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1 RELAXATION OF LAYERS The invention relates to the formation of a
layer of unstrained crystalline material intended for electronics, optics or
optronics applications, and more particularly 5 the invention relates to the
production of a structure comprising said layer. A layer is termed
"strained" herein when its crystalline Structure is strained elastically under
tension or in compression, with the result that its 10 lattice parameter is
substantially different fro e inal lattice parameter of its constituent
material, the nominal lat |c?%)§$£r?é&; 0 aLr%a{f)t%ﬁgl being its lattice
parameter whER I ite Bulkgdrh andin its imoAccrystalline cohditionalsn of
uecnirasina ttyerigstenned ieompletaly selaxed” car{amstrained Ethe.onics,

olattice parameter of its; consfi Lgeﬂ%ﬁ%' e magenal is substantially ., .,
I d Efayer h

identical to its nominal lattice parameter. Thus, an unstraine as a

LBl "I6 BivstllographicSsiruéiretiRenit REUbjektéd 6 Textermdiructure
cetrgssesisuchsasitheimakstresses. It is possible to find such unstrained

layers, dirggtlyin bulk-wafers. fioweveg,the fabrication of bulk material is; .
Iimitggﬂa small number of materials 25 such as silican, AsGa,

© geimaniam Sapphire O othérs. TS produts théffainéd Aers ednstitutddder

tpyoiier types ofimatepralst §ts kaown téiform stk a legeriht the same its

1waferan a@i@a&%@temnsﬁtkﬁ%@%@ﬂmg@ cwﬂaglgﬁee?ﬂ@terﬁ&y h‘a:he
interposing a buffer layer_ 30 between the.substrate and the layer. In suc,

" a c%ﬁﬁg u rgaltlgo%? ]ég'%uf ar féiyﬂéerfi%r u n%lé rstlosto% to be' g%ﬁa%%ﬁﬁ |af§}%nF erial,

C{fhich altapRthe! Hifide farame it Hie 18 er fornfed-Gith 2lat bethey  1ts

lattice parameter when in its bulk form and in its
monocrystalline condition.

In contrast, a layer is termed “completely relaxed”
or “unstrained” 1f the lattice parameter of its
constituent crystalline material is substantially
identical to its nominal lattice parameter.

Thus, an unstrained layer has a stable
crystallographic structure when it is subjected to
external stresses such as thermal stresses.

It 1is possible to find such unstrained layers
directly in bulk wafers. However, the fabrication of
bulk material is limited to a small number of materials
such as silicon, AsGa, germanium, sapphire or others.

To produce unstrained layers constituted by other
types of materials, it is known to form such a layer in
the same wafer on a bulk substrate constituted by another
crystalline material by interposing a buffer layer
between the substrate and the layer.

In such a configuration, a “buffer layer” is
understood to be a transition layer which adapts the
lattice parameter of the layer formed with that of the
substrate. Such a buffer layer may thus have a
composition which varies gradually with depth, the

gradual variation in the compcnents of the buffer layer
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substrate. Such a buffer layer may thus have a 35 composition which

varies gradually with depth, the gradual variation in the components of

the buffer layer 2 then being directly associated with a gradual variation

in its lattice parameter between the rezs,pective lattice parameters of the

substrate and of the layer formed. An‘example which can be mentioned is

the formation 5 of a layer of SiGe from a bulk silicon substrate via a SiGe

uffer layer having a germanium composition that increases progressively

© BEeRR IS SCHGEE b P 08 Kibr “ThebitoP E/araan fhs bE-.0n
ipsedt® praducecd 0 ppseaintd faybstomrstitutdueby matesalsiwkich do t ice
pAQkIRXISE OE f@_Fﬁ'ytei)éSts_JﬁBE? PﬁMOHHdF%thQng may,e: a@tﬁ%mégeous

to integrate said -unstrained layers into semiconductor-on-insulatg .

struc%%les,ggasm l|(€f\onW u%:ﬁ)%-o%/-alﬁlsu a?orné?rrﬂ%ﬁﬁg ?hGanl% &%ﬁprié%ﬂﬂ%?élon
S finstralrdtIay €t onaH@ectticaly dndtifdting ek Coaid misbRting TRatera 2
Sbeing lwofiffrised afva bulk swlistratesugh asanglass stbsiate; fobn  that

1 xaople) or canstituting a thick layer (such as g Jayerof. iQ%tOftkSiQ%'@ the
interposed between the unstrained 20 layer and a subjacent bu
S$GBstraté®Euch semiconductor-on-insulator structures have better

electrita¢ antiforioptical properties compaiBdwithbelk streidtures, therelayuce

uifBpreying:the pgrforpance-of-campaents Praducad inthe ynstraineg, o«
Ia.JyeE. 25 A semi onductor-on-insc%atoglal}lgr is typically produced by layer

e§ s 0¥ xar%ﬁ ex13t 11 [<A s} ¥ g .
rAnsfer front A dohor water t0 & Feceiver waf , thé donor wafer possibly

beingBUIk b7 Feompbsitea suchsas advafer eamprsinga bufferdayertand seid
useb-epitaxial unstraipeddayer. 30, Said layeetansigr tRENGIGUSS-COMPIISS: o
s@ngfﬁres, a semiconductor-on-insulator structure <then
comprising the unstrained layer on an electrically
insulating layer, said insulating material being
comprised of a bulk substrate (such a&s a glass substrate,
for example) or constituting a thick layer (such as a
layer of 85i0; or SisNjy) interposed between the unstrained
layer and a subjacent bulk substrate. Such
semiconductor-cn~insulator structures have better
electrical and/or optical properties compared with bulk
structures, thereby improving the performance of
components produced in the unstrained layer.

A semiconductor-on-insulator layer is typically
produced by layer transfer from a donor wafer to a
receiver wafer, the donor wafer possibly being bulk or
composite, such as a wafer comprising a buffer layer and
a sub-epitaxial unstrained layer.

Said layer transfer techniques comprise a wafer
bonding step, the donor wafer being bonded with the
receiver wafer, then a step of 1lifting off part of the
donor wafer to leave only said transferred layer on the
receiver wafer.

The deonor wafer may, for example, be reduced by

chemical-mechanical attack of the back portion (for
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bonding step, the donor wafer being bonded with the receiver wafer, then

a step of lifting off part of the donor wafer to leave only said transferred

layer on the receiver wafer. 35 The donor wafer may, for example, be

reduced by chemical-mechanical atta§k of the back portion (for 3

example by polishing, grinding, chemital-mechanical planarization,

chemical etching, selective chemical etching, etc) using techniques

known as "polish-back’" and/or "etch-back”, or by cutting the donor wafer
egfit%zmlp%%torr%é/impﬁ";fﬁ(?tL hatdhe zohE WHILH & to b& *EE Usfg Bechanical
Plethaiguestetmied Smaie@dttd Whick fstkriovin to thee bkitledypersonifbypical
eway of gxanaple, refa@emhg T@%@Erﬂ%ﬁ%?o tﬁ%&gﬂkzeﬂéigzipolish—back”

"Silicon-an-Insulator, Technology: Materials to : ition"
a?%é%%;ier%e{%%li%g%fklo Kﬂﬁe%%cf&&%é%bﬁs @ersc,%%qsro e{'fw%’%%. A frer
A RhiguETot Hahafetfify & fayer®f GR&PaINEd: SiGEFrom akonipdsiteusing
adonecaferecompeising & bufferrtayerusing an eteh-baek teehniguedis the

'sQ§§§r-ét&?dﬂ@rL.{E%mqg%%@@teeka@gﬁt;@%yv%éf%ygg2:@9'Iéas be made

However, said unstrained Ieger transfer technique is lengthy, expensive,

E8ndTRSuItd T the TS o 17 dondr WeSFfolBwilySttdrister  Technology:

MyEA-BR 71783 d8stiibestA ‘Sniart Cut(r) tedhmiqUie dor- Framstesringedn nge,

wa&@rﬂngaa%@ﬁﬂ@y@rugm@%ﬁ%a@iguggz% allews; the lifted portion of the
dono w%fg{: Io l}:)_eurgcoygéedtfgr gg%sérlgir_ec cling, However, said I%year‘ e
transfér cannot ensure perfect. Romogenaity of its HfdiGesS fand - rain

S 4 8iticnEPPolBhifGTEEF has to Bercafricdadii o increRseé FHeshort rangeter

125dhomageneity. Hawewercraidppolishing seducasdthe Jeng darge ibed in

rhemagensiy {he-iarqgensiy measured, Deeen Ig,gnte and edges
Y t%@gﬁéﬂér, said unstrained layer transfer technique is

lengthy, expensive, and results in the loss of the donor
wafer following transfer.

WO-2-02/27783 describes a Smart Cut® technique for
transferring an unstrained SiGe Jlayer. That technigue
allows the 1lifted portion of the donor wafer to be
recovered for possible recycling.

However, said layer transfer cannot ensure perfect
homogeneity of its thickness, and an additional polishing
step has to be carried out to increase the short range
homogeneity. However, said pelishing reduces the long
range homogeneity (i.e. homogeneity measured between the
centre and edges of the wafer).

WO-A~02/15244 and WO-A-04/06327 describe a method of
transferring a layer of unstrained SiGe from a donor
wafer including a layer of strained Si between the buffer
layer and the unstrained SiGe layer. The method consists
in transferring the unstrained SiGe layer and the
strained Si layer onto a receiver wafer, then selectively
removing the strained Si as opposed to the unstrained
SiGe layer. That produces a final layer of unstrained

SiGe having short and long range homogeneity using the



20

25

30

35

WO-A-02/15244 and WO-A-04/06327 describe a method of transferring a
layer of unstrained SiGe from a donor 30 wafer including a layer of
strained Si between the buffer layer and the unstrained SiGe layer. The
method consists in transferring the uﬁpstrained SiGe layer and the
strained Si layer onto a receiver wafer, then selectively removing the
strained Si as opposed to the unstrained 35 SiGe layer. That produces a
final layer of unstrained SiGe having short and long range homogeneity

STy the 4SSt St @ te@itfiqul -ahd Withodthavity to-Earr§ otk Hind Ut
f jpolishing L Hewiever, during transfer of the strained Si layer, heat

treatmepts are, applied -and:may, cause diffusjon.of 5 garmaniuninta the. |
h strained Si Ig\r}/er1L thus reducmpg!tpe §e|ectl\élty between the stra%%ed Siand

FHe uﬁéi?éﬁ%é "SiGetwhich fenece éar)a} 6r findfchemicat efeh d’l “Gién <"
gahaea sSHainéd S laybeis ik athisidsSof sélgativity Mayteattitheng the
sdinstfained: SiGpdayesdeingHd agaeked.and thus to.a redustionrin itz i ned
s uality gndn s short range tigkness homogeneity, fmbodiments of the,

invention seek to overcome all o¥ these disa _vantages%y proposing a
Giéthod-6ffornfingSa ‘corisietely telabd@ddayet Raviry-§ood thieRness S5 ©F
sdipmageneity. Embodimentstaf thenmvention:furtherisegkde prodiuee aeing

a Seqganducipr:oncingulator layer haying alayer of unstrajned erystalling 5,

. material and having %o,od thickness :omogeneity. 20 In accordance with a
HiirstoA¥pett oftHSnentiof, Share iE5t65ided B¥method of forming a layer
of el@sticallyrmstrainet dcrystalling gndterial intended foroetectroniesg 1l of

1 10pties, Qr opHopics applications;, ;charagterzed inthat the methadhisying a
cégggg@%ygdﬁogé?axed lavyer having good thickness
homogenelty.

Embodiments of the invention further seek to produce
a semiconductor-on-insulator layer having a laver of
unstrained crystalline material and having good thickness
homogeneity.

In accordance with a first aspect of the invention,
there 1s provided & methoed of forming a layver of
elastically unstrained crystalline material intended for
electronics, optics, or optronics applications,
characterized in that the method is implemented from a
structure comprising a first crystalline layer which is
elastically strained under tension {or respectively in
compression) and a second crystalline layer which 1is
elastically strained in compression {(or respectively
under tension), the second laver being adjacent to the
first laver, 1in fthat the method comprises a step of
diffusion betwsen the two layers so that the differences
between the respective compositions of the twoe layers
reduces progressively until they are identical, the two
layers then forming Jjust a single final layer of
crystalline material having, in aggregate, a uniform
composition, and in that the respective compositions,

thicknesses, and degrees of
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.25 structure comprising a first crystalline layer which is elastically strained
under tension (or respectively in compression) and a second crystalline
layer which is elastically strained in compression (or respectively under
tension) , the second layer being adjacent to the 30 first layer, in that the
method comprises a step of diffusior” between the two layers so that the
differences between the respective compositions of the two layers
reduces progressively until they are identical, the two Iag;grs then forming

s Gt sifigle FiREl 12yt of BBy stafifie ristérad-haVinge rtaggregate, &2t
a fimiform icdmpasition, tand indhat:the Yespective compositionsyg the final

1dQicknesses and degrees of - sirain.of efwo layers are initially selecfed

so that, after diffusion, the material then cqnstitutinlgégrhe final layer no

longet Sin“Aggregate CosHibite RSt Strain. GthEF CRtacRfisticS EiAiE the
umpséthad of formihgithe 5 wiistrained kayer becording tol embodimentstof the

1 Ak ravention; are as fallows; the lattice parameters of the first and
second strained layers may be respectively. equal to the nominal lattice
pararmelal of (€ haEnal GG the Tl 10'ayeh (e sactind Fe™
sy Be A ayeraviichiisy epitaxicyf6h Ohithe fitstddyetthé Hitst pginal
1 second layersmaydiave at least one: elementdntheirirespestiverne final
1€ glp;ositions in common; 15 the first layer may be formed from Sil_,Gex,
the second layer may be formed from Si _yGey and the final layer may

be foim&&From SiFOBez, X &M ¥ redfieétivel? befng it tiefangddich  1s
egcomprised)todr@emprised):x eing substantially different from y, and:

20 z = (xith; +y*th2) /{ths +482)na lavers may have at least one
element in thelr respective compositions in common;
the first laver may be formed from 8i;..Gey, the
second layer may be formed from Si,;.,Gey, and the final
layer may be formed from Si;.,Ge,, %X and y respectively
being in the range 0 (comprised) tc 1 (comprised), x
being substantially different from y, and:
z = (x*thy + yv*thy)/(thy + thy)
th: being the thickness of the first laver;
th: being the thickness of the second lavyer;
and the respective lattice parameters of the first and
second strained layers are respectively equal to the
nominal lattice parameter of S5i:..Gey;
sald structure may further comprise a layer of
amorphous material located beneath the twoe crvstalliine
layers;
the layer of amorphous materlal may be
electrically insulating:
the laver of amorphous material may comprise at
least one of the following materials: Si0z, Si3Ns, S1.04N;;
diffusicn may be carried out by heat treatment.
In accordance with a second aspect of the invention,
there i1s provided a method of producing a structure
comprising an elastically unstrained crystalline laver

intended for electronics,
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th,_ being the thickness of the first layer; th2 being the thickness of the
second layer; and the respective lattice parameters of the first and
second strained layers are respectively equal to the 25 nominal 'Lattice
parameter of Sii_zGez; said structure may further comprise a layer of
amorphous material located beneath the two crystalline layers; the layer
of amorphous material may be 30 electrically insulating; the layer of
amorphous material m,agl comprise at least one of the following materials:

CESiO2 5i3Nd, SIXOFRIEC Hifftiion may be Carried 60ty féatirehtment i -
1 @accordanceswitt asetond aspect of the invention, 35 there is provided a

method of peeducing.a.structurg CQ@%E@Q@B%@%@@MH”%@@Q on a
fic;)ésjalligg Igyéer1 'inlte%deqforeelec% Qig%, 6igpt|cslor gtroqi S ctrained

a“pphcatloﬁ/s, charactérized in that i comprises tfe ?ﬁlowcfr?g st%ps“? ratnec
ungestal pewinga setond efRtalde ByEr orita Fipsterystaliing layefwhiehat
+He elastically strained 5 wnder iension: (arrespectivelydn compression)s Soon

that layer is _elastical alned in.compression_ (or .
eagetiim s fanCiers by T B yer o that e (ckhess of ™
S4he 88cond 1ayéris Seleted fof bé bf the sraBrof & istérehte fifidaERY tO

bdheifefareace-1@ thicknéss: careeSpoading ta aithickress forwhichdlie rence
- RSsembly of @@Mg&gmﬁin%e secand layer.and the, assembly, of 1,

elements composing the first layer, once combined together, can form a

2 HiHBhm YayRt whith i 5greghats T Uifstraited® 5 “diffusiiy Blemints =€
adyetween the fwoddyets sothat et differences:betwsersthe respective once

cd%%ﬁ99§m0ﬁ%ggther, can form a uniform layer which, in
aggregate, 1s unstrained;

diffusing elements between The two layvers =o that
the differences between the respective compositions of
the two layers is progressively reduced until they are
identical, the two layers then forming Jjust a single
final layer of a crystalline material having a
composition which, in aggregate, is uniform and
elastically unstrained, producing at least part of said
structure.

Further characteristics of this method of producing

a structure comprising an unstrained layer according to
embodiments of the invention, are as follows:

the lattice parameter of the first laver may be
selected so as to be substantially equal to the nominal
parameter of the material composing the final layer:

crystalline growth may alsc be carried out so that
the thickness of the second layver is less than or eqgual
to a critical thickness beyond which elastic strains
would substantially relax;

further, before the crystalline growth step, the
first laver may be bonded with a receiver substrate, said
structure which is finally formed thus comprising said

final laver and also said receiver substrate:
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the two layers is progressively reduced until they are identical, the two
layers then forming just a single final layer of a crystalline material having
a 20 composition which, in aggregate, is uniform and elastically
unstrained, producing at least part octj73aid structure. Further
characteristics of this method of producing a structure comprising an
unstrained layer according to 25 embodiments of the invention, are as
follows: the lattice parameter of the first layer may be selected so as to

be subgtanfEIy%eqtidto the niat Shraticter of thematsria 18 +2VeT
f coomposing tesfisaldayer; Crystalline yrovithtmay aisosise tarried dutsded;

that 304he thickpessof the secand;layerisdessthan orequal daa aiticahe
f thickness b%%%nd wlgg:p.el ssti_c St ins would substantially relax; further,

JefGre the crystalliie Growth step; i firstiayer may be bonded with a

receivePsilsstisde, SaRY 35 Bfuctute WifieH Bfinaiformédthus e then
recomprisiegi said finaklayer-and alsa:satd-eeceiver substrate; 7 bonding

may be, é”%%?%“%ﬁ%@%%%‘%’%’ formed on.one and/or, the.other of. , .

the facg__s to be bonded; " the D ding layer may comprise at least one of
tihe fafowingitivoiRateridls: SiAE SR8 hohdihg My-BE MofetlRr + ¢
beandermay hedher rréinfgreceddycar suitable heat toeatment; s thecfirst [ayér ing

ofpay-he comprised in.a wafer af the. fime.qt-honding, andithe.methad mayy -

. further comprise, between the bonding and crystalline growth steps, lifting
“115°6¢ tRe Fortion of the wafer which does not comprise the first layer; the
portion bhthe wafér whick Hoés:potcohsgrise Nthe!firstdayer ialy bedifledise

-rff bysmeans gfatleasty ve lifted off by means of at least
one of the following technigues: grinding, chemical
mechanical planarization (CMP}, selective CMP, chemical
etching, selective chemical etching;

prior to bonding, the method may Zfurther comprise
implanting atomic species into the wafer to create
therein a zone o¢f weakness at a depth which 1I1s
substantially equal tc the thickness of the first laver;
and the wafer portion may be lifted c¢ff by subjecting the
zone of weakness toe stresses which are capable of
rupturing the weak bonds and thereby detaching sald first
laver from the remainder of the wafer;

further, between lifting off part of the wafer and
crystalline growth, a step of finishing the surface of
the first layer mayv be carried out to prepare its surface
for crystalline growth of the seccnd layer;

the first laver may be formed from $i1;..Ge,, the
second layer may be formed from Si,.;Gey, and the final
layer may be formed from 8i,..Ge,, x and y respectively
being in the range 0 {comprised) to 1 ({(comprised), =
being substantially different from y, and:
z = {(x*th: + y*ths)/{th: + thy)

th; being the thickness of the first layer;

thy being the thickness ¢f the second layer:;
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one of the following techniques: grinding, chemical 15 mechanical
planarization (CMP), selective CMP, chemical etching, selective chemical
etching; prior to bonding, the method may further comprise implanting
atomic species into the wafer to create therein a zone of weakness at a
depth which is 20 substantially equalto the thickness of the first layer;
and the wafer portion may be lifted off by subjecting the zone of
weakness to stresses which are capable of rupturing the weak bonds and
aTRerely dbtdchingsdid firsteiayer fidm the remdifiderofthd Wefer: 255 S
sfother thetiéen ldting off part ohthe waferand drystallirne grewtneatstep of
g10f fiishing the surface of the first layer may be carried out to prepare its
surface_for crystalline growth of the second Ia%er' the first layer rga)ébe g
formed frém i]'r“_SfGér, the" 307%econd a%@%nayf &Tormet i +oab
1 sSicyGayianditherfinal $ayerimayibe idrhet from-SinIGart xrangypstrate
( Fespectively being in the range 0 (comprised) to 1 (comprised), X being
substantially different from y, and. z = (x*th, + y*th%?1 (th, + thzgh35 thl
e R B T B A el =
d9agertBednd the Tatficefpararteterof Bid first-stfalied: By 615i8 Caustaritally £
t requah te:theineminal lattice-parameter oh Si¥ zGez;ithe fitstdayersmay be
formed from.strajned Si andy 5 is, corpprisedin g sained, . seeps in a

silicon-on-insulator substrate (sSOIl). Other characteristics, aims, and,
nefdvafitaes afe” HeSERzsd it thé follBRing moR imtthg descifton st e @
s timveritiore illustratedsby: thezfollowngrfigures: 10:Figures 1A and 1C

represept differentstepsdn@ 28 respectively  represent a

3

semiconductor-on—-insulator structure Dbefore and after

&

diffusion in accordance with the invention.

Figures 3A to 3E represent different steps in a
method in accordance with the invention for producing a
particular structure comprising an unstrained laver.

The method of the invention comprises a step of
diffusion bhetween two elastically strained crystalline
layvers to form a single final crystalline layer with an
elastically unstrained homogeneous composition.

In Figure 1A, said unstrained layer is formed from a
structure 30 comprising a first crystalliine layer
elastically strained under tension 1 (tension being shown
diagrammatically in the figure by diverging arrows) and a
second crystalline layer elastically strained in
compression 2 (compression being shown in the figure by
converging arrcows), the second laver 2 being adjacent to
the first layer 1.

In an alternative configuration of the invention,
the first laver 1 may, in contrast, be in compression and
the second laver 2 is under tension, without in any way
modifyving the diffusion step which is then carried out.

The structure 20 may be formed cnly by two lavers 1

and 2, or it may comprise a support (such as a stiffener
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method in accordance with the invention for producing a structure
comprising an unstrained layer. Figures 2A and 2B respectively represent
a semiconductor-on-insulator structure before and after 15 diffusion in
accordance with the invention. Figures 3A to 3E represent different steps
in a method in accordance with the invention for producing a particular
structure comprising an unstrained layer. The method of the invention
comprises a step of 20 diffusjon between two elastically strained

OLryBtalfne TayerStEIBIM A §ihglé Final By stalfTe layer witRan B1g<Raiy he
oUnstrafedismagenebtigscompositioh. Zn Figure -A, said unstrained layer

is formed froms stticture 3Picpmprising @ firstiegystallipe Jayes 29zs  the

elastically strained under tension 1 (tensjian being shown diagrammaticall
drllrgf1 t aegﬁégu}érjésbyl(%\g/erg?r% aarrovivés1 géd a“%é%gglndnkg?yssta\%%g?ay&p éagﬁ{clac—i‘ély
IEfAhed@Th EofipréssiGit 2 fcompression BERMY shéWea inkige figuré by rowth
suonverging arroy\zs):ct@emtmpélay,er Z;heing_]aajj/ment 10 3 the f‘i@{f&ﬁyeffhe
claiiapdltealive capfiguialion gk g Buanton Jhg fistIaygit may, in. e

contrast, be in compression and the second layer 2 is under tension,

L&vitHout in SRy Hay *¥oHiiNGhE dftRbristef WG stheH Rafret-6ut.
35 The s0etlre 3¢ maydetforneed drbye byetwictlayersll ard/2rorntemayhave

b&OMPEISE A SURPori{sHeh as.a stiffens! & orR:argwthsubstrate) onene sna
ide of one and/or the other of the two Iggers 1 %nd 2.1n ah
g 2

S nfiguration: the faysr 2 Has the Charactenefics of A tayer %ﬂéﬁﬁ%s vapor
dgeenidpiaRiall 5 g 6H tRE |ayRan, 89S tagysrthen being a growth
substrate aAkigraatively, theplayesk sraydmave thes €haragtesisticsegfaant s in
tﬁ%ma@%mkg§yﬂh@¥er%ﬁ%ﬁh layer while guaranteeing the
desired elastic strain, it is desirable for the thickness
of the epitaxielly grown laver to be below a critical
thickness essentially determined as a function of
differences in the nominal lattice parameters of the
respective materials composing the two layers 1 and 2.
This critical thickness can be determined from prior
knowledge and ' publications. As an example, reference
could be made to the document “High Mobility 8i and Ge
Structures” by Friedrich Schaffler {(“Semiconductor
Science Technclogy” 12 (1997) 1515-154%) o determine the
critical thickness of a layer 1 of 5i,.,Gey and for a layer
2 of S8i;yGey (%X being different from y).
In & second configuration, the layers 1 and 2 have
been bonded together using known bonding technigues (see,

for example, ™“Semiconductor Wafer Bonding 3cience and

Technology” by Q.-Y. Tong and U. Gbsele - a Wiley
Interscience publication, Johnson Wiley & Sons, Inc - for
more details). Thus, for example, molecular bonding of

hydrophilic surfaces or surfaces rendered hydrophilic may
be selected, or bonding after plasma treatment of one

ancd/or the other of two surfaces to be bonded, followed
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layer 2, said layer then acting as a growth substrate. Crystalline growth of

the epitaxial layer may have 10 been obtained using the known

techniques of LPD, CVD and MBE (respectively low power deposition,

chemical vapor deposition, and molecular beam epitaxy). To avoid the

appearance of plastic type defects in"the epitaxially grown layer while

guaranteeing the 15 desired elastic strain, it is desirable for the thickness
bof the ewpitaxi,allg %_r?wn Ia%er to be below a critical thickness essentially

detfePRined 4S8 Fiin @R difterePtes i thb HoRTiRS Atti¢E Patdmetapsmal
aphtel texpective materials composing the two layers 1 and 2. 20 This

critiiawi%iswbei%t%@w from pp%(gy%knpg%%q%e ﬁpddand > have

ications. As an example, reference could be made to the document

b%%ugh %l%%ﬁ%?%i%a%d e hy s by Friedrich 88R&fier 2+ to select
be Bortdictor: SerhcE Teehnalogy X (1997745151549 hindering
dfietenminenthe-2h eritical thinknesswaf a laygel of Sil - Sexand-for ajlayeehen
2.5 SlloyGey (x belng diferentTpmny). Ina gecand.configuation, fhe

layers 1 and 2 have been bonded together using known onamg
Pichhifties (s 3of exaiplé “8BmicBndiictst W Ster BEndifiy SRiefganer
taad s0MBEehasloty' By=Q byrifieny dand WnGosele £ adMileynihterseience hem
e publicatipn; Johason Wiley érmonsiige foRJNare Hetaile) S, 19 5 ong

ieégrggle m%!e%ularlbondi?1 OL n\{drophilic surfaces or_surfaces rendered ;
Rydrophiliciiay e Saledtdd 5 BShairtrAfteplashia featmant of grerssal
t aRdforReRE Bthek dFfvosiffageotise bormled Holowed 16 Wnfaces to be
beaawentiesal we@éj@igpéﬁTAltf%a@;]ﬁﬁ (rﬁ@idqfﬁsﬁgégléﬂ@%@ing%-ltlaﬁfﬂﬁg,
se.i ' et rs.1 2 have been bonded to each other, i
Rigeégﬁ\%gﬁ%i%ez%o%%gniﬁg% %{esi’:hnildﬁzelg%v h fr%cn'ot sﬁs%%%ﬁﬁljé% or
c%ﬁ%&ﬁﬁb—mechanical treatments may also be carried out,

such as polishing, abrasion, CMP (chemical mechanical
planarization) or atomic species bombardment. Further,
bonding will be carried cut without a bonding layer (of
the Si0; or 8isNy type, for example) or with a bonding
layer which 1is so thin that it cannot substantially
prevent or slow diffusion between the two lavers 1 and 2.

The respective compositions, thicknesses and degrees
of strain of the two layers 1 and 2 are selected so that,
after carrying out diffusion, the material then
constituting the £final unstrained laver to be formed is
no longer, in aggregate, elastically strained.

In particular, the lattice parameter of strained
layers 1 and 2 are advantageously respectively egual to
the nominal lattice parameter of the materizl
constituting the final layer that is to be formed.

In particular, the respective compoesitions and
thicknesses of the strained layers 1 and 2 are
advantageously selected so that, once homogenization by
diffusion of the two layers 1 and 2 into a final layer
has been achieved, <the final layer has <the desired

composition.
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diffusion between the two layers 1-2 which is then carried out in

accordance with the invention. In particular, care is taken to prepare, in

known manner, the surfaces to be bonded to smooth them and clean

them 10 effectively so that they have,no more contaminants and isolated

particles which may perturb diffusion. Chemical treatments which are

adapted to cleaning surfaces to be bonded may be carried out, such as

weak _chemical etching, _RCA treatment, ozone baths, rinsing, etc.

Meclfl%en%a?%%&g c gmfcjaﬁ%%%h%rg:éal wé%trﬁ‘&ﬁ%%‘?aycﬁglg &Gy Step
obutlidifcheaspoliRhlrgs Gbrasion, CNP (thsmical meehshical so that the
d planarizatien) o-atemie speeies bembasgipent: Fudherchpading wikbe are

plgégﬁed?g)g%iﬂ%p% €%910§edg19 layer (of the Si02 or Si3N4 type, for

or with a bonding 20 layer which is so thin that it cannot

substahtidllyP PRSREBPSI o Riffusimibctiesn thestrbAssERMandetvesen
tHde respectivé camposttion$, thicknesses aichdegrees efrsttairs ofdhe the i »

mdRers Jrand 2.are selsgtedsso that., after eapying Qut diffusiondbe, e s in
material then 25 C% Stl;%t:%% the final unstrained layer to be formed is_no

T8GR Hinagttegatd el fhy SRR Sin Pariefat, theSathdyers 1 and

2 pardmetesofeirainedt yefsitand Zareaadvamtageously respectively
equabtor thesneminal iatticesparamefepokthe material 9 constituting thee -+

¢ final Iager that is to b%fo medﬂ. In particular, the re%pective comepcpsitlons.
reatw} T, a %]e% . 8 one 85 oLe redetermined
an ICknesses 0 strained layers 1 and 2 are advanta%eously l

L BREEST ¥6 thidt) onceRtRdtR6Genigation Y2 HiffifsiorPofthe ®Wo layefs 1 time

panflding a final layers3nhas heencachieved, the finaldayeihasthe final

o fesired .coposiion. 11; Referring fo. Figure 1B the pethod gomprisesya, . .
step of diffusion between the two layers 1 and 2 so that the

treatment may be carried ‘out at a temperature in the

range 900°C teo 1200°C for 30 minutes (min) to a few hours
(h).

Figure 1C shows the result obtained after carrying
out diffusion: the respective compositions of the two
layers 1 and 2 are substantially identical to each other,
the two layers 1 and 2 then forming just a single final
layer 3 formed from a crystalline material having a
composition which is uniform and elastically unstrained.

In a particular configuration of the invention, the
materials constituting the layers 1 and 2 may initially
have at least one element of their respeactive
compositions in common. Thus, 1f the composition of one
of the two layers 1 or 2 is such that it comprises more
of this element than the other laver, more diffusion of
that element will occur from that first layer towards the
other layer to homogenize the compesition of the
assembly. -

As an example, consider that the first layer 1 is
formed from S5i; ;Gey, the second layer 1s formed from
Sii-yGey. According to the invention, their thicknesses

and degrees of strain (i.e. their regpective lattice
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differences between their respective compositions are progressively
reduced. 5 This phenomenon thus entrains displacements between the
layers 1 and 2 of the constituent elements of their materials, to
progressively reduce their differences.in compositions (the displacements
between the layers 1 and 2 being shown in the figure by arrows). 10
Diffusion is advantageously carried out by heat treatment, adapted to one

ar moret%rredetecgmlned .temper%ure%%gespectlver%durug% one or more

pti'arﬁea mp‘)eerlod?s) to%ﬁ%ﬁ%ltﬁg deglred resul]t,ri.e. Afirkar “elas ?c%ﬁy)/ will  be

SHhstiaifell 1agerCRE & example) hbat 85 B attnent may Yercarfied obtat-Ce-
(xtemperaure irs the- rangse 9006:ton1200€ for30 minttes (min) teadewsed)
hours, (n)-Eigure 1C.shows the.result QB@&%‘I%@S@]Q ggg&em fFrom

diffusion: the respective compositions of the two 20 la 2 are
i@u‘ostantially identical to each other, the two layers 1 and 2 then forming
just a simgyte figal fayet B:foamdd fromvaidrystadlinesmateriatihaving aa ¢

composition which ig unifpgmiand elagtically unstrained. kg particular 4,
configuration of the invention, the 25 materials constituting the layers 1

and 2 m%;i/1 f‘niﬁglﬁ/n%a:tllg%t ;ha%?%ﬁg Se?erﬁérntt}?hgﬁessfpe]cﬁ\yg et
compdsifibns f¢ edmnidie THusCk s eompositien afenacof thgewo? -

layersThog? is suchrthah B €omprises mareeofthis:alementthan the other s+

e e ot ver 10 hamogonioe ThE comfbarion T sorhefyia!

towards the other laver to homogenize )
Rs Bhexanipie 2consider that the frstafer Pis formedsrom Sil_.Ge,;, the
secondllayerlig formeddromi 3% SiheyGeykAccording-to the inwentiontheisre

hickpesses.and degraes.of stgjn (i.e their respeqtivelatioe; oy hesses  or
layers 1 and 2.

Figure 2A shows a particular implementation of the
invention in the <c¢ase in which the structure 30 is
initially a sS0OTI {strained silicon-on-insulator)
structure, thus comprising a first laver 1 of strained Si
and a bulk insulating substrate in a first configuration
(not shown), or a first layer 1 of strained Si, a bulk
substrate 20 and an interposed insulating layer 4 in a
second configuration (shown).

This type of s30I substrate 30 is commercially
available.

In this example, the degree of strain of the first
layer 1 of Si is fixed by selecting a sS0I substrate 30
with a predetermined degree of strain. The lattice
parameter of the final layer 3 to be formed is thereby
selected.

In & seccend step, the composition of the second
layer 2 to be epitaxially grown and the respective
thicknesses of the first layer 1 (which may then
opticnally be modified) and the second layer 2 are

gelected to form a final layer 3 having, after
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12 parameters depending on their compositions) will be selected to
obtain a final layer 3 of unstrained Sii_zGe, (x and y respectively being in
the range 0 (comprised) and 1 (comprised), x being substantially different
from 5y):then, X, y, thl and th2 will be selected so that: z = (x*thl + y*
th2)/(thl + th2) (1) thl being the thickness of the first layer 1; th2 being
the thickness of the second layer 2. 10 Thus, the respective lattice

hparameters .of thqiL[st 1@i\nd s<icond Iayelrszc,tr med 1 and 2 are .
reapactively 8qual to the' Rominal Tattice pararietétof SIT 556, Eleafyina

1@dre ViR DRAERER Bt tREAAE thD atd 36saCtively shialler tHarvere 1.
criticahthicknessessafp18 Jayers 1 and 2. dﬂg@f@@ﬁ@l@&wscﬁfpaﬁwlarsecond

y ementation, of the igventign.inthe cage in wh %&fj tructure 30 'Srowth

itially a sSOI (strained silicon-on- msui’ato?‘ stru S comprisin

Oﬁfrsf:f&?/etsf%‘?’%ijraf}r%ﬂegl 20 artd & ik |ﬁ§bl§tﬁ% s%%%ﬁa?elmsé:ﬁ%‘fe 55 by
seonfiguiatipn (ndhshoamycorcefirst layerii-of strained Siasbidk 1ion, its

rsubstrate 20 and apdrierpesed insylatinglayer, 4in g.secondt o first
conf rIg‘gurﬁtl & éshowr})e ]11' his, tgge of sSO| substrate 30 is commercially
In

L 8vAitable & %exampie. the dabiBe of Strairf 6Fthe first ?éi)e}ﬂwﬁf%l i y a
sthedlisy sélestingta sis@rfgﬁmratévso heitht a predetaremined degreewfdance
wattain + e lattice, parameter ef therfinaklayer 3 to.be formeckistbereby,  ce.
c%%fﬁl %edo}!)'%gf’n Cjgnd step, the composition of the second layer 2 to be

epltaX|a ly grown and the respective thicknesses of the first layer 1 (which
initial choice of the composition of Si,  Ge, may

may thérF

alsc be guided by limitations as regards the critical
thickness. In fact, if a concentration y of Ge of more
than a predetermined limiting concentration is selected,
the thickness th; to be selected to finally form a layer 3
of unstrained S8i;.,Ge, 1s greater than the critical
thickness. A second layer 2Z 1is thereby obtained with
plastic strain relaxations (dislocations, stacking faults
and/or other plastic defects); thus, the final layer 3 is
of poor crystalline gquality.

Certain conditicns for epitaxial growth, such as
those described in “Strain Relaxation Kinetics in
S5i,-.Ge,;/81 heterostructures” by D.C. Houghton (J. BAppl.
Phys. 70 (4), 15 August 1991} can, however, produce
crystalline growth of the laver beyond the theoretical
critical thickness; reference should be made to “Defects
in Epitaxial Multilayers”, J.W. Matthews et al (Journal
of Crystal Growth 27 (1974) 118-125), which describes the
physical phencmena appearing beyond the critical
thickness, and the influence of depcosition techniques on
the appearance of such phenomena.

From the structure 30 thus formed, diffusion in
accordance with the invention is then carried out. As an
example, it is possible to select a temperature of about
1050°C for about 2 hours.
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optionally be modified) and the second layer 2 are 35 selected to form a
final layer 3 having, after 13 homogenizing the two layers 1-2 by diffusion,
a nominal lattice parameter equal to that of the first layer 1. As an
example, if the composition of the se?o d layer 2 is selected to be
Si_yGey, simple epitaxial growth 5 of the second layer of Sil_yGey on the
sSOI substrate 30 by selecting, in accordance with the invention, its
thickness by reference to thickness of the first. layer 1 (see
relatioﬁiéﬁi%gé(?[? at%%?/e%f) follGwed byS Eogimsb?g setgﬁlof ?ffsu%?gonlbny ﬁea%urther
PrR&dtiient i accoRdaTck 10 With 3RE MVentien, a fidl Tayek Beof uRatraineton
cSitprGe; repuldbe obtdined. nkhesin#iak choice of the composition of

S yGey may, plsae guidsd by imitafions as feaids e gtieale: 1 o

hickness. In fact, if a concéntration y of Ge of more 15 than a
Soredbterimied limiihg cbiilenfralicts i SetéGed M #ie thicknessth2 fo baoror
ssetéeted to finally form a layer 3 of unstrained Sil_,Gez is greater than the
crilticalé_zhicl%;@ﬁéi@ig'segongé%x_selrvf% L@I:@ezfggy ngqﬁﬂowil%zpﬂajﬂf%ttr?ienor
relaxations (dislocations, stacking fa and/or other plastic defects);
St%é?ctﬂ%%lenai ?ayae?;—‘lg eofsp%o%a} %%fs‘?al ife %aclii{t)’/. Certain conditions for
epitaxial grawth; 506h a&fthose désbated b Strsin Relaxation Kinetics in
Sil_,Gez/Si hetgrestuctures” byf.¢: ioughton{J. Applo2s Physa20 (Da1ly
13 August 19 can, however, produce crystalline growth of the layer
beyond the theoretical critical thickness; reference should be made to
"Defects’ inBpifakial Mulfiy B o S MSttHews: et &RJ60T I (o Crystal
Growthi27:(19743 A 18s126)s which deseribescthe30i physical ghenomensoner
sappearingheygnd;the cyitical thickness, anddhe influence of depgsition. (.

techniques on
befngqyn the range 0 (comprised) to 1 (comprised)).

—*

In one configuration of the donor substrate 10, it
is a pseudo-substrate comprising a buffer layer (as
defined above}) on a support substrate (not shown in
Figure 3A}. The buffer layer of 5iGe may thus, for
example, be formed by epitaxy from a support substrate of
bulk monocrystalline Si  and, in aggregate, has an
increase in its Ge concentration through its thickness,
so as to gradually medify the nominal lattice parameter
of the 35i of the support substrate and that of a SiGe.
The buffer layer 1is arranged so as to further comprise an
upper layer of relaxed S5i;.,Ge, (w differing from x) having
a predetermined lattice parameter and having a thickness
which 1is sufficiently great to be able to impose its
lattice parameter on the subjacent strained first layer 1
without that layer 1 substantially influencing the upper
layer’s crystalline structure,

Regardless o¢f the configuration selected for the
donor substrate 10, said substrate 10 has a crystalline
structure which induces elastic stresses and a low
density of plastic defects in the strained layer 1.
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the appearance of such phenomena. From the structure 30 thus formed,
diffusion in accordance with the invention is then carried out. As an 35
example, it is possible to select a temperature of about 1050C for about 2
hours. 14 Figures 3A to 3E we show séeveral steps in a further particular
method in accordance with the invention, comprising the following steps:
(1) epitaxial growth of a first thin layer 1 of 5 elastically strained crystalline

mater'@:IL ona q?eno}(lasurfac% algi:gzc)ebongig aereceivgfﬁu strgée rzn% }\:/\gth than
the donor sub&trate 10 at the stralnedzfayerﬂi; ﬁﬁiftmg off the"donor

“surface IR 10 4f ERitalline GroWtiof & Seeédndbelastically Straifred fayerute
s2;i(8) diffusiondt ategrelante withtthe snvention n &igure 3A-showssa svaferr

;congtityted by a.danor substrate 10 and a é&ﬁg&rs@g&!me{% g% is less

Sir_xGex (x 15 being ifi'the range 0 (comprised) to 1 (comprise n one

igliration of the donor substrate 10, it is a pseudo-substrate

compfising & buffer layerfas=defirateabove)on a Suppor sabstedte (dotrmed
oshovukinabigyre 3A) Jhehuffer tayey of-Sie may thus, o120 gxample, s
be &ormed @/igpit%ﬁyefrqim a %queo&%ubstraée 8ff bﬂ%lbmo o%rysta%hneB%l
“Rn ,%ﬁ{%gﬁrega?e, as an Increase in its Ge conceritratio thoﬁa ita> e
thickné§s, 160 &5 ffgradbdfly modifietesiomitaldatlies parametar 6fthe 1t
nSkof the suppoksubsirate andribatefa SiGe«2bdhe buffer layerds i+ has
SEANast 0, 29 {0 WL camprise a0 URPeC layey SLISlRXel SLpGRY o
(w differing from x) having a predetermlneél attlge parameter an r)havmg
fé‘%&Rﬁ?é%%ewﬁi‘%%%uﬁﬁ@i%ﬂﬂ?%re‘é%‘f&lbé"—Eﬁle?@ﬁﬁbéfé?éitss‘f‘bsuate 20

(as shown in Figure 3B).

To prevent relaxation of the strained laver 1 or the
appearance of internal plastic type defects, it is
preferable to keep the thickness of this layer 1 below a
critical thickness for elastic strain.

Regarding critical thickness wvalues for layers of
S5ii.xGex, reference should be made in particular to the
document entitled “High Mobility S5i and Ge Structures” by
Friedrich Schaffler (“Semiconductor Science Technology”
12 {1597) 1515-1549).

For other materials, the skilled person will refer
to the prior art for the critical thickness for elastic
strain of the material selected for the strained layer 1
formed on the donor substrate 10.

Thus, a layer of Si;xGe, (x in the range 0.10 to
0.30) epitaxially grown on relaxed Si has a typical
thickness in the range about 200 A [angstroms] to 2000 A,
preferably in the range 200 A to 500 A, in particular by
adapting the growth parameters.

Once formed, the strained layer 1 thus has a lattice
parameter which 1s substantially close to that of its
growth substrate 10 and has a lattice parameter which is

substantially egual to the lattice parameter of the
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lattice parameter on the subjacent strained first layer 1 30 without that
layer 1 substantially influencing the upper layer's crystalline structure.
Regardless of the configuration selected for the donor substrate 10, said
substrate 10 has a crystalline structure which induces elastic stresses
and a low 35 density of plastic defects in the strained layer 1. 15 Since
Ge has a lattice parameter which is more than 4.2% greater than Si, the
material selected to_constitute .said strained. layer 1 is thus strained under.
e%%fbar]li i(j?s%a aller %%lalné\i/lv, étr?d?:scin%c):%m%)?gs%%%n it i§ Fe%%r%"fﬁlé:r? Wi Eh
“The firstairaingd-layer 1 is advantageously formed on the donor

substrate 10y epystaliinesgrowti steh asr epitaxy using thednown-ate 10
wiechniques . of LPD, CVD and MBE. Itjs preferable to deposit the layer 1

so that it_10 has a substantially constant thickness, so that it has .
substafitailEonS Rt intAnsic Properhds aRdior to° diitaefutirerming  a
bbonding withthe receivet sulsstrte 20 e(as Shavar intkigure8Bdes to be
pBrRYERt relayation of the strainedlayer 101 the 15 appearance ofinternal; .,
bglﬁa E%t pe dgfec}gsc, .|t6|§ pr%ferab e.to Igceep tk}g) thickness of this Ia%/er 1 h
BioW'd chbcHl Thickiess Tor efitd Sitain. ‘REGArdihg triticdl thickheds 9he*

tgames #ériayers of SiixGex, reference should be made in particular to

the 20rdocpumestentitied s High Mebilinngi and Ge,Structyres” by o)r S1sNy

jedri chaffler ("Semicanductor Science Technology' 12 (1997).
e o) or Sl e Wi P e gy £
Caft%or the'crticsl thickRéss forEidsticS 25 SFaftofthelinattial $&leetst: foF 1

Sthe strained layer 1 formed on the donor substrate 10.

[0

A S5i0; bonding layer is then advantageously produced
by depositing atomic species of S$5i0; or by thermal
oxidation of the surface to be bonded if the surface
therecf contains Si.

A ster of preparing the surfaces to be bonded 1is
advantageously carried out prior to bonding to render the
surfaces as smooth as possible and as clean as possible.

The bonding operaticn per se is carried out by
bringing the surfaces to be bonded into contact. The
bonds are preferably mclecular in nature, exploiting the
hydrophilic properties of the surfaces to be bonded. The
bonding surfaces may also be plasma treated.

The bonded assembly may be annealed to reinforce the
bonds, for example by modifying the nature of the bonds,
such as covalent bonds or other bonds.

Thus, annealing may accentuate the bonds, in
particular if a bonding layer has been formed prior to
bonding.

More details regarding bonding techniques may be
cbtained from the document entitled “Semiconductor Wafer
Bonding” (Science and Technelogy, Interscience
Technolegy) by Q.Y. Tong, U. Gosele, Wiley.
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Thus, a layer of Sii_xGex (x in the range 0.10 to 0.30) epitaxially grown
on relaxed Si has a typical thickness in the range about 200 A
[angstroms] to 2000 A, 30 preferably in the range 200 A to 500 A, in
particular by adapting the growth parameters. Once formed, the strained
layer 1 thus has a lattice parameter which is substantially close to that of
its growth substrate 10 and has a lattice parameter which is 35

substantially equal to the lattice parameter of the 16 _unstrained |ayer
Whicr]%lg %gg C})l étd) in%c%%ﬁfan%@wiﬁ'nn?ﬁe i?]\g/gnt‘?osns.’ T’—Tgulfr ser?é}v{}éj ed,
tBSndifig oF the @ericrststratel £0 1FIPHecreceiver substrate 20. 5 Before

bondimg.canseptional step of formingsa bienging layeronwatieass operaf the 1y
cupssurfaces lphe hondesimay e carged out said onding layeLbaving,
binding properties at ambient temperature or at higher temperatures. 10
W ﬁ@s_%ljgﬁa@ﬁﬁl@ forffiG BYayer 6i&iB2 oF SFN4 iay TRprovethe,  Tor
fhortding qdality, ibgarticular if the other surface to be bonded is formed

from SiQ2 greontaips SicASi02 banding,layer is then.advantagegush.q 1y

roduced 15 epositing atomic species of Si02 or by thermal
d%%a&%?&ﬁl ot tﬁbecysilr fcse%to%%%onagd (ia’fcﬂ?e suirfatés tﬁéﬁé%%&?ﬁt%in%%i.% @
zgtep of prep&any tieSsuFfages fo-belBonded isdadvantagdotskedarriedout oy
spe@ritpihondingtogrender the 20 surfaces as smooth as possible and as

cleangs.possible, The bonding gperation per se is carried out by bringin
the surfalces to be bonded into cmétontac%. Th%nlc)}ondssarg"\b%ferajb%(y Y %one

Stofdciiidrif natured 2Xpibitiy the hyBRsphifCprdbefies o the Serfadesv 119
wtebebenddédhTdie therein, said weak bonds being capable of

being ruptured when a suiltable amount of energy 1is
supplied, such as thermal and/or mechanical energy.

The zone of weakness may have Dbeen formed by
implanting atomic species into the donor substrate 10.

The implanted species may be hydrogen, helium, a
mixture of the two species or other, preferably light,
species.

Said implantation may be carried out before bonding,
before or after forming the strained lavyer 1.

The bonds in the zone of weakness are principally
weakened by the choice of the dose of implanted species.
In the «case of hydrogen implantation, the dose 1is
typically in the range 10 cm™® to 10Y em™, and more

2 to about

precisely in the range from about 2 x 190'% cm
7 x 10%® em™.

Detachment at said zone of weakness is then normally
carried out by supplying mechanical and/or thermal
energy.

For more details regarding this Smart Cut® method,
reference should be made to the document entitled
“Silicon-on-Insulator Technology: Materials to VLSI, 27
Edition” J.-P. Ccllinge, published by “Kluwer Academic

Publishers”, pp 50 and 51.
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25 bonding surfaces may also be plasma treated. The bonded assembly
may be annealed to reinforce the bonds, for example by modifying the
nature of the bonds, such as covalent bonds or other bonds. Thus,
annealing may accentuate the bonds, in 30 particular if a bonding layer
has been formed prior to bonding. More details regarding bonding
techniques may be obtained from the document entitled "Semiconductor

Wafer, Bonding", (Science and Technology, Interscience 35 Technology)
by Q.@%gﬁg, Lﬁ%%acpfén,eﬁ/%ey.aﬁ I;%egegrrina?gﬁigu? 3CBRGE S - the

ose
CRSSEMISlY isTsotRied .l tHe denbE sabstrate 10 rémoved. Thesstizitin the  is

Hirsblayer kis thus essentially rconservedduede bindingiforees(see, iBn ~he
Rartiedlar, 5 WO-A-04/006326, hereby incorporated by reference, for

further details). In one implementation, the material is removed by

detachingat tedd parfof e Honor stibstraté $0 82 26hé BFweaknggsion,
Cpreserit 1 the honot Substedte $68,1oia t10osupplyingrener@y. dhisZong, of used

aweakness{not;shown)is-a zgpe substantially paallel to the bonding 4 ;¢
surfac& havmg gveakeped bonds therein, said weak bonds being capable
iy b4} o) b ﬁN

{&F baing ruptirad whén a suitabie smout of réryis 15 subplied Sich ©f
resitherfiat an@/er isthanicad eAergyt The zone of weakness may have
been fofmeadday; dwplanting atomis 1spﬁ@ie$ammaqon%§m%ateeﬂa9yloys,
he jmplanted species m e hydrogen, helium, a mixture of the tw .
%pec%g §§otr%e§, p?e%rab%ﬁdht, a2‘0 %Sg(%g%.léfé?d ir%%?aﬁﬁjfgt?oin m%t%/cgle’ i
CEARED Dt BRfGE bohbfg isstorelShafsrTbanihg the YGamed layer 1.

Alternatively, a further technique for removing
material without detachment and without a zcone of
weakness may be carried out for the step of lifting off
the donor substrate 10.

It consists of carrying out chemical etching and/or
chemical~mechanical etching.

As an ecxample, it 1is pecssible to selectively etch
the material or materials of the donor substrate 10 to be
lifted off, using an “etch-back” type method.

That  technique consists of etching the donor
substrate 10 “from the back”, i.e. from the free face of
the donor substrate 10.

Wet etches employing etching solutions adapted to
the materials to be removed may be carried out.

Dry etching may also be employed to remove material,
such as plasma etches or by sputtering.

The etch or etches may be preceded or followed by
mechanical attack of the donor substrate 10, such as
grinding, polishing, mechanical etching or atomic species
sputtering.

The etch or etches may be accompanied by mechanical
attack, such as polishing, opticonally combined with the
action of mechanical abrasives in a CMP method.
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The bonds in the zone of weakness are principally weakened by the

choice of the dose of implanted species. 25 In the case of hydrogen
implantation, the dose is typically in the range 1016 CM -2 to 1017 cm2,

and more precisely in the range froml bout 2 x 1016 cm-2 to about 7 x

1016 cm 2. Detachment at said zone of weakness is then normally 30
carried out by supplying mechanical and/or thermal energy. For more

details regarding this art Cut(r) methad, reference, should he made to

the do%é:%imeﬁttl entittéd "Si |((::o%nr3(:5 HRsulator TebRRSISG) MALETAIS 16 VL ST o™
thifd 5 ERftion2ISPr Ebflind€, publishad® By 2Ridwer Avademié example in
tRublisherstnpp 50 andhi: 18pAfteridetachment asthe zene ofweaknesse a

.Qpti remaining ' ed te 10 is removed so as

ltqo}%faq'ia)%inl@{]o(?ljtlyr the%ggingg{%%%?%% th%e%%?gﬁ/%g ubéﬁateagg 5 I%Pﬁ% S|ng °%

LRCRRGEREE Suctad pofighing” BBRIion S TEMPIRRE, sadititldl dxRlatidlhy, 10
achemidahetching; luséd calore bpih cdmbimatian,vmay then be carried out

(reinfereement of;bonding interface; elimination of rqughness, Guringe i h
t?}efects{retcg..lo Ad\Izanta%eously(/i finishin%mgt ral remgval employs, at .
dAstat'the end. aJelettive chemical &teh’ it combiitation dF oﬁli}érw" Ry is
CRith haecHamioal afediss Altékredivelyeadurther technique for removing

materiat witheutdetachmeptand withouta-zene-af dhoveakness May he e,
i gartied gutfor thestep ptlifing off e danar substale L. 4 consigteof 4

ca%n out chemical etching-and/or chemlcalr}mec dnical etcﬁlng.ﬁs an
Saxample, itls pdsdibleto¥elctiivefetéh - ©- ¥ 18 greater than w).

Consequently, 1f the first layer 1 is in compression
(i.e. 1f x 1s greater than w}, the second layer 2 is
selected so that i1t is under tension {(i.e. y 1is smaller
than w}.

The choice of compositions, thicknesses and lattice
parameiers is determined in accordance with  that
explained above.

Alternatively, the second layer 2 may be epitaxially
grown on the first layer 1 before bonding, bonding then
being carried out at the surface of the layer 2, This
produces a structure 30 having, in succession, the
receiver substrate 20, the layer 2 then the layer 1 (in
contrast to Figure 3D},

Referring to Figure 3E, a diffusion heat treatment
in accordance with the invention is carried out, to form
a structure 30 having a final layer 3 of S$Si,..Ge.. Said
structure 1is a SiGeCI structure in the case in which the
recelver substrate 20 i1s an electrical insulator or a
sufficiently thick bonding layer is comprised between the
layer 3 of 5i:-;Ge,; and the receiver substrate 20.

Once the final structure 30 is obtained, finishing
treatments may be carried out, for example an anneal.

Electronic, optic and optronic components may then

be produced in the final layer 3.
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20 the material or materials of the donor substrate 10 to be lifted off,
using an "etch-back" type method. That technique consists of etching the
donor substrate 10 "from the back", i.e. from the free face of the donor
substrate 10. 25 Wet etches employing.etching solutions adapted to the
materials to be removed may be carried out. Dry etching may also be
employed to remove material, such as plasma etches or by sputtering.
The egheor&t:chgsl[gay beiggeggg(id or follgwed %g 30 m%chanica attack

of the donor substrate 1%? such as gri "a‘ﬁn""g, pO|ISS ir?gsf mechaniéal &téh ngmay
Sorsatomife speEfesedputieting ThelétcH b étehes inaybBergccémpanieticsy to
rheckanical, attacks suchr as pelishing,optionaliykeembinedwith the 351ayer
actien el meghaniglabragvesa aGliPdpettod 1, A OE Uy a1 ned sic
techniques for removing material from'the donor substrate 10 are .
Proposed By way 6FELMPIR inttHe presefit dofunferftepirdotRGt inaf  ©oF
W& Constitutesa Himitationy ¢hres invéntionrexdenrdingtoCallktypesiofttc form a

rtechnigyes that can.remaygthe donor substrate 10, in accordance with
the method of the in¥ention. Referring to Fi%re 3D, .epitaxy in accordance

with the TnveRtion of a seaond strahed fayer 2 'of Si VG is ‘Carreg it e
layaascribe@aBove. 20 Ifthe first fayee 1 idstrainddandetitension fice. dther
oxisesmaller thanaw) athe, seeondlayer 2risselected sathat itise alloys,

O&oneeregﬂg&(i.g ¥ é%;f%rfﬂ?{éh%% 1\1}\?.rg:g?ssequently, if the first layer 1 is

in compression (i‘e. If X is greater than w), the second layer 2 is 15
selectel so'that it i iRderiensitn (L& APisSsmAalletCihanad). Thechoicebher
ceompasitiens; thickaesses andilddtite such as doping elements or

carbon with a concentration of carbon in the layer under
consideration which 1is 50% or substantially lower or,

more particularly, with a concentration of 5% or less.
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parameters is determined in accordance with that explained above. 20
Alternatively, the second layer 2 may be epitaxially grown on the first
layer 1 before bonding, bonding then being carried out at the surface of
the layer 2. This produces a structur;za 30 having, in succession, the
receiver substrate 20, the layer 2 then'the layer 1 (in 25 contrast to Figure
3D). Referring to Figure 3E, a diffusion heat treatment in accordance with
the invention is carried out, to forr’g&%ﬁ%cture 30 having a final layer 3 of
Sil_,Gez. Said structure is a SiGeOTI structure in the case in which the 30
L reckivepshbstraté 204 Bhndecrichk instilatof of dasufficiehlly thiclstrained
cbppdingllayey imsemprised between-therlayered ot SikoSes @nddhe ics, or
o;%%‘i%\!&féélbé&%}tfi%oat%guesﬁheé@gkﬁ%@é‘é@ A4S optained, finighing .
_treatments may be carried out, for example an anneal. 35 Electronic, optic
1 Sind UpEroRteCofiponerit€thayfthes tHeifiodteed friRedinal tjer 3. 26 1 rst
cOretalmore epitayiakgrowthsteps of ary &idimay also be catrrestioutonier

- dhgfingl strugture. 30 (refer to, Fgure,IC, 2B.01,36). sueh as.epitaxdal oo -ong
growth f.a layer. of SiGe or SiGeC, or epitaxy of a layer of strained SIC 5
oy 8 T stiCosshidY

tieCesseY EfitaxtEs S alterniting SIS 6F BiGEC I&yde Hhg?  in

Clayers of sPainedSiCrePias fams aymultidgered stradteme ., Thehmesentond

Linnentiondis ot limited-tonsirained tayers dianek2 of Sjor SiGe, butialso the

n2E0es togiber, 0 ypes of materjals, such.as Iy orll-v bype alloys,
or to other cr?srtaﬁme materials-in the crysta mejfayers disclissed here,

1 JYfErScofistituePtsmay e sHefetie 568 &S dopiigrélemeritBor Eafipctive

covithos caneendration ofdasbonwcthellayertmdereduces progressively

until they are substantially the same, the two layers
then forming Jjust a single final layer of crystalline
material having, in aggregate, a uniform composition, and
in that the respective compositions, thicknesses, and
degrees of strain of the two layers are initially
selected so that, after diffusion, the material then
constituting the final layer nc longer, 1in aggregate,

exhibits elastic strain.

2. A method of forming a layer o©f elastically unstrained
crystalline material according to the preceding claim in
which the lattice parameters of the first and second
strained layers are respectively egual to the nominal
lattice parameter of the material constituting the final

layer.

3. A method of forming a layer of elastically unstrained
crystalline material according to any preceding claim, in
which the second layer is a layer which is epitaxially

grown on the first layver.

4. A method cof forming a layer of elastically unstrained

crystalline material according to any preceding claim, in
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15 consideration which is 50% or substantially lower or, more particularly,
with a concentration of 5% or less. 21 CLAIMS 1. A method of forming a
layer of elastically unstrained crystalline material intended for electronics,
optics, or optronics applications, chayacterized in that the method 5 is
implemented from a structure compriSing a first crystalline layer which is
elastically strained under tension (or respectively in compression) and a
second _crystalline layer which is elastically strained in_ compression (or
w%ggectﬁ%e%/ uar%]&é:rst%ns?onn ,tﬁeegé)&)%d i’é?/gﬁ be%agvgdja%gnt oeﬁﬁsé(tfirs e
elapenin that thee ifetied RERpHEEs a ey otidiffgsion betweameie two
layers so that the differences between the respective compositions of the

5 Iw layees reguges prograssively i‘QéUetg%%reesi%’?%”é‘Q# the same. the. 4
two layers 15 then forming just a single final layer of crystalline material
CIRARIRYL i BGgreg At ahniRAnTCoMBEsition, &hE iR HREIRE féspetiive, 1n
witonipositiens; ilisknéssesyands dégreesadf straim of the g, Jayersareecond

mré)@@_“yi selestetkso thatrafter, diffusiognthe.materal then 20, constituting, - 4
the final layer no longer,.in aggregate, exhibits elastic strain. 2, A method
i Morig s Fiyer’ot SRicAll GRATSOT Tt fatdfia SiokAige 0
(eonrpreeddingtctaimlin 25 evhich redattice pararssters ofthb firstranch 11y
dﬁggg@@ﬁﬂaiﬂggyﬁaxgrsaafﬁg respectively equal to the nominal lattice

= i Sloyer 81 SEAKA nSiralied crystaling materil acoording o

any ﬁ?g@ea’iﬁéf}ﬁaiﬁﬂ% SRHiEK 5 Secondiageris a3y PNREh is

epitaxinlly bgronn eméhe firstlayets of the second layer;
and the respective lattice parameters of the £first and
second strained layers are respectively egual to the

nominal lattice parameter of 5i:_,Ge..

6. A method of forming a laver of elastically unstrained
crystalline material accbrding to any preceding claim, in
which said structure further comprises a laver of
amorphous material located beneath ‘the two crystalline

layers.

7. A method of forming a layer of elastically unstrained
crystalline material according to the preceding claim, in
which the layer of amorphous material is electrically

insulating.

8. A method of forming a layer of elastically unstrained
crystalline material according to the preceding claim, in
which the layer of amorphous material comprises at least

cne of the following materials: Si0;, Si3Ng, S1,0.N;.

9. A method of forming a layer of elastically unstrained
crystalline material according to any preceding claim, in

which the diffusion is carried out by heat treatment.
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35 4. A method of forming a layer of elastically unstrained crystalline

material according to any preceding claim, in 22 which the first and

second layers have at least one element in their respective compositions

in common. 5. A method of forming g_layer of elastically unstrained 5

crystalline material according to the%r ceding claim, in which the first

layer is formed from Sil_,Gex, the second layer is formed from Sii_YGey

and the final layer is formed from Sil_,Gez, x and y respectively being in

the range 0 (comprised) to 1 (comprised), x being substantially 10
ldifferaént fremhpand: £ = prdducythl)/(@h1 sithcthhbeingtheghickness an
e Ok Hheifirst layer;  te-heing the thickness of the-seconddayer; apdthe y  ¢or

ei%s&ercg\r/ﬁ (I:asttice parameters of theo f_jrst angl 5 second strainp;éla ers.
are respectively equal fo the’ nominal latticeparametér of Sit* o
ChTSIRGE BF forRiing & 14yt fof ElastieBRrdristrindt: chystalfie neatefiaips :

according to any preceding claim, in 20 which said structure further

ises f amor aterial lo eneath the two e
c%r?ygs‘% Ij?neg%;\?g?sﬁ%. ?Agnmg?%\%g%ﬁpéﬁn;% Laaclg%?gl%f ell'ags&ieciglly %%str%linéc]i ret
CEErFStating maRYiaFackSitiy to'the (Sreesdinglaim, if WWsieRte layeder
t ehamonphdus matespbis elewtfigallyi insulating <8 A method of forrhiag a the

sdayeh of @!@%&_ﬁ@")ﬁ,gn%@m 30crystalline materiak accardipg-tathe (-
receding claim, in which the layer of amorphous material comprises at

= (Rt orie Stk FNGHing TRAEARS. S0, SN4, STROYNZEGA mefist 5

thaforrhliy &layekobeRstdally vnsttsinetB5larystalline netépaled to be

oaccerlingde any pregeding elaina ianwhich-thediffusian is cauied-Qutie n e
tH?%&g%%%pagbrresponding to a thickness for which the
assembly of elements composing the second layer and the
assembly of elements composing the first layer, once
combined together, can form a uniform layer which, in

aggregate, is unstrained;

diffusing elements between the two layers soc that the
differences between the respective compositions of the
two layers 1is- progressively reduced until they are
substantially the same, the two layers then forming just
a single final layer of a crystalline material having a
composition which, in aggregate, is unifecrm and
elastically unstrained, producing at least part of said

structure.

11. A method of producing a structure according te the
preceding claim, in which the lattice parameter of the
first layer is selected sc as to be substantially equal
to the nominal lattice parameter of +the matserial

composing the final laver.

12. A method of producing a structure according to either

one of the twe preceding claims, in which crystalline
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23 10. A method of producing a structure comprising an elastically
unstrained crystalline layer intended for electronics, optics, or optronics
applications, 5 characterized in that it comprises the following steps:
crystal growing a second crystalline ?Xer on a first crystalline layer which
is elastically strained under tension (or respectively in compression), SO
that the 10 second layer is elastically strained in compression (or

respectively under tension) by the first layer, and so that the thickness _of
% 5o I6yET Ts SEIERETTo B of T rUBFof deferbncdHiadmeds, the

sgoraferehegethickhess é@Fesponding torthickmess fortwhick thectd tical
+ B5samblysof elemeptmeomposingthe second dayer and therassembly gbuid

elljement ‘composiréqlthe first layer, once combined together, can form a
substantia Va/rh ax. . . . . .
uniform layer which, in "aggregate, is unstrained; 20 diffusing elements
between the two layers so that the differences between the respective
1 gomposttigriscef thef twerlayersiia gprogressivelytredacesamtit theycare o any

osubstantially.the game, the twa lavers then farming just; asingle final layer

of a crystalline material having a 25 composition which, in aggregate, Is

f ‘ |
PERFGIM drtS el SSHERIT UNPEinedT Producifd Pleast pRA Gt Saidhe first
latracturs, Ui, A methed o progubimgresteuctweiatcording-tothe 8Giich is

£ precedingrelaina dn which the lattice parameter-of the firstlayernis ang a1so

< gelfic_‘tf%dcsci as fp ggggp§ta tially equal to the nominal lattice parameter
of the" materiar composing the'final layer. 35 12. A method of producing a

structure according to either one of the two preceding claims, in which
1 grystalline 24ogrowth i alsoucarrigd eut se thaithe shickness@ithe to the

preceding claim, in which bonding is carried ocut viz a
bonding layer formed on one and/or the other of the faces

to be bonded.

15. 2 method of preducing & structure according to the
preceding claim, in which the bonding lavyer comprises at

least cne of the following two materials: $i0,, SisNs.

16. A method of producing a structure according to any
one of the two preceding claims, in which bonding is
molecular and 1is then reinforced by a suitable heat

treatment.

17. A method of producing & structure according to any
one o©of the three preceding claimg, in which the first
layer is comprised in a wafer at the time of bonding, and
the method further comprises, between the bonding and
crystalline growth steps, lifting <ff the portion of the

wafer which does not comprise the first layer.

18. A method of producing a structure according to the
preceding claim, in which the portion of the wafer which

does not comprise the first layer is lifted off by means
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second layer is less than or equal to a critical thickness beyond which
elastic strains would substantially relax. 5 13. A method of producing a
structure according to any one of the three preceding claims, further
comprising, before the crystalline g %gvth step, bonding the first layer with
a receiver substrate, said structure Wwhich is 10 finally formed thus
comprising said final layer and also sald receiver substrate. 14. A method
f prod cm a structure acc ecedln claim, in which
oﬁ‘&mg;i RCarred dut Vi a g@?foﬁﬁ PBABHESndAT theing
Chother=f the fdces t@%bo@m@mwm metiiodngf produchag astructuesical
«26€0FdNg to the preceding claim, in which the bonding layer comprises at
20 least one of the following two materials: Si02, Si3N4. 16. A method of
producing a structure according to any one of the two preceding claims,
L 9n whidRESGIRINGS MBREURE 2Rd3s theRYEiRRTEeR By atditbletfeat 1aim
1725 treatmend 17 obmethed a§produecingra structure-aecarding t@n@lswa@ﬁeng
a@cﬁx&ﬁ%t@%@@{%%edﬂ}gcgam% In which the fist layer is,comprised g, . ¢

wafer at the time of bonding, and 30 the method further comprises,

WHEMEER tie o dinGRNY Efﬂ}%féﬂlné Yrowth Stest ﬁﬂ‘lh&]%ﬁ?ﬁé‘%brtf%ﬂ ofhe
thhekwafes whith toes hotredmprisesthe fiestdayén 18hAghethogpofrtion is

1zpr€ldCi6&§ SRHICHIES @%@ torfhe 35 preseding olaim, dn whichihesse
kon of the wafe w does,C not, comgrlse the fl]r(st layer is I|fted off b}/
whHic #éé eby

means25 ot a??eas? one of the I%ﬁow%g"te%hnlques grin
desersttive TMFR ERenfiédlEichingy Sslectivetheriical éﬁéﬁ@ﬁ@der of the

Py

warer.

20. A method of preoducing a structure according to any
one of claims 17 to 18, <further comprising, between
lifting off part of the wafer and crystalline growth, a
step of finishing the surface of the first layer to
prepare its surface for crystalline growth of the second

layer.

21. A method of preoducing a structure according to any
one of claims 10 to 20, in which the first layer is
fermed from Si,.:Gey,, the second layer is formed from

5i,.yGey and the final layer is formed from 5i,_,Ge,, and

£
+
[

(B

y respectively being in the range 0 ({(comprised) o
(comprised), x being substantially different from y, and:
Zz = {(x*th; + vyv*thy)/(thy + th;y)

th,; being the thickness of the first layer:

thy; being the thickness of the second layer:
and in which the lattice parameter of the first strained
layer 1s substantially egual fto the nominal lattice

parameter of S5i:-.Ge..

22. A method of producing a structure according to any

one of claims 10 to 21, in which the first layer is



5 19. A method of producing a structure according to claim 17, further
comprising, prior to bonding, implanting atomic species into the wafer to
create therein a zone of weakness at a depth which is substantially equal
to the thickness of the first layer; anc%ig which a portion is 10 lifted off by
subjecting the zone of weakness to stresses which are capable of
rupturing the weak bonds and thereby detaching said first layer from the

fremalgdeg of the wafer. 1 A method of producing a structure
acErding 16 Any” ohaidteh éL 1710 Qlﬁjrtﬁgfr@o‘?ﬁgﬁﬁngl%eﬁveéﬁr ained

s liftihg O part dfthe \pafer andiopystalfive §rs@A) a step of finishing the
surface of the first layer to prepare its surface for crystalline growth of the
second 20 layer. 21. A method of producing a structure according to any
one of claims 10 to 20, in which the first layer is formed from Sil_,Ge,;,
the second laver is formed from 25 Si, yGey and the final layer is formed
from Sii_zGez, x and y respectively being in the range 0 (comprised) to _
(comprised), x being substantially different from y, and: z = (x*th, +
y*th2)/(th, + th2) th, being the thickness of the first layer; 30 th2 being the
thickness of the second layer; and in which the lattice parameter of the
first strained layer is substantially equal to the nominal lattice parameter
of Sil_zGez. 35 22. A method of producing a structure according to any
one of claims 1_0 to 21, in which the first layer is 26 formed from strained
Si and is comprised in a strained silicon-on-insulator substrate (sSOI).



