PROCESS FOR MANUFACTURI NG A STRUCTURE COVPRI SI NG A

GERMANI UM LAYER ON A SUBSTRATE FI ELD OF THE | NVENTI ON
wabaopessent i nvention relates to a process f oOPCT/EP2009/057293

manufacturing a structure conprising a germanium | ayer

on a substrate. BACKGROUND OF THE | NVENTI ON The

manuf acture of sem conductor |ayers conprising a

germani um | ayer on a substrate - an insulating |ayer

bei ng optionally inserted between the germani um | ayer
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ger mani um Oxide as this oxide is not ficiently
RiciBEleCtPRigseppioglectneniasANd plotayoltaiger of a GeOl
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a heterostructure with a conducting interface,

(PFFns @i Bolge} indlhisumaledidbr on an i nexpensi ve

In this way, germanium on insulator, also known as GeOl, structures
may advantageously be used to form MOS transistors.

These structures are also advantageous for the production of
photodetectors or solar cells in or on the germanium layer, by means of the
narrowness of the forbidden band of germanium and the lattice parameter
thereof compatible with the formation of additional active layers for example
of AsGa, InP, etc.

Unlike a silicon on insulator (SOI) structure, wherein the insulating layer
may be a silicon oxide layer, the insulating layer of a GeOl structure cannot
be germanium oxide as this oxide is not sufficiently stable. Therefore, the
insulating layer of a GeOl structure generally comprises silicon oxide (SiO2)
formed by deposition or by oxidation of the support substrate.

Furthermore, in photovoltaic applications, a heterostructure with a
conducting interface, comprising a germanium layer on an inexpensive

substrate, such as silicon, represents an economically advantageous
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substrate, such as silicon, represents an economcally
advant ageousal ternative to a nulti-layer structure

wo erinmabsecq a ger mani um substrate, which is parpCTEPRNY/S57293

expensi ve. In any case, the germanium | ayer nust have
crystalline, electrical and norphol ogical qualities

sui tabl e for proper operation of the conponents forned
therewith. The Ged structures may be manufact ured

using a layer transfer techni que known as Snmart .
gterpetiye tonadoultitlagen sirusteredetoad o gefmaaium pulsieaie, which

: ' r is formed by neans of epitaxy on a
%F?aj{'g@%gg}(é%&\é? a bul k germani um substrate is
supphia#y, casyl tae?drmwumxasﬂ@r mustihaté rgydtayiee, elctrical and

g

deposited on sai ermani um | ayer; ion jinplantation is
N%WQJ@Q*PQP pealites fsuitaple for REOR]IHOPEEATON GhdBe eprAPonents

gﬁmqhg@mﬁyer, an enbrittl ement zone. This structure

I'S then bonded onto a second substrate, the Siqg 2
| ayerhebebe@l sttuctured atayt ibe boamilifagturet ersiegeg laper, tiansfer

ns of a rupture of the first substrate along the
%PIWI@%QSZ%W@T?WEPQH mani um | ayer is transferred
to tAB?:o?dﬁﬁg"t@ §h@%nﬁ?(%&me’ﬁ@"ﬁy id JF6&dssStd WetMbRium layer is

having a germani unfsilicon oxide interface obtal ned

fosimeg  kyomeanecbhiepitesy com raerfirsly shasteateeloata viallly germanium
P L5 B e BB ol B s
?é@h&ﬂbﬁrﬁ’la%r;ﬁ&?irﬁélﬂﬁfati@ﬁ id eHeh porfidiPled BVfokmCiR the substrate,

ndeed, since germaniumis necessarily reactive with
uRgejeine gegranin iavesx rdeematitiementtzaneedlhis structure is then

r r X . . I | .
BafS U 4 KeBind BSnd A BESS R OR A 8 B i boncing
intgrdades ahg eleatgdneabf pa apptireest ahet et gRIbFBAtainalong the
| ayer. In the case of an SO, acceptable DI T values o
emeriglemeentozone the e§ermanivm daxerats dransterreshiten thdusesond
é‘tht?’é?ragé desirable to obtain for a GeO if said GO is
Intended for mcroelectronic applications, such as a

However, GeOl structure having a germanium/silicon oxide interface

obtained using known techniques currently have relatively unsatisfactory
electrical properties, particularly with respect to the density of interface traps
(DIT), typically of the order of 10'*to 10" eV'.cm™.

Indeed, since germanium is necessarily reactive with oxygen, a
germanium oxide layer is formed, particularly at the interface between the
germanium layer and the silicon oxide insulating layer, which impairs the
electrical properties of the germanium layer.

In the case of an SOI, acceptable DIT values of the order of
10" eV".cm™ are attained, which would also be desirable to obtain for a
GeOl if said GeOl is intended for microelectronic applications, such as a
CMOS component.

Different manufacturing processes have already been developed to
improve the electrical quality of the germanium layer and/or the interface
between the germanium layer and the insulating layer.
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CMOS component. Different manufacturing processes have
al ready been devel oped to inprove the electrical

wa@eabioopse©f the germani um | ayer and/ or the i nteeTf/BR®09/057293

bet ween the germanium | ayer gnd the insulating

| ayer.In this way, the docunment US 7,229, 898 envi sages
the creation of a passivation |ayer, for exanple nmade

of germani um oxynitride (having the general fornula
GeOxNy), between the germanium|ayer and the .

| nsun dhisnyayayee dacsment, US(7, 42 888 semvieagasntte creation of a

' [ I : : :
LR B e o PR SRS b s (opving tne
gemgral foresula heOdng unemeNOtRDGEM4niahP IRy isrge® ndelating
application _of thermal annealing, at a tenperature ,
lbyehebifesdo itawas eelesaryedh that g ierfagenbebneaer . thegermanium

RREP by Bk bEton Sl SphiliRE (iler (R FTERY ABER propertes.

and Tree doosmeat WQ 26YH045759 envisages ehendpplisation of thermal
Bohe Bl e BB Bl 508 o Bt AEspner.
The drﬂ@aﬂﬁ#} ?ﬁélﬂ& iHaReeRed MoraGeMRRL Hmhfév(ﬁlaliﬁy sk igterface

greater th ness than in the case of silicon. Thes .
belsiatmathei gerinzarntiami layedenddhs insHating layeai Thishimprovement is

nor.phol ogi cal and crystalline ity of the gernmanium
PR Br e o muey Byl diBese Mo valufeat 't r Sat mont

pri @uriterindee, "RAEH 2Rk WRakf CAOTPRBERES i9Nsed, tHe frplantation
| ayer. Wth respect to structures conprisin

a

demagas (ne IggymaN N Vel BsLeh greater Néiokmfgfsat%@ﬁrid ubeicase of

'%in%gﬁface, wi thout an insulating |ayer being inserted
etween the germanium | ayer and the substrate,

r ef elMrzeaesdiyabenpradetiba ddiectd obichninpdl tdé/nidHhdlogical and
whi ch. describes a process for form ngqgs(uch structures.

clyREaline quﬁlit_vmi thp gaiEangimdayen, if’%lb‘-i’f_ r%aiweﬁ_sby apeap of a
hEAEFeq e By I SHRIRRFe By RS hERT By s tyer
bondNitly re$peyt tosimuciures coimprisingsa igaetraansinp tayer @mea isabstrate
grqg%%(\j/ingbé icsé%gacs:’tiv%r i%terface, without an insulating layer being inserted
between the germanium layer and the substrate, reference may be made to
the document WO 02/08425 which describes a process for forming such
structures.

However, in the absence of a silicon oxide insulating layer, wherein the
adherence properties make it possible to obtain good quality bonding, direct
bonding of germanium on the substrate is problematic. Indeed, blisters are
formed at the bonding interface which do not allow a satisfactory transfer of
the germanium layer onto the substrate.

Therefore, one of the aims of the invention is to define a process for
manufacturing a structure comprising a germanium layer on a substrate,
optionally with an insulating layer between the germanium layer and the
substrate, which makes it possible to improve the electrical qualities of such

a structure.
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formed at the bonding interface which do not allow a
satisfactory transfer of the germanium | ayer onto the

waenhshoEbe. Therefore, one of the ai s of the PCWEPLONDO57293

is to define a process for manufacturing a structure
conprising a germanium | ayer on a substrate,

optionally with an insulating |ayer between the

germani um | ayer and the substrate, which makes it

possi ble to inprove the electrical qualities of such a

st r uldtisi PEOCEISE Shpristelse fatilialalthe menetasiurpaiseaia sfeucture, and

T

According to the invention, a process for
manuf acturing a structure conprising a gernmanium | ayer

on %ﬁWBE‘Séﬁ@?Q@‘?FiﬁiEHRWOWPWH sing the

fol low ng steps ormatio an internedi ate
st r daor@ing otopthesiimgergimng & yppoeds sorbstaratfactuangi 4 i stautture
oxi de | ayer and said germanium |l ayer, th ilicon
6ANRESNy @ SRMARHH dR¥ale O dht SKRPA ( SRS o FeiPBased.

i I | .to said internedi ate structure
%@'}ﬁgﬁﬁl Qg@]e ?(HRMlﬁ%‘t%Féﬁé.

t treatne In a neutral or reducing
at nigpfermationt o aef interchadigtpe istitiatuse apomposing defd reeghport
ti to di.ffuse .at least part of the oxygen fromthe .
SobTttath, 3o e ¥l oruh Seikk S5 AHL VR, e, o gxide
BYEEbEingdn diratt coitabthRitt (RS§&im &GRS, the term "on”
réefers to the fact that a layer is situated on top of

anot(hpepplicaiiogi ipesaidtintarmadiate reriaiwe ehgenead ireeiment, in a
TUEACS: JBEERR! adeohBI %R URAALE S bR AL B8 ol Bl dbfined

Yers nay I Ona € 1T nSer en sal

fimel teediffuberat heyt pavitinhé WRyd&y om thavsilicorcoxia®mayer through
surface, they are said to be "in direct contact".

hecgrmaniymIgyer- t he heat treatment in step (b) is
per fipy, cfi'ﬁeoatﬁa?”m?tﬁ%: ;ﬁ%@eﬁ?&&@ﬁﬂeﬁ@%@?&nﬁm&'q'ef&%dto the

t he ‘'oxygen content |
fact that a layer is situated on top of another in a given structure from the

base to the surface thereof, it being understood that one or more layers may
optionally be inserted between said layers. On the other hand, when two
layers have a common surface, they are said to be "in direct contact”.

Preferentially, the heat treatment in step (b) is performed at a
temperature between 800 and 900°C, and the oxygen content in the
atmosphere of the treatment in step (b) is less than 1 ppm.

The thickness of the germanium layer is less than 500 nm, preferentially
less than 100 nm.

The thickness of the silicon oxide layer of the intermediate structure is
less than 6 nanometres, preferentially less than 2 nm, and, in step (b), all the
oxygen from said layer diffuses through the germanium layer.

According to a first embodiment of the invention, step (a) comprises the

following steps:
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at nosphere of the treatnent in step (b) is less than 1
ppm The thickness of the germanium | ayer is |ess than

wGodonmspref erentially | ess than 100 nm The p¢i/ERWESE57293

of the silicon oxide |ayer of the internediate

structure is less than 6 nanonetres, preferentially

|l ess than 2 nm and, in step (b), all the oxygen from
said | ayer diffuses through the germanium | ayer.

According to a first enbodi ment of the invention, step
(a) irormeatioefithe giigaroakidg leyepenithe fssiopartt subsirate 1ps on a

on the support substrate or on a
é%m%rﬁpn}#%goﬁosﬁj%%getrate ii) formation of an
enbrii) f¢ineatRont oz amenistitleienhMBons! i dogerimsibst deiar, subzerate,
enbrittl ement zone defining the germani um |l ayer to be

Eh%@fﬁb@ﬁ'le&?nt iZPng dedn mgﬁgecgerm@w@mw it RedENSferred,
substyr [

oy SR of U RSSO Sl OB GhRof St
thepilicon otidé Iim/eg;e]enr@slw'atd@abtheﬁbmmngnr&edhwg t he
enbrittl ment ﬁ}ene and transfer o t he gler mani um

r
ont dV)trHQ WEppoie 96HaaRiLME dosgr §§' pEalEoRINgaing ShoAtfEment
k%@éﬁ@‘?ﬂaﬁ%ﬁer% "th’ébén’rﬁamﬁﬁﬂ%&gr‘ Blgtottﬁe%uﬁ%ﬂ'%@bstra%e so as to

diment of the Pnvention, (a) conprises t
fomwnsammesne@ate strudtorerat i on of the silicon oxide

| ay th upport. su strat r,, on errra i um.donor .
s b ARl o T BB SBRO IR B tn@ o Gt marer () toMiBrises
fHebpllowing $Bpé:he support substrate the silicon oxide

| ayer being situated at the bonding interface, iii)
t hi nhfofgagen tafehgesilicamn axdadayer e05Be rauposiosidstrae or on a

?%ﬁ"ﬁ?ma&%ﬂér@%@ {:ekness of the germani um | ayer, thus

sal di ate structure. According to a

t hi n? benting ofethe @érrﬁdrﬁumrﬂ’cmdrl Ubstratepn(tag stpppri Sesstrate,
the follow ng step |¥format|on of a silicon on

fhestilicanoexidg e§thelftﬁ tikuated ghifia kenyng iderface,

iii) thinning of the germanium donor substrate so as to retain only the
thickness of the germanium layer, thus forming said intermediate structure.

According to a third embodiment of the invention, step (a) comprises the
following steps:

i) formation of a silicon on insulator type structure, comprising the
support substrate, a silicon oxide layer and a silicon layer,

i) deposition, on the silicon layer, of a SiGe layer,

iii) application of an oxidation heat treatment of said SiGe layer, resulting
in the formation by condensation of a germanium layer on the silicon oxide
layer and an upper silicon oxide layer on said germanium layer,

iv) removal of the upper silicon oxide layer, so as to form said
intermediate structure.

A further aim of the invention relates to a structure comprising a
germanium layer on a support substrate, comprising, between the support

substrate and the germanium layer, a silicon layer in contact with the
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support substrate, a silicon oxide layer and a silicon
| ayer, ii) deposition, on the silicon |layer, of a SiGe

wo 20161000596 1 ) application of an oxidati on heat PCEBEPI089057293

of said SiGe |ayer, resulting in the formation by
condensation of a germanium |l ayer on the silicon oxide

| ayer and an upper silicon oxide |ayer on said

gernmani um | ayer, iv) renoval of the upper silicon

oxide layer, so as to formsaid internediate
germ@muﬁelayﬁr fwhareiy thei siiegn tayer has enthigmese bgtween d and 3

SoALFPHEE. “Compr i sino. between the support subtrat e

and Adwerding nena ysartiever .ensbadimie 0 df | Al eihvemticry néza¢ tstructure
wi th thegermani um |l ayer, wherein the silicon | ayer has
EOMRIiggH eBeMESN e SPAD@W@ subsiRandethe Alicen d?‘M@r t& Siicon
BakL S ar embodi ment of the invention, said structure
conpri'ses, between the support substrate and the

silicon layer, a silicon oxide |ayer. BRIEF

advﬁ&}l Mﬁ@?ﬂ&ﬁgﬁﬁ%ﬂﬁ ;:eefsr gnmdt he

det ghiheg fgé’gl\?%é %huoadmﬁ ésafotf %? . .Mém.dnew @H@gé Grom the

t he appende gur es er gure 1 illustrates a
gehan‘raoh dmcmptlonsbera&lmﬂftetrypmth rremrenem ape thy rappemded  figures
fbgure 2 illustrates a germani umon insul ator type

Yure according to the invention, - figure 3

i 1] usigipé asileitdsh dgerimdRiumh %naﬁ%éﬂjrmﬁ)é Ptéeediate structure,
i nvention, conprising a germani um|ayer on a support

substligare 2 ilistrates 8 geameniure onrnsylaigs dype sirigiuregcapsding to

resent steps of the manufacture of the
qg?%gtgoergte structure using the Smart Cut(tm

IOF oceRtire - 3f illgtratds rerptiRsetiticauret @pcoidiigneto the invention,
manuf acture of the internedi ate
comprising a germanium layer on a support substrate, with a conductive
interface,

- figures 4A and 4B represent steps of the manufacture of the
intermediate structure using the Smart Cut™ process,

- figure 5 represents a step of the manufacture of the intermediate
structure by means of a bonding process followed by thinning,

- figures 6A to 6C illustrate steps of the manufacture of the intermediate
structure by means of a condensation process.

It is specified that, to facilitate the comprehension of these figures, the

respective scales of the thicknesses of the different layers were not observed.

DETAILED DESCRIPTION OF THE INVENTION

Different possible embodiments to form a structure comprising a
germanium layer 3 on a support substrate 1, wherein the electrical properties
of the germanium layer and the interface between the germanium layer and

the underlying layer are optimised, will now be described.



10

15

20

25

structure by neans of a bonding process foll owed by
thinning, - figures 6Ato 6Cillustrate steps of the

woremohasbar e of the internedi ate structure by PEERB2009/057293

a condensation process. It is specified that, to
facilitate the conprehension of these figures, the
respective scales of the thicknesses of the different

| ayers were not observed. DETAILED DESCRI PTI ON OF THE

I NVENTI ON Di fferent possi bl e enbodi nents to forma

st r g @ gepenabrruks;, fhe sprgeesssisgantiallyecompoaes twappeeaessive

wherein the electrical properties of the
E%E’ﬁawmfml'%yer and the interface between the
ger naptngridragdon afcnt hmrmmteystﬂlﬂ:turém c@mprlsmg the support
optimsed, wll now be described. As general rul

S%Wﬁ*@ée@ss'é-éé@mr 29 ppd ébﬂﬁner@@@umttﬁyﬁj Sciediiegé contact with
r ( r
B8P0 1Y G ofe Berbeficle TR ] iSRRI e 1.
Differgetr nw]uzﬁaidutlm@ ngedesioif uhisl stygetui® will der @escribaat mc tetail
W|tht e Si2 |ayer 20. The internediate structure 10
hgrelnq trated in figure 1. Different manufacturing
6{521 éﬁbh‘sc(a?lbﬁLtBtéHl@ |Ht'etrt1e8%téj%§r%tl}?§%f EU ﬁ'ebtment to
her el haf t l1cation to said internmediate
dmeetatrleastfpaxt béthe oxyagemeﬁthe &i@; fafyes @0athuseresultingr in the
the o f.the Siq.2 |ayer, 20, thus resulting in
Bl TRt B Be NGRS he Si o | ayer 20
Si O? | ayer oxygen diffusion treatnment The Appli cant
defi ned a heat treat ment whi ch, applied under defined
2 ANE P e -*".: condi tions, nakes it

P S e il A

genperatug) limgeind dinfodpete bbe@utumtmasemrﬁoersmﬁeitdwuﬁuse all
placing the GeO internediate structure in a furn

Phdiade Afnihen CxyeRutIaMSoffore ducPiRly 1RVehspRbpeded dpetween a
§¢8§Tfﬁt§a%%°&ern‘?%(r%ﬁ%%9er or a mxture of said
el enen

is’a
The heat treatment is performed by placing the GeOl intermediate

structure in a furnace inside which a neutral or reducing atmosphere, for
example argon, hydrogen, or a mixture of said elements, is applied.

It is important to control the residual quantity of oxygen in the
atmosphere, so that it remains below a 1 ppm threshold.

To this end, it is necessary to equip the furnace with special means,
such as for example insulation means from the ambient environment, at the
openings.

When heating the intermediate structure, in this controlled atmosphere,
to a temperature between 800 and 900°C, diffusion of the oxygen atoms
through the germanium layer occurs.

Oxygen diffusion is observed from 800°C, and the oxygen diffusion rate
through the germanium layer increases with the temperature.
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It is inportant to control the residual quantity of
oxygen in the atnosphere, so that it remains belowa 1

w@prmobiseshol d. To this end, it is necessary tBCERP10p9/057293

the furnace with special neags, such as for exanple

i nsul ati on neans fromthe anbient environnent, at the
openi ngs. Wen heating the internediate structure, in
this controll ed atnnosphere, to a tenperature between

800 and 9000C, diffusion of the oxygen atons throu%h

t he Rpwenatii 1@s | thge malindirpeintoGfgeamaanitnsiisn988°C, the heat

PR MR D VR, Rty s
thempeoeour e. However, as the nelting point of germani um

is 938C, the heat treatnent tenperature nust remain

bel e Absenvatipn of ig itfiesian Ahenamenanealsa tiampecaigrecas low
b ' hi i ' . : :

FRRCEPE A Rl bl HELSIO0RR IR 87 Sy, prce

@ygg ehrodgh fauthirosilitow tayerflanc 801 @xilydecduryfesmtah teropdrature of

thin sili Jayer of an SO only occur froma

t%@?é?t?gg% ‘the order of 1150C. As the nelting

POi s e SRR IDWIAL Gt Y&hlariGhow wé) %eFoWTPrﬁ?athfp“érathF@ the

application, to a GO~ substrate, of the diffusrion
apelmationt tausede®bsubsirge) of teeddifiosioneseatprentiusesl fpr an SO,
Thi.s g?heno.rrenon appears to be expl ai ned by

[ d. .
ﬁg%hfs’?ﬁg?r\‘/f)f%)’l'%q HROYEAIFH ger mani um consi der abl y
gr eatps pheadmehah &fpdane t@blé?@(pléiﬁeéiﬂyi & Aiffusi§ of oxygen in

article by Vanhellenont et al, "Brother Silicon, .
S tiuBeonsidarably geatandhanthat iof thre exygaicinesiieas. The article

ﬁzg}agﬁé;leﬂn%ﬁt N H'sgr%'tr#é'?sénégr‘?o ?stéﬁ‘é%rri%gﬁ@i_nj{ ?@Q@tlof the

tsivity of oxygen~in germani U

Bleetregietniail SYcistyyd6a (7h HB72-E6831 (2007 LhnBpécifles that the

Due to the thickness of the support substrate, the

gy af g dn @arpaniuplie O:H cai f§ usaraad i @fxygen in
OYESH W 943552 @ni um | ayer, and not through the

Due to the thickness of the support substrate, the oxygen atoms are only
liable to diffuse through the overlying germanium layer, and not through the
substrate.

The heat treatment time is a few hours.

However, it is understood that, to enable oxygen diffusion, and
particularly to obtain a sufficiently rapid and observable diffusion rate to
minimise the treatment time, the thickness of the germanium layer must be
less than a limit thickness.

In this way, the thickness of the germanium layer 3 of the intermediate
structure 10 must be less than a few hundred nanometres, for example 500
nanometres, preferentially less than 100 nm.

The oxygen diffusion from the SiO- layer through the germanium layer
results in the formation of a silicon layer 4, wherein the thickness increases
as the treatment progresses, and a residual SiO: layer 2, wherein the
thickness decreases conversely as the treatment progresses.
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substrate. The heat treatnment tine is a few hours.
However, it is understood that, to enabl e oxygen

walediboaised, and particularly to obtain a suffietERP1099/057293

rapi d and observable diffusign rate to mnimse the
treatnment tinme, the thickness of the germanium | ayer
must be less than a limt thickness. In this way, the
t hi ckness of the germanium |l ayer 3 of the internedi ate
structure 10 nust be less than a few hundred

nandhgt @xgent dffusigariisine asH® 6 HPz yer pessfterietiie farmation
e oxygen diffusion fromthe S Q2
bﬁézrtbmtﬁlﬁ:oﬁﬁéy%’gr mani um | ayer results in the

f or Mde ilich daydrld donsit@ted Betwdesr ehe EIE, tiayekhessd the

i ncreases as the treatnent progresses, and a residual
gegnaniva)layens, icentadh thefewithi ckness decr eases

con y r g oxxge ;
i 1HHO5E0Y S chdlfish | B SRR p£5REe ] Wpr sl jace (ie.
tlosestttodhe germatiunolayenB) ard thedirst myieave TheSKd] lagen20.

| ay 4 is situated between the SR layer 2 and the

gor MRFRNTERSURoR JavsY & oeaees ihdhEhness ofnaded, neRgmetres
P8am 2 203 1, o S I B iehF s [ RG rpEpaRhe grvgen
alomse asamnoh epaBisCRhioagbr sach  dhahcarhdhiskhessnat dier tréatment
{eache a thickness of a few nanonetres (typically, 2

. ﬁ'}r,e'the di f f usi on phenonenon is interrupted as

t he [pxM@eimitRl Offckh@B8 0bf BHS SSITY @R 20URh Restel 1 B@R a limit
t hi ckness, at the treatnent tenperature. If the

ihigkness ohiappregatgly t bansi thie Isausturgoiliustrgiegatrerfiguien? is

Aol fid RGN (BmABRE YRR ke 1Tnd U BEE RLHER. e
soppuTt Ssutgtiatedm thaebrisal tDCLheayeu2f agesititst eafer 4 hgnd the
support substrate 1, a residual Siqg 2 layer 2, a
geTMmarym kayer 34 ThRtETeIRe ihepneisisuph 2 SpEmaBiunTiasy Bsylaor type
Lt &GQRsi sts of a germaniumon insul ator type

However, the presence of the silicon layer 4 between the germanium
layer 3 and the SiO. layer 2 is particularly advantageous as it makes it
possible to passivate the Ge/SiO2 interface and, therefore, gives the GeOl
structure enhanced electrical qualities, i.e. a reduced DIT value so as to
attain the same order of magnitude as that possibly obtained for an SOI, i.e.
typically of the order of 10" eV'.cm™,

If the initial thickness of the SiO; layer 20 is less than said limit thickness,
then all the oxygen contained in said layer 20 may diffuse through the
germanium layer. Therefore, after the treatment, only a silicon layer 4
situated between the support substrate 1 and the germanium layer 3 remains.

This structure is illustrated in figure 3. In this case, the interface between
the germanium layer 3 and the silicon layer 4 is conductive.

Due to the presence, in the intermediate structure, of a SiO, layer
between the germanium layer and the support substrate, very high quality
bonding between the germanium and the support substrate is obtained.
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structure. However, the presence of the silicon |ayer
4 between the germaniumlayer 3 and the SiQ2 | ayer 2

wo so1ipastshe ul arl y advant ageous as it nmakes it pPSEEPR1089/057293

to passivate the Ge/Si2 intggyface and, therefore,
gives the GeO structure enhanced el ectri cal

qualities, i.e. areduced DIT value so as to attain
the sane order of magnitude as that possibly obtained
for an SO, i.e. typically of the order of 101 1 eV

1. cr 5 then passiblei ta farm, HrE Khie sérusture hgosipopentgy er opon the

: ¢ T L . . e
USmATeaRt 36 bR TR e ios fio R iMtors.
ger may ghicbayeyer Iereéorendenfiher gémeartin@atayens, isovéry thin,
a silicon layer 4 situated between the support ,
RS 'épési'b ! © |trﬂ'étf@%ﬁ%ﬂ?r@mﬁﬁ@W%a'f'%ﬂ?f%%ts iipblg to arise
TR o g e e ek o8 28 e

si | iTdencryatadinedquaitg ohthis siligen |dyee 4tis gréasteptreseinae of anayer
the internmediate styucture, of a Siqg 2 | ayer between

et werik Fevm fvss{ar okech bl SapReen samstieacermaBLyn donor
le&é?ra%%éf%bé B&th%nttﬁb%%fsoh%%bgﬁé@m um and the

support’ substrate Ts obtained.It is then possible to
f or imdeed,t 48 & istohisinedeaftardinpdioemation of dhe dre®hestructure, the

IFHERD 9 BTN andhis: P TRe GRIatk o Wy lerifusion
pREMBHenORI T JetthaBRIMBIHAIIBIILEY 86 geniePaleolsdrded .when a two-
making it possible to limt the appearance of

ey s ShiGe AEveered expesasl © acediains édrmanbuhget. In the present
BB oR 9B B PP RS e T B T imi

thie mter-diffhgiont gradnobderfon, ayigposbidle wopédoratee bggien diffusion

formed by deposition on the ger mani um donor substrate,
Bealorenth ghdd niprorerelEes G9ser to sthgstewee . limihgek dhe aprorosed

j ' t: : ikARe®f the Ged structure,
ﬁine@%%mrgzlg% olf%r Sgpﬁoa){@éﬁ ﬁeph(?'s layer is limted.
Thi Farmtationdif faf @eOd mteimeedigtnstruaifireger mani um and

e A0, oL R T o S W P e

8138068 ®fthe SiO, layer 20 initially present under the germanium layer 3.

According to the final structure to be obtained, i.e. a GeOl structure or a
structure comprising the germanium layer on a support substrate with a
conductive interface, the intermediate structure will be formed with a SiO;
layer wherein the thickness is determined to enable the partial or total
diffusion of oxygen.

In this way, if it is desired to form a final structure with a conductive
interface between germanium and the support substrate, an intermediate
structure will be formed wherein the thickness of the SiO2 layer is less than 6
nanometres, preferentially less than 2 nm. The oxygen diffusion heat
treatment will make it possible to dissolve the SiO, layer completely to form a

Si layer having a thickness less than 3 nm.
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i nvention, the thermal budget applied is, on the other
hand, very low To limt this inter-diffusion

w@banomsnon, it is possible to performthe oXyPENEP2009/057293

diffusion treatnment at a tenmperature close to the
lower Iimt of the proposed tenperature range, i.e.
approxi mately 8000C. Formation of a GeO internediate
structure As seen above, the treatnent in step (b)
results in the total or partial dissolution of the

Si odf, 11y the other hiandaitliy desisedie abtriara Geddupendinel giructure,

o erdgoidfE SPEL B A0 Tt L Wi I fydifeS of the sio,

RYEPIY Gicagertthan GefetBnanomeBES preferantalpp@icatsrithah b, The

wth a conductive interface, the internedi ate

axya st diffesian| heas drepgpaaiwill qﬁﬁna{n@ﬁ)ﬂ 905’?@;'9 ihegtaina regidual
e h ti 0 t

SIof SBsaRihg REEETHEINHE) Shfthns) {61 Pl 9100 Tayel 7 the

inbsrmedidtenafrusttirai@ndr thenitricltraetocdoditions wilit lse fdetermined to

bet ween nium and the support substrate, an
OBl R B AL GAnS S O N B SRS W Ror of -t he

thi ciregsp cﬁsﬂlgeb@t %n Iﬁﬁﬁétl\)es r1n8§§s thr"“?or‘?mH?an]'éEUe@ type

preferentially less than 2 nm The oxygen diffusion
h\é@m&m@tats’tmﬁ:turwm anmk&sqrrbepchmm e to dissolve the

th|

desiTrrd différ@ﬁi %'tébsa o@eﬂs tpY@&aés' @?é cﬁist@é@”\ﬁbth Faference to
intermedi ate structure will be formed wherein the

figurerrésandfbBL he Si 2 Iayer is greater than a few

nan p t] er . :
oy o4, G FAEET bt Bl i) Wby M elific. species
rﬂm@antbltuent ®fr gt agmbeAttledsdrd uadneS8 O2ini @subabr rwbbfmww The
The initial thickness of the SiQ2 | ayer

rr‘ﬂbé"r' laseeritzonstthus defleeatie 9%@@&'%'%@&3 &Q)H@ ,trﬁngfgred onto
Lﬁﬁ)% t%‘ir’g'rt] ded to obtain the desired final
|c ess of the insulating |ayer. Three possible, but
non-Therdbaoi gabstinatee30 huay tonsishgf itk Ge@haniype or may be a

10 d db
é‘%ﬁég‘f alaﬁrtrajér@ggmtpurr@ger}gﬁ@ ﬁﬁge%sgr(@ﬂgmdp%rayépay consist, as

ExSBmER" in(tREBRIScUMEHLIEER)1 016 129, of a silicon substrate whereon a
germanium layer has been deposited.

A SiO; layer is then formed on the germanium donor substrate or one
the support substrate whereon the germanium layer is to be transferred.

In the first case, the formation of the SiO, layer is performed by means
of a deposition technique.

If a SiO, layer is formed on the support substrate, it is possible to
implement a deposition technique or a thermal oxidation, particularly if the
support substrate is made of silicon.

With reference to figure 4B, the germanium donor substrate 30 and the
support substrate 1 are placed in contact, so that the SiO, layer 20 is at the

bonding interface.
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The different steps of this process are described with
reference to figures 4A and 4B. Figure 4A illustrates

wo baodarse@mt i on, by nmeans of atom c species PCT/EP2009/057293

i mpl antation, of an enbrittlement zone 3 1 in a donor
substrate 30. The enbrittlenent zone thus defines the
germanium | ayer 3 to be transferred onto the support
substrate. The donor substrate 30 may consi st of bul k
ger mani um or a conposite substrate conpri sing

an Lﬁp;b@err@@k&a pume@nﬁemeal) enemgy Rudgatds ther apppedi iesdlting

[ebdBRtEE SEFR ofian s RslPie 30 sBla, PedesmbifByRHREbs &5
| ayerhd &eO1appé aitertedinte beugtara®o] Hosteaedrin Sigosé ratherein
or one the support substrate whereon theﬁermanl um

th&ysermgmpm ﬂﬁélecrﬁaf%frbﬂ#régt Coptachavith the Qg dayenrO, is then

tion of the Si2 |ayer is perforned by neans of a
é’eposnlontechnlqu If a SiQ2 layer is forned on the
supfariatiohsifreaGeQl strubts:r@bssméérs dfcbondimep fadioived by thinning
dep t| on techni ue or her mal oxi.dati o

par t iTERIFRENNAY& CQ erg%r:ppgrﬂémg@og@rmrgumsdmesl@,strate 30 and
fser, f r

b L SR b SOy A0, PreEhl Bl iTbonding

pitertace, ias ilbustteded jn Bgureat the SiO2 layer 20 is at the

oo SxoRiad, 35 e SIGE Jp el imAT e Rirphe) pVopedis of
Héyﬁ‘oéi%}@ bnHE dondr uBStraleodm of itee sUPHort sLiBSRAYe £ Bieoblained

The GeO type internediate structure 10,
b]/ ImeaAnsa@feexidatign glithe gupnaresebsirated l@éﬁ\@'&‘ﬁubﬁﬁﬁaﬂ%\%‘ema@e of
%Iﬁ Ml direct contact with the SiQ2 layer 20, is then
¥¥&d. Formation of a GeO structure by neans of

bondi rgalksol $ppwfibddthat the rkiomdr Bubstrhec hiayoe aC oI geresanium
bondi ng a ger mani um donor substrate 30 and the support

SuibiFata o8 ajcondpriter substratespomprising e surerficiapgersraiiugylayer.
the BERdhg%f the donor substrate 30 is then performed via the rear face
thereof so as to retain only the desired thickness of the germanium layer 3.

The thinning is performed by means of grinding, polishing and/or etching.
This gives the intermediate structure 10 illustrated in figure 1, comprising

the support substrate 1, the SiO, layer 20 and the germanium layer 3,

wherein the germanium layer 3 is in direct contact with the SiO2 layer 20.

Formation of a GeOl structure by means of a condensation technique

The different steps of this technique are illustrated in figures 6A to 6C.

The condensation technique is described in the article entitled
"Characterization of 7-nm-thick strained Ge-on-insulator layer fabricated by
Ge-condensation technique" by Shu Nakaharai et al (Applied Physics Letters,
Vol. 83, No. 17, 27 October 2003).

With reference to figure 6A, by means of CVD (Chemical Vapour
Deposition) epitaxy, a SiGe layer 5 is deposited on a silicon on insulator (SOI)
type structure 50 successively comprising the support substrate 1, a SiO2
insulating layer 20 and a silicon layer40. The silicon on insulator type
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interface, as illustrated in figure 5 . As expl ai ned
above, the Siqg 2 layer 20 may be fornmed by neans of

wa@lepositsheon on the donor substrate 30 of the sPQEPBP1009/057293

substrate 1, or obtained by jymsans of oxidation of the
support substrate 1 if said substrate is nade of

silicon. It is also specified that the donor substrate
may be a bul k germani um substrate or a conposite
substrate conprisin superficial germanium| ayer.
Fhuetdreng0 ds Qrﬁéuw%ef@@béﬂd a1sing@nys tacheifiuse kKnowhRel@ those

Yhfed [ErEaRL B B eI T3P plhesEL B BB,

t hi rMHengetnsamen' esmamtiayionBanse FiGerayet A bewlderhaigw per
and/ or etochl n Thi s gl ves the inter rredl ate structure
e@ntiand 29 %oapaierantiallybeveen 1@apeiddag t he suppor t
sub

Sl‘ch grﬁc?oval? th%r{ﬁlcfhgsggt %ﬁ?‘}j@p? ang tﬁ%% éﬁn@ dHtr‘éﬁb{w thereof,
thenpraastar\mtlbh dfhbe&‘qlm]tltyayégermamﬁmwmt betalen atdaltount: for

struc b ans of, a c ndensation techni_que The

Brareleer Sieeeya neving 4 Beifiarre: anb e auer oedensaton a
r i u

'?fé!sﬁr"?bepﬁ P 156% BeeafANSE  SHRENTE M, rbdhective of the

mmneeauom@un@emwrmg &®lon-insul ator |ayer fabricated

Chod 608 MERIRds Db BEr DG cRpolaNAE 5088 Fayft ofiger the
Ql%%muWIb ef 86RPRAES, hUTIEXgURA Th BEAES GXid&VHpe SOI,

Chem cal Vapour Dep03| tion) epitaxy, a Si CGe |ayer
-8 wegred thedoxiele saysriis adawdiananseires tbmck( 0 pdeégeously be
gg Jicture 50 successively conprising the support
Strate 1, a SIQ2 insulating layer 20 and a silicon

I ayaNutHOreféEbacéltbl ?lneoﬁlBl trsarhed wxidatees bf ted 8iGeSRyes 5 is
produced bef or eha usi ng any techni que known to those

BRifPMMeRM.in the art, such as the Smart Cut(tn) process,
f
| aye EEC o o e PRI 30 BS ilcths: 2Pyn8 of e SHde? of one

poef er antOabtmogeherecat B0tcamukratife |€ss daro shee mmnng point of
%;«é@ K@fes?:ur%fe |tn %ulrg%ei[lusstraa}gg tﬁg?neﬁné:ggﬁ? o% e as a function
of the Si content. The treatment temperature must remain less than the lower
curve to prevent melting of the germanium.

During this treatment, on the SiGe layer, an upper layer 6 comprising
silicon and germanium is formed. However, the germanium atoms are
rejected from the layer 6, while being prevented, by said layer 6 and the
underlying insulating layer 20, from diffusing outside the structure.

The total quantity of germanium atoms in the SiGe layer is therefore
preserved during the oxidation treatment.

Furthermore, due to inter-diffusion of Si and Ge atoms, the Si 40 and
Ge 5 layer fuse to form a uniform SiGe layer, wherein the Si atoms are
oxidised as the treatment progresses. The Ge fraction in the SiGe layer

increases as the thickness of this layer decreases.



the preservation of the quantity of germaniumw || be

taken into account: for exanple, a Si Ge |ayer having a
wo bitokersse E will give after condensati on a | ap@r/EP2009/057293

conpri sing 100% Ge and havi ng; a t hi ckness E/ 5,

irrespective of the thickness of the underlying SO .

If it is desired, in step (b), to dissolve the oxide

| ayer under the germanium |l ayer conpletely, a UT-BOX

(Utra Thin Buried OXide) type SO, i.e. wherein the

oxi dedl ayeeess imHiementadoriet Hes instarice vis | freferred to as the

e th reference to figure 6B,
S%@%ﬁ% %Mﬁsgﬁorﬂfec?wé i'Ge layer 5 is perfornmed.
The T didsupg sinofthé f‘stﬁJdtu@atlrﬁTEf‘gurér eca8cc5mbhsmg the support
time of the order of one hour in an at nospher e,

%Ut?sé‘?ﬁi@ﬂatthﬁénﬁ@élgng Hayet 3 @r@@l'ﬁberp%l'%tcoé‘ﬁa@l\@éh t'TfﬁeS'O2
i A f@tes the nelting point of
%&éeggs??‘g 4%%‘% G&flé?%e@S content. The treatnent
t enpiheatuppernBid, rlayei 6 isesrerrblved tfoe émmplec@yvetctmwg, by
revent |ting,of the u Dur i i's
BRI SYUHTedNE JIYeF SR i Netsthe GeOl type
ﬁm@éﬁ?ﬁéoﬁét@%tﬁjdtur%% abrefy R 'GH'Pa¥e°r é ] ﬂeﬂllredf'%ﬁté.‘%ﬁ with the
e germanium atons are rejected fromthe |ayer 6,
SMDdbybEQQQ prevented, by said |ayer 6 and the
underlying insulating |ayer 20, fromdiffusing outside
the structure. The total quantity of germani um atons
in the SiGe layer is therefore preserved during the
oxi dation treatnment. Furthernore, due to
inter-diffusion of Si and Ge atons, the Si 40 and Ge 5
| ayer fuse to forma uniform Si Ge |ayer, wherein the
Si atons are oxidised as the treatnent progresses. The
Ge fraction in the Si Ge |ayer increases as the
t hi ckness of this |ayer decreases. The process
i mpl emented in this instance is referred to as the
ger mani um condensati on technique. This results in the
structure in figure 6C, conprising the support
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substrate 1, the insulating |layer 20, a Ge layer 3 in
contact with the SiQ2 |ayer 20 and an upper Si Q2 | ayer

wW®2010/0b9@pper Si O layer 6 is renoved, for exap@l/EPing9/057293

etching, by imrersing the styqicture in a dilute HF
solution. This gives the GeO type internedi ate
structure 10, wherein the Ge layer 3 is in direct
contact with the SiQ2 | ayer 20. CLAIMS 1. Process for
manufacturing a structure conprl SI ng a germani um | ayer
(3) on a support substrate CLAIMS characterised in
that it conprises the follow ng steps (a) formation
of an intermediate structure ( 10) conprising said

SUppPRIFrosedss tfoat mahufbcturi sa | dte@turexicdengraiey d 2§8rmanium
and said germanium |l a , the silicon oxide |ayer

ley65 (DePM? SHPBPH eB40S %’@Fﬂ 1c)t Cﬁ@ﬁ?"@"ﬁﬁ@dg& i 'D&PW@@S the
@&N ,{éfgteﬁﬁpl ication to said internediate structure
a

eat treatnent, in a neutral or reducing
at ngapfematioatofaard erftermadd tatamgauatune €1 @ncorhprisiag dedid reegbport

sipFtath (ki as1icapep B pveiZBN i e coBPHARTIM 1A, the

.ﬁ&on gxudeﬁ’éﬁﬁﬁ(@é) Bérhgt iflidftact &rﬁ!aéﬂ mchég@'n%H.GFn' By ),

at'treatnent in ste erforned
a te(hpapahqatlenuetsmbmteme@atﬁ gnmctme GIO) omraokxmtstreatment in

A etk 8 eI et reta Beuien, ERATEEE or 3 demnec
ilﬂ‘néa‘té“%jrﬁuéenatste%ﬁt ?h}t d)ﬁtHeeéﬁyg}é'r*ﬁﬂoﬂn BiRMSilidon ORIGRCRIRr (20)

according to any of clains to 3, characterised in
thiaugh e genmediexdayer (e ger mani um | ayer (3) is |ess
than 500 nm preferentially | ess than 100 nm 5 .
Process according to any of clainms 1 to 4,

chara@recéssedcddrdingab didim 1 hetedraetesised i freatghé iheantreatment
oxi de layer (20) of the i nter medi ate structure 10) is

inesteP (ks RS W@ﬁ'@tﬁe@mﬁﬁ*é%@@ﬁfwfé@ﬂ §00 @8d 9003k 2" nm
and, in step (b), all the

3. Process according to any of claims 1 or 2, characterised in that the

oxygen content in the atmosphere of the treatment in step (b) is less than
1 ppm.

4. Process according to any of claims 1 to 3, characterised in that the
thickness of the germanium layer (3) is less than 500 nm, preferentially less
than 100 nm.

5. Process according to any of claims 1 to 4, characterised in that the
thickness of the silicon oxide layer (20) of the intermediate structure (10) is
less than 6 nanometres, preferentially less than 2 nm, and, in step (b), all the
oxygen from said layer (20) diffuses through the germanium layer (3).

6. Process according to any of claims 1 to 5, characterised in that step
(a) comprises the following steps:
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oxygen fromsaid |layer (20) diffuses through the
germanium | ayer (3). 6 . Process according to any of

webaonesdct o 5, characterised in that step (a)PCI/EP2009/057293

conprises the followng steps;i) formation of the

silicon oxide layer (20) on the support substrate ( 1

) or on a germani um donor substrate (30), ii)

formation of an enbrittlenment zone (31 ) in a

ger mani um donor substrate (31 ) , the enbrittlenent

zone) smiakipn @f the: stjeemexidenayal &0) ) thesupport substrate (1) or

th d
o B T lorgh sPRRRABAB)  ountrate (1) the
si | iiggarneatione df ager efrdpittidreentg zoheyat pdnab geembnined ndonor
[ nterface iv) rupture of the germani um donor
§ldﬁb‘§fa¢91(% X §U§ emb@ﬁt@m%t zaner deTining i gommRNIYEIIayery(R) to be

@§1§r§6 of the germanium |l ayer (3) onto the support
tratée ( 1) , so as to formsaid internedi ate
strun)tbmfdurﬁgOc)f the . gétroardss @ooor obu’mgtr‘ete(ﬁm oﬁ tHeaisupport

FIEIE (D) hensTioph PRl @) PR sfiialy oy e bonding

jn@é/,%(:e(ZO) on the support substrate ( 1 ) or on a
ger mani um donor substrate (30), ii) bonding of the
ger rmaniuptargonofr MSgeamen'(uB@) demor hesubsprate (30) along  the

t 1 t.h I de | (2 b '
SRR 20 (Ot PR qeFRniY dhyeigtalfonto the
5 NSt 5 MBS 18N U0 RBasStBISirh 3R] IhBtmetRateSstiuturei(aon
onl'y the thickness of the germaniumlayer (3), thus

form ng said |nterrred| ate structure (10). 8 . Process

accoy Cﬁrég% %% gté of él rr?s 1C|?8‘;$C%ﬁ5ria§:§eqisieﬂ in that

t hat' ‘st efo oW ng

ét@pn(ai,s b@ﬂ?ﬂpﬂée@tﬁé fdllowmgastepesul ator t ype St r uct ure
conprising the support substrate

SI I |'i:f?ﬁm@idpﬂé’fI”é%/éﬂ'c@@@}('d&nléyﬁr &0) |0<E‘ot||ﬁ‘el s&sp@prt(qmstrate (1) or
on a germanium donor substrate (30),

ii) bonding of the germanium donor substrate (30) on the support
substrate (1), the silicon oxide layer (20) being situated at the bonding
interface,

iii) thinning of the germanium donor substrate (30) so as to retain only
the thickness of the germanium layer (3), thus forming said intermediate

structure (10).

8. Process according to any of claims 1 to 5, characterised in that step
(a) comprises the following steps:

i) formation of a silicon on insulator type structure (50), comprising the
support substrate (1), a silicon oxide layer (20) and a silicon layer (40),

i) deposition, on the silicon layer (40) of a SiGe layer (5),

iii) application of an oxidation heat treatment of said layer (5), resulting in
the formation by condensation of a germanium layer (3) on the silicon oxide

layer (20) and an upper silicon oxide layer (6) on said germanium layer (3),
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ii) deposition, on the silicon |ayer (40) of a SiCe
| ayer (5), iii) application of an oxidation heat

wo ecaaboesnd of said |layer (5), resulting in thePCT/EP2009/057293

formati on by condensation of;-a germanium | ayer (3) on
the silicon oxide |ayer (20) and an upper silicon

oxi de layer (6) on said germanium | ayer (3),ivV)

renoval of the upper silicon oxide |ayer (6), so as to
formsaid internediate structure (10). 9 . Structure

conpY) remyah Qetheanipoer |sieon pz»deoiay@réﬁbpmtas to form said

racterised in that it conprises,
Ewg%mécﬁét?hsg u@uﬁsc‘ﬁﬁ?subst rate ( 1) and the ggfmanl um
llayer (3), a silicon layer (4) in contact with the

germani um |l ayer (3), the silicon layer (4) havi
t hi Sk RERISIWEtGomRIT an@ﬁcgegmaawﬁéayeés@) Qpa, sm@pogtcﬁqpsgate (1),

éﬁ&r%&f@ri%gdtlﬁ tﬁéﬂ{ Hb%ﬁﬂ%@érﬁ&%@h%ﬁg éugpéﬁ?stufbgrageng )and the

I ses, e Support substr
geﬂnnamuml aa@em ((391) a ailisohi kagver oNi dre domyact (&h. the germanium

layer (3), the silicon layer (4) having a thickness between 1 and 3

nanometres.

10. Structure according to claim 9, characterised in that it comprises,
between the support substrate (1) and the silicon layer (4), a silicon oxide
layer (2).



