provided which is suita
rioshioxnigtee dratironl of © hela gt damr batweenniite0ayrandoxide
PhydaN QORI HEl kuBeoni @i SUbSIyAt & Wahen e 1AL &ézllolf) the

via m xed buffer oxide |ayers of the la-3 type.
Fidier HaveapPl akf aredeted iighdhits BEOERESTEP n%raOs the

geigidrisiedohene andeifiedidies f1olyawing by XBPa1 ThE€1icate or

%ﬁeX|stence of cubic sphalerite and hexagonal wuirtzite
Qest-§1 CEERLRT UPE® P PLVERRECHFLISA B TAsGundhe role

csfemueoridm@trorasebnegks ihepglamiprance tok khRe Shé 09ildcussed in

4§} er, qQrient tbgn, technologically well-established
%Iﬁ? b&R 'y cubic I'V-1V sem conductor world. It
|s an advantage of the present invention that it
é e§ sufficient flexibility to tackle also the
|r% gration chall enge of new val uabl e 35 sem conduct or
materials crystallizing in the hexagonal wrtzite 30

RIS BaxfS o ENenb Al T AEX dO00hh PERE! GBI ADG 151 e (Gan)
films on an Si(111l) substrate wafer 1 via bixbyite related

oxide buffers

In accordance with another embodiment of the invention (cf.
Fig. 2), a structure is provided which is suitable for the
global integration of hexagonal wurtzite InN(0001) and

GaN (0001) films on a substrate wafer 1 of S8i(1l1l) wvia mixed
buffer oxide layers of the Ia-3 type. The phase and the
epitaxial relationship of the films is determined here and in
the following by XRD. The coexistence of cubic sphalerite and
hexagonal wurtzite crystal structures among III-V and II-VI
compound semiconductors breaks the dominance of the Si(001)
wafer orientation, technclogically well-established over the
entirely cubic IV-IV semiconductor world. It is an advantage of
the present invention that it provides sufficient flexibility
to tackle also the integration chalienge of new valuable

semiconductor materials crystallizing in the hexagonal wurtzite
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stabl e surface orientation of wrtzite rel ated
structures, the pseudohexagonal Si(lll) substrate
surface is the best choice to neet the lattice
symmetry of these sem conductor filnms. 5 Bixbyite
rel ated buffer oxide structures grow on Si(ll1)
substrates in the cubic (111) surface orientation. This
result is understandabl e becayse this surface plane is
in case of cubic crystals the nost dense and therefore
the nost stable orientation. Besides the lattice

a ntenfac e rategles f the
present i n\g%ntl on ?sgﬁég}édv%mdéi rg% |p%af§>% tgi most
b g it agfe W@ﬁenbepﬂoaX®ﬁlwdﬁﬂ2ﬁﬁéﬁnamaﬁede3fmuttmres, the

g@%cg}&ggom Quient at gglp%sﬁiea J&Ma Qr tlsa%s%sg@ Lbice to

case nte rati on tere
m@mﬁd@hﬁd@ﬂdﬁ@eoﬁymmetsw(QQjﬁhqﬂQusammﬂomﬁacbpxbyll@s

OXI%;J% ﬂe'aa%'dd%uw&e&ld@)sfﬁrﬁq)w#g the shagl éﬁ[‘ﬁl

ten‘p ate structure on substrat
SRl Erratesadtbéhgncehicof 1bi ¥ -BHifancee @ rdiepitplk) on 20T nes eresult

20d3 e 1 10aRES 180 6RE LI BY E@lm&rﬁ%ea@ﬂaﬁee%sw J:ége of

cl eaning reci pes (RCA, Piranha, NH4F etch etc.

‘ﬁ%%rcdﬂ%ﬁléf thReMBRF dder At &hemedeorar §h€sllﬂ‘é§)§ %ﬂaable

$:91 )DatAlbn . Sipklskibik sf ohé onst €1 Aselat e gdasar ERELPhace
given in part A) of Exanple 1. The nain difference is

THEN G Y RETAG6EDBEE %?l"o*ée I S OdPreneyompyisgyssed in

et iio 109 E&faniph% fii r she oxislecd ayfehed caBdpitheiseCHNN
oxi de he Pr@2 of the third oxide

taﬁ)’b‘i’t g.%}%l éﬁa%ﬁ%lws 3F t%e&&ﬁ.teocfﬁf dutpaicer
a)ixaﬁﬂ_’ltqeajel ]gml lcﬁhe Bl ﬂhétmmmtdn%/ olfS wagakysedrdEf€ad

and t he ollow n guant ive XPS,
S 2GR0 b bt B e 1 RES TP PHAVEG a1 e
axeldax etk fifexagonal wurtzite epitaxial 1nN(0001) |ayers

31 The oxide tenplate structure of part Ais

epitaxially overgrowm in step f) by a single
Xr yeteglaldimg toer shaokinke daydkr tenpflatePs2E8piurd Se?2@) A11)
with (111) surface orientation. Lattice mnmatching with

respect to the surface unit cell dinensions of
The substrate wafer 1 can be an on- or cff-oriented 5i(111)

wafer and is cleaned according to well establishéd 5i(111)
cleaning recipes (RCA, Piranha, NH,F etch etc.). The
preparation of the oxide template structure (steps a) to e)) on
Si(111) follows closely the description given in part A) of
Example 1. The main difference is that the mixed double oxide
(Prz03) 1-x(¥203)x (x = 0.5 to 0) of the first oxide layer 3 and
the second oxlide layer 4 as well as the Pr0; of the third oxide
layer 51 grows on 8i(111) in the cubic (111) surface
orientation. The film stoichiometry is analysed here and the
following with the help of guantitative XPS, optiocnally once
calibrated by RBS.

Bl) Integrating relaxed hexagonal wurtzite epitaxial InN{0001)

layers
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5 the cubic Pr02(111) plane is achieved by using a
conposition characterized by z = 0.37. In order to
match the rather small lattice dinmensions of the
hexagonal 1nN(0001) basal plane (lattice constant a =
0.355nm, a conpositionally graded fourth oxide |ayer
6 of (Pr2G)1_2z(Sc2CG8), mnust be deposited whose 10
conposition in the top surfaceyl ayer region approaches
z = 0.85. Subsequently, in step g) a fully rel axed
superficial |ayer 8 of hexagonal NN wth (0001)

ur f ace, ori ent.ation,can, be d.. Pri
B e B B RR e iR ot harie: &1 d® SBRFrEqatby overgrown
tarstepul) tdye adedogpki ngystalhimesuperdticioalideayeye8 45f

e r i.de | th rface .

@%ﬁﬁ%yfﬁgggﬁérﬁgéi?hélﬁMZkFyrﬁggﬁd faﬁ p%gugyyégﬁta ©
mdfectP@ wiftht hesphickdtoxtide slhmfmre 3hitB2elintlégeasiomgs of

g it L i;a 0 )‘ﬁ%$ s
P S0 eagRne] MELAe SRt IO poscion
¢¢¢#ﬁ¥t3¥laﬁﬂn@GSEtFoﬁaBVy yﬁau@ﬁﬂ¢durmwt@hidbela§9h86 small
fgtﬂ£$¥QﬁhémEQ%B%C§f th@”ﬂgki#§%91(¥ﬂﬂq@b@ﬁ'oBagny% fhe

used. The epitaxi al overgromx of the oxide te ate
bFatpairge Aargtaghi avedOby>aniat 14 c@npestichngldpupreded fourth

@;Xicﬂ? Slycleue (BE258) 1 (sCMR DBy s i f Ferftfildldt Q'hose

th increasing thickness of the fourth oxid
<F%*§zé?81@,lont e EBRt EAP BRrFrID3lavey egydes ﬁ@pi@@@hesrhze =

sse5 OfsupseQfuenicaget £hCsMR0P) i ﬂdlqyt %1&5&&1‘1&5 EL6{ o1
of the double 30 oxide structure is due to the ?act

YhRs Sdndezrrorae kdwat thhi iATe sPgitacedobkpyeation can be

@éﬂd&ﬁﬁ’dﬁcﬁs PQfloﬁrh@op@bbDﬁlﬁ@, Sﬂhrﬁtsﬁjgppﬁl)l @bﬁmﬂ%étméﬁ}@&?ﬁre
ISt e yst structure wt t he.snal | est attice
éﬁ Fﬁyc8H£e %%n%%FOQRﬁ%Q§UP¢a$g SyfAPPeERiFial layer 8

ihdﬁﬂhﬁ desirah bEEdéUDayeﬂMQGﬁu(k1&91mhém€aébabii&étlon, using

onst ant a =3 natch er |
L RG50S ThREATe SV BIn R (hs: Brbe ottty b de
B39 5in) the best. Also the bixbyite buffer OXIde
approach is not suitable to perfectly match the
lattice dinmensions of GaN, it is however an inportant

B dmttage agfinghet pe esenthéxrngmtalowutrhiat tehepieasial gpN (0001)

1addLce

For the integration of epitaxial GaN{0001l) films, a
compositionally graded fourth oxide layer 6 of (Pr,03)i-z{Mns03),
with (111) orientation must be used. The epitaxial overgrowth
of the oxide template of part A is achieved by a lattice
matching double oxide structure (Pr,03)i1-;(Mn;O3)}, with z equal to
0.28. With increasing thickness of the fourth oxide layer 6,
the content of Pr;03 is reduced to zero. The use of
stoichiometric Mnp03; in the top surface region of the double
oxide structure is due to the fact that, among all the known
bixbyite related oxide structures of the periodic system of
elements, Mnp03 is the crystal structure with the smallest
lattice dimensions. In consequence, the surface unit cell
dimensions of the cubic Mn,;0; (111) plane (lattice constant a =
0.333 nm) match the rather small values of the GaN(0001) basal



\/‘—\

10

15

20

25

30

35

5 msfit of about 4 % between the supporting oxide
buffer and the superficial |ayer 8 of hexagona
GaN(0001) is by a factor of 4 smaller than in case of
t he nowadays used Si C and A1203 substrates for GaN

het er oepi taxy. Besides the snmaller lattice msfit, the
decoupling step h) of the superficial |layer 8 and 10
the fourth oxide | ayer 6 by aqﬁinterface oxi dati on
during the PDA step is a further inprovenent brought
about by the present i nvention to nmake the

tero ilms (s n ore

gabn% g"tes Wit h COi”owerwt'def ecé %ﬁgosr?‘z é:Z‘ fgﬁngbI%?SiSthe
Eixbmﬂﬁﬁibuﬂﬁﬂi aki@eoapprmaphunsaﬁetlBﬁ1$ab$erabepeﬂfﬁntly

t.eqgr.atio r t i .
AR B0 Rln b D0 o £ SR B Sstlafever ap fpportant
iﬂvanﬁﬁﬂ@oKdgwhEOppbaeﬁbrnmwﬁmﬂlqn\mhﬁh dhponenaysiad | latetice

r 1o I

TG (LT G faf SRR e Yyrdlet IR bRLdeMBfecer, ana cne
et ionsHi ﬁa@ﬁrtﬁeoflhﬁ%aQQﬁananﬁO@@d hStheaaﬁ@btqr of 4
érﬁﬁlféy |+ QWiNG nbY: 2 XBDs £ THH S r%wa%gyfsa%%egr ‘s%t a4 on oJfod

chosen because the cubic Si (111) crystal plane
Wb ey 6 rnERMgBREPr 3eR F ety -s ERre Cey M?cﬁm$%l¢lhelattlce

et 1S Uided d‘é@oﬁﬁﬁ]hﬁé‘%%@@ 9 Qﬁ?ltﬂentsﬁﬁéi‘ﬁfheﬂai)flé d7 8 ang

conpound sem conduct or Iayers crystallizin

Hs g werddgi LaveFr acdera 1ﬂ¢erfep€| Pﬁ}dwé%em q%iaelrw the

hRamgy i@f a36QriReri Sm d}!\t&j’en@ar&r s8R Bbout Obp the present
on-oriented and undope The el ectrical properties are

By e iTRe B2kEr EPANE TR IR Y O RglbyltPeqleiRy 9)) on
ANtk ilppebat e ecd epentendwsY Rtk olVJirRasys 88efdasible.
techniques. It is cleaned by the standard Si (111)

waf er cl eani ng techniques well established in Si-based
EHaompded eéctronics. The Si(lI11) wafer is exposed to a
Piranha wet etching followed by a further 35 treatnent

in 40 % NH4F solution for 30 mnutes and rinsed 33
fﬂﬁKEEMﬁﬁdQVhdldg aon$ ¥ edl WatsartbstHaits : recipe is known to

S swa TP SIS, (LRSS cgpptine
varg dinseAndd fimedehtisligh quality in the Si technology
platform starts with a monocrystalline substrate wafer 1
consisting of silicon (Si) and having {111) orientation. The
rhase and the epitaxial relationship of the films is determined
here and in the following by XRD. This Si surface orientation
is chosen because the cubic Si (111) crystal plane offers a
pseudo—hexagonal surface symmetry which is the best suited to
achieve the global integration of III-V compound semiconductor
layers, crystallizing in the hexagonal wurtzite structure. The
Si(111) wafer has a diameter of 300 mm, is with a precision of
£ 0.5° on-oriented and undoped. The electrical properties are
determined here and in the following by frequency and
temperature dependent CV and JV measurement techniques. It is
cleaned by the standard Si (111) wafer cleaning techniques well
established in Si-based microelectronics. The Si{111) wafer is
exposed toc a Piranha wet etching followed by a further

treatment in 40 % NH.F solution for 30 minutes and rinsed
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after the wet chemistry treatnent in the oxide
deposition 5 chanber. Here, prior to oxide growh, the
Si(lll) wafers are anneal ed under ultra high vacuum
conditions at 700 C to desorb the hydrogen and prepare
(7 x 7) Si(111) reconstructed starting surfaces.
Surface reconstructions are determ ned here and in the
foll owi ng by RHEED t echni ques.3310 Step b) Deposition of
a first oxide |ayer 3 consisting of (Pr203) 0.5 (Y203)
0.5: The oxide deposition starts with a high quality

oxi e, serd 14 @%eﬁoﬂ@béa ﬁ@%&ﬁesmhﬂﬁI%C1b@tﬁécﬁnowndto result

di mensi ons as. preci se ossi bl e. This oxi

Yot shrart livs %Oﬁéheséd%%hl Wﬁ‘@% SipsEanEnELE, | Bha

Dl g dratd aliviskal 8Lt Yrgardis LRI iaXkedked immediately
relatlonshlp Wi th respect to the Si(11l) orientation Is

they wete chgRE StR%t treathant )its ifrafs A6 AgPoFstion

@{a@aﬁd pairal,| @k iokotdhex Sid lglﬁawt&urft@féesmcwwb Mfetd are
%éhs t he in- Iane 20 synnetry aligning its <11-2>
%doﬁmé%%ng‘ the &b vaom acflnr‘ﬁi’(tﬁ§ STRFs /8pi t axialdesorb

%H?(Hﬁdﬁdgamla&d0§kbpdrﬁ (Ypf'ﬁ $ﬁuua&y g@&ohber@%té&%startlng
| subst r e i s oxide see
Epar galr%?gﬁsﬂf%ﬁoﬁsﬁlf& it 29%) f‘%ﬁ%&ﬁ?g hejerand in

thlfdilomdm@osthHEEx eqehvedient. to about 0.5. The fllm
stoichionetry 25 is anal ysed here and the foll ow ng
with the help of quantitative XPS, optionally once
Sﬂﬂp fIratteg sy tRBS. o ha sfisdtoichidemituyygrr 8subhsi§t omy tdie
Ach h EP bulk |attice constants of Pr203 and Y203
Bbj %2 bt of about 2 %too big and too small,
Tf&pe@ﬂw@leposwtthnr ebpets Wil ke hdgbi quSlLiBY oxidt aleed

]%{Jelicwrl%h( ﬁa‘ﬁcﬁgs‘@’ﬂ'e g latm%e(P %glgné &g@g%lsgly as

Imis repared via Cco-evap oratlon rom separ
rsE0® 1gnd T‘m@sOxa-:fiac$®¢<éslakzyerad1m§tlmg@eaccm$uahgizye tared

é%ﬁétQHQH%@sngheé'éﬁﬁlcfi¥X§§1ﬁyéﬂilt@%rge%ﬁfeouf{%”eﬁgtax1al

he el ectron beam bonbar dnent l'y target
qﬁkﬁ§%9ﬂ3§lﬁfWﬁF@hrﬁﬁP$@? ?Q]Qﬁﬁaﬁﬂdﬁéé)oPr3€HEE¢¥Entkﬁ given
1991929 féh-acenrdi Agst prihe Aroduet n%E}ﬁQ[Lf h%aélfé@e@rp?a&ﬁlel

|'oaded in the evagoratlon cruci bl es.
pdyer st ace normal and it matches the in-plane

sur
symmetry by aligning its <11-2> direction along the Si<~-1-12>
azimuths. This epitaxial orientation is called a type B epitaxy
of the oxide film on the Si(11l) substrate. This oxide seed
layer is prepared by using a mixed (Pr;01)i1.x(Y20:)x layer with a
composition x equivalent to about 0.5. The film stoichiometry
is analysed here and the following with the help of
quantitative XPS, optiocnally once calibrated by RBS. This
stoichiometry results from the fact that the bulk lattice
constants of Prz03 and Y03 are by a factor of about 2 % too big
and too small, respectively, with respect to the cubic Si
crystal structure (a = 5.431 nm). The (Pr:03)g.5(Y¥203)0.5 £ilm is
prepared via co-evaporation from separated Pry;0; and Y,0;
crucibles by adjusting accordingly the calibrated materials
fluxes with the power output of the electron beam bombardment
cells. Only target materials of high purity in the range of

99.99 to 99.99% % according to the product specifications are
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tenperature of 7500C is chosen to achieve the formation
of a mxed (Pr203)0.5(Y203)0.5 filmon the Si(l1l)

waf er. Substrate tenperature neasurenents are carried
out here and in the 5 following with thernocouple

el ements positioned close to the substrate. The high
quality (Pr203)0.5(Y203)0.5 seed layer on Si(lll) is
10 rimthick and grows with a gate of 0.5 rinfsec. The
gromh rate calibration is carried out by XRR thickness
measurenents as a function of deposition tinme. Film

wé&é@%@%4%@@%&%&@5%9@&@%@ aNds;i mtﬂie shﬂg'tmeg

non-destructively by XRR neasurenents.

Rt Wi I 4 500kpasi Ehesan| pogchw@yssééﬁ@géomaaéon of a
rh@éyfci do-consi stipg) o £ P Q) w&a@&hx)%wey SO dfe

Subsequent y, a conpositionally graded

PRI VRS SIEPEF 2GRt FRIREES A dsitcagidl in the

&l B a0 ml&ra&hte&ﬁo@zspgfe ng&né@e@rpothtlf&n%as PeeLel o the
the Si (111) substrate is romn on ¥ gradual |y
FHERICTHS t HE Y209 coHRént Yy LFFdin 05 815 0 79 Rigggen

$ (oKl e £ e ttrn@akl andi @rémd,qﬁfﬂ & ratlhibek0essn@fsec. The

the 20 canposi.tion raded ( Y233 filmO

G SRy 2ty PBa 08T EBnCRr 1416t £ GRederd SBr 50

0EHS i Sdnaig: Dfas Brzﬁﬁcti%hh@ﬂtdéﬁﬁéﬂﬂﬂﬂﬂItﬂ@eth€1gm0whhcknesses
rocess, a 20 rimthick, pure Pr203 | a

BHE Rt BoTposht bRarty G Hkrud 3 BroCEFTE LYoRRsYY bY

Ay ewe sstuneetenntes.. During this growh step of the

engi neered wafer structure, the growh tenperature is

kept approxinmately constant at 750 C and filnms grow at

S ahickiegesitdoe of 8. Sompesitisemll30 gBnepdepecond oxide

f: h t te | 2
LR Porie'safo, RE°I PR B3P ayEHEQ) 848 0
Stlrgesuard-livs an cpmposbm@wah@ze;mmu tP@'2©3)1 y(Yzos)y layer
Wwost 6&3“§%ﬂ€ %ﬁthQﬂgﬁlfgﬂaéf) fﬂ“&g QtOQQde S?ed layer

si mul t aneousl Yy I ntroduce an 5 anDrp ous I nter
Wit esanestute (c et R (11 ¥ stsupmrptieus s35roWnt ennedp dbe

JOURIa12)y BRIMRER! BRe St3UBshESLE Yof&in b @At B This change

in oxide composition is finished after a thickness of the

compositionally graded (Pry03)i-y(Y203)y film of 10 nm.

Step d) Deposition of the third oxide layer 50 consisting of
Pr,03:

Without interrupting the growth process, a 20 nm thick pure
Pry;03; layer is grown on top of the compositionally graded
{Prz0s)1-y{¥203)y layer structure. During this growth step of the
engineered wafer structure, the growth temperature is kept
approximately constant at 750 °C and films grow at a thickness

rate of 0.5 nm / sec.

Step e¢) Formation of the first amorphous intermediate layer 2
and oxidation of the third oxide layer 50:

This structure is in the following exposed to a post-deposition
annealing (PDA} treatment to simultaneously a) introduce an

amorphous interface film structure (= the first amorphous
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C. 25 Step
6

oxi de buffet consisting of the first to third oxide

layers 3, 4, 50 and b) to oxidize the pure Pr203 film

50 on top to stoichiometric PrQ2 (= third oxide | ayer

51) . It is possible to 5 prepare an about 5 rimthick

anor phous internediate |layer 2 under a 50 nmthick

oxi de heterostructure of the here described nature by

exposing the structure to a PDA treatnent in one

at nrosphere of nol ecul ar oxygen for 30 minutes at a

tenperature of 600 C. Hot wafer handling is an

I Npo t_.requiremgnt. to 10 avoi d,.defect neration. b

%é&%#ﬁﬁgiﬁfb ﬂ%‘eggaehgegﬁ% %r&%??éﬁnﬁﬁaftgg%Fhwg %fabeghd the

oPRiaridifigf- S igfuntent nghe tfeichat queshdstiabkidbetayers 3,
h the r.ph LnLe |afe er 2 ibits a

5s’l IaglOca ed ;%tqgit%hi(g’(%zgtlr% -\%\Aﬂ'?gﬁ%e a%%%tflplur? Zgbgioﬁz toPai?gr

$ o dilvigete tagat FeO2 Wit itltthel SixidigbdeyareShhaf eft lis kpssible to

. ’ | . ) - : ;
Spared ) Yot AL cROPLOAON, B LhfeSete Py -
wpder el nheh2@knariAe ckeprrestPret3ieapér thet here described

igle, | . an i | i di P
S50 8y B kvl i ey s Sestod Do

rreospifEe i rateghlpel axyorisHiqy &9 mHeutes at a temperature
P B) "k X ERRLxhehergsi fyicidirg i}ﬁ{pbafaﬁﬁpfs&%ipeﬁm to

Si(llgz substrate and presents the fina oxi dati on
POl e fsrtpPzog rakhéAnt i theul icycdipesed tbeoxygen

Y RSHEtemcexeeeditngnh290s . atpd enperatrukessabover S0
Deposition of the fourth oxide layer 6 in

f) Der . .
PGS FRERtABCHat bttt MEREPGRY Sof PERENediate layer 2
stpeyifisCiaalsilayart e8st 60881 Gid g Gfitd SENLCARGHCH@Fe Sio,
terial: ,The nexttstep f% cqonsi sts én ad%ustln%ﬂthe
YT & TSRS GRBTASH BT 'S 273 SHRSEG bR Bt Btk er
Aayerdifrer vi, heodepesit tomt afiddig orsiingl@ecpyst@béi NS ructure
functi onal 00 riented I nN superficial |ayer 8
%ﬁﬁ%i WFFZ?% eg%%ﬁg?Ure. Due to the rather snall
| attice dinensions of the hexagonal InN (0001) basa
e = 0.3 wWthr e to e Si(lll)
A S harpiearae O ranir e TE 20 8o hRTRR Pute Rrpataver
mistrdbexaldeoyegewni 6h) arn |20186.s completely oxidized to ProO;
(third oxide layer 51). The (111} oriented Pr0, has the same
epitaxial relationship as the {Pri03)i1-x(Y¥s:03)x heterostructure
with respect to the Si(111) substrate and presents the final
oxidation product of Pr;03 when the latter is exposed to oxygen

pressures exceeding 200 mbar at temperatures above 300 °C.

Step f) Deposition of the fourth oxide layer 6 in order to
match the lattice dimensions of the superficial layer 8
consisting of a semiconductor material:

The next step f) consists in adjusting the lattice dimensions
of the Ia-3 based oxide buffer layer for the deposition of the
single crystalline, functional {(0001) oriented InN superficial
layer 8 with wurtzite structure. Due to the rather small
lattice dimensions of the hexagonal InN (0001} basal plane (a =
0.3548 nm) with respect to the 35i(111) surface lattice

dimensions (a = 0.384 nm), the Pr,0; must be alloyed with an Ia-
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3 oxide with a substantially smaller lattice di nension.
In the present case, SC203 is used with a (111) our
ace unit cell dinmension of a = 0.348 nm The materi al
is again electron beam evaporated from an indivi dual
cell filled with a target of high 5 purity (99.99 to
99.999 % . The conpositionally graded (Pr203)1
z(Sc203)z layer is deposited by, co-evaporation at a
growh tenperature of 750 C on top of the single
crystalline (111) oriented PrQ2 layer. The
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f%‘é‘i)%%lrtteidon 2 fhleY%éé’rYfl (@ 751 OrBye? @ dwHSrostAgcspre with
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altitgivikng sist ©fi A- pitahe %tl@@@@ewﬁiabdngnth@dimnl>
azimuths. This epitaxial relationship of the InN film

on the (111) oriented cubic oxide buffer |ayer of la-3
Paged@) Deposition of the superficial layer 8 consisting of

single crystalline (0001} oriented wurtzite InN:

The InN film grows on the oxide buffer by evaporating highly
purified metallic In (99.99 to 99.999 %) from a Knudsen cell
which reacts with nitrogen in the chamber introduced via a gas
system. Nitrogen brought to reaction with In is atomic nitrogen
created in the plasma source assisted growth techniques. The
InN crystallizes in the (0001} oriented wurtzite structure. The
growth temperature is in the range of 750 °C and the 200 nm
thick epitaxial InN film grows at a rate of 0.5 nm/sec. The
(0001) oriented InN is found to grow single crystalline on the
oxide buffer by aligning its in-plane vectors <10-10> along the
<01-1> azimuths. This epitaxial relationship of the InN film on
the (111) oriented cubic oxide buffer layer of Ia-3 based
crystal structure can be explained by the facts that a) the
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35 crystal structure can be explained by the facts that
a) the 37 (0001) basal plane is anong the nost stable
surface orientations of wrtzite Ifl-V conmpound

sem conductors and that b) the (Pr203)0.15(Sc203)0. 85
oxi de buffer lattice dinensions are adjusted for

mat chi ng the InN(001) in-plane dinensions. 5 Step h)
Formation of the second anorpheus internediate |ayer 7:
By hot wafer handling techni ques under a protective
nitrogen atnosphere t he engi neered wafer structure is
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a1reyted foumdtainge thayéns (8011 isplagle Kddmgnsidns-
undesired defects by thermal m smatch probl ens and b)
to inprove the 15 | ong-range order of the InN film
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%pt&rﬂf aferdd INarRl1rinet UEBnRE §PAS alAY aTheocaNLi LM Srogen
ecoupled froamthe oxide buffer by the post-deposition
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rpose {‘ yer 51, enbedded in the
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4 eses Widoudlee the 1hsthoeset yubound dfattlhleCQun@X.!@ﬁﬁl InN
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ct,s.as a ca
& o Sfirastafef ot L b i Budttf olcgfrising
fimstiuﬁeﬁuuﬂtﬂquaZdbluayEEsPBZOB aacurey. tAsatbedSifddd)red
xr ffer |nterfa e rea on i s already,saturated
Ao R P RS AE S SRS L D S 6 1 REEVE e
l@ﬂgﬁﬁﬁﬂbdzﬂﬂde&eodxygenlnmsfxﬁmrﬁomuntmmebe@ aempleature
% %h er / I nN boundary. Due to 30 the high oxygen
con uct |

Vity of the la-3 crystal structure based
(Pr203)1_, (SC203), OXIde | ayer at these noderate

zggclngﬂﬂab@%nte -0 dathhon. LGl on. ich Oh3qruedeal 16 £11n 1o

uf fer oundary su t's
desravaliesh fefonarrhebemde biaf £ gy the post- depos:Ltion

preparation of an amorphous intermediate layer 7 between the
oxide buffer and the InN layer 8. For this purpose, the Pro,
layer 51, embedded in the heterostructure, is used as an
internal oxygen reservoir. Due to its loosely bound lattice
oxygen, the Pr0; film acts as a carrier of activated oxygen.
Even at temperatures as low as 500 °C, the reduction of the
internal PrQO; film to Pr;0:z occurs. As the Si(111) / oxide
buffer interface reaction is already saturated under these
conditions by the first PDA step, the released lattice oxygen
is mainly adsorbed at the oxide buffer / InN boundary. Due to
the high oxygen conductivity of the Ia-3 crystal structure
based (Prz03)1-z(Scz03). oxide layer at these moderate conditions,
an oxidation reaction is observed at the oxide buffer / InN
boundary which results in the formation of an about 5 nm thick

amorphous Iny03; interface layer.
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anor phous I n2C3 interface layer. 35 38 High-quality
single crystalline InN (0001) wrtzite filnms: Due to
the low nobility of the netal cations of  |a-3 oxide
crystals below 1000 C and the presence of a bl ocking
anor phous In2C38 layer at the interface, the single
crystalline 1nN(0001) filmb5 is exposed to PDA
treatnments at el evated tenperajgures under a protective
ni trogen atnosphere at 900 C for 1 hour w thout

ri sking undesired netal contam nations by diffusion
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COPUTo3ieRd thhephok Lo Ash ayar %ﬂ&atgeetgmggyaﬁpg ‘urider a
a nonocrystalline substrate wafer %eapcon3|st|n

RAGEEHA S PALEPPSE AHDPPIRRES 177t S0RedFafer| dyeeiy 2yithout

BYBS fdeal re8l REEL1 Cabd Harh st dhisn gyﬁaﬁgfhéloﬁ%ocesses.
having a thickness of 2 nmto 100 nm
mat FREAFPERE BETRS H’{ryéfﬂp(r@)vehabﬁnbmawwv%e order

dfa+ReCIyst @h 16t PUCASEBIing cﬁﬁﬂmeut@nwﬁ&ch result during
(NblZCB%l §%NE ECB X wherejin each of and is a
HRLLOPIHE Rt &R BT %A - SE“G%&%(SFQNFE%'cb%%@%)ntorlented
N @i 1disf beepakeamy hehd atidipeconstant’ Mrddi® per square
material of the substrate wafer by 0 %to 5 % and - a

dCrysfal i ne second oxide |ayer (4) adjacent to the
first oxide layer (3), the second oxide |layer (4)
having a cubic la-3 crystal structure, a conposition
of (Me3203)1 y(Me4203)y wherein each of Me3 and Me4
is a metal and wherein O



< y <_ 1, y starting wwth a value yl at the boundary

to the first oxide layer (3), varying across the

t hi ckness of the second oxide layer (4) in order to

achieve a variation in the |latgice constant of the

materi al of the second oxide |layer (4) across its

t hi ckness, and ending with a value y2 at the surface

qf the second oxide layer (4), the value yl being

Cladmscted such that the lattice constant of the second
oxide layer (4) at its boundary to the first oxide
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Eonductor waf er according to claim 1 wherein
t he @umncmlafsmlé!rlr(a) subssirets ofa®Or %(tl0 166nfisting of
silstdmcon. 3. The sem conductor wafer according to any

one of fifgﬁmhﬂorp$3u¥h¥ﬁ€é?mégfagéefggﬁ%aé2x comprising an

i nsul
Sled i hb ol BoPdoki nEo PakriAlscand BAVAREN foxFlbckpesg of 2
nm getH0 githi cate or a m xture thereof. 4. The

sem eonbigicty v 16ri re CoT €l 1ok Da@nyapae 9k) Chﬁbﬁﬁgla cubic
Ia- 32 ‘M}‘ifseéarl e@%?u(&ftuygl agd%cﬁél@lcgr?r% ar hhl -x &82203

transiti on net e sem con UCt or
Whe%@efbr%ﬁ*% ¢6 Mradi ard Weer disn averetals m@s@heymunﬂaﬁdx <1,

and Metlast yiérconstént ThRisRNMHEeRduet growafee aGEHINNG R tant

f | . i | | aye

of MY a4t B ia%%?%%%ﬁ%%%%i 3&‘5% 08 Sl e
thlcﬁhe@gnogry?ﬁ &hf ¢ FFRPE o r O g¥€&r ditlg ggiacent to

the(ﬁkﬁsﬁ]9¥¢Q¢e1@Y@ach3)ofthessandnﬂbéxndealaaee dgdnt maving a

cubitet ala-@ a::tyaﬂﬁtlmm@e 8.a Thenmssa corshict of Wﬁ\fl@jgog)l..

s (eBGS0, LR AU X wéfléh&/gﬁc%@spaaﬁsegxm M esin o

ttr The “seni Con or - waf er "acc
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secdﬁﬂn6§¥ﬁgm19§efakﬁﬁ'Qh %ﬁﬂﬂﬁ@ﬂguthBrngEEn 18 the
lat€§§§”(ﬁﬂé?§$Eé?ﬁegﬁﬁt%aFﬁéié (9 ¥he sgggh I%%lde layer {4)
across its thickness, and "ending with a wvalue y2 at the
surface of the second oxide layer (4), the value yl being
selected such that the lattice constant of the second oxide
layer (4) at its boundary to the first oxide layer (3) differs
from the lattice constant of the material of the first oxide
layer (3) by 0 % to 2 %.

2. The semiconductor wafer according to claim 1 wherein the
substrate wafer (1) consists of 90 % to 100 % silicon.

3. The semiconductor wafer according to any one of claims 1
- 2 wherein the electrically insulating material of the first
amorphous intermediate layer (2) comprises a silicon oxide or
a metal silicate or a mixture thereof.

4, The semiconductor wafer according to any one of claims 1
- 2 wherein each of Mel and Me2 is a rare earth metal or a
transition metal.



conprising an electrically insulating material and
being |ocated adjacent to the superficial |ayer (8)
consi sting of a nonocrystallipe sem conductor
material. 11. The sem conduct ol wafer according to
claim1, additionally conprising a nonocrystalline
third oxide |ayer (51) consisting of Me520N wherein
5. MeShes semimcaduaid e g m @ccerding: Yo ¢Raifihd wherein Mel

is meds samguciran@fiee2 acgopetAgk 0 cl ai m 11 wherein Me5
is arare earth netal or a transition netal. 13. The

se$bponductor wafer according to_claim12 wherein M5
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condtatit lnaxdge igyesnt{f adiaeandsto the third oxide
Iayer (51), the fourth oxide I|ayer (6) having a cubic

stal structure, a conposj.tion
( wEgl?og Tlf@@%?fz%#@ﬂfe.aﬁcem%naf tﬁbéléﬁ&‘ Nerherein each
of Mt aand et virerai TRIe cantk netal simra i tigpns i thi en wed el .
zl at the boundary to the third oxide |ayer (51),

vawlbngeﬁ c%%auté&%r Ly feken cﬁfdfx{gf &9%19 de%the%% Me3

I n, or achj eve var| ion I'n e | attT Ccé
Qﬁ#ﬁﬁ %Hmtqﬂgwﬁﬁ r%%ﬂy?ﬁrVH% fourth OXIde | ayer (6)

across its thickness, and ending with a value z2 at
9. thEhéursfeﬁﬁeo@ﬁuUt@ﬁ iy addterdianercd Gny 16neThe claims 1

a.ddl o qf% L er B Qﬁg to cl Q:U-E’]e}'%’lc.lﬁg,) layer (8)

ri sin erf|C|a
réﬁ |5 Tt G direrial.

naterlal 16. The sem conductor wafer according to
10. cited Redmicaiilid t @NakhFe£ 0aREOSENEg- td BRARKN ¥St AlddiRQ onally
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mond@Widith 1A iemasiid it de MM 3 <w< 4, - a
nmonocrystalline fourth oxide |ayer (6) adjacent to

11. The semiconductor wafer according to claim 1,

additionally comprising a monocrystalline third oxide layer

(51) consisting of Meb,0y, wherein Me5 is a metal and wherein 3

<w = 4,

12. The semiconductor wafer according to claim 11 wherein Me5b
is a rare earth metal or a transition metal.

13. The semiconductor wafer according to claim 12 wherein MeS5
is praseodymium.

14. The semiconductor wafer according to claim 11,
additionally comprising a monocrystalline fourth oxide layer
(6) adjacent to the third oxide layer (51), the fourth oxide
layer (6) having a cubic Ia-3 crystal structure, a composition
of (Meb;03)1-z(Me72031)z wherein each of Me6 and Me7 is a metal
and wherein 0 < z =< 1, =z starting with a value zl at the
boundary to the third oxide layer (51), wvarving across the
thickness of the fourth oxide layer (6) in order to achieve a



the third oxide layer (52), the fourth oxide |ayer (6)

having a cubic la-3 crystal structure, a conposition

of (Me6203)1_  z(Me7203)z wher |n each of Me6 and Me7

is a nmetal and wherein 0 << 7 z starting with a

val ue zl at the boundary to the thlrd oxi de | ayer

(52), varying across the thickness of the fourth oxide
variayiem (@n i bher deattbcachiswetantvamcifat tbr imatbeial of the

foud@t td}@ﬁie;.wl&}@t (6f &Beogwt EtsaEhQEkhEQSfOHhﬁheﬁﬁ'l‘ﬂ% with a
vahi/egyzﬁje aég he LPéé%%ér f afcteﬁg%(nPﬁfm—T%%Jh oxﬂ—%e&'f ayer (6),

- a second qrmrphous internedi ate | ayer (7) adjacent to
15. t h&hieour skmaxdduicgper (@pferhe secendiagor phous claim 14,

addil vilRfdTEc aé6mpt By Ehig (4) LPEAiTiag AhyRleClg) Cabh¥isting of
a mdr{b%li;ld%fdﬂ%_{{?é Ggénﬁccg{}ﬂl ha gﬁ(}%é’:}ﬂt i ckness of 0.5 rim

nm and - super ayer (8) consisting of
a nonocrystalline sem conductor material. 17. The
16. sefheondaemdcondfigtoaccomdifny t oackardiog whéoei nclleagm 1,

addisgbreandyddipadaid al of the superficial layer (8) is

silico oﬁé%}ysggi éurtt_‘h(l%) ol dd Cﬁ?%gg djacent to
the (ﬁﬁgﬁﬂ é”‘(J@D) aggi W) um ]E)ﬁostgﬁ ?SIH%E q?:l Ul'ljﬁwlng a

cubigi t diede (@M‘ﬁta@alswncausen@ted (aGaA@)npoalmrmom umt Meb5z03,
wheﬁﬁﬁﬁﬂﬂéﬁfié“é€ﬁetéDdWHﬂtHr§§naﬂ§o(E%ﬁé%le bldifdning oxides

trid | nd h | nP [1iumindium

hav%%r?;o e&éa tiolclglll %&SD 1{%& m a¥ senfe :oﬁos:ohl :jg
(Ino a51mcsmoq39¥§talkme $ougihd eoX1ZIES) landrzi (f0 oxdlflecent to
the (ZiYd &Ridd8ladepracess ftie MUHACIdKiIAY L1ARer (6) having
a ci m:c tq_xry\gacfae_r s@?ﬁ £dipg to ¢y glg'@s]l 1%91"73&5' N86,05) -

ste rOV|m
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thlﬁ?%ﬂr:@éel §L)),C)Jg)%?b.h@x'ﬁyﬁec%ésde{?ﬂé'tﬂ ekgldes of the
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latttlﬁ‘@ I3 B HY q%y@%m@h@@ahnqﬁrthe fourth oxide layer (6)
across 1its thickness, and ending with a wvalue z2 at the

surface of the fourth oxide layer (6),

- a second amorphous intermediate layer (7) adjacent to
the fourth oxide layer (6}, the second amorphous intermediate
layer (7) comprising an electrically insulating material and
having a thickness of 0.5 nm to 100 nm, and

- a superficial layer (8) consisting of a monocrystalline
semiconductor material.

17. The semiconductor wafer according to claim 9, wherein the
semiconductor material of the superficial layer (8) is silicon
{Si), germanium (Ge), silicon-germanium (Sii..Ge,, 0 < a < 1),
silicon carbide (8SiC), gallium phosphide (GaP), aluminium
phosphide (AlP), gallium nitride (GaN), gallium arsenide
(GaAs), aluminium arsenide (AlAs), indium arsenide (Inas),
indium nitride (InN), indium phosphide (InP), gallium indium
phosphide (Gag.s51Ing.49P), indium arsenic phosphide (Ing.s1ASg 49P),
zinc sulphide (ZnS) and zinc oxide (ZnoO).



an atnosphere conprising oxygen with a partial pressure
of 10-6 nbar to 1 bar at a tenperature of 200 to 1000C
for 10 to 100 mnutes, thereby formng the first
anor phous i nternedi ate Iayer‘%b) at the boundary
bet ween the substrate wafer (1) and the first oxide
| ayer (3), the second oxide |ayer (4) having a cubic
18. | aA3 prysesls Sorucmamsifagtoonpesi tihen efemiconductor wafer

acc&f@ﬁ?@té_mw%@)yddﬂ@ﬁis&@ac&h@f foMedwand Medeps an the
glv&ft d wherein 0 <y < 1, y starting with a value
at qundary to_the first OX|q§élayer (3),
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t he)sadudnakixdetteageing4rhat dasiPomalatyyevedhwafer under
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) o 19. rocess nu act.ur nlcona
LN S Q’t‘%&@f’ng&i‘%“ﬁ%l e c%nﬁfﬁ S|5W§) Yl Ild%‘x edlate
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ositin
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conglompr | of nghexpgeond xigepakaven b%bs@brétsf bpgnglary to the
first oxide layer (3) differs from the lattice constant of the

material of the first oxide lavyer (3) by 0 % to 2 %.

19, A process for manufacturing the semiconductor wafer
according to claim 1, comprising the following steps in the
given order:

a) providing the substrate wafer (1}, the substrate wafer
having a crystal lattice orientation of Si(1ll1),

b) epitaxially depositing a first oxide layer (31} on at
least one surface of the substrate wafer (1}, the first oxide
layer (31) having a hexagonal crystal structure, a composition
of (Mely03)1-x{Me2,0:}, wherein each of Mel and MeZ is a metal
and wherein 0 £ x = 1, and a lattice constant which differs
from the lattice constant of the material of the substrate
wafer by 0 % to 5 %,

c) epitaxially depositing a monocrystalline second oxide
layer (4) on the surface of the first oxide layer (3}, and

e} thermally treating the resulting layered wafer under



nbar to 1 bar at a tenperature of 200 to 1000C for 10

to 100 mnutes, thereby transformng the first oxide

| ayer (31) having a hexagonal sCryst al structure into

the first oxide layer (3) having a cubic la-3 crystal

structure, and thereby also formng the first
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struzgiung ,sal ecomdosiichothat t(Me3had it c@lebst ankhefeihheach of
SERP xj de_ | ( at .1 Nolo) ry 1o th ' .
Mel 4 dgge‘f)a%/%ra(@%ﬁ M ?‘}elrdst”"f“reté%l ol qut _t,i%:’e %o%g%lg%?}lgf with a
valug¢indttertif oPUundaey 1 £¢ sthexfaest aget dgs}apgro (Gt o varying
acroms 2die Tiel grosss sofctoe diegond anydentapércl(d) mnldrder to
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20. Mebnés prdmidl  awbbeBihg ats0 LaPabhe ofr fonming oxgdes 19,

i n ition,_, 20k With.3 < w< 4 _said. '
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21. The process any one of claims 18 - 19, further comprising
a step d) of epitaxially depositing a monocrystalline third
oxide layer (50) on the surface of the second oxide layer (4),
the third oxide layer (50) having a cubic Ia-3 crystal
structure and a composition of Meb5;0;, wherein Me5 is a metal
which is also capable of forming oxides having a composition
of Me5;0, with 3 < w = 4, said step d) being performed after
step c¢) and prior to step e), said third oxide layer (50)
being transformed during step e) into a third oxide layer (51)
congisting of Me5;0, with 3 < w =< 4.

22. The process according to claim 21, further comprising a
step f) of epitaxially depositing a monocrystalline fourth
oxide layer (6) on the surface of the third oxide layer (51},
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22. The process according to claim 21, further
conprising a step f) of epitaxially depositing a
nonocrystalline fourth oxide44ayer (6) on the surface
of the third oxide layer (51),"'44 the fourth oxide

| ayer (6) having a cubic la-3 crystal structure, a
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and sﬁ@pﬂ@ %Iftlepatgﬁitaﬁl ;de@ﬁ;osqnq L aimer® i ehal fpaysh oxide
layer8)( 6 )corsmist isngepoff Ja rainmr mextfaldriene ssferarc Grtdhiie teor,
material on the surface of the fourth oxide Iayer (6)

ste bei n erf or med after ste

p?%g% Er§8%%Fm%ﬁfﬁ é%ﬁ%u 251, 2har ?El %F151ng a
Stepst g Hyf ofeRHerrallY t CeROSAE itk RestiRe ¢-‘a§/3ere'|eﬂyer (8)
conasdaftdmgatoa at mpperatstaldfin20@ dr b€ drormdfetal00n the

f@déUt§§ trher eby thor&kﬂgeal% Qnd  gyror ]
S:ifl L ¢ Oﬂ%%l ate Ia & (7) at the%boundg?y@%gt@v\egﬁe? 'eg) being
p foguret wicde 9 a%) (6) and the superficial |ayer (8),

t he second anorphous internediate |layer (7) conprising
24. anTkeéeptrobceak| wdamdiatg ngo maletmalk3andhmhery cémprising a
stegt M)CHESHHimd: B, WL 00 DR P@éiui DeRgby s 9&§ d wafer at a

el s s o BT TS

Omi@ﬁocﬁysﬁapprlﬁe FRPFEh RS dellll%ﬁ;/me@l?zfye Heaaely o Pubiaé  the
bounldary criystwdest r uticur efandtla cospidel t i iyvef NEY2CZand the

superficial layer (8), the second amorphous intermediate laver
(7) comprising an electrically insulating material and having
a thickness of 0.5 nm to 100 nm, and thereby also transforming
the monocrystalline third oxide layer (51) consisting of MeS5;0,
with 3 < w £ 4 into a monocrystalline third oxide layer (52)
having a cubic Ia-3 crystal structure and a composition of
Meb,03.



