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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, sluch as a
Germani um On- 1 nsulator structure (also referred to
as a "GO " structure), 5 intended for applications
in mcroelectronics (MOS production for exanple)
and/or in optoelectronics (photodetectors for
exanpl e) and/or photovoltaic applications (solar
cells for exanple). Such a GeO structure conprises
said Ge |layer on a layer of 10 electrical insulator
on a substrate. Germani um has nore beneficia
electrical characteristics than those of silicon,
anong other things due to a greater nobility of the
charges within said material (theoretical hole
mobility of 1900 cnRV is-1, 15 electron nobility
3900 cnm2V-is-1). It is desirable to be able to
produce such a Ge |ayer having a good crystalline,
el ectrical and norphological quality on the entire
surface of the layer according to the future

oLl GALLONS, 4N oLdey

for exanple. 2 The docunents US 6 833 195 and us
2005/ 0042842 each disclose a Ged structure .
prodlei onimeaHokbn copliagieny the dpie axpreflugtigper and

firs t e_.fornmati of ' .
ePrriRefl Be e e Fapbr Pl B e G thiun
otinder tbab&erkayer isuchderast o &r ediearnéanwead@it Igsulator

zone thereon, bonding with a second substrate,
SEERFBUER bj2hSHet BERREREC0f P hedBe 4 aydre@h’ t RFructure),

i Meak8BLNY for applications 1in microelectronics (MOS

production for example) and/or in optoelectronics
(photodetectors for example) and/or photovoltaic
applications (solar cells for example). Such a GeOI

structure comprises said Ge layer on a layer of
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 cm?vis™t,
electron mobility 3900 cm?vis™) .

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

subsequently to form transistors or integrated detectors

thereon, for example.
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zone, to finally obtain a GeO structure (this
detachnment technique is also known using the term
10 The net hod according to these
docunents al so discloses a %einforcement of the

"Smart Cut(r)").

bonding (i.e
by neans of heat

nhonD eneiti

&&é %an

a densification of the bonding | ayer)

treat nent before detachnent at
t enpepat WRsfh1005d50Cs 3501 o1 ta(?ldGQJEh%GSS/(%‘QZ 42 each
final Ge surface finishing step 15 using polishing,
dm@tl©ﬁenutaGeOEe&ﬂnenwunﬂ etrefiingiono matdptd f ycomprising

eﬂ‘gao%erﬁ ef

surfage r oughnes

d & t g%r ﬁﬁﬁm

Afir

a

s@%gﬁ&@?e, the

fBlrgﬂét_rl%Ctdeléry widh oxygesn rasulddirGsdid & layer, ion
creation of a Germani um oxi de |ayer which has an
iggversatizm epRERE & h&Sel €RYRF call pPEPEFtied sfreate a

KRk T2, 0 oAy B B gL e e,

f%&Z%@%d(bwlBn@dﬂadhmedtldf wﬂmwwer&wwén émrnmebeéakening
the formation _of the SiQ2 | ayer, a

ZBREsi &t idRA dye PP dddt B )F?

t@Ehal gult ersf agisdl Mgl u
prevent oxidation of the Ge
| npr §ved meftlerd acecqaafing witth Stld@sel n daduime&ndrs

in pulti-la
IRFAE= 5 S102°8

ShePt

ace

tures_conprd si a . 30 de
PRIEPSn Step T2°1 rBUSRE

| %%Lbdb‘}l/r? héthb? natFerhment
Nhd te PAS ST HhLr¢ Ocut®r)

ayer and obt

ep IS

ain an

%03i5f¥£.

also

a

deegtiifiedtibn tbe case @fonmlﬂéOSlby@e Oxbﬁe,mdehﬁ oifdeheat
S%EIS generally perforned at
RS hEr CEFPSIE AtayESs, ofaanO fra}50°C

?9' Y e Medugeds parthall ¥ihan ‘d%e rﬁf”a%’
ayer (or for tinmes inconpatible wt
uanQUpbﬂmBhlm@queramﬂnksyanﬁtdk1ﬁﬂ&aﬂhmaumenmrLEtchlng, to

2005/0148%22 however

densi ficati on st

t§ppEBRAraa iP5

rectify in

eerffrgl ing step

dustria

a
omogenelities and surface roughness.

A first general problem encountered with germanium

is its high reactivity with oxygen,

resulting

in the

creation of a Germanium oxide layer which has an adverse

effect on the electrical properties of the Ge layer.

This oxidation

Ge/SI0O, interface.
From the document EP 04 292742 (fil

known how to form,

may in

a GeOxNy passivation layer

formation of an interfacial layer,

particular

occur at the

ing No.),

it 1is

before the formation of the Si0O, layer,

possibly followed by the

making it possible to

prevent oxidation of the Ge layer and obtain an improved

interface quality with SiO;.

In addition,

deposited oxide,

in multi-layer structures comprising a

an SIO, densification step is frequently

required. In the case of a TEOS type oxide, the

densification

step

is

generally

performed

oxide

at
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densification at 600C for one hour is proposed. It is

al so known to prepare the Ge surface before the

di el ectric deposition, according to various

techni ques. For exanple, it 3s possible to deposit a

thin 10 layer of Silicon just before carrying out the

formation of the dielectric |ayer (see for exanple,

apBloHBhE L Gt b4 Ge AN GChD Qe sed 19 thl5ce0d. e nay
oW ng ocunments, incorporated as a reféerence:

oh$y|buepi@@mmedpae$tvaﬂignﬁnrgEhaaﬂmamsW@sred Ge layer

capa |tors W th dlele ric nd net ate" |
(G ekt ercues " Bt Suter s5alass i an0sy toduct ton
rafdirepthrissation of a thin epitaxial Si layer as Ge

passi vation |l ayer to denonstrate deep sub-mcron n-

and POFETsh@n Gecomemisul Bor 2XUbstrHtes?, by hyaeyer, a
r o econd

RSB ERE B Ao ey T et G Sat Ut urbe ag g

transteriredaleol ayetn fos exapple yhareass sefr fagmarbefore

Cuts, is_.the need to carry out the transfer at

Eheni t BdCLERpELaL ur 88PN um BAUF B P veryarious

tééh}{%@@s' © B X Qi qlél yl(tl NSt i dd iy Ofr OXdB S0 2 thin
form "t hereof) he nmel ting point thereof 'being

lagkat mfel S/lli@vm ( 983@) beTre e ener ping esutisedhear formation

hu |d| imte Mor e yer, in the ¢
ofor P Y retERrcrnaets SRt tn ferfiarng shart more
d@déils' thl Rant atile@n m§eaueﬂb gheat eind ,hanhien t&Elowing
case of silicon. For this reason, a heat treatnent

defuBENRE ch%ﬂP‘Plf%t@@c@ﬁst iiué%eiﬁﬁif%lce( reSfér atipprlayer
I def S
gsﬂsggggﬁ Tﬁere %Eﬁ%hﬁ%m A kx%%g&iﬁyﬁ with e%gh k

eS|ra ore, It can In or
dielebtain and metal gate" by Bai et al. - Elec. Dev;
26(6) 378-380 (2005) -; and "Optimisation of a thin
epitaxial Si layer as Ge passivation layer to demonstrate
deep sub-micron n- and p-FETs on Ge-On-Insulator
substrates" by Jaeger et al. - Micro. Engin; 80 26-29
(2005) .

A second problem encountered in heterostructures
with a transferred Ge layer, for example by means of
Smart Cut® is the need to carry out the transfer at
limited temperatures, germanium oxide Dbecoming very
volatile very quickly (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 treatment enabling crystalline reconstruction
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a good quality of the thin Ge filmtransferred by
nmeans 5 of Smart Cut', it is essential to carry out
these heat treatments correctly particularly at
tenperature ranges conpatibde with germanium One
aimof the invention is to obtain a structure
conprising a superior Ge layer and an interface with

ubstr t-h i d ¢r [\l i
Gor R LR AR el an g soet el euta e
diesvierafdlen is to inprove the electrical properties of

t he | ayer. Another aimof the jnvention is to :
opt i 68 HRE /15 el et FT AT 4ol | tYR0f {heCEaef to obtain

aSURsdd aﬁ@a@lt her Go/d N @t @& irRter fdGthsdrred by means
particular, it the Ge layer was initially taken from

of durrt sGbstratié, igheeabantsato tsr eserve g goerise heat
ual.ity . electric nmor_phol Qgi cal and/ qQr t i n
t GagWé%tsE§?§¥eg£l¥op 4%§Qé§%é%% ag %e@ﬁ%ﬁ%éﬂ%% %anges

ar act i CS r,; for | cations

clomp afiieriee neai apresar(iMa® production for exanple),
opt oel ectroni cs, and/or photovoltaics, etc. To
achi &P€ theseCai rreie t heVPRveRRi 61F p?%p@@éé‘,ln a structure

c%ﬁ&%ﬁ%& %’QQ ay b&§bra§ﬂ§cﬂay@rt%§ﬁimﬁﬁtiﬁ%%Q@gdg #th a
25 structure conprising a thin Ge |ayer on a
bgulest rattstsdial |layen hhwvaggbeen praad oustystbohiede and
Wit he .s%ﬁﬁtrat e..  The nmethod conprises a treatnent

GPP PR EX NS St ri cal properties of the |ayer

and/ anotther nheff ase ©let hienend ayer W t ot hemprove the
underlying layer, characterised 30 in that said

eleestraentl Py opeddes ridattfentCap il at a

tenparatiee betyeen, 5%%' aﬁlﬂvéﬁ%okor'g"ttc!m%g EL A%e3 the
hours, or nore specifically between 595C and '; ,  Of
edecrurieaspecifiatat{y et weehe 52896CaAnd 500&:ratenora:  the
Ge/insulator interface.

In particular, if the Ge layer was initially taken
from a donor substrate, one aim is to preserve the good
quality electrical, morphological and/or <crystalline
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
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specifically at a tenperature of approxi mately 550C.
The heat treatnment nmay also nore specifically |asts
for approximately 1 hour and/or be carried out in an
inert 5 atnosphere. The thi® | ayer transferred may
have an approxi mate thickness of less than 1.5
mcronmetres, preferentially between approxi mately 50

a It onetr-e or
P O e R B PR T B ptiahar % heore
sfeeci ayenlis theauppepelrayereofo ft kpprstrinctualy; H’C. The

sai d upper |layer is bonded directly or_.solely
heanst GRS ST BoRdl TG | aybrs AlvERT AT oot Ldsts  for
aSbrysidieels @ GRQhr SLhHOLW &e kalrikl &0 in an inert
conprises a |ayer of electrical insulating 15

atmoephatrebet fiben thént hilaveayert ramg fiargeshbstaat d1ave  an

The insulator.layer may be an _oxide, .a nitride
aRRYAT T a8 o%h%Sngleésts of)k%a ?[l?ftsapgcgllatnl 02'05; gﬁ%{ﬁ ent <o
prayersnef adi{/f peentehypeprokinfaaetly 150 pard ixppwdxinktely
such Ged structures, the 20 inventors denonstrated

20Qee et rehat AHY Wse i s G SE L AHiéat MeVeaPRenpade of
nggggg[ng to the invention enables not only the
substantial restoration of the Ge |ayer from
exi stpngodel gyt s theutGal sayéncrieasés tiepet ettyecalof the
qualjty of the layer and/or .the Ge/insul ato .
STHRSrFhBe, 5 paAtrcUliTy By adhi bU| 1 GeckpfhBPEely oF
soPensi by mbanknber bagendnag’ 169k .Dit") val ues.
Therefore, a basic heat treatnment may suffice to
i ncrddgenthgeenetyri ddle abEneFubpt ilcal a ghalilt ylotugture,
igg.lggeEL§&§’c vé??gés %yﬁkgg%;lgﬁlEXeE@%H%%lt%nsu%ating
pr ovi de ‘a ‘passi ron | ayer and/ or "an interfacia
mb 8y et aas pditselepsethé n tER 04292942 angf ithegsibsktraie. The
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
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 also increases the electrical
quality of the layer and/or the Ge/insulator interface,
particularly by achieving acceptable "Density of
Interface Trap" (or "Dit") values. Therefore, a basic
heat treatment may suffice to increase the electrical
and/or optical quality of a Ge interface, without
systematically having to provide a passivation layer
and/or an interfacial layer as disclosed in EP 04292742

(filing No.).
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However, in any case, it may be possible to
optionally provide for the structure to conprise a
passi vation | ayer adjacent to the thin |layer and/or
an interfacial layer between the thin |ayer and the
rest of 5 the structure, the interfacial |ayer being
made of a material making it possible to inprove the

el eciyiledler, and/ipr opyicalsproperti ez at gdhe possible  to
interface with Ge. According to a second aspect, the

opvemeildry pmpo&@@ aaret hdtke t osproduceec a sorucoupeise a

th th i Si
CERRTRY o abereh BEarEnets al e g R RuRE Srqr an
infketlte cupper: past deneoh @héhltﬁlﬁela|y@)terarﬁﬂdtk@e rest of

recei ving substrate, characterised in that it
te6npFsestuhe. foﬂm%wlﬁﬁ%ftf@ffslal( a)apeadi hgioe ttrde of a

t t h
m%gﬁfhaw xlﬁa P ;ﬁgcg' :r?%%rlg)].(tfémstc'gs trrrgﬁre% t&h% aL1LB8rical
andVemf@@eldHQ prrespee 1 eof aﬂuihnuintérfimEcMHmm Ge

substrate not conpri sing, said

tr ealRERE IS 1€ St SERAU® ac“cﬁﬁﬁ?mﬂéet)n% e‘é‘blon proposes

ar%ﬁﬁﬂﬁkﬁgtéueﬁkkﬁﬁﬁaanSEQ%C@%IE@V@gmbﬁl§£§?rgaQ§§ layer,
with said treatnment nethod. The donor subsirate may

the ananiidd @orglgbssmge bmndan%dn®©@¢¢@ 8t rdagtan esubstrate

r|S|ng epi t axi Ge_ | aye esurface
cgg”? gcel VI ng %ubs?rgg‘ nébf e E?nade %F‘ y type an Ge
lagter bad Gl reRy Wfiolg exagd et Miisea bt ki Sd ShCGhat it
Si G, SicGeC Ge, GC, quartz, glass, III-Vor Il1-VI
campsy Sefateei flod 1 ostieg) starfsr characteristics of

thIS g?th%$ﬁdiﬁHOd&fe %heso&%ﬂégtu% tﬁrethett¥%celv1ng
net hod al so conprises, before step (a), the

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

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

(c) treatment of the structure comprising the
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.

The receiving substrate may be made of any type of
material (it may for example comprise bulk Si, SiC, SiGe,
SiGeC, Ge, GeC, quartz, glass, III-V or II-VI alloy
materials, etc.).

Other characteristics of this method to produce a
structure are:

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

formation of a passivation layer on said Ge layer; the
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formati on of a passivation |ayer on said Ge |ayer;
the 7 passivation |ayer may be nade of GeOxNy,
formed anong other things according to any of the
fol | owi ng techni ques: surface Ge oxidation foll owed
by nitriding of the Ge oxide; 5 heat treatnent;
pl asma treatnent by neans of the precursor NH3, N2,
p&8s 00 a8 BhXt I R 0f ng 1,02 magd her Meidi Al S@ormed  among
conprises, before stép (a), the deposition of an
otheerththab kagerdongsdiod aGy |ody e drol lkvigry thechniques:
passivation |Layer .i.f applicable),, with.a materia
inteﬁ%géa?% |ﬁp?é&gaFﬁggeﬁgggﬂﬁé%\gﬁuﬁé§r%§ﬁWQRﬁf the Ge
opigperties at the interface wth Ge, such as
epitaxied Si, a high dielectric constant ("high-k")
mat effal, LFPOPMEAIN, - the method al so conpri ses,
bef p ti.an.ste ef;1;0f
ol cot £ SRR rERTERE G RETRoRhr hpar ety s e
Oprott he mieceine ngf sNibst Dat e, consisting at | east
essentially of a material such as ag oxi de, SiO%,
H 02, SMfi GBS CHa208 157 (XA 02X S A1963076r Y03, (2dr Tthe
dépbsltige o ah oxynetridealfonyexany es®fqAbe R RT (or
20 Si; - in the above case wheré the insulating |ayer
op sthangesef veitd@n itaver fik neppbycakans, ofvishe cofmatigrial
.fo i.ng.techni ques: PECVYD deposition for anpl e
i E ST i DhHET g TEGS, Ther el oki dAPTAAor prical
prayert O&s Sht 2bhpr et eushyedepasi Ged emdhhesCediayefied Si,
and/or of the Si  surface of the receiving substrate;
a_higl FoPHEEFBEACOFONRE MUl &gy ¥ dy &t G it | BbC2, ALN;

at a tepperall& oL aBPr i &ly, SBAEQE |&ss, 8¢, the

optionally a densification step of the iInsulating
féoayarion 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, Si0O,, HfO,, SrTiOi3, Tay0s, TiO,, Zr0,, Al,03, or Y,Os,
or a nitride or an oxynitride, for example of Al, Ge or
Si;

- in the above case where the insulating layer is
made of Si0O,, it is formed by means of one of the
following techniques: PECVD deposition for example using
silane or using TEOS, thermal oxidation of a layer of Si
previously deposited on the Ge layer and/or of the Si
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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30 is applied by nmeans of heat treatnent bel ow 600C,
8 - said step (b) of the nethod is applied using any
of the follow ng techni ques, alone or in conbination:
polishing, grinding, etchin®gd - as an alternative
enbodi nent: the nethod also 5 conprises: before step
(a), an atom c species inplantation step in the

donor Subgf rats, i 0o " der i f@é%@d%@k%@%&e@nﬁsi% any
a depth simlar to the thickness of said | ayer;
oft eph¢ b)f cddmpriirges taphenaugy , suppdbyet tbr éak thmbingtion:
ak. bonds present on _ the weakening zone; - the
pﬁ@&ﬁ&&“&v38r6&96P93e§F%§%%%'s;ep (b), a finishing
st ep-of a§ hearCe diayamn 80 w@s tetdomamdte: :t hehet hinekRess also
honogenei ty and surface roughness thereof, the
cpaptéfseRay thus be between approximately 1 and 15

apprg?"kg?%eg;geé Angst rome, S, - %ﬂi?%rﬁ%ﬁ%%fﬁn step

aspec e inventi on proposes -on-
iat thet womccomuibssirgr @ Ge bayer hondedm w tyeakening zone
substrate vi.a,an Si Q2 bonding | ayer having a density

abf AaGEPBIO2 SithtePfate PEpd T 9T 1986 tFfant 20°br

equakttp 5dBeVohptMsds Oinl @3 AdNANsQppeUalot @reak the
| e13eV-1. cm 2, or approxi mately ‘equal Fo 7el2eV 1.
wemk RonQpt borakhy, onhéhst mgethare regl saoreonpri ses a
passi vation d/ or interface |l.ayer between the Ce
Cayer antt MESIoCe A5 eF O3 ‘G Craract &FF8ti B!/ @
fahfishand aslvant agesthel |cde 10.8cr Ebedas n theimprove the
non-limtative description of the invention which
thirkpRgs homesergidy R4 helf 6RFBwrRyInfiegsr drerect, the

1Etgures 4@, 1039 o eppesente dhdder ent it eihtle @ 9 and

approximately 5 Angstroms RMS.

According to a third aspect, the invention proposes
a Ge-on-insulator structure comprising a Ge layer bonded
with a substrate wvia an SiO, bonding layer having a
density of Ge/SiO; interface traps (or "Dit") less than
or equal to 5e*evl.cm™?, or less than or equal to
lePevt.cm™?, or approximately equal to 7eevl.cm”
2, Optionally, the structure also comprises a passivation
and/or interface layer between the Ge layer and the SiO;
layer.

Other characteristics, aims and advantages will be
described 1in the non-limitative description of the
invention which follows, 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 2c represent, respectively three

photos taken by means of scanning electron microscopy of
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30 structure formati on nethod according to the
invention. Figures 2a to 2c represent, respectively
t hree photos taken by neans of scanning el ectron
m croscopy of 9 three |layers of gernmani um
transferred onto insulator, after heat treatnents at
respective tenperatures of 500C, 550C and 600C
 fi-gur €8, 3@, and, Sb Q& 40, f eRreseHAtle dhagramgsiator,
5 drain-source currents (in Anperes) neasured on GeO
asteucherés fras tachirsctatorr afpadiel wol teamee(duestsf 500°C,
plied t Re base substrate, during a Pseudo- MOS
5$§pé apgsgob gach curve being obtained for a
di ffergateceBh afir BY W ainealdgig:daimer afer@iadbams of
The nmethod to produce a thin |layer of gernmani um on
diras b 8PYIE CEONPFIIrEES tdi f f@mentATRRBVPBS MhiePR S F ¢ becn  GeOl
' specific el ow. W ref er to.
P8, P RE yohor LIRSy ar o 10 iy "B R%E §i, Volee)
appbstoatey tie pespamubtwtdayey, 1uting alPdweidig-MOS type
i ncluded in the bulk paterial . According to,% first
LaPterndti®e, ARESAONDIIs BT A 16°Fs @ Sitegrnt GeOl
ssulstakeappabed nW R r8Ridaxied Ge layer 15.
According to a second alternative, the donor 20
subsThat eet®ods to conpdsiee astihiigt uk@yevardd genmamrEm on
.epitaxied Ge layer 15. ln_ the |atter case,. the donar
188BIETaEe 1Oy T SXAABIE be & SHrhct IPb Haviig D
dbesktkipeaoepyst@&lilcine y siellictan substrate whereon a
buffer structure, conprising 25 successive Si Ge

| aye¥sthavied@ 5066 e53i FéPjTencrealifig deggor substrate 10
SIS MhoROTag e 1o e MUIIACE fn s chos
being included in the bulk material.

According to a first alternative, the donor
substrate 10 1s a silicon substrate coated with an
epitaxied Ge layer 15.

According to a second alternative, the donor
substrate 10 1is a composite structure coated with an
epitaxied Ge layer 15.

In the latter case, the donor substrate 10 may for
example be a structure having a bulk monocrystalline
silicon substrate whereon a buffer structure, comprising
successive SiGe 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.

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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The donor substrate 10 may al so have, for exanpl e,
Si/CGe/Si/CG alternations. 30 Wth reference to figure
I b, a receiving substrate 20 is represented,

i ntended to be subsequent!ylObonded with the donor
substrate 10. It may consist of any 10 type of
material (it may for exanple conprise bulk Si,

i con ﬁétg%_a@ 'J_tSI a?ll Sﬂo@ecex&@plgegomg)%@rsiez'bulk Si,

ass, |I1l1-V or II-VI oy materials, etc.).
Saéﬂeloelnwncte,f i IAE e ScGea Ea@eﬂ,oﬁean Gesi,elele@rtz:al pyass,

atl terlal p03|ted on the donor
Iggbstfﬁtg%f arfdror 6%“Fﬁé e%CE|%%%g substrate 20. A
specifii@ pr@w@énw otot heiger@ani wm may beavappl i€l an

before the deposition of the insulating | ayer 30.
etfRetsdcrddy maySehusipg ERégrddwidth, 1§ ofebraniesl am the

%ES?EF%%%QQ%g%;q" %Hg/gf Q9§§'§QQE{éHJ1 m@&bgyrate 20.

r or tot posi tion of
the Ainspbatfmg Ipyepa3at1@npae§|vaheongetmeheumaymay be

carried out to i e the, qu of _ the
aPﬁtlérefiaé?é OE&\}%%OEG}P@S@&%%E i ]trh%ai %t%‘?yer 30.
W t hrwhi ey Al Snh ayehukd v | £1bgnka qu%actforT héSample,
passivation may possibly have an "adhesi on | ayer"

afiuAct ponl/wirt lpzame sedtdrical mebsdgent oyl depdshy edrushing.

For X le,.this aSS|vat|o ma be for tlon of
8 %ng BERY Y ay er%On PreRé sngaﬁe ofg? 8Sn% 15t the

lsleuuhatlntghea@eri 05t ablga d 9 vHX @ , o Antché nwy@ierwofnay be
inprove the interface qualities. _This layer_is for
caxanpFe PBFMEEC acdR WY t9@ h&uaflaqyOmp ahef eteherface

bIe‘E%%[%th@ée @EQfﬁ?n Ol %J{%P”Phga %nlatcﬁur@:v@Eﬁ which the

oxl dati on of by nitriding of Ge oxide,

leyevi ¢& verisd; 2% - hnatcbnEatnentTMMau;gH&ﬂmMaxH@m may
pgggi htrogave Sggh "adhesion layer" function with any
material subsequently deposited. For example, this
passivation may be a formation of a thin GeOiNy layer on
the surface of the layer 15, so that the Ge is stable in
air, and 1in order to improve the interface qualities.
This layer 1is for example formed according to the
following different techniques, alone or in combination:

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

- heat treatment using precursors for nitrogen, such
as NH3 or N, and precursors for oxygen, such as water or
dioxygen. The heat treatments may be conventional
treatments, more or less long treatments as a function of
the thickness involved, but also RTO (or "Rapid Thermal
Oxidation™) or RTN (or "Rapid Thermal Nitridation™)

treatments;
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as NH3 or N2, and precursors for oxygen, such as

wat er or di oxygen. The heat treatnents may be
conventional treatnents, nore or |less |ong
treatnments as a function of 11lthe thickness invol ved,
but also RTO (or "Rapid Thermal 30 Oxidation") or RTN
(or "Rapid Thermal Nitridation") treatnents; 11 -

pl asma Jyreatmente by aeans, ohe bhe e%e%%sgréwzﬁgsd%qﬂ3, N2,

02 or n1xture of N2 + O% A so-call "intertacial”
Chayer a mﬁxanoehef type,O:. nay al so and optionally be

deposi ted, di ly or v e, passi vati on

R Sa At o et iy B VBE LA cvee,
rda@zy%ms%o an&%ﬁt@wﬁm%@rd@é@@ﬂ@@a ofiisatdly or via the
interfacial layer are selected so as to nmake it

PRESSivEIte aro Jansioveor heheqagrimeyig tliyege/i hsubafere the
15%5% tg&ﬁb]fgghgqyplectrlcal 10 optical, mechanica
Pher t i

of” Vi ew depending on the intended
f|naEh@pMaUﬁﬂs(umdIarﬂﬁngéMEﬁﬁnwicmaiﬁitkterﬁadial layer
consi st for exanple of epitaxied Silicon, or a hig

adieel Bt Feed0RS it FaydtaRe HighHOS Tk ) toanmﬁflﬁﬁ’e the

Jud8hty Ur ahAHY ) 8YaIatder 15 d D £EDEBSoHBYN L BYEctrical,
typically vary froma few A to a few hundred A This

Opay@@lnawmmaamn¢m@ bef ortdhegr pdimt Ofie vienpldarendong on
ep _(see d The preparation of the surface, .
B R i By Poob e E6SBe 3 Bt Rehdruih ohetnick,
aganeasidion nedl dx@ﬁpde erhépat 4 one@f salreberi &r a high

whi ch woul d be used for a pa33|vat|on | ayer and a
dirat ecital owmsceTs b d beeused ¥ o - kanlaviesr f aepaftO2 layer

Ogaggrﬂlﬁhqa5%§qlating | ayer 30 is formed on the donor

Its 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
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 1is formed on the donor
substrate 10 and/or on the receiving substrate 20.

If the insulating layer 30 is formed on the
receiving 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
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
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25 substrate 10 and/or on the receiving substrate 20.
If the insulating layer 30 is forned on the
receiving substrate 20, in principle there are no
tenperature linmits. This islparticularly the case if
said substrate is made of silicon, or another
material nore 30 resistant to high tenperatures. In

chblga WaYor ifQr @X8ME, robhebine JrecebybBgasubetr alg 211y
has at | east the upper part thereof nmade of silicon,

eancensnpal PAG°Cayer nmade of 12 thermal oxide may be

forned, ,at tenperatures typically . exceedin 000C. .

On (76 SFRer TG, PPFOsai o | RBAFa g Ay s soors T 30 is
pPb@dusgdoan thie dotyr substrate 10, Lt ii$ advantageously

advant ageously 5 forned at |ow tenperatures (I|ess
femapdor abquaPit otEPPLERICHEES| v (666, dhalest hflwrl to

a@ﬁi@{i Qteﬁgproé‘é@@é?' yé?rgoc)le‘%e t@pbhe pRysi C%&%ael to

aracteristics of Ge cussed above. It woul
aposskbhet &by éxarple due havetkel pbgsicdQ eHadmdtayerstics
deposited, for exanple in vapour phase, with SiH4

ohnge TRERCEEREHa2BPK§I - ort ho-silicate), but also to

form{ ayess ofpdi fdeyentiid ypes, dx&npS 0o HiQ%e silicon
SrTi B, Ta205, Ti2, Zr2, Al120CS, f%os The _
ox el deveays| dgpps30edany falrsexbara el dyervagfourl hase, with

ptrid ynitride _Si.,.or . ather
s ershits eohele Thger S by OhEtaesodi Catcon qitimAldh ©°
féofn exgapke ¥y daeansroht LPGWRs(Low Lr essos,.e ©hes catkTios,
Vapour Deposition) or by neans of PECVD (Pl asma
Te&thandedz: ChERi cdtl A PapotitODeposi tion). 20 The

LRI 0 s L NS sl ielher o
nitrjpdssobl exyoifirkdetof Al, Ge, Si, or other elements.

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

The insulating layer 30 deposited in this way 1is
then advantageously subjected to a densification, making
it possible to fix it.

The densification temperature is a critical
temperature as it 1is limiting. In fact, all the future
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 if applicable
degassing of said layer. Therefore, said densification
temperature should be taken into account for the

remainder of the method.
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The densification tenperature is a critica
tenperature as it is limting. In fact, all the
future 25 steps of the nethod shoul d not
significantly exceed this dehsification tenperature
in order to prevent the structure fromchanging: a
step at a higher tenperature could cause the

creagl on, of P%thfﬁe %r@ﬁés'ma§@§ h@%%%&té@'dﬂ“GJ?Hénlum,

den5|#|cat|o f ayer, or”if applicab
tM@gﬂsﬁmmgtnénsﬁeﬂpéayénre§heae&ofeomsé@@ C to 400 C. The
densjification

Lot 71 O hAdr ol ERE naERoD: 130 perLL take

pEX@EPhe, hektandEGES a)é%rrlﬁ&pz&%ted Qo SHes EBiA Bl vt Feno e
deposi tion tenpératures vary from 300C to 400C. The
matermsirh i tat L oart obhowil(Ag, t Nel TEOS deposition will take

pl a by . heat in he_s 0l

D o EETRL Hn% Dy SLEYSLUEE,L0 ARRIOLLTRLEL00G e
uh €ngper at Heeuwel Iofbet}hé mihedrbyihbe Geunstrabtei natvarne this

of the under]l In this way, this tenpﬁ¥ﬁuure

tQWP¢r%%u¥?nW%£H b8 ébﬁ%%?ﬁnﬁ?e??péﬁéémaﬂeég i%CeF-ace
reSUQr@%'qgﬂ@?%aééE%@Q?Qfa@?%na%%%t-%%éﬁ%&@ﬁf'%gy also

out ore the deposition of the insulating |ayer,
b@eﬁare1ehedmnuhb@ﬁwwehthhedaynaxnﬂqps@bsth&t@ﬂﬁulatlng

after the inplantatign ste This treat.nent w
L8 RSFBTE FB51 HpPavEst HE"Rubl it ooF tne s Ay T e
aftsel fnbut mpabavatabh ismroverihe guahthynof w&me make it
interface between 15 the interfacial |ayer and th

PoPEvbE i hg H@Pﬁovecﬁéﬁhlﬁ@aéhHYpégéﬁVE%l ﬁY%ﬁdﬂéﬁelf but
agg gaglgn(ﬁp%gh bgrf fﬁt aX@rtﬂ%%.ééﬁgﬁche between

enV|saged age e net
tm@fmeQﬁea&DaIiguyerldndanhatmnbulapénbesay%&

[ |antation is carried out, via o face o
rrpCleanlng and passivation évo fogmgnggonq{

an
interfacial layer may also be envisaged at this stage of
the method.

With reference to figure 1d, an atomic species
implantation is carried out via 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-
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 4el6
at/cm’ to 7el6 at/cm?. In terms of energy, it may vary
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.
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substrate 10 in order to create a weakening zone 12
in or under the germanium | ayer 15, preferentially
within the Germaniumlayer. The inplanted species
are generally selected as being light, like
hydrogen, or helium Co 25 inplantation may al so be
carried out by inplanting at [|east two different

Spect£s. fe0r gxanphe, 4 n %hqm%q%%t%ftl%rpaswe%%&og%r a
i npl enentation, the doses applied may vary from 4el6

layécnpofo Zel6aatbdnRgelnanéums of emzefregs)enUt 1rray a bulk
Vito 25 nction

g i e bl L O BEnPOeEE Be Lt Tt PP el Ay drogen

oAPREAXIABL etye 18689cA Huh 1m§ﬁ r@CCﬂf&hngetL@ the/cm® to
Smart Cut(r) method. 14 In the case of a
22boi bl ant atficon hydheadrr pBR £10ayedebf éfél/lcéfb(l &@ 0.5el6
n r,1Rrgse [ ul erj.al t I
e o el o ns Re0e i Sain ol T "l v2EY
ﬁl@seso used 2@y kear,y ﬁﬂ@fﬁﬂ@ﬂiﬁlﬂi‘ﬁnﬁrblﬁ 302eb6 %t /le3iR for
for hydrogen and from 3el6 at/cn2 to 0.5el6 _at/cn®

ny QORI 8RS FAOFerbe (G 4o ERkr gYISEETRAY 1eary % 120

tgfol,g@ Ro® kegV, npief,grentially from70 to 90 keV for
hydrogen and from 60 to 250 keV, preferentially from

120 It oth40 kavefoiSheld unptl0cddtedhe widyerans dirsswgtting

coated . with an insulatin ayer 30 or thin
LERRE TR RE | Ber 38 "W BRaebitEl TR &0 not Protective
1aydtisthated litmddgers | ) ef gibe liayerol5the layer 15 is
preferentially formed. The protective |ayer is
PEg Fangeelat by bé oaBiee toné%spwtnegﬁw&bﬂeayem as arranged

téeESCEﬂﬁEEWBQn% Bl%?’mf%$ %§§P§Ct éhgehéxgﬁye manner,

whereon it rests possi bl e to use
wexanpkepantSitd? phet éatyieve Wreymsromnitamrddftd2 It will be

o{ISiLEL 08 Laver Lo produse sam. 5ol S pLOleet iV s 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
is bonded with the receiving substraté 20 wvia 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 SiO, is used.

Various possible types of cleaning may then be used,
according to the presence or absence of the insulating
layer 30 and/or the interfacial 1layer. The types of
cleaning cited as examples below are generally carried
out in liquid phase with or without brushing, and with or
without Os:

1 - Cleaning of the germanium (on donor substrate):

HF and/or HF/0Os3 and/or plasma and/or UV ozone.
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Wth reference to figure le, the donor substrate 10
20 is bonded with the receiving substrate 20 via the
insulating |ayer 30. The insulating |ayer 30 may al so
act as a bonding layer. Thi§ is particularly the
case if an insulating |ayer 30 made of Si02 is used.
Vari ous possible types of cleaning nmay then be used,

25 agcor dilrGhritigd her Presences ora@bsencs Hfeddi® ing and/or
insulating layer 30 and/or the interfacial |ayer.

dyhert ypesstofatel eafMiy ahd e a®lesamepl @sdber owCdy,e water,
Ngqﬂﬁrally carried out in liquid phase with or

W thout brushing, and with or wthout 03: 30 1 -

Cl eaBi Agcotahheaggermamicumi(ldndon@n sthsd 1aiey - subbtrate) :
and/ or HF/ 03 and/or plasma and/or WV ozone. 15 2 -
RefealiPh§Tof 2PAETAsul at or (on receiving and/ or donor

substrat e)) CMP; apd/ of ¢ plgstma jand/or sBEA 30 h
NHAOH 3 - eéﬁ?ng of the sﬁ%%gg%tfgﬁﬁréc i%fng or the

ssbbstrate) .map REA caatréed ambnioa Whe dearhems ofr one
the.insulating | ayer 30 or.the substrates e .
scaPFPabeshE o taguinies BRED GoRpiet ertent stry,

bl gaphBYoaCchipnes whihiadapt.abl e chem stry, by means
of liquid chemstry. 10 One or nore surface

pr ep@hat idh neeat Meitfach t Rraravipéwono Wigaldgrs with a
di e u as eni cal__cl eani
+BRCI0, TS De Rl o) SO REA I s
chehi ¥ali eleaoriny, usdtieng, caor mechahipali @l sefaritds@sieon (or
treatnments. Plasma activation may be particular|y 15

CHil t aBf 85F8r ACRh&VSIE R OF &Yt &bl ¥s ST Hea ot ©of
£ ROBEI NG Witk NeseSSAL i by tUsiang JH GRaPoRdi N rticularly

tenperatures. Such a plasma treatnent may be
S@ét&bkﬁedﬁum the situation as ‘it enables satisfactory.
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
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 substrate 20;

- 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 one.

- direct bonding if neither of the substrates 10 and

20 have an insulating layer 30.
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the receiving substrate 20 before or after cleaning.
The bonding is perfornmed between the donor 20
substrate 10 and the receiving substrate 2. Various
scenarios are involved: - séfcalled "bottont bonding
if the donor substrate 10 has an insulating |ayer 30
but not the receiving substrate 20; 25 - so-called

"m ddhe" pbaRdhBgmkk, e ekl and afeteh Vi fngOrature,
substrates each have an insulating |ayer 30; -
the- banced g tlopte hondrmgnof irhetohorasabstratce 11y hiagom 3
tnoai@%%lgtiggdjayer 30 but the receiving substrate 20
hag one. 36°7Gi'r ect bonding if neither of the

substpat esallyandhe2bdraven@nihbsdFatengalayey Binfbrced
The bondi ng may be perfornmed at anbi ent tenperature,

at hée’aﬁﬁaﬁﬁgrﬁﬁné§s@amaﬁg HI 14019 CHRRN G YR RE Ty ¥ Fom 1 - e
léssto %h%?M’SQﬁﬂﬁQ§: CP%ana'Ey' EQ%J@H%EJHél lé%%drogen

Interface may be reinforced 5 at tenperatures
impadantheidetachnent tenperature, i.e. [|ess than 300C
(for conventional h %ro en inplantation).. Wth
ot

refewgﬁ%e to Prglre | eddyer B | SNSetfMF 10 1S

détasnthe depem substrat @okdr SURRIDHNGtO sUf figh®ht ving
energy to break the weak bonds on the weakening zone

supfiThentet gekwent ttenp&rZeai e FARgeWeskel oaids on  the

' ' t i mpl antation conditions used (dose,
W%%gégg?gr%%ge gé'ions i npl anted, etc.). 15 The

transher deay dbemesar r t @dpondtbye neamgyeof i heatlosely linked

treatment (advantageously if the layer 15 is an
W}Emtpgg|9mplantatlon conditions us€ed (dose, energy, type
of ions implanted, etc.).

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 (advantageously if the layer 15
is a layer initially <comprised 1in a bulk donor
substrate 10).

For example, the temperatures 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.

The temperature and the conditions (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
top part of the layer 15.

Different <chemical removal techniques of this

damaged part may be envisaged, depending on the chemical
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epitaxi ed layer) or by neans of a heat treatnent
coupled wth a nechani cal openi ng (advantageously if
the layer 15 is a layer initially conprised in a
bul k donor 20 substrate 10}/ For exanple, the
tenperatures used for the detachnent may vary from
250C to 380C for a tine from 15 min to 3 hrs, nore

mtégﬁ%ofé}% l'y P%QL@hrin%ndaioHé cW.Lt 1g{e%d| @QEhOfcﬁemlcal

mn. 25 The tenperature an t e conditions
etghadgemay adtawsiphepe)y foaypebe ddapired aaserdan@ﬂnﬁl CMP

e i.nplantation d|t|o s.and the nature, of t
Shab ol PAPC R AT Y AT DT CEF b Co drpi I dte Final

r¥hAnkBYUSET Lak gggerAﬁger det achnent, a damaged zone
16 remains on the 30 top part of the |ayer 15.
Dff@@éneX@m@ﬁauulteﬁﬁvmmaixh#ﬁquésnﬂmQWﬂsby means of

cdBmeged, ar Ly be gnkl.saged, ARending g LE  ganageq

use |sh|ng a one or conbi ne

z@héhlehenimahor&éﬁhrm@ oyt adlrs 0 abe 1pgetror o€d. a | neraiykness
case, a fin tep is.advantageously used in

V%Mémtér%dé@@ 6hé0f PRAC A Gagh 16’f & He ey grougness
o%mpﬁ%r§§§ﬂ9£§l '5 EéprS%M§|e ﬂ@éé“%ﬁgh(g A RMS.

ol 1 shing approxi mately O A fron1the danmaged
zoneCliéaning omder bteo qabirauerd amhiaymtbf fart kixckwess a 1-5%

aryi fron1500 obtain a _fi
oSRAEELoR0r Rty a ot A BRE, | Eypitel] | yrinutes
ﬂ)ﬁéﬁei‘@ﬂﬂl§lf\yRN&nlﬂa@ learirtﬂg amiaymb%cabnue@oﬁut
wth for exanple a 1-5% HF solution (preferentially

1% hofima} eGPRINGEEECLUBPef EPBREILAING The e draX@ith the
s I T i T B
obegenydng substrate 20, is

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
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
germanium, and particularly a good electrical quality at
the interface.

In fact, the Applicant noticed that, below 500°C,
the germanium layer 15 1is not completely reconstructed
(see figures 2a to 2c¢, with the explanation below), and
above 600°C, the electrical characteristics deteriorate,

for example the electron and hole mobilities have 2 to 5
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15 obtai ned. According to the invention, an annealing
heat treatnent of the structure 40 is used, between
approxi mat el y 500C and 600C, nore specifically

bet ween 525C and 575C, noréSspecifically between
525C and 20 550C, nore specifically at approxi mately
550C, for 3 hours or less, nore specifically for

t§ﬁ@50§5W@fﬂﬁéﬂu@§ufhanigta@gd“5ﬂ4§%énf§aukggr@a to 3b,

at nosphere (argon or nitrogen), in order to restore
wgbbdegpéetiriccahsabeé/low)opti cal and crystalline

chargcteristics of the surface | ayer 15 of 2 .

Gor nEAF AR AP BArT i CUISH y BogoatCaRds 1| GRFained  for
ifYalktynat 14ne-d Merfaee. dn fact, thepl beany TEOS),
noticed that, below 500C, the germaniumlayer 15 is
bubt reonpleésel yoe easiEtlaktt 6@ ¢kerfityiass 24 tonelating

m&%é?'éﬂg expl anati on bel ow), and 30 above 600C, the
ef8ctfical characteristics deteriorate, for exanpl e
t he Bilgatesn2andohake rephicsienite s dsgpeae-t2 el b thiBree photos
times | ower values than at, 550C (see figures 3a to

tagen Ry hMerpsanat i o bEt o)L O ThESE TS t BiGepecopy in

1&?&££CEEaE&$n%Q%%&Q§9<L9ra Lpsuk 9t hRg e 30 JRde; rrer
of SIA2 (forned using TEGCS), 5 but "may al so be
thdupt éthted otthdergypes ofaidsulaatriesg inmat eekal scespective

Figures 2a to_2 gpre t, respectiwel y three photos
t?%ﬁ%ﬁagﬁrﬁﬁaﬂ§ %Pbt?anéﬁgsgigﬁdeﬁg t?%n ni croscopy in

| ayers thikransferiedcan ad eapiyi BUesubst rale Zthnealing

after 10 they have under%one sai d anneal 1 ng at

af eSpBREFPEUrEENPEEHEGReS VO (5000 HB0E avkewDod nessible
4k ataYe, LhoEBBsdt seqhslent kol amspling: shver 15
transferred by means of 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
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
"A Review of the Pseudo-MOS Transistor in SOI Wafers:
Operation, Parameter Extraction, and Applications” by S.
Cristoloveanu et al.; IEEE Transactions on electron
devices, vol. 47, No. 5, May 2000).

This method makes it possible to perform a quick
evaluation of the electronic properties of a
semiconductor-on-insulator wafer, before any production

of CMOS components. According to this method, the Ge
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to restore the defects included in the germani um

| ayer 15, 15 transferred by neans of Smart Cuto, at
| east partially. Figures 3a to 3b respectively
present curves obtained ack®rding to the Pseudo- MOS
nmet hod, for different final annealing tenperatures
(between 500 and 650C) on respectively two final

1%}1&%8{;%3%@?&%%&@ 29, oht i neds byr BeRRS naf SSHR tand the
showi ng the variation of° the drain-source

exgiedend (insAbpéres) liayarhe( ayeoulld asergef uasti en grid

. of vol e Val.ts Lied. at _the rear, of t.h

l%ﬁb@??%ﬁe {ilag tr%éciss ﬁdgh%eﬁgtehg? 2S Farts ity & and

igleseniaRededn b5a" Andevi ewupbotrie RseudordSa conductlve
Transistor in SO Wafers: Operation, Paraneter

clismrakt iadn, tARd AP s oRETWBENS, they ilshiloveanangt the
E ect d
iS50 apgetlony on o ctigy, oguiges. ol o

p@s;it)tma ol ckegB0i evp] uadn onirofertdieorel ext r gicimulation
properties of a sem conductor-on-insul ator waf

et HRY fodaCEiBACCHr GG SONBoRertS MSofdrig are

fwné@l SHfrethed.yithe €enl9o1haver pweykdreeppeseat the the
ody of the tranS| stor and the enbedded insul ator

Stha@meS@fV\bmdl@EeVelés agrid insulator. The thick
Si bstr@te 20wacts as the grl d g{iglatfg Q%gﬁl se(gl by the
V2 At

a met'al support riduci” ng cohdu annel

sther tatertareabeioseercd henddlyefodSiavdrhee ignauliatyorwill
30. Accordi n% to the grid polarisation (positive_ or
mw@@aﬂveyssa Lenfer SRVt & Uttt BnPOSRaRAEN thgy Load

SE-fotluciote MR SUIC el s ey er S b
tsapd acehdEht héllagevelm dJood hésewayicasi mgsgonse in the
l£§|ari§atgoghgfe&%%trical 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
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
satisfactory were obtained for temperatures between 500°C
and 600°C, somewhat better 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 it may be extrapolated that an optimal result would
be 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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substrate 20, a good Ge/insulator interface quality

will nmake it possible to prevent as nuch as possible

the load carriers to be trapped at the interface or
inintrinsic 15 traps, whiclOwill give a good

el ectrical response in the Iayer 15 to the

electrical field applied (i.e. a current wll react
tﬁk¥OﬂgkfléﬁﬁﬂjﬁwvQﬂkVohEﬁggr'Soéppéféﬁst(ééfg%lng at the
substrate 20 th reference to figure 3a, the
unﬂqﬂﬁauanm§¢WQ$meGe aodfahqIuﬁduk&nOEﬁumﬁeeaaély due to
SOOC 550C, .600C,. 650C. VVth ef eren to.fig

RS Fmp T AT e GV S5t G VT oF L | S s BRag Sdrpl 6L Graron and

H&ﬁglméﬁﬁm;t§7ﬁﬁztﬁeo@ayéﬁtﬂ5rﬁﬁ@r@ﬂﬁﬁet@ntlg@mgera@ures
and 3b, it may be noted that results that may be
megrsidEeredaBs Veel Akt y 1 2Be5aE S 4t ofyiderieirst sample
qht i ned far t ratuyre en,500 nd

soﬁ@#hat:%itteﬁgggtmegn %fggkg%d g galg0ngggggd sample
(Hetdere @t)ween 525C and 550C. The best result was

obtai ned for a tenperature of approximately 525C,

but |t nay be extrapolated that an opt|nal result

RE obpained Tor a TEEPERALELRE DETWeRHl oZnbbility
550C. In addition, the tim tables bel ow present

t he neasurenent results (us mgbnhetESeudo-NCS
. /l’f\‘ o nllwhf\

+ hp r ~f

l.ol Uu} I UI C 1 l. \I C1 I Ilu L2IC TTUrTnY UT _2
@?a s existing %Egéthe |nterng§ Befween Ge| 20 The
Sis®@ at or gewng@ly due To | pepdant-donds [apgd oF
crystalline defects), electrpn and hole nobility in

6@@eq ayer 15 f 8eldi ff er ent teﬁ@emaﬁﬁ?es 5 ]n@li)orneel_2

l € i gute

1 v ol ot o + 1 oo H
6§§;t table 2 [8fddes to said §803n8 Zanple ?? Bure

3b). Tenperature Dit Electron Hole nobility nobility

Table 1
Temperature | Dit Electron Hole mobility
mobility
525°C 7e12 eV ixcm 2 | 310 cm2xV Ixs ! 420 cm®xV ixs !
550°C 7el2 eViixem™ | 310 cm®>xVixs™ [ 340 cm®xvixs™
575°C lel3 eViixem™ | 120 cm®xV ixg™t 250 cm®xV ixg™!
600°C 4e13 eV ixcm? | not measured 150 cm®xV ixg™!
Table 2

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

quality both in terms of the oxide and the interface.
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500C 6el13 225 ms 430 ms 550C 4el12 380 ms 280 ms
600C 3el1l3 60 ms 160 ms 650C 3e13 60 ms 50 ms 10
Table 1 Tenperature Dit Electron Hole nmobility
mobility 525C 7el12 eV xcm 310 cm xV_ xs 420 cm xV_
xs 550C 7el12 eV xcm 310 cm xV xs 340 cm xV xs- 575C
1el13 eV xcm 120 cm xV_ xs 250 cm xV_ xs 600C 4el3

eV xcm pot g@ﬂggzsg 15Q cALX¥eeXS_sTgbke 2,45 FHESE, the
curves and results denpnstrate that: - at 500C
ioeydbabli Aeyeecemst et iiortdarsfasta |dre sofrewhietr quality.

present, an ystallinit robl e and problens, at

Phe’ Fnpurtacsd Yommite "obelnbah 8388 dTkE0Ee s hafer face
astruet geeri guaf i@ged 20 quality both in terns of the
oxide and the interface. 21 at tenperatures between

550C08R6 606CantRalinsul b opekipsnegdndtt Hq nterpaeetures
re.of |0 al ity. - er C,.dhe jns or
PES P sHa ERe ¥t erfice S d- O pdot a1 T3 5 Thoel2t

ace are poor quality. 5
phheianneal et b seperfner netispl at/be drenpepabuees electrical
_sge0|f|ed above, the Ge layer 15 is then at | east
P

ptfarpy dkéstéred and di spl ays an i nproved

el ectri caloui Mt ¢1d aggr@ual thye Hnshopld Benoted may pe
that inproved results may be 10 obtained with

obtet hed miphovierd Dier vahpesved passivadtiesn i gyessiwgtion

described ab ' ted in the structure. _Th
LGHREAI Pig FeMeraiurt T Snoe B [P PEmarn the Sark" arg-ure-

The annealing temperature range will remain the same and
will also make it possible to preserve the electrical
interface qualities.

If applicable, 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 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
substantially less than or equal to 50% or more
particularly with a concentration less than or equal to
5%.

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



will also make it possible to preserve the electrica

interface qualities. 15 If applicable, a deoxidation

step at the rear of the substrate 20 is used. It may

be performed in liquid phaséZ with protection of the
front face or using a single-face machine. Finally,

a final cleaning my be used, for exanple 20 using
vidF, sapndier ozgne.idd thendenen substeate lQr 15 thesy be

Ge layer 15 and/or in the receiving substrate 20,
epthekledndtfiorushes demprbe ubsddedt € Hetlet@; kerdeds(for the

dopi ng_agent.s,. or, ca n wth_a ..carbon ncent.ration
B R Bt et Ton 28! ool ShPectifbiere 10
ant/equall tia pOfoaprieee irparineiilard ylséhsamade of non-

concentration |l ess than or equal to 50. Finally, the
CAPEYERPTI nveht i AP STBICITHHTERF t oM@ LeJtFstSrat eSEOR  @s
d?%geggr' dg et kYier V-1V materials 30 described

above, but also extends to other types of materials

bel ohgi mpctd d hee | bpeklilfiekdV,thator Yh athmm case of alloy

famlies and to | oys belonging to the V-1V, I1]-V,
mpPEh50 55 it 2 LAY I Tl S OB va Ko PAPRLYLS TRERATY,
gb8teeRhtaxbedoff ar ntihecdorrgredhstrate 10) or bonded

(for the receiving substrate 20). In addition, the

substrate 10 and/or 20 may conprise internedi ate

| ayers nmade of non 5 conductor or non-seni conduct or

materials, such as dielectric materials. It should

be specified that, in the case of alloy materials,

the alloys selected nay be binary, ternary,

quat ernary or of a higher degree. 23
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CLAIM5S 1. Treatnent nethod of a structure conprising
a thin Ge layer on a substrate, said | ayer having
been previously bonded with the substrate, the

met hod conprising a treatnBdt to inprove the
electrical 5 properties of the layer and/or the
interface of the Ge l|ayer with the underlying |ayer,
characterised in that satdatmeatnment is a heat
treatnment applied at a tenperature between 500C and
600C for not nore than 3 hours. 10 2. Treatnent

et hgd 360LAL00 L.t ahove &AM MELEI A INGS o chin

heat t r 85t ENE correspon erat ur
Ge25Card 57&C. 3. 'Eﬁﬂﬁtffeirﬁe mst ﬁ@ﬁdaccalyén:ng Haorihe been
above claim_ wherein the heat treatment corresponds
PEEVacHehyer R @ed 15 HetheehN525 G HiRf 50, 4the  method

c$ﬁ§§5g§ﬁ5 %hOQI%%QQEthg tg thﬁmﬂhQ%? ChaieM electrical
rein the heat treatnment corresponds to a

preppetaesr ef ofhappeydmerd yob5586e Sinteezaeenpt the Ge

nethod cordin e. above clal 20 wherein the
L RBa s ettt T A R P ac Tty S8 it that
s&h gat nents diridiod @@Coémlnbéﬂ>tt@é@b@éﬁt0|ap@ﬂled at a
wherei n the heat treatnment is carried out in an inert

tarResphare. PetwRasat 7eht C nenhod 0fcCorEvhgneb awyeofthan 3
%E above 25 clains, wherein the thin |layer has a
I 2kness bet ween approxi mately 50 and approxi mately
200 ﬁanmnehtﬁsntS1n§k@@ﬁnemtxnﬁﬁhmﬁ aocdrlth ngbboeanylaim,
of the above clains, wherein the | ayer is the

"OBpELD Ay BF3t hEreéttF“&éEltturCéDr%ﬁﬁP% eFR Sai ' UppeFture
pba¥ekni §2Bopdgdy 3@sdicrectly or solely by means of a

bondi ng | ayer.

3. Treatment method according to the above claim,
wherein the heat treatment corresponds to a temperature
between 525°C and 550°C.

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

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

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

7. Treatment method according to any of the above
claims, wherein the thin layer has a thickness between
approximately 50 and approximately 200 nanometres.

8. Treatment method according to any of the above
claims, wherein the Ge layer is the upper layer of the
structure, and wherein said upper layer 1is bonded

directly or solely by means of a bonding layer.
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24 9. Treatnent nethod according to any of the above
claims, wherein said substrate is made of Si. 10.
Treat ment net hod according to any of the above
clains, wherein the struct#% also conprises a |ayer
of 5 eI ectrical insulating material between the thin
| ayer and the substrate, so as to be a

Ger nani e Hind MsUhatkBlbd Sicestdi €g( @b "48P 'of the above
structure), therefore conprising a thin Ge layer on

CJ@M&%@M@K@@&ﬂ@a%su}Pﬁ’é’aP‘éﬁoitSoﬁaﬁe sfibStrate. 10
11. Ffeai % ?gtﬁgﬁ (%dgk&fhihgoa Kﬁ(ﬁ%akﬂé above
e imsu ayer consi

wher'ei'n I'ng ts at east
clesisedt i ahkyeoh ameoxdtteyctaurdt ailde morr@rrme;mlarudger of
or a  stack of_ layers of different ty

R T, TRTRL Le8 FAFRGLE. QRpVEEh EBeatbse lpyer and

tifd aidhsharei n dhe struyct upe akbsoceprRhi SRS @1 insulator
passi vation l'ayer adjacent to the thin layer. 13.

stiresturent (met HeQICtosdingtioeany tdfers fxines Qomrl&lng a
tv\,her in_the structurfaso &on%% ﬁs anlnterfa
1R ePebdidnedn Phe @ hf AYPRYST andSthetrast r?sutlh % on 4
sidtedek e, the interfacial |ayer being nade of a

material making it possible to inprove the
el ectli dareadt®or MEphPreala RGN Er ot 419 n@bove claim,

wﬁg%%§Ht|q§m§t t@%deﬁ?Héﬁ:éLW&%h G%oﬁggfg%eaEH?ntleast

od according to ¢ erein
eﬁemxc:taﬂﬂq/ abBSoaponphdees aamiittietd awr adn | aygnibetveepr a

the thi er and the rest of the structure, the
Sqalﬂkerq%rc]}r glf%y%f‘ ‘Bjefﬁﬁrﬁﬁﬁe ¥PCa - material making it

Possizb] er £, i OVt H8gelRLI Lt g and/ %gop;f' Cahe above
properties at the interface with . 301 Met hod to

cliotuce atstwaict ur éhsonprEtsiugfurece 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 Dbetween the thin layer and the rest of the
structure, the interfacial layer being made of a material
making it possible to improve the electrical and/or
optical and/or crystalline properties at the interface
with Ge.

14. Treatment method according to claim 12, wherein
the structure also comprises an interfacial layer between
the thin layer and the rest of the structure, the
interfacial layer being made of a material making it
possible to improve the electrical and/or optical
properties at the interface with Ge.

15. Method to produce a structure comprising a Ge
layer, the method comprising bonding between a donor

substrate comprising at least in the upper part thereof a
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| ayer, the nethod conprising bondi ng between a donor
substrate conprising at least in the upper part
thereof a 25 thin Ge |layer and a receiving
substrate, characterised iné5that it conprises the
followi ng steps: (a) bonding of the donor with the
receiving substrate such that the Ge layer is

tzhs_)ﬁa@;sdua?eer axbnkt ¥ec it nihending i ntreffacesr{dq in
r emoval the part of the donor substrate not

tahpt FskagrrhecGethayépl loe)inor edement of the

stru Lure nmprising.th recgi ving su e and t he
g bﬁngécgfdé%%e % éﬁ?the treatne%t mﬁﬁf%fVlng

s@b@@fgtegsh@hartyaa@;f tdHe @é)oy@yéf ai BB lotbtedetitohidximity
produce a structure according to the above claim
tQheRei RONE1BPsdNEBHPRFSés, before step (a) the

for %hggﬁgvglp '@ﬁg' Qr£a¥ﬁg &Hbsé%ﬂogbsb@%% rate not

17. to produce a sStructure according to
cdﬁpabaﬂegcthén@emheyekm the passi vation |ayer is made

of OxNy, and first d accor dj to any aof .the
follgglnh¥FgéﬁW?85eso an orSFﬁuE%Hg?naFi rising the

r8YE{ ey CaupXicdaticon Dl tpuedcbyl ijd# i dhngcebridi®ceGavith
oxi de, or vice versa; 20 - heat treatnent using

the cenesbrent omeﬁhpfiogéﬁoréw@ﬁ tas aNp3 odr th, aénmre claims.
preCPéSQMétﬁQ& %éygﬁﬂxhﬁy ?a%€¥ﬂ€%hé¥ aé%§$%95§2to the

asma’ treatment b thé "precur sor
a&ﬁv@rcaammxtWher@ﬁnNatkdmb&5cdﬁprﬁ@éﬁpdbbﬁopéoém@g>aa),
structure, according to, claim15, wherein it also
t%%n%??@%Elo%e?Br% EF%ElYéflOPhéayﬁép8§lFﬁdﬁ G apyer-

interfagiainb@yeb Prdldk & 's%&%rc’tu‘&‘et hac@of@_{ﬁcﬁ' &b the
intended to 1nprove the electrical and
above claim, 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 nitrogen, such
as NHs or N;, and precursors for oxygen, such as water or
dioxygen;

- plasma treatment by means of the precursor NHj;, Ny,
0O, or a mixture of N, + O,.

18. Method to produce a structure according to
claim 15, wherein it also comprises, before step (a), the
deposition of an interfacial layer on said Ge layer, with
a material intended to improve the electrical and/or
optical properties at the interface with Ge.

19. Method to produce a structure according to any
of claims 16 to 17, wherein it also comprises, before

step (a), the deposition of an interfacial layer on the
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optical properties at the interface with Ge. 30 19.

Met hod to produce a structure according to any of

claims 16 to 17, wherein it also conprises, before

step (a), the deposition of 2&n interfacial |ayer on

the 26 passivation layer, with a material making it

possible to inprove and/or optical and/or

pﬁ%%Q%ltqgﬂnC@aﬁxop%iﬁ@SaaﬁatEQ@a'lnE%r}Jﬁ‘@e W tho&®ible to
. Method to produce a structure according to any 5

latprtoh@ temel/ayo v tél @l Inmnadtar giorpihel doiiert apraberties at

lhaylnter an%d%l Qne of the follow ng materi al s:

ep|taX|e Si°) qw di el ectric constant ("high-k")

mat epioal Meldfh@a tz%lNorB&lucMEtahosdtf@cﬂﬁﬂé‘u@%c@rdlng to any

structure according to any of clainms 15 to 20, also

oEoiiBfi §Mg AHBEFOIA EEp (H)ST BN 10°Y obhee T GRCSEbpleyer is
n3ded¥H e eEfCtt"h' ecat 11%54 Ofha P8t B¢ (lrtéa\iued si, a

Substrate and/or on the rec Vi ng suEstrat
hiehhod etle cpridu cers tstrtuct'Uriggradcbr diaiget 0a 1 heHf@hovelN .

cl ai er ei theinslat|ngla er_formed consi sts

2t | st YE55aR: i1 | 9F oRUOKI o, UL B SFEFOARPS, to any
0¥ H1@Bimsl 51 922852071 @s L1 E&mp A2 By, Obe\f%Q% sCtrep'jl a
nitride or an oxynltrlde for exanple of A, Ge

fgirmaz3 onMsttiesd afo rbaver afsteﬂ@@fcum@adccmmlrﬁgt% on the

BBk, ST B B2 ke IR SR At Ly

by neanSMef:hoao tanepobdtibe faOlétQWLdﬂtgnt@ChﬂbqudSng- to the
vapour _phase dep03|t|on usi ng silane; - vapour phase,

2BEH8s FEPOR. USTAG SHEOBTE. e L TBki kst ort G| Gyerists
afl 180 sR! RYSRHSLY1190RASILEAAON hlith G | S, 0T 590,

the Si surface of 25 receiving substrate
THEDhodTHO2 pr ddiie aAstQuct are Bgkor ddbng & ondrfyride or an
oxynitride, for example of Al, Ge or Si.

23. Method to produce a structure according to any
of claims 15 to 21, wherein the insulating layer consists
at least essentially of SiO;, and is formed by means of
one of the following techniques:

- vapour phase deposition using silane;

- vapour phase deposition using TEOS;

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

24. Method to produce a structure according to any
of claims 21 to 23, wherein the formation of the
insulating layer 1is applied at a temperature of
approximately 500°C or less.

25. Method to produce a structure according to any

of «claims 21 to 24, wherein it also comprises a
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of claims 21 to 23, wherein the formation of the
insulating layer is applied at a tenperature of
approxi mately 500C or less. 30 25. Method to produce
a structure according to any’ of clains 21 to 24,
wherein it also conprises a 27 densification step of
the insulating layer is applied by neans of heat

dtrheatent ;ah 60QC r | ess. lgéulgfeahedltag,eer q@eﬁp@ied by

structure according to any of clains 1
mwherseprﬁ hgat theatsehdd adl $OCéhm slesss before step

(a), C .Speci e |nplantat|on ste

dono? S B Rabe Pt RarT 6 rorm S biEtkBRF RS 20re S8 anY
od geggﬁssugrkarzﬁo whide-tilti:ckness of said Ge |ayer; -
step (b) conprises an energy supply to break the 10
weak~bdritks EF@@@@:%&ﬁ@h@qmﬁﬂ«ﬁﬁ%@ bphere2st et Hed»  an

a£8mg%°%§eeclaesst£ﬂr‘%91éﬂ£€a§£ gr di-y QzaEMe Qifofncdza' ng‘érate

I'so conpri sing, ter S nis
ist epdefr ttre ﬂfmhaaemea&eaan@o:nnpgowe hhdepthnckmmmﬁar to

onpgen sur.face roughness thereof. 15 28.
tﬁ@tﬁgaC§ %Fo@ céaédsﬁﬁuéﬁdgg"accordlng to the above
clai m gwher eid) thenbinishi B HrRRd éﬁe 2RPH1 8d+8UGeak the

that the surface roughness of the | ayer” i s between
weebr bghaat prgsenangdnappeoxieskesiiyn b zangst r ons RVS.

thod. t o produce st ruct ccordin ny
20 o%?clg ﬁ% 5 t ’éu ereln%¥he d%ﬁ%ragggsg e % any

ol bulkmsGel Bubst nat,e HIs@ eofpesisiagst raJr_ertew estep (b), a
conprising said Ge¢ |ayer on the surface.

ferighingsuitir ot r lReuree cIMpieitsi Ag aa%etloayémprove the
tﬁ?@gﬁgsgnﬁgmégéHQ§E§ag dVI r%%cé'Q% @§§3e5§¥gof

havi ng ensity of Ge/Si02 interface traps (or
"Dit28§. | ¥ssholamo produce a structure according to the

above claim, wherein the finishing step is applied such
that the surface roughness of the Ge layer is between
approximately 1 and approximately 5 Angstroms RMS.

29. Method to produce a structure according to any
of claims 15 to 28, wherein the donor substrate is a bulk
Ge substrate or a composite structure comprising said Ge
layer on the surface.

30. Ge-on-insulator structure comprising a Ge layer
bonded with a substrate via an Si0O; bonding layer having
a density of Ge/SiO, interface traps (or "Dit") less than
or equal to 5ePev.cm™.

31. Structure according to the above claim, wherein
the Dit is less than or equal to 4el’ev'.cm™.

32. Structure according to the above claim, wherein
the Dit is less than or equal to le'®ev!.cm™.

33. Structure according to the above claim, wherein

the Dit is less than or equal to 7e'?eV'.cm™.



or equal to 5el3eV-1 . cm 2. 31. Structure according

to the above claim wherein the Dit is less than or
equal to 4el3eV 1.cm 2. 32. Structure according to

the above claim wherein 3®8the Dit is |less than or
equal to lel3eV-1. cm 2. 33. Structure according to

the above claim wherein the Dit is less than or

equabst og¥elleVrd 2eM2qi2® B4 aPyruet yhe ageadi fthins,
to any of the above clains,” conprising a passivation
camngt bsingt er freesiayerobeaneeer theteefagerl agred tihrtween

tl’?leogel 2 §e/éir and the Si0O, layer.



