1 TREATMENT OF A GERVMANI UM LAYER BONDED W TH A
SUBSTRATE The invention relates to the production and
treatment of a structure conprising a |layer of
Germani um on a substrate, such as a

Ger mani um On- | nsul at or strugture (also referred to as
a "GO structure), 5 intended for applications in

m croel ectronics (MOS production for exanple) and/or
i n optoel ectronics (photodetectors for exanple)
and/ or photovoltaic applications (solar cells for
exanple). Such a Ged structure conprises said Ge

| ayer on a |ayer of 10 electrical insulator on a
substrate. Germani um has nore beneficial electrica
characteristics than those of silicon, anong ot her
things due to a greater nobility of the charges
within said material (theoretical hole nobility of
1900 cnV-1s-1, 15 electron nmobility 3900 cnRV-is-1).
It is desirable to be able to produce such a Ge |ayer
havi ng a good crystalline, electrical and

nor phol ogi cal quality on the entire surface of the

| ayer according to the future applications, in order
to be able 2 '

docunments US 6 833 195 and US 2005/ 0042842 each
di scl ose.a Ged stiructure, production nethod .
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layer in o 0 create a weakening zone thereon,
bondingetwireh éalsecomdfsubstr abe,as a  "GeOI™  structure),

5 intended for applications in micreoelectronics (MOS
production for examplé) and/or in  aoptoelectronics
{(photodetectors fer example) and/or photovoltaic
applications (solar cells for example). Such a GeOl
structure comprises said Ge layer on a layer of

10 electrical insulator on a substrate.

Germanium has more beneficial electrical
characteristics than those of silicon, among other things
due to -a greater mobility of the charges within said
material (theoretical hole mobility of 1900 cw’vis™,

15 electron mobility 3900 crlvis™).

It is desirable to be able to produce such a Ge
layer having a good - crystalline, electrical and
morphological quality on the entire surface of the layer
according to the future applications, in order to be able

20 subsequently to form transistors or ihtegrated detectors

thereon, for example.



foll owed by a detachnment of the Ge |layer on the
weakening zone, to finally obtain a Ged structure
(this detachnment technique is also known using the
term"Smart Cut(r)"). 10 The nethod according to these
docunents al so discloses a reinforcenent of the
bonding (i.e. a densificat#on of the bonding |ayer)
by neans of heat treatnent before detachnment at
tenperatures of 100-150C for 1 to 60 hours, and a
final @Geesdefacethsi Nisshi fhigp st%Sp ab8 Usi AGO pAltidgRt hgeaah
We u&ﬂ%gbcglG%5§agg§Qét ég é?éalc@gontﬂetﬁé§“'83ﬁ risin

in onngeneltles an sur ace roughness A fIrSt enera
proisl emnidnegunferedawit hogefranpb um fisst tsithitghte, the

reastiYhby Wttl, oxygen, fesyl tidginakhey & aation ofy
a Ger mani um oxi de | ayer whi ch has an adverse 20 effect
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i nterface. Fromthe docunent 04 292742 (filin
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of z¢he SbO2:hayer ,obtg5naa GOy c passi At (itans | @M&chnent
p055|bly followed by the formation of an interfacial
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10 Ge | ayamanehwb@& Na@foddipgoved ithtesf agecualtisty also
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W th in multi er_ structures
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denshdifcatioon Sbep dis fb(ﬁ’qj.ll&‘@t | yayerequby etleadan dhe heat
ca T typ OXIde xi de .densifjc o
i ety Pl A ShEae it bl Bod00a
f ofot riansf eéitr dduss, Iaytteras flauad fraysuofdae kﬁenpaslu):dLg:@dtep

1gpa[1£ir<'f‘ ;%h%;&%‘h a @Sﬁﬁérﬁe&16%5e§¥rﬁ£nt(%r Lot Hideso

I nconp bl e w ustrla pro
rectlfy inhomogeneities and surface roughness.

A first general problem encountered with germanium
is 1its high reactivity with oxygen, resulting in the
creation of a Germanium oxide layer which has an adverse

20 effect on the electrical properties of the Ge layer.

This oxidation may in particular occur at the
Ge/S$10; interface.

From the document EP 04 292742 ({filing No.)}, it 1is
known how to form, before the formation df the 5i0; layer,

25 a GeOxNy passivation layer possibly followed Dby the
formation of an interfacial layer, making it possible to
prevent oxidation of the Ge layer and obtain an improved
interface quality with $5i0;.

In addition, in multi-layer structures comprising a

30 deposited oxide, an $10; densification step is frequently
required. In the case of a TEOS type oxide, the oxide

densification step is generally performed at



requirenents). 5 In the docunent US 2005/0148122,
however, a densification at 600C for one hour is
proposed. It is also known to prepare the Ge surface
before the dielectric deposition, according to
various techniques. For exanple, it is possible to
deposit a thin 10 | ayer of &i|icon just before
carrying out the formation of the dielectric |ayer
(see for exanple, for nore details on techniques used
t GPPHPSiHE 1 vt HY X 61 ITowi g endbeunent 31 Lacorpordted as
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MOS cCapacitors with high 15 dielectric and netal
galtoe” Bhimet ancompatibde pEhih D)t rizs- $809pR0bEE)
arkdgq'{]@@t;@lmtsgt_i on of a thin epitaxial Si Ia_yer as Ge
passivation |ayer to denonstrate deep _sub-mcron n-
and p- FETs "BR Gt Hsul &t or <C%ufE4Pates" BY“Iseger @
etaeddsi ficM o .atEago; 80 26:200u20 o 200pYsedh second
probl em encountered i n heterostructures i

th
Lransfofred GaPayB 1ty BXaii%e By rifardidp et sherere

CutHer ) , ais1déderireeddépoiarifoyn, out adberdihgnsfies atvarious
limted tenperatures er.mani_um-oxi.de becqm ng.very, 25
Vol 8 S e g SR eRTe O et ati TS O O Gread o & ¥p o3
t heneof Jofarsd 1then mphd nge fpoientcatrhel eof oei g formation
relat lvgl Ya; d QULLIFT Gy The (LEIPerat Wshyiaed ale Lius
raprdly  |limted. reaber, i'n the case o ger mani um
t héetiick nesst e idaragedefioltooitdg Smart et (§91licwnng
. &&Me%ttlspn i'n%pgyggtegireﬁeg EQ@Qréx{Eé:he"sgasﬁthJnlayer

i
silicon. For this reason, a heat treatnment enablin
cryatwiveithenr egongeriertgh 9105 capacitors with high-k

dielectric and metal gate" by Bai et al. - Elec. Devy;
26(6) 378-380C (200%) -; and "Optimisation of a thin

epitaxial 3i layer as Ge passivation layer to demonstrate

deepr sub-~micron n~ and p-FETs on Ge-On-Insulator
substrates" by Jaeger et al. - Micro. Engin; 80 26-29
(2005).

A second probklem encountered in heterostructures
with a transferred Ge layer, for example by means of
Smart Cutq is the need to carry out the transfer at
limited temperatures, germanium oxide becoming very
volatile wvery guickly (instability of oxidised form
thereof) and the melting point thereof being relatively
low (937°C). . The temperatures used are thus rapidly
limited.

Moreover, in the case of germanium, the thickness
damaged following Smart cut® ion implantation is much
greater than in the case of silicon. For this reason, a

heat freatment enabling crystalline reconstruction
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(restoration of residual inplantation defects) would
be desirable. Therefore, it can be stated that, in
order to obtain a good quality of the thin Ge film
transferred by neans 5 of Smart Cut(r), it is
essential to carry out these heat treatnents correctly
particul arly at tenperatureqranges conpatible with
germanium One aimof the invention is to obtain a
structure conprising a superior Ge |ayer and an

i nterftacat Wt hoh r19i Bade SEBePFatEhotH HAF) ng°a Yobd
crysialabihe and norphol ogical quality. Another aim of
the invention is to inprove the electrical properties
of the T8 HEE, SAnGERGH® ATRIGH ERE- 4 iFeRTPBR [ b n
Op%i HbSL duﬁ@it%5oe|(;g]/3§ ri':}ﬁ::iél‘l Cﬂilaﬂ_iilﬁny t?fantsh@i@ﬂby means
substrate at the, insul ator. interface. In
parti Sl C9t thE &8 FEYEPTWs Thi £ P takdit et PERT
a fonaimestbsicbalk ect DNep&iiMdus ak Dy paes eerpet drgootdnges
quali2¥& Lectrjcal, hol ogi cal and/or crystalline

nor
20° ¢ %8r?%??é¥”?%Plﬁ%e Ge layer, for applications
in  maneelget rcanitts (IMIBnpiaduiLti on boraexanpsie)ycture

opt oel ect.roni_cs and/orGQh?tovolglglg']lcgl,l ere. flo. aghigve
ng to a

COMpPrLsin A SUpPerior. ayer S
t hés alnB? he ‘Frventi én pr%poses, accorJf

fi bateaspeetrabet riectinentaviethod ofcad 2Fystpubingr e and
copprising;a.thinGa.Jayer on a substrate, said |ayer

hagpn%(tg%ﬁ Sre@g%usﬁy bonded with the substrate. The
met hod AeoRpersesima of edthwenintedtithpr ovde the improve the

el %@EEE&@alpFQQﬁéﬂi% of; %H@,d@ﬁ%&e@ﬂd/ or the
interface of the Ge layer with the underlying |ayer,
char act®itsed 301 not habesaingerteet néht fics Hgdee the

15treabpentcappldedidl aof the GeOI substrate at the
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Ge/insulator interface.

In particular, 1f the Ge layer was initially taken
from a donor substrate, one aim is to preserve the ¢good
quality electrical, morphological and/or crystailine
characteristics for the Ge layer, for applications in
microelectronics (MOS production for example),
optoelectronics, and/or photovoltaics, etc.

To achieve these aims, the invention proposes,
according to a first aspect, a treatment method of a
structure comprising a thin Ge layer on a substrate, said
layer having been previously bonded with the substrate.
The method <comprises a treatment to improve the
electrical properties of the layer and/or the interface
of the Ge layer with the underlying layer, characterised
in that said treatment is a heat treatment applied at a
temperature between 500°C and 600°C for not more than 3

hours, or more specifically between 525°C and 575°C, or



tenperature between 500C and 600C for not nore than 3
hours, or nore specifically between 525C and 575C, or
5 nore specifically between 525C and 550C, or nore
specifically at a tenperature of approxi mately 550C.
The heat treatnent may al so nore specifically lasts
for approximately 1 hour arid/or be carried out in an
inert 5 atnosphere. The thin |ayer transferred my
have an approxi mate thickness of less than 1.5
nimmnﬂebpesifi¢HEMEreﬁtwg¢¢y<ﬂéfﬁeemmapﬁﬁéiﬁnaﬁelymg@e
Y, tr I e
bR Y B P e e R e R 1 e
theaWeerstm@@:upper ¢hyerm9feth@mcsﬁi®%kMWelaﬁhﬁ for
sa I e 0 iLec | el.y
hﬁpﬂﬂgﬁatg§¥ angugygﬁgg%gvgﬁt%%%%ﬁiﬁ;ﬁﬁ ﬁn Y inert
5stﬁ9@?ﬂﬁ@rﬁs alGedthstr uétyee, trpneferiedy| §6Yconprd séd
9%@ §xiQfat €l et IdgRlssl nskl afdng han et of i ali cbetaaen,
the hin | ayer and the substrate. The insulator |ayer
ey BECEAT IR 48, Pet ey PEBT OF IRt e lyxyhi 4] derpprimately
congbStn@bmnat Laxt apagibi onnef diffieaeat mayayes smafie of
different types. In fact, in particular in such GeOT
st Fuct@tes, the 20 inventors denpnstrated (see bel ow)
10t hat tf@bﬂxﬁaaQﬂySU€ﬁeaGefmﬁyeﬁrﬁ%ﬂﬂMQHMpQQCO[d§@@ d the
the _invention epables not only the subs I, al 1
 eSEOPALIg O ne* o PRRr 17U 6% ST ddERLY ©F
buboab$@khh&mea§ESftdﬂbdﬂd&ﬁ@riayﬁr quality of the

| ayer apd/ar. _the Gﬁéln ulator |nterface
t '
particula ﬁntagﬁoac evﬁﬁg acce SuLE &° "ﬁeﬁég? structure

| ntierf ace $nap"c@mwriﬁast%)lmabmesf Eheﬁeﬁnﬁé iasbastiong

he%%ter?gf Ewéﬁﬁlgﬁgf ﬁ%%tfjfeqc %%S%h%h%u%l@gg{éca+he

insulator layer may be an oxide, a nitride or an

oxynitride or consist of a Jjuxtaposition of different
layers of different types.

In fact, in particular in such GeOI structures, the

20 inventors demonstrated (see below) that the use of such a

heat treatment according to the invention enables not

only the substantial restoration of the Ge layer from

existing defects, but zalso increases the electrical

guality of the layer and/or the Ge/insulator interface,

25  particularly by achieving acceptabler "Density of

Interface Trap” (or "Dit") values. Therefore, a Rasic

heat treatment may suffice to increase the electrical

and/or optical quality of a Ge interface, without

systematically having to provide a passivation layer

30 and/or an interfacial layer as disclosed in EP 04292742

(filing No.). '
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and/ or optical quality of a Ge interface, w thout
systematically having to provide a passivation |ayer
30 and/or an interfacial |ayer as disclosed in EP
09292792 (filing No.). 6 However, in any case, it
may be possible to optionally provide for the
structure to conprise a passivation |ayer adjacent to
the thin layer and/or an interfacial |ayer between
the thin layer and the rest of 5 the structure, the

i nt er f doivaberayetn beimg wade- of 1 IwatepﬁalpﬁﬁWﬁH@ i o
posst bl 19 | PPEOVE t@%le|€§ér'é¥¥uctéﬁgl(¥b OpbhSAlse a
properties at the interface with Ge. According to a
sebohd wspest 1at¥ﬁé pAvanE ont pr BpdsERIN al HEthad e an

Pr 9AUSer A3 YaLHF €, SO $HBTE R G dy@Yeland 1R thest of
nmet hod conpri si ng bondi ng between a donor substrate

ScofiPfi STAYCRET Teatbei APtREIHUDITEr pAYY tHRYEDLI T hPh @
Genalayell angkand ecei pbBgisubst s atifpr6NAr ast ekl sedridnl

that it conprises the follow ng steps: ( bondi ng of
't hé‘“aé%ro%ltcﬁlt RECREde™Vi Ay TS @&82??%&’ é)%ﬁ?cﬁet hat

the Ce Aay®riiing tocatedonn @ﬁ@nﬁﬂn &Me hﬁmédﬁiobopﬂ®wmpes
i nterface; art of

SUBSEIRREE 00 LGNS o ngt S o e TRYE Sy £ eat WS
OfthhemSth@@tU@ﬁpﬁxﬂanl@bnglm®ebeﬁMbame®6KMKM@‘substrate
substrate. and .t ay c 0 n
treapﬁen?lﬁ%fﬁlg’a$ﬁe o%é? g raq%:%§§@ﬁe a bulk d%a
substyeat @ndra aece@npmglqups$taU@tLﬂhﬁﬂ@gnpri$ﬂdwgnsabdt it
ep%&%?k?9e53j4a¥%ﬁ19w c%@%eggrface 25 The recei ving

substrate nay be nade any type of
(a) bonding of the donor with the receiving

substrate such that the Ge layer is located in proximity
to the bonding interface;

(b)Y removal of the part of the donor substrate not
comprising said Ge laver;

(c) treatment of the structure comprising the

20 receiving substrate and the Ge layer in accordance with

said treatment method.
The donor substrate may be a bulk Ge substrate or a
composite structure comprising said epitaxied Ge layer on

the surface.

25 The receiving substrate may be made of any type of

material (it may for example comprise bulk Si, SiC, SiGe,
S5iGeC, Ge, GeC, quartz, glass, III-V or II-VI alloy
materials, etc.).

Othex characteristics of this method to produce a

30 structure are;

- the method also conmprises, before step (a), the

formation of a passivation layer on said Ge layer; the



material (it may for exanple conprise bulk Si, SiC,

Si G, SicGC GCe, CC, quartz, glass, III-Vor Il-VI
alloy materials, etc.). Oher characteristics of this
met hod to produce a 30 structure are: - the nethod

al so conprises, before step (a), the formation of a
passivation |layer on said Ge’layer; the 7 passivation
| ayer may be made of GeOxNy, formed anong ot her

t hi ngs according to any of the foll ow ng techni ques:
suphaceva@e ooXildateiromayol decoweetcoyoni Eepling birntele @ng
oxi de; heat t ent ;. p a : - .
thggg?regtuhrlsngrs ﬁ%ﬁfﬁa}{ﬁ{&; o Ji]?n@f tch% EE@P&Wl g?_é}%gl.ﬂes.
t he nethodasksée conplatdes, fheforag Syepiffmddingt hé the Ge
depgsjtion of an interfacial layer on said Ge |ayer

(or 10 on the passivation |ayer if applicable), with

a m xture of

Sa mat erhedt itieendeett o i nprove the el ectrical and/or

opt i Ca!-pla%rn_%p%rr%ia@ﬁeﬁtt $§1%édﬁs¢fJfaQ%ewaQC\9§squu@1@, as,,
epitaxied Si, a hi %h diel ectric constant ("high-k")
matler $1al2 THKORTE AP\ N2

before stepe (Arthod N§1sdScdirTBELONLEEEP: Obtap | ayEr ©fe

-* %e et hod al so conpri ses,

el ectrical insulator on the donor substrate and/or on
t h&lPBELHAThP s il tTdtd factdhst St g arcdalt 1over (or

10essenthal bysof vax it ekyal BHICHHAS caBlepXivligh Si @drerial

Hf 02, SrTi O3, Ta205, Ti02, Zr0

203, or Y203

, Al , [
N CPEABIGE o ot AT e oy SOLShBIE br 39058y spEied
Si ;propielat_i&_e aa:_bﬂl\h_e ‘caser sher eithesd nsukcat angeiapen efsSi,
rTadae h(?LfghSEerZIeclttrilcs c[agg{ra?nq: b(y'hqgﬁng" )Ofma(%%%ig ; t!'l;]i%z, A1IN;
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- the method also comprises, before step {a), the
formation step of a layer of electrical insulator on‘the
donor substrate and/or on the receiving substrate,
consisting at least essentially of a material such as an
oxide, Si0s, HfOs, SrTiQi, Taxls, Ti10;, Zr0;, Aly03, or Y,;0a,
or a nitride or an oxynitride, for example of Al, Ge or
S51i; '

- in the above case where the insulating layer is
made of Si0p, it is formed by means of cne oﬁ the
following technigues: PECVD deposition for example using
silane or using TEOS, thermal oxidation of a layer of Si
previously deposited on the Ge léyer and/or of the B3i
surface of the receiving substrate;

- the formation of the insulating layer is applied
at a temperature of approximately 500°C or less, and
optionally a densification step of the insulating layer

is applied by means of heat treatment below 600°C;
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foll owi ng techni ques: PECVD deposition for exanple
using silane or using TECS, thernal oxidation of a

| ayer of Si 25 previously deposited on the Ge | ayer
and/or of the Si ~surface of the receiving substrate;

- the formation of the insulating layer is applied at
a tenperature of approxi matély 500C or |ess, and
optionally a densification step of the insulating-

| ayer 30 is applied by nmeans of heat treatnent bel ow
600C, 8 saidaPbewntp (¥ tofe tivdhret hodapr! @plusedd any
us&ﬁQtﬁQVfQﬁl&&%ﬁJ(%ééWMﬂH%e%eCQﬁb%@e§n‘ahpngoﬁﬁlﬂdﬂlon
conbi nation: polishing, grlndlng, etching; - as an

al Petrifdiinge enpodingenttchHedimet hod al so 5 conpri ses:
before stgp Ga), ¥ ALEME SRECHESeAP! aRd akiORo&t @R so
in the donor substrate in order to forma weakeni ng
zoRe"PEt" & 'depth similar to the thickness of said Ge

| ayer; pstrepe (et ompy,i gﬁsawmeﬁ%{ogya@ympdpuah@abf@algtep
the 10 weak bonds present on the meakenlng

t hé® nethotP el s §URD 1% e€!, C&fPer *StEY B) ¥ akenlng zone

flatsﬁuﬂgm&tepmnhﬂihﬁ)Gbelawﬁﬂuﬁ@sant@ﬂknpeoysy¢he

thlckne gene and surface rou ess thereof,
e’ | SEEr IRy T EE et et TRt SPy T ahd "
15wa@pnﬁxmmapeéyaﬁ:AmgsheonSaE%BngAzoméding to athird

aspect, t i nvention proposes |ns tor,,
structurepgonpr%% Yo T3y or'ldedtrlc 3)

subfshigtieravi ategn @f(ﬁhborﬁ?ch ngaskeatyeﬁo hawgi rt@ almdensi ttyle
Jo)
equgﬁé]ték) sé f%)tn\/'(’g%ggft uq:rfacgyr \Zgllxrﬁe%‘?s ttF@?eagp, Qe

ess than or equa
| el3gler. ©W 2rhes absro%&ﬁﬂﬁehy egoapxiggtely 1 and

7e%%8¥%§iﬂ§9ély 5 Angstroms RMS.

According to a third aspect, the invention proposes

a

a Ge-on-insulator structure comprising a Ge layer bonded
with a substrate via an Si0, bonding layer having a
density of Ge/3i0, interface traps (or "Dit") less than
or equal to 5eYevi.em™, or less than or equal to
1ePevt.em™®, or approximately equal to Te'?ev™?

2, Optionally, the structure also comprises a passivation
and/or interface layer between the Ge layer and the 5i0;
layer.

Other characteristics, aims 'and advantages wiil he
described in the hnon-limitative description of the
invention which follews, illustrated by the following
figures:

Figures la to 1lg represent different steps of a GeOI
structure formation method according to the invention.

Figures 2a to 2¢ represent, respectively three

photos taken by means of scanning electron microscopy of



2. Optionally, the structure also conprises a
passivation and/or interface |ayer between the Ge

| ayer and the Si2 |ayer. 25 Ot her characteristics,
ai ms and advantages will. be described in the
non-limtative description of the -invention which
follows, illustrated by the® ollowing figures:

Figures la to I g represent different steps of a GeOrl
30 structure formati on nethod according to the
| IVErei okevers gof e§eRBAYIOIR &t esart, qré@pe?ertfﬂ\}é‘lt&?rr

,théfec%rph%@st]téi‘t%%nw feans; b+ $6anni g akests x soo°
m croscopy of three | ayers of gernmaniumt ransferred
ontP Ihauifabd?” C after heat treatments at respective

t enper gt Y ess 0§a 20QCsr HRO0G N4 pO0CenFtgVEes: 3R ot
3b are two representative diagrans of 5 drain-source

5 cutFaEint $OPFAC APETEES) S mesistr edPsReELOMeaSPr Bt uPTes FeRd
a funcitensof ddhezvaldnagechi mVoths) voapphd ediho \xdms
base substrate, during a Pseudo- MOS each
cUPRRL IS k5 dhEaiPASE gB]PS%“bﬁef’f é*%ﬁflgGé‘Opse‘é(?? WGEutgPe
annesal |mge5cﬁﬂpemzatd1rleelrﬂg0 Jdihes inetihamb it 0 padDfitaena tdrion

ayer er um on nsu ator conprises different
ot Skt B ST ek b S peci 11 cal Ty bel ow

10Wth rdaher ertbctiotdi gusanck o hehidoneresubst patrearlim on

na hul k. Ge substr at the g iu er .
ikt r?g"mf’ncf%%edgufﬁfeﬁﬁé‘%b FRIROL oMLV Erl® e

Accesdiiigd epraciirstllal beimat i ve, the donor substrate
llgyief %Efcih' 1,oR SHDSt LAt £ oA ed WD @ eRlbaxted G
may be a bulk Ge substrate, the germanium layer 15 thus

15  Dbeing included in the bulk material.

According to a first altternative, the donor
substrate 10 4is a silicon substrate coated with an
epitaxied Ge layer 15.

According to a second alternative, the donor

20 substrate 10 1is a composite structure cecated with an
epitaxied Ge layer 15.

In the latter case, the donor substrate 10 may for
example - be a structure having a bulk monocrystalline
siliceon substrate whereen a buffer structure, comprising

25 successive S5iGe layers having progressively increasing Ge
concentrations moving away from the substrate, has been
formed by means of epitaxy, up to the Ge layer.

The donor substrate 10 may also have, for example,
Si/Ge/Si/Ge alternations,

30 With reference to figure 1b, a receiving
substrate 20 is represented, intended to be subsequently

bonded with the donor substrate 10. It may consist of any
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According to a second alternative, the donor 20
substrate 10 is a conposite structure coated with an
epitaxied Ge layer 15. In the latter case, the donor
substrate 10 may for exanple be a structure having a
bul k nonocrystalline silicon substrate whereon a

buf fer structure, conprising”25 successive SiGe |ayers
havi ng progressively increasing Ge concentrations
novi ng away fromthe substrate, has been formed by
mebise off epittendy]l uptt datvhe ote elxayéie Fpredssoront ko 53,
substrale O;ngays%s%ll?%veﬁlﬁgé e@(@npie% q§!af§§/ Sjl/a%
alternations. 30 W reference to flgure b, a

re¢el W g I§UB%t%%ﬁQ¥ PotpEidlepr €§énted, intended to be
subsequgRtl y rebepdeds wWidh theudenorcsubst rﬁ&}%rlo oflt an
may consi st of any 10 type of material (it may

ex hprier icarpri d85Blrkiny | matgnipd opl okf d@epﬁsﬁﬂéedsﬂ‘%e the
S'@SﬁerﬁﬁEGQQ%equﬁﬁh%VOg|@ﬁﬁﬁm&hbke&%ﬁﬂg|éuﬁgtr@iéﬂy)
materials, etc.). Wth reference tg figure Ic, a Iang
of an % éP@Eff%%aFFﬁpFﬁ%EﬂQﬂn A§ nidter PEFMEY may” be
deppsi t&d eFotbet héariossubst rat &hbolﬁﬂmﬁln@n 1hper 30.

receivi substrate 20. A speci atioon of
gernani{ﬁ%lﬁﬁf BE LBYI i-BE° b&F of %W1 ag%§s|ﬁﬁéneé éﬁ%?
I Nl aFizngj/IoayetzOB@ sollthe osupbacibliyay ol hogedéye beasethy.
with, .exanp A0, an HE a /or. 0z utjo
pOSS|bIQﬁf5PIom%d c%rgshlagqg C%?eoﬁgﬁﬁggté%{ gf|o$he
t 0 inkel depasiliEyen @ﬂ theoasispgat atn i ftayeradd; la may be
pa%%&¥§£éo%u9f %@elhg¥§ 1§hgaXyEﬁlt9aQﬁ!eghQanE@rface
i mprove the quali fe intefface’ between the
gehdneem ahe Uhemamsm atror Wig hinghileherhelilhs rayer Ylze

1§M|ﬂayg§ i@ QQﬂhaC&m T@ks'9§§éhﬁﬁtiqgigaypassivation may

20

possibly have an "adhesion layer" function with any
material subsequently deposited. For example, this
passivation may be a formation of a thin GeOQNy layer on
the surface of the layer 15, so that the Ge is stable in
air, and in order to improve the interface qualities.
This layer 1is for Vexample formed accerding to the
following different technigues, alone or in combination:
- surface oxidation of Ge followed by nitriding of

Ge oxide, or vice versa;

25 - heat treatment using precursors for nitrogen, such

as NH3; or N,, and precursors for oxygen, such as water or
dioxygen. The heat treatments may Dbe conventional
treatments, more or less long treatments as a function of

the thickness involved, but also RTO {or "Rapid Thermal

"30 Oxidation"} or RTN (or "Rapid Thermal Nitridation")

treatments;



possi bly have an "adhesion |ayer" function wth any

mat eri al subsequently deposited. For exanple, this
passivation may be a formation of a thin GeOQ sNy |ayer
on the surface of the |layer 15, so that the Ge is
stable in 20 air, and in order to inprove the

interface qualities. This layer is for exanple fornmed"
according to the followi ng different techniques,

al one or in conbination: - surface oxidation of Ge
foIIomedpﬁysmbttr@ﬂm@nmfbbeemx#dé the preeunsenrs §fs 25N:,
%rﬁﬁé shng Bl ecursors for nitrogen, such
recursors for oxygen, such as water

or d| dky@fen:alﬁhael Hearlieﬂféataﬁe'ht saymy bef comvienti ongte,
tr ﬁ@% MBNLS &P Et %nallq%,s bleoagpésrl%wem Feds A offum QN
of he thi ckness 1 nvolved, but also " Rapi d
SThepaal veEe cOxildaer ono) gre FgmmeaFuMRh@qu ﬁerhﬁfore the

N tirsdedd oy haytFeag nents; 11 plasna treatment by
means of the precursor NH3, N2, 02 or a mxture of N2

+ 02 A B @ltHEd anhierPREPRERT |ofy &P 1dofn ideRen ] t yheer

ma)éral s$Q1ab8d-optonal by hexdepesid-gdindirest wpla-,rvéu Bhe
ssivation | ayer, on the gernanlun1laﬁ
8ctr1cal

a
beﬂb’FélF et t%uﬁ%f%?@%aéﬁérl%er haPTr A
Loar ro@lagem;entm@éhasfalceé: Btertnst aﬂaoiraiyﬁ:ff Al ﬁ%b@ﬁ(ﬁﬁdg Sén
t (OR] e [0) |nprov t he u ty of
R PEeutdq BOTR Setel et B ety o iy 6By Fhafx
nmechaniceabior otdhesxHupilat oaf eyl esk deperidiirgnonor taehigh

i nt ended fln appljcatiaon ,,t " th|n or | C
an cgns S f%ﬂn5§§3%p é””f(ep|9g§¥eg Iléon %g%a%ayer

hi gir adi Bl%ctavier.constant | ayer ("ngh k" Iayer), an
15Hf02 Iaygg thickness may thus typically vary from a few A
to a few hundred A.

This layer may be formed before or after the
implantation step (see figure 1d).

The preparation of the surface of the layer 15 may
20 also be a layer wherein the composition would be a
combination of a material which would be used for a
passivation layer and a material which would be used for
an interfacial layer.

The insulating layer 30 is formed on the donor
25 substrate 10 and/of on the receiving substrate 20.

If the insulating layer 30 1is formed on the
receliving substrate 20, in principle there are no
temperature limits. This is particularly the case if said
substrate is made of silicon, or another material more
30 resistant to high temperatures. In this way, for example,
if the receiving substrate 20 has at least the upper part

thereof made of silicon, an insulating layer made of



or an AIN layer. 15 Its thickness may thus typically
vary froma few A to a few hundred A This | ayer nmay
be formed before or after the inplantation step (see
figure Id). The preparation of the surface of the

| ayer 15 may 20 also be a | ayer wherein the
conposition would be a conbihation of a materi al

whi ch woul d be used for a passivation |ayer and a
material which would be used for an interfacial
Iayemﬂmﬁhechﬁﬁulabwngmiayﬁmeao bs'ﬁﬁmm@datmmdduiyhmmaﬂly
25 s%%g %&qud/or on the receiving substrate 20.

If the ﬁla ing ’layer 30 is fornmed on the rece|V|ng
substra&e 20 Kﬁhpmlm@mpte1ﬁheaedanesnbatImgnﬂaywmuﬁé is

suEéEghUéQy %nl% Qa& ﬁé%“éybé%rgpg ﬁ? ﬁh Ess%Bgant?geously

trate I con, or ano mat er |
30 fewist anpt: t®0th| giem@m‘pelnmmr gdeskn thFrs way, edworl to

exa ENUJmEeEpe Q%%GtVIﬂ% Sub? :@tetﬁglhaérat §§§t to

t he per pari” thereof silicon, an ins ['ating
IayéPp¥ﬁﬁﬁ?a@E11250@ﬁ@rthfGwldQGHQVYbERﬂoﬂW@daCb@rlSthS

tenperad Wies.,typkcaldy exceeding 1000C. On the ot her
hand, if said |nsulat|ng | ayer 30 is produced on the

donor substyatle e PesTibledvEnt agesirdey t& hatares Heon

1 OWo i eAPErAlddse e fd £SS o, haar Oéxa%gﬂ@ i} Ov ARRIO%hABE e1W: ¢ by
600C, or less than or equal proxi mat el y SOOCD

duesﬂ%4tﬁ¥th?§%cHF“EﬁaF5E¥%ﬂF§¥Fh§11bﬁa%% dﬁ%@u§§é& to

aboyerm!| layord dbivetipasseht et ipds examal &sibe, hame, srrios,
silicon 10 oxide Iaxers d(903|ted for exanple in

vapd@toephat® @it 20

The insulating layer 30 may also be a layer of

15 nitride or oxynitride of Al, Ge, $5i, or other elements.

These 1layers may be deposited on germanium for
example by means of LPCVDE {(Low Pressure Chemical Vapour
Depositicn) or by means of PECVD (Plasma Enhanced
Chemical Vapour Deposition).

20 The insulating layer 30 deposited in this way is
then advantageously subjected to a densification, making
it possible to fix it.

The densificatiocn temperature is a critical
temperature as it is limiting. In fact, all the future

25 steps of the method should not significantly exceed this
densification temperature in order to prevent the
structure from changing: a step at a higher temperature
could cause the creation of further stress in the layer,
or further densification of the layer, or 1f applicable

30 degassing of said layer. Therefore, said densification
temperature should be taken into account for the

remainder of the method.



Si H4 and TEGCS (tetra-ethyl-ortho-silicate), but also
to formlayers of different types, i.e. SiQ2, HL02,
SrTia8, Ta20s, Ti2, Zr2, Al203, Y203 The insul ating
| ayer 30 may al so be a layer of 15 nitride or
oxynitride of Al, Ge,. Si, or other elenents. These

| ayers may be deposited on g&rnmani um for exanple by
nmeans of LPCVD (Low Pressure - -Chem cal Vapour
Deposition) or by neans of PECVD (Pl asma Enhanced
Cheni cabrVapourl eDeposi ¢ i THS 120eTheeparstledt pmgadaypen un,
30, de ited. in . thi ' e vapt-ageqush yo
R A e
fisengifiTheidendpliicationthenmiépat weposst dorr Wil taltake

L eOPRIAL YY) €188 I dg | Pnd | TLELDO d NebaGhe 8L IndihG T Wodre
ZSBE%eps %fjta% et hod shou?d %ottsighF?icé%tlyyexceed
5t hingxdewsiihi ceeitorvasenper di2dre in order to prevent the

structute HERM €haNALAYiefoStfRral w81 Nigh8linited by the
tenperature could cause the creation of further

st PR8g tiREurayef | therundgilydnadERsi fRchbion ol tHes

| ayehpedrurk APPI iKANliR1 80q degassh e i sl dobayer .
Therefore, said densification tenperature should be
taken iHi%F adUGaRECEoF e herarieRainass t5F2 FAY dtHod L 50

1013peFobrexamie,, fifoae TERS Hayesitdepositt @teOlAnsulating
germani u t he depasition tenperatures, vary from 300C
Do 2860, PRIGTSdbhei TIEAPHOR" | bl IFow RGo L W areses  rate or
depa@sét i O windpll abhakeioplaee .byhheatirexgrtche &tk Uchake it
to approxi mately 600C .5 nmaximum in jinert qgas.(Ar
NZFPE ]%ﬁﬂgﬁﬁi |5§WFoﬁh?eﬁ%%%§¥hﬁ% ﬁff1l€¥ Fiﬁ% %} kRPt
t hebouastabl empatwr ettof ¢ itnyderf] wilheg i@Geriface hbgtween

15wa¥hetgkéﬁrfacial layer and the insulating layer.

Cleaning and passivation and/or formaticn of an
interfacial layer may also be envisaged at this stage of
the method.

With reference to figure 1ld, an atomic species

20 implantation is carried out wvia one face of the donor
substrate 10 in order to create a weakening zone 12 in or
under the germanium layer 15, preferentially within the
Germanium layer. The implanted species are generally
selected as being light, like hydrogen, or helium. Co-

25 implantation may also be carried out by implanting at
least two different species.

For example, in the case of a basic hydrogen
implementation, the doses applied may vary from 4eld

at/cm®

to 7el6é at/cm®. In terms of energy, it may vary
30 from 40 keV to 250 keV as a function of the thickness of
germanium to be transferred (between approximately 1000 A

and 1.5p m) according to the Smart Cut® method.



tenperature will be Iimted to approxi mtely 600C. A
Ge interface restoration heat treatnment may also 10
be carried out, before the deposition of the
insulating |ayer, before the bonding with the
receiving substrate or after the inplantation step.
This treatnent will nake itl%possible to inprove the
quality of the layer itself but above all inprove the
quality of the interface between 15 the interfaci al

| ayer dnd tt've ¢axul afi ng ¢ayewlaGiebitng amekher for a

passiMat ien and/.or for gatdon of an Mgs%ﬁqftacml alasb%&k

may al so be envisaged at this stage of the net
Wi 9Tefdr e ertld Prgopesikle & a'@@nf%r SpeEPes hyzi)fogen

| ML ARk BLERN TR GRIbLed AUt 4la.ang kace of14 he Agpor o
substrate 1Q in order to create a weakening zone 12

> or et/ The fger FUATRAAN syt IBm prrdfepéntraltisy O 5016

Wi b h) @'t e r GRinaRi u | ayehs helémémgeyd s_&et;da@;s \ﬁHr%/
gener al | sel ected as being g like h drqg
el tim 4 28> b 34 6 ay B o758 dAlr F1 ot LY e

| My @nddeng aatjhfk&asd;o t%mo mé)f ﬁ(@ﬁﬁﬂbé@i&@ﬂ@ialf@rfrom 120
exanp in e case of a basic hydrogen
inﬁ?eL@%ﬁEWi%ﬁr E%ewﬂ‘oses applied may vary from 4el6

10at/cn? 1o el blaidcnp. N et NBodfedNeIQy, ant i ABY1 Maimg
30 fron1%p keV to, 250 keV a fu ction of the

t hi @kResE of* der il ui'te ﬁ%er¥%ans¥ ?@d (%ePﬁBE%Ctlve
appepxt naiel yi 1100 Atednith 1f5;nrm) 1aioco>|fd|tng toy¢hels is

S Qut | t se_ o
cgﬁ%%% anﬁﬁ%&gﬁ ?mg%?% %or a ayéFeoﬁ ¥%ftls agranged
getmakeuAboe ppeseﬁtlynr%m¢nﬂﬂée,wamem|akﬁeptlmmlwaMMﬁr,

15 mﬂpl ?9%19 - Use. § ar, exanpl eﬁx%g{gemt pLsheliym, The 4

doses used may vary from 7elb at
possible to use for example an S35i0; protectlve layer on

an HfO; insulating layer to produce same. Said protective
layer may then be removed after the implantation.
With reference to figure le, the donor substrate 10
20 1s Dbonded with the receiving substrate 20 via the
insulating layer 30. The insulating layer 30 may also act
as a bonding layer. This is particularly the case if an
insulating layer 30 made of $i0; is used.
Various possible types of cleaning may then be used,
25 according to the presence or absence of the insulating
layer 30 and/or the interfacial layer. The types of
cleaning cited as examples below are generally carried
out in liquid phase with or without brushing, and with or
without Os: .
30 1 - Cleaning of the germanium (on donor substrate}:

HF and/or HF/0; and/or plasma and/or UV ozone.



5 2el16 at/cnR for hydrogen and from 3el6 at/cnR to
0.5e16 at/cnR for helium In terns of ion energy, it
may vary from 40 to 250 keV, preferentially from 70
to 90 keV for hydrogen and from 60 to 250 keV,
preferentially from 120 to 140 keV for helium 10 If
the layer 15 is not coated Wsth an insulating |ayer
‘30 or a thin insulating layer 30, a protective |ayer
(not illustrated in figure Id) of the layer 15 is

pref er ent+ dlilepnfiogmed. t‘rﬂaeipmlaetciri vienl ayerivsng and/or

arﬁgﬂg§dsu$§E}§% §b|§ Ily rennvabl nRéA water

|
sel'ective nmanner res ¢f 1o taﬁe ?ayer ‘wher eon
it NHegts. It will be pOSS|bIeto use for exanple an

Si C2 prot e%tlegﬁl$@y@f QR cap; Hf02 gnnsgtsﬂﬂgn SAVEL 40 .

produce sane. protective |ayer
5r ebhedwafarer at“h@niérrpl antation. Wth r ef erence t 0

figure hg, Ehe.daner sebshrats s ac2fgi s handed withey.
the receiving substrate 20 via the insulating |ayer

30.SUPRET RS BRY nBe| ApEFiQ0 REY &@nsoedctberaded . boidi fiee

I ay8hgldhisrdrS Rakht 641 AEdni e wGageablip@bhid Rehati pg,
30 made of Si 02 is used. Various possible types

er
)é’ Y BEAPHG fndy AWhe @ i§$éd; 25 according to the

10pr esencen@roﬁbﬁSﬂ@es@ffédlﬁ bRsdHaking thayeferdQ amad/rora
t he |nterfa(:| | ayer.. C&Cge types o cl eani n% cited as
exatfties bel'd %1’%’ g Ry & r feEC 86t YN i giid @S

_ pha&emmt&h @HeamﬂhboubhmeGJWrmhchﬁﬁdcmitbliﬂarﬂ@hthﬁmt(or
r{%? eani of the Jurp on do%]n iom Of

subs at %}asmBHﬁC tlor}-IF/ons an Bt plPas e~ A6 oV
OZOJﬂ!@SélErthmer(ﬁsearﬁlragamaf athévammﬂ ataor k(Eth&’rﬂll@:M\Yiaﬂ@y
15%2%48&5?g€0&0§uQ%%r%&%Laiigypa%nqapre§g§¥g§1ggk é%actory
bonding without necessarily using high bonding
temperatures. Such a plasma treatment may be performed'on

the receiving substrate 20 before or after cleaning.,

The bonding is performed  between the donor

20  substrate 10 and the receiving substrate 2. Various
scenarios are involved:

- so-called "bottom" bonding if the donor
substrate 10 has an insulating layer 30 but not the
receiving substfate 20;

25 " - so-called '"middle" bonding if the donor 10 and
receiving 20 substrates each have an insulating layer 30;

- so-called "top" bonding if the donor substrate 10
has no insulating layer 30 but the receiving substrate 20
has cne.

30 - direct bonding if neither of the substrates 10 and

20 have an insulating layer 30.



NHLIOH. 3 - Cleaning of the silicon (on receiving
substrate): 5 RCA, -water, ammoni a. The cl eani ngs of
the insulating |ayer 30 or the substrates nmay be
carried out on wet benches, or one single-wafer
cl eani ng machi nes with adaptable chem stry, by nmeans
of liquid chemstry. 10 Oneler nore surface
preparation treatnments with a view to nol ecul ar
bondi ng may al so be used, such as chem cal cleaning,
chem caheneehainicc akypbanasi Sankona cinbiENP) tembasiare,
actjvation, or-.brushing, or. a conbination of ..th
tré% meAt e Popl AR Bet TV i%%iﬁ%ﬁ 8S%a?¥?%ﬁféyls§§g >
sut¢ ablfewf eecerdrds .si tuation as it enabl es satisfactory
bondlng)@@ggg { nqggs%%%Hthu?ﬁﬁ%&éycghmggngéngei force
t enperaturés. Such a plasma’treat nent nma epeﬁonm
5onatttmnregebiveéng essbsheat ehOlcheforentorteafeepture, i.e.

cl ¢gning..p Ihe bepging i g performed,hetyeen.the @qmr
20 su stpéte 10 and the§%eceiving %ubstratg 2. arigﬁg
scemaldrgstape) i nvol ved: - so-called "bottont bondi ng

i f thevﬂQﬂorreﬁgpﬁkkﬁt@oloﬂnﬁ&eanlgpsubﬁiiﬂgygﬁyeﬂ33QS
but not the receiving substrate 20; 25 - so-called

" nigEr redbondr #y i ftlche HBROF 10URAETAFRCvi ngud v ing

10substrates,reachehgye @n igieukat tng laer 3Bhas- on  the
so-called "top" bonding if the donor substrate 10 has
no “FASEN S f§"Fajer 30 but the receiving substrate 20

has onernha3Qietadhmest bemsk g urk nenybernsokibbely linked
Su%ﬁ%ﬁabﬁfj%%lgggatﬁgaQ%%%igymhyﬁgggtuggséﬁxgérgg; g§%e
of ions implanted, etc.).

15 The transfer may be carried out by means of heat
treatment {(advantageously if the layer 15 is an initially
epitaxied layer) or by means of a heat treatment coupled
with a mechanical opening (advantageocusly if the layer 15
is a layer initially comprised in a bulk donor

20 substrate 10).

For example, the tenperatures used for the
detachment may vary from 250°C to 380°C for a time from
15 min to 3 hrs, more specifically 30 min and 1 hr, with
a gradient of 5 to 10°C/min.

25 The temperature and the conditiens (gradient,
atmosphere) may be adapted according to the implantation
conditions and the nature of the materials to obtain a
detachment time compatible with industrial use.

After detachment, a damaged zone 16 remains on the

30 top part of the layer 15.

Different <chemical removal technigques of this

damaged part may be envisaged, depending on the chemical



The bondi ng may be perfornmed at anbi ent tenperature,
the bonding tinmes varying i'n this case typically from
3 to a few seconds. Optionally, the bonding interface
may be reinforced 5 at tenperatures |ess than the
detachnment tenperature, i.e. less than 300C (for a
conventional hydrogen inplaritation). Wth reference
to figure I g, the layer 15 is detached fromthe donor
substrate 10, supplying 10 sufficient energy to break
t hanewrak ukends ronitheng wedkeni ag zompided Theh chemical
deta%c ment tenperature r?nge isolcl osel y Iinkedf.wilthCMP
t heé plant' 3t i or e Sid i dRE Uded ( dB5e “28Rer gy 1Ybe

of dtepsisnpleanttedeoetly )usecb ithertieansd eredmy bbe final
car roiuegnggé dy peans of .heat treatnent

(acfvar? ageously 1f the I'ayer 15 is an initially

Sepi t axi Bolr | aysy)leor by imeansssobla heatrehweat henteans of
co d 1 40 i.cal eni ad a usly i
el SRR E b ST TR e b e T
dorrsme 20, subist plder 10Y. dForiexanplleyet hevft eapdhatiness

;Jsevdarfﬁ!})gt P)feom %%i‘%h?&”éodba%& }éﬁl{i yog{aqm %5991510 I%%Qghess

or a‘tinme from mn to rs, nore speC|f|caII%30
ni refar@PIonimatgilvhe eyradivent topicltly 1067 nilren 25ATRMS .

1t enper akyE gy e reoRghti QNS 9kadhenty o.ahfmsphene)s
may be adapted according to the inplantation

contdli t ioAEtARY t HRFSIEEarEidEY hed *hat éPFald t°'bbfarHt &s

det aehireptnt i4® canpahi b€ withhah ngusyr sl utuse., After
detachnent, a danmaged zone 16 remajns on the 30 top
par t ofAtﬁén?%9%¥ﬂlgpructure, comprising the Ge layer, the

insulating layer 30 and the receiving substrate 20, 1is
15 obtained. ‘
According to the invention, an annealing heat
treatment of the structure 40 is used, between
approximately 500°C and 600°C, more specifically between
525°C and 575°C, more specifically between 525°C and
20 550°C, more specifically at approximately 550°C, for 3
hours or less, more specifically for approximately 1 hour,
if applicable in an inert atmosphere (argon or nitrogen),
in order to restore good electrical and/or optical and
crystalline characteristics of the surface layer 15 of
25 germanium, and particularly a good electrical guality at
the interface.
In fact, the Applicant noticed that, below 500°C,
the germanium layer 15 is not completely reconstructed
(see figures 2a to 2c¢, with the explanation below), and
30 above 600°C, the electrical characteristics deteriorate,

for example the electron and hole mobilities have 2 to 5



Different chem cal renoval techniques of this damaged
part may be envi saged, depending on the chem cal 17
means used. Polishing al one or combined with chem cal
etching may al so be perfornmed. In any case, a final

CWP step is advantageously used in order to reduce
~the final roughness of the Rayer 15. 5 For exanpl e,

it is possible to renove by nmeans of CMP poli shing
approxi mately 2000 A fromthe damaged zone 16, in

or deim¢0 lahteai wadukayenaofata 3Hi°ckress fvaundsngaf rom3b,
500 o) 00_A and tain a final roughness of
app‘f@%(]%rfaa glay?aal?rés\/vb%qls , typically less than 5 A

RVB. 10 Tegani ngsmaysbe weaer i @droutulvitly f orbteangl e far
1-5 | uti pref ti.al loy ~1% .

i nou{‘%‘%‘iﬁt?g‘rgefls eﬁtg Par| ege PR) Shor i piedt gty 1105),
8ol Btk omavA HlispalbeGe®@arsteductaur et hexonpypsi ngf t hesGeat ing
layghieotng s insulating layer 30 and the receiving
substrate 20, is 15 obtained. According to the

i nvent i dhi9vaRsanneat i4tg ‘REAESCYr ERBAT L1 GTL Y [f8Tree photos

St r ygkeh €40 reandsedt, DPeIWRERs; APPLOXENBLE! ¥i &UCoaNd in
600C, nore specifically between 525C and 575C, nore
spedPiPERIT Y HerREBR” 525 dnd TG I850E, Suttegate 20, after

1|speeaiht=,g;calhlayeat u?agf@j»ﬂerr?ts&li)a Sm@eaﬁah?S ahgu&gspéctfive
ess, nore specifi r.approximately 1 hour, i
appl BB 1 FSafti §@¢ téﬁaﬁ?’ngsﬁh%?% é(og?fjon or nitrogen),

in or derirt otlfiestvarye g_mod;_ael eet kkeal c v/ lgr topti eaheanichg
crystalLine gharacteristics,of the suetace layer 15 of,
25 der manium - "and particurarly d'good "ef'ettti‘cal

qualtict yeatord héei deéedacencindédctn tihkegApmpiicantayer 15,

1%0tié%%gs%g§¥éd %%Igggggxg% Smart Cut®, at least partially.
Figures 3a to 3b respectively present curves
obtained according to the Pseudo-MOS method, for
different final annealing temperatures (between 500° and
650°C) on respectively two final structure samples 40
20 obtained by means of Smart cut®, showing the variation of
the drain-source current {(in Amperes) in the layer 15 as
a function of the voltage (in Volts) applied at the rear
of the substrate 20.
The Pseudo-MOS method is particularly described in
25 "A Review of the Pseudo-MOS Transistor in SOI Wafers:
Operation, Parameter Extraction, and Applications" by 3.
Cristoloveanu et al.; IEEE Transactions on electron
devices, vol. 47, No. 5, May 2000).
This method makes it possible to perform a guick
30 evaluation of the electronic properties of a
semiconductor-on-insulator wafer, before any production

of CMOS components. According to this method, the Ge



t he germanium |l ayer 15 is not conpletely reconstructed
(see figures 2a to 2c, with the explanation bel ow)
and 30 above 600C, the electrical characteristics
deteriorate, for exanple the electron and hol e
nobilities have 2 to 5 18 tines |ower values than at
550C (see figures 3a to 3b, 1°with expl anati ons bel ow).
These results were particularly obtained for
insulating |ayers 30 made of Si02 (fornmed using TECS),
5 bavenmpeudidsoebeeactaptied todet hér thy pesrefi sk asulat ithg
maLeELals FLOHIESo2R 10,20 0CPLESENT JESRECLLVELY 411
three photos taken by reans of transm ssion el ectron
m énesEumy i Ahe| Hyetls Si5spbanstier 8daehs T dbei yrig and
subst L2k 6, 20,9 al§ ex ﬂa@tsbeyu@@y&,u%@m@ng Sacdnduct ive
anneal ing at respective tenperatures of 500C, 550C
Sandhe00d. #h this iwagrieee cantHeseif cf@ufy ot igd the
anneali fdhr &b .t RRPEF &Y es thet wegn 509G and KLAQE: sRkas
it possible to restore the defects included in the .
ger'®RALtHTY agsr NeAtEge) r oY o PRE DY edhs ASCUEHAR B0
Cutdphne Bt mhgasd pafidalddy. Thki gunese 3anbotBd drain are
respectivel resent curves  _ohtained according to thtg
Pe BB et PR - "For SO S PaNt P ARF S aRiGAFT ng” e
10t emperatares theetwgen 500 and 650C) on respectively
two final structure sanples 40 20 obtained .by neans gf
Smar t Cﬁ?(r;t?’lghoﬂaﬁ'g t he Vari at | oﬁoé?rlst%éo S e
dr aiubssoat€e2 (G urar epod( Ga/ Anperaa)r intéhéadaypralibyagill
a functi.on_of_the val in. Volts) _ appli t e
r ear?ark%oflgt ﬁ(gs Ssll}{)léet :r"gt %’%gg?r(él'haes S‘I“I((ezﬁldg-gl\/&é %%tlﬂeoé%lgsload
partdrcakas| yo descridmged mt 2He" AnReyiaww ofr tie intrinsic

jEPSQHQQ%WC§hE&?Q%h§F%ﬁv%nasggﬁyvngE%fical response in the

layer 15 to the electrical field applied (i.e. a current

will react strongly when a low voltage is applied to the
substrate 20). -
. With reference to figure 3a, the temperatures tested
20 for the first sample are 500°C, 550°C, 600°C, 650°C.
With reference to figure 3b, the temperatures tested
for the second sample are 525°C, 550°C, 575°C, 600°C.
With reference to figures 3a and 3b, it may be noted
that results that may be considered as relatively
25 satisfactory were obtained for temperatures between 500°C
and 600°C, somewhat Dbetter between 525°C and 575°C,
somewhat better between 525°C and 550°C. The best result
was obtained for a temperature of approximately 525°C,
but i1t may be extrapoclated that an optimal result would
30 Dbe obtained for a temperature between 525°C and 550°C.
In addition, the two tables below present the

measurement results (using the Pseudo-MOS method) for the
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S. Cristoloveanu et al.
el ectron devices, vol.

and Applications”
| EEE Transacti ons on
47, No. 5, May 2000).

by
Thi s

nmet hod nakes it possible to performa quick 30
eval uation of the electronic properties of a

sem conduct or - on-i nsul at or #af er,
of CMOS conponents.
the Ge 19

P

met hod,

roducti on

strate 20 acts as t

Accor di ng

bef ore any

to this

| ayer woul d represent the body of
t heit r dnsfstorinandtithe nuahbedddd s agorstiageratdthe
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0 aril se
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mepatdipponds iandder ngraSt:@dd@@t |d¢éest%harm]e%lctapnt ﬁed
?E@Q EN@ i&p@y'1%5fépddifyérengs@E@éégaég%es

i nt,e1f age ihet

According to

Snefartiard @povRverSiPdf or BTl 4t ot idchiEmeél Srple
be (acsimat edy, Thepsaurge andethe @y akpi @r @ echpi MethnRY e

pplylng controlled pressure probes on the
of (fhe"jeaysy - 15.

he grid polarisation

In this way,

(positive or

10 surf ace

usi ng a pol ari sati on of

the substrate 20, a good Ge/insulator interface
qgaLpgg_mpLL~_p@kﬂ H—possi-bl-eto prevent—asmich-as—
POSSPRT &t HE | ddHt carriers |b' ¥ apped |4P1E Heebility
imterface or in intrinsic 15 &65ﬂmitywhlch will give a
g(\nr*l el ectricall response in 22’ laver-15 tn the
_eléppr?cal flel&kﬁéplled (i.e Y drrent |WPl™react
sttrengty when g deaw voltage saapph;éd to uhe - 57

SLhcfrafe 20)-. \W-t-h-+ef-er-encet-o--figure—33 he
teﬁ@gr Gtures tdst®d 20 for {A& FiTst sanrléba?e 500C,
- 55@6p°600C, 650CGeWth referencento”fi gure s3bm. lie
t enperatures—test-ed—For-t-hel second--sanple--are--525G;
550C, 575C, 600C
10 Table 1
Temperature | Dit Electron Hole mobility
mobility
525°C Tel? évf%wmnﬂ 310 cmPxV ixs? 420 cm’xV xgT
550°C 7el12 evilxcm™ | 310 em®xv ixs™ 340 em?xVlixg™
575°C 1el3 eVixem™ | 120 em’™xV T xs™m [ 250 em’xV ks
600°C 4e13 ev! | not measured 150 cmxvixg™
Table 2
15 These curves and results demonstrate that:

- at 500°C: crystalline reconstruction is still
somewhat present, and crystallinity problems and problems
at the interfaces remain;

- between 525 and 550°C: the structure is of good

20 quality both in terms of the oxide and the interface.
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Wth reference to figures 3a and 3b, it may be noted
that results that may be considered as relatively 25
satisfactory were obtained for tenperatures between
500C and 600C, sonewhat better between 525C and 575C,
somewhat better between 525C and 550C. The best result
was obtained for a tenperatéte of approxi mately 525C,
but it may be extrapolated that an optimal result
woul d 30 be obtained for a tenperature between 525C
and 550C. at n txdeerpbaret hdetweer aisds Chetwsiv fPRsent the

the, s MRASYS ?5‘9@% arn%ls'ﬂhésu(&le%f%&et he. Rseud=M&, method)
for the 20 Dit (reflecting the nunber of traps

exi sti g OFert RBO ¢ ntteres dewubatneelrxse #md {he interface
I nguk atOnocgengsaldy, due to pendant bonds and/ or
crystalline defects), electron and hole nobili t%y% 1

the | ay@ce1dheopratd Fdldent PERHRFREUrYEs BendhIPS
abgyeci fliakl eabot€) ates t gesaif,dd nst 5@”'[3&1'%11 (Bt gu]['eeast

3a), table 2 relates to said second sanp d(ﬁ%% 1
3bPar fretiger at Gt Bt Electior° Kol @nnulmw"? FH
50@6&63&&x22@am15y430 m s- 55000 4el2 380 ms 280 n1s
600C 3e 3 60 n}a(f % ms- ESlelB 6g ms .3 tg] SavlQe
Tabl e 1 Tefpay B B %Ie on- 1518 “froBi T Y
r‘rDbalbltlatlyed 521&(13 fei2heV xomc3B0 O X VaXee A 2(E qnmsxvvex‘@on

C 7el2 eV- 310 . em xV_.xs %%Q ¢ A 2

5 0 XX S rull e
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The annealing temperature range will remain the same and

will also make it possible to preserve the electrical

interface gualities.

If appiticable, a deoxidation step at the rear of the
substrate 20 is used. It may be performed in liquid phase
with protection of the front face or using a single-face
machine.

Finally, a final cleaning may be used, for example
using HF, and/or ozone.

In the donor substrate 10, in the Ge layer 1% and/or
in the receiving substrate 20, other constituents may be
added thereto, such as doping agents, or carbon with a
carbon concentration in the layer in question
substantially less than or egqual to 50% or more

particularly with a concentration less than or equal to
5%.

o

Finally, the present invention is not limited to a
substrate 10 and 20 made of IV or IV-1V materials
described above, but also extends to other types of
materiais belonging to the II, III, IV, V or VI atomic

families and to alloys belonging to the IV-IV, III-V, II-



600C 4el3 eV xcm not neasured 150 cm xV_xs_ Table 2 15
These curves and results denonstrate that: - at 500C
crystalline reconstruction is still sonmewhat present,
and crystallinity problens and problens at the
interfaces remain; - between 525 and 550C. the
structure is of good 20 quabPity both in terns of the
oxi de and the interface. 21 at tenperatures between
550C and 600C, the insulator layer and the interface
ar@rof atever dquakiiys, - Wweakoh00L, Ghe liansul abormdyayeére
and the-interfac are of or quality t he
ann@apl ngdltgff)’er ¢ rr(i{eo A S?%SLEB per tﬁjr:g% O‘s%%eé??f e%e
aboeegithey C-‘Eubsiiycette1500$ tIInemomltheast thpardubgkrgyte 10
restared d dis n.i ) | et rica

[ nter(ace?guaﬂt(sor? rtlS%hdl]}rg rg C%(rjat%t egy lﬁg t“ia(flr%lr%E/enon
5r eswihtiscimmy ber 10cobsariedidnitdr f umeheridlepr ovaghDi tas
Va'di%%e!:tfrl%a siyatipn layers as described above are
inserted in e structure. The annealing tenperature
range Mtlsfﬁ@n@l rbe hepsdfdedndbaii | fnaltse make pf alloy
DO%%It@L@aw p{ﬁéegmowes@i&%al Gal, Hterfage ternary,
qual ities. It applicable, a deOXI dation step at the
reafruaé?rtlﬁéy C§ul§’§tﬁa]t1bg}’2{¥ ideonged. |t may be perforned
in liquid phase wth protection of the front face or
using a single-face machine. Finally, a final

cl eaning may be used, for exanple 20 using HF, and/or
ozone. In the donor substrate 10, in the Ge | ayer 15
and/ or



in the receiving substrate 20, other constituents may
be added thereto, such as doping agents, or carbon
with a carbon concentration in the layer in question
25 substantially less than or equal to 50% or nore
particularly with a concentration |ess than or equa
to 5% Finally, the present invention is not limted
to a substrate 10 and 20 e of IVor IV-1V

materials 30 described above, but also extends to
ot ypes of materials belonging to the II, IIl, 1V,
\ atomc famlies and to alloys belonging to

t he 1TV-tiMathkht Vinetfod20£Vh at@libeut@ntbinsis WierLamia
Ge layer 15 may be epitaxied (for the donor substrate

105e orlammdedopided t he @ ecwilyd rptsubsticat éngpgaseqy the

addj tion, th ubstrate 10 .and/ar .may_conprise

Lot BILE PG O b8 SiterBy Lot Bhd to
NOfs SIHSEONGHC LRI JERL S | @biSs 1 GHCHE agnt i@l RCtHL  (DIT)
materials. It should be specified that, in the case of
al ¢Dythember ilalysr hd/akl ¢he seltecfedenay WdebiGrarlgyer

ternary quaterpary or of a higher degree. 2 Al NS
RO AT SR B P ot sk e Eene T
Cer b @y@heRONded: Qb A SURSIHRLR aLP1iBAr 8858 tBRperature
el ectron and hole nobility in said thin Ge | ayer and

t obedemme 896 "Chendab @’ Offatemsitt ook thaerd deairtsr.ap
(Dlé) of the Ge layer and/or the interface of the Ge
layer IREHHGE URABRTY T AGPAFERS CHfar GLEERI deq HHPEOIN
thae Sidl {FLAWRRL cbSr8shsidis teal MRitbedBRl & d&wdbn

t enper at ure
525°C and 575°C.

3. Treatment method according to c¢laim 2, wherein
the heat treatment corresponds to a temperature
between 525°C and 550°C.

4. Treatment method according to claim 3, wherein
the heat treatment corresponds to a temperature of
approximately 550°C.

5. Treatment method according to claim 1, wherein
the heat treatment lasts for approximately 1 hour.

6. Treatment method according to claim 1, wherein
the heat treatment is carried out in an inert atmosphere.

7. Treatment methoed according to claim 1, wherein
the thin layer has a thickness between approximately
50 and approximately 200 nanometres.

8. Treatment method according to claim 1, wherein



bet ween 500C and 600C for not nore than 3 hours. 2.
Treat nent nmethod according to claim1, wherein the
heat treatnment corresponds to a tenperature between
525C and 575C. 3. Treatnent nethod according to claim
2, wherein the heat treatnent corresponds to a
tenperature between 525C and 550C. 4. Treat nent

nmet hod according to claim3, wherein the heat
treatment corresponds to a t@nperature of

approxi mately 550C. 5. Treatnent nmethod according to
claim1, wherein the heat treatnent |asts for

approximately 1 hour., 6. Treatnment nethod.accordi to
claiﬁﬁivgﬁhéﬁ'ﬁﬁ‘ thet %aPpP?Egﬁﬁgﬁ RS ggF%i%F %éﬁ%ﬁeﬁ
an i ggat atnosphere. 7. Treatnent nmethod according to
claim1l, wherein the thin layer has a thickness

bet webarabprdidmatieey lapeands dpprdsd warerylpoor sclely
nanopetres. 8. Treatnent nethod according to claiml,
wher8fn 24 the Ge layer is the upper layer of the

strugbHh8, oranth¥hEe!€h M Sadd upper layer is bonded
directly or solely by neans of a bonding |ayer. 9.

Tr e&t néhteatmendd Betordi agebodenai mol, clvniot eiln  Wenkin

substrate is de of Si. 10,.Treatnent mnethod

ac%%ﬁ%ﬂ%é}%%f%:%ﬂﬁﬁ Ire S%eﬁﬁ'the structure al so

CONpGi SE%AneA¥ehchol! 86ddididly toneuhahi N9 MRS LLiflthe

between the thin |l ayer and the ™ substrate, so as to be

a Cerymninam opismsubanprises a layer of electrical
insulating material between the thin layer and the
substrate, so as to be a Germanium-on-insulator
structure (or "GeQI"™ structure), therefore comprising a
thin Ge layer on a layer of electrical insulator on a
substrate.

11. Treatment method according to claim 10, wherein the
insulating layer consists at least essentially of an
oxide, a nitride or an oxynitride or a stack of layers
of different types.

12. Treatment method according to any of the above
claims, wherein the structure also comprises a
passivation layer adjacent to the thin layer.

13. Treatment method according to any of claims 1 to
11, wherein the structure also comprises an interfacial
layer between the thin layer and the rest of the
structure, the interfacial 1layer being made of one of
the following materials : epitaxied Si, a high

dielectric constant ("high-k"} material, HfO0,, AlIN.

14. Method to produce a structure comprising a Ge



structure (or "GeA" structure), therefore conprising
a thin Ge layer on a |ayer of electrical insulator on
a substrate. 11. Treatnent method according to claim
10, wherein the insulating |ayer consists at |east
essentially of an oxide, a nitride or an oxynitride
or a stack of layers of different types. 12.

Treatnment net hod according to any of the above

cl ai ms, wherein the structu@% al so conprises a

passivatign |layer adjacent to the thin |ayer. 13.
EiERent e T ot BRI R TS aRG O 1 BFFESS g dppor
WhelRikRat Becshp MCd HE Al 9@ GO $88 @ﬁpéf‘t]f%f@%kﬂireof
| ayer between the thin |ayer and the rest of the

sta uctbie, tle i dkgefraci @hdl ayer berajviade cfulorieadk,

the followi.ng materials epitaxied Si, a high :
e 1B | EORFghLk:) CREREHST. W0 fokpquing

14, Mat.hod to produce a structure conprising a Ge 25

| ayer, the nethod conprising bondi ng between a donor

substratke coupdisigngodt tleastddnert heitippethgarteceiving

thereof _a thin Ge layer and a recejving substrate, .
char act®5&E@ ten THA ~ FratohpRi &s ?&??o??oaﬁﬁﬁ ed 1in

steps: @) iRandi Rg ehet BBLAORYT 1 ¥ELRrAkS, T ecei ving

substrate such"that the Ge layer is located in
proxi m by toerferallondh nighe nbert acé; thie) doermmy ad ulgft ralte
part of the donar substrate _not conprising the Ge

| ayer; QY qP@&LTeRg &St K8 $8¥GEture conprising the

reCGiVi&S ngﬁiiﬁﬂé%tangft[F%eces£@ﬁé%ufé] comprising the
receiving substrate and the Ge layer in
accordance with the treatment method according
to any of the above claims.

15. Method to produce a structure according to claim
14, wherein it also comprises, before step (a), the
formation of a passivation layer on said Ge layer.

16. Method to produce a structure according to claim
15, wherein the passivation layer is made of GeOxNy,
and first formed according to any of the following
techniques, alone or in combination:

- surface Ge oxidation followed by nitriding
of the Ge oxide, or vice versa;

- heat treatment using precursors for
nitrogén, such as NH; or Nz, and precurscrs for
oxygen, such as water or dioxygen;

- plasma treatment by means of the precursor

NH;, N,, O or a mixture of N; + O,.



accordance with the treatnment nethod according to any
of the above clains. 15. Method to produce a structure
according to claim 14, wherein it also conpri ses,
before step (a) , the formation of a passivation

| ayer on said Ge layer. 16. Method to produce a
structure according to claim 15, wherein the
passivation layer is made of GeOxNy, and first forned
accordlng to any of the fol Féwi ng techniques, alone

in conbination: - surface Ge oxidation foll owed b{
nlﬂﬂldMﬁBhO%ft?h8r€€u6§|6e5t6PC%PE% ééFgﬁdlnghE%tc alm

t"lﬁat '&Eﬁ@ﬁ:g%' g péf&é”?%fsr{gés, ”bEEBQE”'st% Ch(aa)s Ntﬁe

precursors oxygen, suc
dld@pysgemon pfasima irteatimerita1byl apgansorof sdhe @eemaysnr
NH3, N2, 02 or a mxture of N2 + 02. 26 17. Method. to
pWéGBcé §a§?FHé@uW%d%d@%ﬁHﬁh@ft6h€lgPh%QWPHQMmﬁﬁﬁrﬁaﬂ§

i ses, befqgre ste ). th Ith f.a
TSR FRIR) S, o e s P R (R
made e@fiadneHob, t ireif.ol | ow ng naterlals. epitaxied Si,
a high dielectric constant ("high-k") mterial, H 02,

ALNS. 1¥ethet hbg Péo@ﬁ%@esiartwr% FHEOREEBRdIRGaPY OF
(a'}))ia‘?ﬁé\s lyai s 1At ?&ha;?f s%%'&’“};?é e, DEIQI e (81 P,

Srivstiton s €p o ayer ectric

| Esuttat 06n ol@tephe;fdwonagselbsblfate&e@md&aal oAnkhtator on
recei ving substrate. 19. Method to produce a structure
add6r dppgr tRataiahe aRd/ghdreithet heceHelNdasrhgt raler

as @E yBORSk S, Jleod 835% CARNIAL! Y hrBEhg® oSS im

8, wherein the insulating layer formed consists at
least essentially of oxide, such as $i0;, HfO0,, SrTiOa,,
Tas05, Ti0s, Zr0,, Bls03, or Y,0;, or a nitride or an
oxynitride, for example of Al, Ge or Si.

20. Method to precduce a structure acceording to claim
18, wherein the insulating layer consists at least
essentially of S5i0,, and is formed by means of cne of the
following technigues:

- vapour phase deposition using silane;

- vapour phase deposition using TEOS;

— thermal oxidation of a léyer of Si previously
deposited on the Ge layer and/or of the Si surface
of the receiving substrate.

21l. Method to produce a structure accerding to claim
18, wherein the formation of the insulating layer is
applied at a temperature of approximately 500°C or less.

22. Method to produce a structure according to claim



Ta205, Ti 02, Zr02, A1203, or Y203, or a nitride or an
oxynitride, for exanple of Al, Ge or Si. 20. Method to
produce a structure according to claim 18, wherein
the insulating | ayer consists at |east essentially of
Si02, and is forned by neans of one of the follow ng
techni ques: - vapour phase deposition using silane; -
vapour phase deposition using TEGCS;, - thernmal

oxi dation of a |layer of Si prleviously deposited on
the Ge layer and/or of the Si surface  of th

r ddei VRF 4 tibsitl A £50 290 NEERSd at od‘?ﬂsiﬂtﬁ}(?étéo%t PhEP uPE

G GAGUIRCELR MaydB whberghh (D bOr TRLLOD Ofr Rt

|ns appli erature of
apre@xment ehty éﬁﬁﬂ@(mrlumss 22. Method to produce a
structure according to claim?27 18, wherein it al so
con?p?n Ned hgdy&Rs PEPEREROA SEERCEHTC tICIHEMIatrngny of

pRli b of heat treatnment at 6000C
%igf #% ¥ Ngghoﬁhggggﬁoduce a structure according

o any .of ol Meckbdt Qks WghaisRs, - elferaethed ala3g
conprises, before step (a), an atomc species

i npl antaat | adresitee pspatitase idgrientasabst s&ER in ctth@erdom@r
forma keni ng .,zone depth simlar .to

t
t hi ckn %ﬂr@§§|&n0€qd§§eFo §Fﬁﬁ1(b)ﬁ%ﬁﬁﬁ}pgegogﬁ at a
ener gy sl ¥ikQ1REeak cHdenrandondsy phesent eavéhe

weakeni ng zone. 24. Method to produce a structure

according t ey @) cohpiriBeddahoeddrgpl SEoIoNd Jregk
after step (b), a finishing steE of the Ge |ayer so
as to it o\eakt pends present on the weakening zone.

~ 24. Method to produce a structure according to any of
claims 14 to 17, also comprising, after step (b}, a
finishing step of the Ge layer so as to improve the
thickness homogeneity and surface roughness thereof.

25. Method to produce a structure according to claim
24, wherein the finishing step is applied such that the
surface roughness of the Ge layer is Dbetween
approximately 1 and approximately 5 Angstroms RMS, said
finishing step being chosen among the following
treatment: polishing, polishing combined with chemical
etching and CMP polishing.

26. Method to produce a structure according to any of
claims 14 to 17, wherein the donor substrate is a bulk
Ge substrate or a composite structure comprising said Ge
layer on the surface.

27. Ge—on-insulator structure comprising a Ge layer

bonded with a substrate via an S$i0; bonding layer having



t hi ckness honogeneity and surface roughness thereof.
25. Method to produce a structure according to claim
24, wherein the finishing step is applied such that
the surface roughness of the Ge layer is between
approximately 1 and approxi mately 5 Angstrons RVS,

said finishing step being chosen anong the foll ow ng
treatnment: polishing, polishing conbined with chem ca
etching and CVWP polishing. 26 Method to produce a
structure according to any of clains 14 to 17

wHersR 1Kot oS iabsteaitace s taaml lor ERLE0bstest &hop
a ihte structure. conprising said Ge |ayer on the
sJ%?acg.lZ$P ég-éﬁgiﬁgﬁlétor structure conprising a Ge
| ayes. diwendedrav ddcardinbstoateaim @7an wBeb@iborits Mgt is
| ayer having 28 a density, of Ge/ 502 interface traps
(orespitthean Ogs €Rdntooheedlal - I 5e13ev-1. cm 2. 28.
Struygt dj | aj rej |t d.s
oot paeEESEE AMAALE, SLO g T ShBGLOE A i, 1o
acrer it @rCleajuml28o Wabtwih. dnié. Dit is |ess than
or equal to le" eV-1. CM2. 30. Structure according to
cl aftn Brrugharei aceqrelipot tpsclas L3 hanespivgig Rig 1S
7el2eV C . . ryciayre: rding to any of

cl %‘T;%s %’flr{ o@%(?,q%%clo%r iq%izr%jea'a}%gz'si vation and/ or

i nt e1f ae-daayee heidenngt ey Genlayer @andrishe2’di 82 30,

| ayer.
comprising a passivation and/or interface layer between

the Ge layer and the Si0; layer.



