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Hybrid fully SO -tvpe nultilayer structure The
i nvention concerns a SO -type nultilayer structure. A

wEaostiy3ael mul til ayer structure is a structure PCT/IB2005/001136

conprising a support |layer, at |east one working | ayer
and an electrically insulating |ayer between the
wor ki ng 1 ayer(s) and the support4layer. Mre
specifically, the invention concerns a SO -type

mul tilayer struc . by I ing
| ayers having di- Slelly Tl er 'énsg
The invention al so concerns a process for ‘

manuf acturing this structure. An advant ageous

‘appl i chHing investion gencensua Bldype mulidayersstyictdicd

S, S AL AALIE AR s asvon

exanpl OT TTANCE Mmay Cconsi

boagér, i [ehst @n%fW@brl@ﬁgtlbﬁeﬁ%aﬁr@lebthEalBME@utatmgSIayérObetween
devices for a power consunption. This indeed

al theworiing lﬁyﬁds)/éﬂ?t%ﬁﬁpw @YeEuits, such as nillion

te |
G215 € R 00 A BRGSOV el s
ki estapasingi ratuileasiar vous wakkinig kriayersashavifig  diffesentt scrystalline

(Low Vol tage Low Power). Several approaches have been
profjRy¥aton, order to make such circuits. A first

appr oaghl GaRskishSiIdd'c §3! prBeddor btufihg &hiSfstructure.
as Elel y

the transistor devices I'S ‘approac een
used fAn advqnt;ageoss aapblhaﬂonieofomxchas’edctur@ is the design and

CrBROM AR 0f B0b R Bl LS B  path
T(r)llclr g‘gﬂg?%g S?éﬁ'l 's'ﬂlefth nomgggﬁmﬁggné@%ﬁwc@ﬁéi@l"?n”ﬁoosﬁng the
speed of the NMOS and the PMOS transistor devices for a given power
consumption. ‘ .
This indeed allows building very complex circuits, such as million gate
logic ones, whose performance in term of speed are very high without
consuming too much power. _
These kinds of circuits are usually known as LVLP circuits (Low Voltage
~ Low Power). ,
Several approaches have been prdposed in order to make such circuits.
A first approach consists in downsééling the channel size of the
transistor devices.
This approach has been wideiy used for many years and has
demonstratéd its effectiveness.
Until now, the channel length of tf‘ne _transistor devices has beeh
scalable on a path following Moores law.
However said length becoming increasingly small, it now becomes
increasingly difficult to keep the pace of this law. |
Indeed, today the industry encounters many difficulties notably because

it is approaching the fundamental physical limits of CMOS scaling.
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increasingly difficult to keep the pace of this |aw.
I ndeed, today the industry encounters many

wa@lpdobitedbt i es notably because it i s approachi nRCT/IB2005/001136

fundanmental physical Iimts of CMOS scaling. Moreover,
t he apparatuses needed for. the transistor fabrication
process nust push away the limtg of accuracy.
Consequently, even if this approach renains

s oMatoyerty dhital fes tiedt ey BF RO ERNERE RETERR process
I nvRsst bosh etvayAhetiinsits sfeddcukasywn appr oach. uses

strai ned sem conductor, substrates. |ndeed strained, )
si | i colronseawNtbyievendf Bis apprash remaing ailiragiiye; ithe potential of

V\h. . . t 0,

t oPEHolFaR: RhSRVBRIMS FRe TG oL SRPARERE artipdchEs have
t hbeenpprestighted. parti cul ar attention nust be brought

to the electron to hole nobjlity ratio, |ndeed, when

pr oces&nathes Wl wa pPpeRch usss sE@ingd kergioesdpgios spbstrates.

maki ng ' i & Surdi 0.0 e e -
{hr ec irigeed, St SiicoR) fechldbics prByiee Hglofon mobilty
t i mhich tramslatémintoha perforinahge cdnheineetamt sof 2004 taBORg for the

th that .a NMJS transi stor device is usually three
ti E@ggéggws’@hgﬁwg&pm transistor device. Crcuit

desi 9NpLHeREE HIRR & raéa@afﬁagﬂ%lgf ?ft'tér;zti&f\ nﬁnfkﬁ B S@gm fo the

of three. They conpensate t I mbal ance b
i neleetrenrig holeemeidilidy ratemsi stor width to length ratio

when ¢ i ni ng NMOS and.PMOS fransjstors. .
ConseqlEiReLy WH PRORFSRing FoRGeR Cenroa-Stiaiaed bl supstrate for
t hamiddiecrias irelits, hBisHMES id inahaitHerF ofdBYe& 8%hibA means that the
i ncreased. Such conpensation corresponds to

| i holestmohility is theeentimhesitayeerahanother miobility of @lectrons, indicating

P58 P BB BSAEET 100 e b st than <
WhPEID SfitR1RigisiNddVigesS t he speed to power '

Circuit designers are used to manage such ratio of the order of three.

They compensate this mobility imbalance by ‘increasing the PMOS
frahsistbr width to length ratio when combining NMOS and PMOS transistors.

Consequently, for a fixed length value, the width and then the sizes of
the PMOS transistor devices is increased.

~ Such compensation corresponds to limitations in term of area and
overall circuit performance. .

For example, increasing the width to length ratio increases the
capacitances of the dyevice which often penalizes the speed to power
consumption ratio of the circuit (this is indeed the case when one electrical
node connected to the PMOS device has critical effects on the transfer
function of the circuit).

And in the case of strained silicon, the increase of electron mobility

further increases the above mentioned ratio.
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consunption ratio of the circuit (this is indeed the
case when one electrical node connected to the PMOS

waleopoaes4sbns critical effects on the transfer fRECIB2005/001136

of the circuit). And.-in the case of strained silicon,
the increase of electron nobility further increases

t he above nentioned ratio. Therefgre, despite the
advant ages associ ated to enhancing -by 20%to 30%t he

Sscoci Shele: Hepid e iFnRioes ek igth Bfehdinepy 20% to

anQO%StrféX@l@éﬁdn tn@obll‘t? QIPQM@dfﬁIIHant@@Hnblbgyﬁ@taB%kSated o a high
Anot her known sol ution consists of realizi ng PMOS and
e

NMVEgctroant dwde rebilibesalip tand ds pdiased rtkengbo s angntioned
ha%ﬁg.({)ﬁipectivel ya(11,0) and a ( 1,0,0)

e orientation. It is indeed well-known that

PMOS t pnabBfHest RhoWAVisoRgiodX obkistdedft eealpsd OPME(DSG ahd NMOS
a( 1, 1,0) crystal because thelr carriers. nobil

(t HenﬁétOésiemp@ﬁw&fwesp@CEmwléag a&seraﬂﬂaymfﬁseecwely a(1,1,0)
su r bilit b db
26l BB Blvetdiit SRR, 'Y one obtained in &

(1,0, O} ier relcal. wElikneior ¢hatc PMOBi ingngistoy . dévicasOlexhibit better
structure) a first (Ql 0, O sem conduct or wor ki n %;
I a9@Ff0W@rI‘PQa'%@ch)a ) qrygta daecgyﬁectbﬁmqraerwqa 'Hﬁ (the holes

lngﬁﬁbi"t@ %;ég%%ﬁﬁg?cwos t echnol ogy al | ows i nproving the

he NMOS and the PMOS transi stor

~devi ceAs ahoexamsler igsuah a sqtsllnlatmmed; muatiility ean behinareased by

surface ter based n two wor Ki.n a
" o8 gadior bbp.p wh o aeszpeft Roths o abeinemn g (1810 Eny&ielon
ha e hi
eit ytg Q'%?ﬂ' cturé fzéf \rlérgédr)litl %ﬁpﬁg"éﬁ & frst (1,0.0)
seeemmmam!cmmr \mrtking dagwrr with wec sacarsd Wi fkD)asemizasducion workmg

neleber D L&A TR Bobhp oy ALlok RSO GG S A3ty of both the
LGS A 48 PR R e arml  of Lhe |

To this regard, such a SOl structure with a surface pattern based on
two working layers, made respectively of a (1,0,0) and a (1,1,0) silicon has
yet been proposed [1,2].

~ We will refer in this text to a “hybrid” structure for mentioning
semiconductor multilayer structures with at least two working layers, made of
respective semiconductor materials having different crystalline orientations.

Figures 1a to-1d illustrates an example of the manufacturing of such a
hybrid structure which has been proposed. »

The process begins on an intermediate .struc'ture S1 comprising a
semiconductor working layer 10 placed on top of an insulator layer 11, the
insulator layer covering a support semiconductor layer 20.

The layers 10 and 20 are typically made of silicon.

This intermediate structure is thus of the SOI type.
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hybrid structure which has been proposed. The process
begins on an internediate structure S 1 conprising a

wa@eovbaenguct or wor ki ng | ayer 10 pl aced on top BET/EBR005/001136

i nsul ator layer 11, the insulator |ayer covering a
support sem conductor |ayer 20. The |ayers 10 and 20
are typically nade of silicon. This internediate

‘structure is thus of the SO type. The working |ayer 10

and thg,s W@r‘ﬁfr}golra@égg r%%%g?atr\ﬁeﬁﬁv@% ﬁéye]rcid’ ﬂa% %lg%renf crystal

ori ent thﬂS ayer

hayrgeritafiods.OFO) erayplaaltherwerkirad iayer thdanhhieae lap(drm 0) crystal
| ayer 20 can have a ( 1,1 ,0) crystal orientatio
Fi @w&an@n,fqnd thersynponidiayak 22 capdaverial Oém@f@i&rﬁn@ﬁlon

Of ' ayﬁ@ﬁr&%?ﬂﬂ@éﬁﬂuéﬁt@é B 1 oéfrﬂf)l?é\"cﬁ %‘Béﬂtbﬁfdf @%@% and 11,

to the ¢orres orfron

frlaeond@aqe El@ve Asdirécttuactomsew the togas;aorid]n@rpbrﬂm of Hayer 20,
q]ace 13 thus created above | ayer 20 can be first
a fraq $Rasewl3-h a vertical insulator 12, and

t he” tl\‘? nh%ﬂ’t%'}t]éli Wf@rﬁi\é&?@%' fhd g%b%@ Yi’btig” e &é&éd above

mat eri a l'ayer
eplayap(QelcaregedlmﬂﬂpMaﬂyambed tWItl’age\rerﬂml |ﬁih|elatm'y1:2 arfd then the -

mat eri.al t us create he s or er for
eraaing Mo SPRcS 14 By Wi the e regteral & the Srateral of layer
adsp td, gosi{) J&b% Wﬂoﬁ §um§<5>ﬂtﬁéyéqiz for om wor k| ng

Iayer e ve t| cal insulator 12. A hybri.d
rrul ti I'Ely@rlayerr ot materisg 11h$lSt treatart abowe thetsuppeot layer forms an

cr i Wi el 2T o i et 113 il SvoFRipgaver is
t rl§8%‘t§d %nﬁﬁ%ﬂ&ﬁ@" [y 1b%yjﬂh(e3i‘érhdal’iﬁ§ﬂlé’e6?@|2' n the

king |ayer Correspondi ngly, PMOS transi stor
deV| cel fwbndbeuwlayecstrycwm S isithus cecated Kyithgtwaagtidierent working

LB g RS BhedSoc Lo
W T b Bueh ta hybMerdtrutsurdeaNeioR) tedhaisto gelicet h@nS@b directly
type (since an insulati ng fayer lies between | ayer
angaliged in the working layer 1
Correspondingly, PMOS ftransistor devices can be directly built in the
working layer 21. |
. However, such a hybrid substrate is associated with at least a major
limitation: if the NMOS devices which will be built in working layer 10 shall be
of the SOI type (since an insulating layer lies between layer 10 and the
support 20), this shall not be the case concerning the PMOS devices made
on layer 21. , .
Indeed, the layer 21 is directly in contact with the support layer 20, from
which it is therefore not isolated. And the PMOS fransistor devices that will
be built in this working layer shall therefore be “bulk type” transistors.
Thus, such a structure is only capable to provide SOl NMOS transistor
devices having a crystalline orientation (1,0,0) and bulk type' PMOS transistor

devices whose crystal orientation is (1,1,0).



10

15

20

25

30

support 20), this shall not be the case concerning the
PMOS devi ces made on layer 2 1. Indeed, the layer 2 1

WO gooditemet |y in contact with the support | ayerPQDIB20o50001136

which it is therefore not isolated. And the PMOS
transi stor devices that will be built in this working
| ayer shall therefore be "bulk tgpe" transistors.
Thus, such a structure is only capable to provide SO

NMOS t i ' Vi [
S TR0 94yt 106 S ey g, yeroomo o
degbeesmendioped figdtadibnor i ent ati on i 3 (1,1 aO) . ;rhe

i nvent i h been ceived in order tao )
bver conB SHECEBEIRS ARYRTIBRCE Ius (o Provide 4 coprlele SOI hybrid.

t hﬁtrdldwl%r,‘ti.iei@ ngéblb"b@rgg’igp{go%tﬂ?a # ,8%@@ ?%l &!:%‘i%riétgr and a

structure, i.e. capa provi din

NMist . 8pPM@8rSOktransiaiot. a ( 1,1 ,0) PMOS SO

transi gtor,. A furth aobject af .the inventi is to

conbi rfs TetpetRiEcheihe intattionds tasomaing fii il aegfomence of an
t hEOUsabstFatBWMH ﬁhe%é(ébfiwbrlbec@yaﬂm@éﬂiémaﬁéﬁ UrlietuRss.

And nore generally, an object 0f the Invention Is to

obt ai ARd merei generellytaniobject ofiéhe inyeatiohdado obtain a multilayer

' I : ding. to t di fferent, ,
v el O, 58 BRI s A8 SRng oo diferen
el @gttallive! bhlentadbAs eFaitlr REHIME 128 Bdind 28Etriehlly ‘dlated from
structure. To that effect, the i'nvention proposes,

aclBersyipRgritlayer efithetstrachses, a SO type mul til ayer

t t AN . | ayer t ] east .two
= L o R BB Bl 5 ot s
ortypetratltin@r strudtuney|odimprsind resuspdreNadrd 8\Meastawo working

l-east a gqrti on of said support |ayer, characterized

i laygrgthaving ditferenhcrysigliing eriestationss anviesulating waysreextending

SUBIACE: M GNBRCE Sl Sl Bl OuFLERIERA! Rt i

adpsuttng fayen extedds dygpehawhold syaces bf sgitiWupport layer, so as to
acc)q?rdi Bgtto the invention are the followng: - sald

at® WRSTWBRIKiSYpPrEyaYS andesaid Mearkingdawers.
Preferred aspects of such SOI-type muiltilayer structure according to the
invention are the following:

said at least two working layers are superimposed;

the SOI-type multilayer structure comprises only two working layers;

the working layers are made of silicon;

a working layer is made of a (1,0,0) crystal and another working layer
is made of a (1,1,0) crystal,

‘ - said working layer made of a (1,0,0) crystal is adapted for the

~manufacturing of NMOS type transistors and said working layer made of a
(1,1,0) crystal is adapted for the manufacturing of PMOS type transistors;

- the SOI-type multilayer structure comprises a plurality of different

stacking areas, the layer composition of each stacking area being of one of
the following types: '
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- the SO-type nmultilayer structure conprises only two
wor ki ng | ayers; - the working | ayers are nade of

W@ R0I0baaI91 - a working layer is nmade of a ( 1 ,BCD)B2005/001136

crystal- and anot her working layer is nmade of a (1,1

.,0) crystal; - said working |ayer made of a ( 1 ,0,0)

crystal is adapted for the manuf@gcturing of NMOS type
transi stors and said working |layer made of a ( 1,1 ,0)

UL 2 SRRl 3R B L er —

conpri ses a plwoking layef edpbding étstiop sarfacarg ar eas, the
|.ayer conposition of each stacking area being of one

of “the fol | Bwi FRFNGpEIMPPEEPNCYRBOSHPPERH Byple Waplséat laver —
layer - insul ajgf m}ofr‘bliﬁg %13&# Lséeé’&f&%g(ihagg{p/%ﬁiég{?ééiﬁa its top

its top surface, secon nposition type
| ayer - insul edwfadeayer - first working | ayer - second

wor Ki | ayer exposing.its top surface, sq that within
cath it yiihin ek oh goid Slackiine 2spas e Of (810 gt and 'second.

' .ts top surface; - the ,
¢ BNy ey eobauchs P OSce

Irst working layer in said first
conpost t therthickpess$ of eqithfirst svarkingddgerdint daid Kinstscorspadition type

s cscarivel BB nddeh gFiERsss (R ae st 24D S3id feBeporking layers
s ainds 5l I 46cbRbCdripSYon typd B8 tHEF JtHenﬂ)g dé%(ﬁéc?e t% éséid structure is

stacking area are electrically 1solat rom ;
woe¥enig | ayers of the stacking areas placed around; -

ench | ChuRing B8 oL s AR R Aefialy Blfated rom the
ORI Byatd bNBie stadking @R64s pRReWRkiRY | ayer is a

strai ned sem conductor; "- this working layer is )
t ensi | e this elenisicakisplatiostis peretmed byrShalievt Tranah Isolation;

el ect ri-cgtlle.é&so%e%SFkiJ@ Ya¥er id %%ng%r\)ll\gt%ﬁinte\;m wor ki ng
- at least one working layer is a strained semicohductor;
- this working layer is tensile or compressive strained;
- an additional electrical insulatorA layer lies between two working
layers, so that said working layers are electrically isolated from each other;

- said insulating Iayer(s) is(are) made of oxide;

According to a second aspect, the invention provides a process for
manufacturing a SOl-type multilayer structure according to the invention, said
process using a layer transfer technique, characterized in that said. process .
comprises the following steps:

»  forming an inie‘%mediate structure including said support layer, a first

working layer, and said insulating layer,

» forming on top of said intermediate structure a second working layer

having a crystalline orientation which is different from the crystallihe
orientation of said first working layer. -

Preferred aspects of this manufacturing process are the following:



10

- 15

20

25

| ayers, so that said working |layers are electrically
i solated fromeach other; - said insulating |ayer(s)

wo soaneonade of oxide; According to a second BSPERY5/001136

the invention provides a process for manufacturing a
SO -type nultilayer structure according to the

i nvention, said process using a lrayer transfer
techni que, characterized in that said process

: . : : . N
ot or medngBgef (el BoRieREs the B Sfbos; | o 4
first wor ki nfprinieean inttrmediate istreigtuatibyy | ayer,

formng on top of said ihterm.adi ate structure a second
wor ki ng | ayer havinfglaling i3xar abovedhe sUBROEFNEE: whi ch
is different fro LERe Of ' I
first working a)r/ﬂgjird?ggﬁg gé%éé é@geﬁﬁsggg? F(%egglé@gtraié iff order to

][ran u; act urformg g emdsistienentt fond olhichwdefines Withip saidefist source
urther conprjses the follow ng steps: formng.an - C
| nt er medi SUPSTAIEL @t (e FPTESPPRYMGAT 7y Ity WPy Javer of said
the suppord.faygr. © inplanting species in a first

source substrate’in order to forman enbrittlenent

zone whi ch defd nesondingpi said afinst f sowte ssubyrstmts ubs saigt énsulating
a layer corresponding to a first working |ayer of said
struct ure,@Fpondi ng said first source substrate to

sai d insulating |&)@ng SaidiPlirst sbOeSshtfdts St stRYERfbrittlement
substrate at said enbrittl ement zone forned in said

first sourzomedobued in saiddist sirce Isebpivats, sn thét thegortion of the

first substrat ource which. remai ns bonded.tg the .

sl at | ngrPCHBSTRLE SHuea WaichiTPEIATe BRNAGE (4 fhut Mapiating layer
the inter Mot tbFSWSRIng lE9EFbIthedRtdrRfediite Shiuture,
internmedi ate structure a second working |ayer, by: o

i npl anti ng siesmingson o of seishintemoedistes slvgeitea 8 sasond working
order layer, by:

o implanting species in a second source substrate in order
to form an embrittlement zone which defines within said second
source substrate a layer corresponding to a seéond working layer
of said structure,

o bonding said second source substrate to said first
working layer, | ‘

o splitting said second source substrate at said
embrittlement zone formed in said second source substrate, so
that the portion of the second substrate source which remains
bonded to the first working layer becomes a second working layer
of the SOI-type multilayer structure. .

- the process further comprises a step of treaﬁng the surface of said
intermediate structure before forming on top of said intermediate structure a

second working layer;
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to forman enbrittlenment zone which defines within
sai d second source substrate a | ayer corresponding to

wa@:2@eaazoh wor ki ng | ayer of said structure, o bpPemiB2g05/001136

sai d second source substrate to said first working

| ayer, o splitting said second source substrate at
said enbrittlement zone forned ig said second source
substrate, so that the portion of the second substrate

source ich I e 0 . g [ I ro .
pocomes HeOrsRRC TR ET s ey RSPt beshed portons
nubf idafy esecdhdu _Wdﬂkiﬂﬁ layehesoriveeshel 8011gHe CRNRIlAVESS structure
a step of treating the surface of said internedi ate

st EQRPIBes bue tYres oflayeigstackingp of said internediate

Sonpr 1 sef. JuPCSBREERD BT et T BR8P Tk R worlang

sai d secondaysH king | ayer, so that the SO -type
mul tilayer structure conprises two types of |ayer _
st acki nge secppd stegkitgndypey psupparpdayer l-ayiesulator layer — first

i nsul ator |l ayer - first rking.l ayer second ,
st acki ng t)}%% '@Jﬁiﬁ%rr't' S?aﬁ@ﬁwf’ﬂﬂ?}%fﬁy or.layer - first
wor ki ng | ayer - second working layer. - the process

further genprdcees farhectompriées BeRetioé foeRingesk desired trenches
trenches whi ch expose said insulating | ayer to the

ouwBichepxRaserivait insulatingdapeidiodbs aulpn eraviranEmpiti ses
filling gal grotcﬁggqnﬁﬁeli\%é@pggese Ififﬁﬁpréa‘?&'tréd%ﬁ%(%g&@t?p;)?lectrical

t he working layérs o ruc e are Se

| ajpeutstor the working |ayers are nono-crystalline

| ayers; - one of said working layers is nade of a (
1,0,0) 'CVVSW@'IK'%@YS%@W(’ §8'U§tzh‘ir‘%i i@ PRIMNiRPNAMgtarJayeys;

made of @ a(wdrkdndlayEfy &fdhono-crystalline layers;

- one of said working layers is made of a (1,0,0) crystal and another of
said working layers is made of a (1,1,0) crystal;
| - at least one of the working layers is strained;

- the working layer is tensile or compressive strained;

- before bonding the two working layers, said prdcess comprising
forming an additional insulating layer between said two working layers;

- said insulating layer(s) is(are) made of oxide. - ‘

Further aspects, objects and advantages of the present invention will be
more clearly apparent on reading the following detailed description of a -
preferred implementation of the invention, this being given by way of non
limiting example and with reference to appended drawings in which:

- figures 1 which has been commented above shows different
steps of a prior art manufacturing process of a SOI-type multilayer
structure comprising two working layers having different

crystalline orientations,
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- at least one of the working layers is strained; -
the working layer is tensile or conpressive strained,

WO 2efiaiel bondi ng t he two working | ayers, sai dP@QF/IB206%001136

conprising form ng an additional insulating |ayer
bet ween said two working |ayers; - said insulating -
| ayer(s) is(are) nmade of oxide. Burther aspects,

obj ects and advantages of the present invention wll

be more cl g@’dré‘ préﬁété&gly;@ﬁgfr sit ﬁ%}lﬁoéljeﬁw 8¢ a process of

detail ed description o erre enentatron
t he i nvent imanufielstuinige an§Qlitymssn. rhyltilssyer aftrusturel actdriing to the

exanpl e and with reference tq appended drawi ngs in

whi ch: - fi'@Yﬁ@?“lw&ﬁ'i‘@r‘e?'ﬁa@?ﬂ?@ggnd@%ﬁﬂ@&ea golare,

shows diff { [ uf rd.ng :
process of qc[iﬁ@éd -%t %‘zst%tﬁéu I%g‘ycegrxa??élﬁmr eS?éé%S:erfro?sF%rémng the
two wor ki ngnfeayediatéatructurej f f erent crystal line

orientations, - fjqur schematically. illustrates nain
steps of " a @P&%e@}ﬁraﬁ%m &W?n‘&e%"%mﬁw the steps of the
mul tilayer sbeadd Upe ﬁ%gfré’&ﬂﬁ 0 4 hggRysEt MWl

starting frpZm an internediate 2 rlitﬁrdéwr-%]f Iﬁ’rgﬂtrll\gpgp'structure
i |1 ustr at esaceardingripl theoinventips Wwhen fstaminggformethe intermediate
i nt er medi atz sh’&ucture, - figure 4 illustrates in a

nore det ai I"EYHFfiner the steps of the process of

manuf act ur ifiggré 556how¥Pe JOILEybb analtildfdr UstiubiGr di
accor di ng tggt he invention V\%Ign' st ar%g formet ﬁcécor Ing fo the
i nt er nedi ativentionc whieh compringse regishevisa\ingespggiive different

mul til ayer u cprding to the invention which
A SRR

conpri ses rx : PQSpective different types of
| ayer stackigngs 6 shbwsr® SOISHpusmaliRer istRR R A6dRY to the

T
-structure according to-the invention which conprises .

trench whi diveddienpwhigh ceaprigesra itrenghawbich can be filled by an
insulator, ' :

- figure 7 shows a SOl-type multilayer structure according to the
invention in which two working layers are separated by an
insulator.

. Referring now to figure 2, a SOl-type multilayer structure 105 according
to_ the invention is obtained starting from an intermediate structure 100.

The intermediate structure 100 comprises a support layer 101
supporting an insulating layer 102,

This insulating layer 102 extehds between said support layer 101 and a
working layer 103. |

Therefore this intermediate structure comprises a support layer, a'n
insulating layer and a working layer. |

However, other layers could be formed within such structure, the main
idea being that the intermediate structure is at least composed of the three
layers mentioned above.
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- figure 7 shows a SO -type multilayer structure
according to the invention in which two working | ayers

wae®@esepar at ed by an insulator. Referring now POI/iB2gey®1136

2, a SO-type multilayer structure 105 according to
the invention is obtained starting from an
i nternmedi ate structure 100. The qternedi ate structure

- 100 conprises a support layer 101 supporting an

i | L g i i i 2 .. .
;Q?gngib gg'tsvve %ng % g@;%%m&%g%/@tﬁdr{jgﬁtg‘lﬁﬁ%%ﬁpﬂga working
| aleger H93 Shletypbosteudtbres is nhderstdbdtas at yet Uscated above the

conprjses a support |layer, an jnsulating |ayer and a
m%#@“gd%@ﬂ gﬁ%\ﬁe@*&ﬂ&“&%ﬂ inayBich & ehiran@leot eleatsieal current
W tructure, the nmain idea being that the
internediate structure is at |east conposed of the

t hree Inaytiter wends,oaeworking elayer trhag sergerds @nayer #96 carrier
th attei;ption that in the invention, a working |ayer

of "a8NSRY-t ype structure is understood as a |ayer

| ocat e : - ' I f Lt , ’
ot Al AP S NFIOS S0/ AR g ey
f osn@daydminowhieh electisns arexpdssing frapen seyrcedbve draindof said

N [ t [imtati
o ieOh 5 5 vk BES B antrolSd Al Iosprice et | s
a | ayefcdod i??ly? it rﬁig[?'fritrfa%ﬁ%n 3hst Q%S‘r‘kﬁ@ofaggpbﬁnﬁﬁ’féég fmore than

to a drain sai d ansi stor, so as enerate a
coPne lyesd drain to source current. Accordingly, it

one | YERESall B a5k desn Fveis "BiicR dorm tipenerking layer
whine bedfranyitgpaor ki ng | ayer nmay be of any type. As a
non imtative exanple each of these |ayers may be
made ofs a non limitative example each of these layers may be made of
material chosen independently in the non limitative list given below:;
» semiconductor such as Ge, SiGe, Si, V
* compound semiconductor such as GaAs, GaN, InSb, InP,
etc. ‘ '

Furthermore, each of these layers may be strained if desired (tensile
and/or compressive).

Each of these layers may also consist in mono-crystalline materials with
crystalline orientation substantially identical.

In order to obtain a SOl-type structure according to the invention, a
second working layerA’IO4 having a crystalline orientation which is different
from the crystalline orientation of the working layer 103 is formed on top of
said intermediate structure 100 (figure 2B).

Therefore in.the hybrid structure 105 thus created, the second working
layer 104 is in contact with the first working layer 103 and extends aboVe it.

According to the invention the respective crystalline orientations of both
the first and second working layers are chosen so as to optimize the mobility

of the carriers which will get involved in these respective layers.
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‘the invention, a second ki ng
‘ cr@s(ﬂaﬂ? 0) resysiel Hntsdrcoonamdntba se;:oddeGrlmg Iéyerrr‘i(bchen a (1,1,0)

material chosen independently in the non limtative
list given below, sem conductor such as Ge, SiCGe, Si,

W@ 0vpaedaot sem conduct or such as GaAs, GaN, | nSeCT/IB2BY5/001136

etc. Furthernore, each of these Iayers may be strained
if desired (tensile and/or conpressive). Each of these
| ayers may al so consist in nono-ttystalline materials
with crystalline orientation substantially i dentl cal .

In ordgg atr%rp%ﬁéﬁvé‘e)?é?npié’ F?ﬁ’e ?ﬁsft%ﬁéf Oléfj‘ﬁrg %3; Be made of -

ayer

I|I|n orientation of the working |ayer 103 is
%/&%% f% of said internediate structure 100

(f | gur Suelhn daiRIrAERE MBked 'itepd%hfle% %bgéiﬁtauéél-% multilayer

thus created, the second working | ayer
cosfrugitranin hwhied the sfirstorarking Ilay;err lsmﬁer)anMelémdmﬂed for the

?F@éﬁgﬁ%ﬁ% 7 i B Brh RS et e bR ol taver is
sl &YRItEd 36 mehraﬁ‘feﬂao&@nﬁ@ of Prvrms rtﬂielﬁaﬁéret rs.

rmb ity of the carriers which [l get”'involve
t hese A&‘egﬁéﬁheweon élwrainvaexamma, ’rherrﬁlrshmvlen@*m,rqnl ‘Iél3 made of

cry é)lt ﬁ%%l@gﬂlgﬁﬁr %P%g%ﬁe H@J'clleg 13&?99‘? ivorking

a Iéyér 104 1) a ¢1 MsO)adrystal i dilicvPma O?tb@coaﬁ PRISERBASN
makes |t possr ble to obtain a SO-type nmultilayer

st ruct the methasd of farening ribe \ﬁer:qmcargwpavm layerv ey top of the
¢ PhterfieRRHE Stifurd Lar BEHHBENES 18 Selgiar walB ey by the one

\NESldrlleaioiarthe@rn;o t he manufacturing of PMOS type
transi stors. a further non limtative exanple, the

first PR%@W%@” epiaxiaberovith gan be perforneed ysiag well known
Sitb&m é@ysd%ﬁ %SnéYtJeé\;Btrréhé‘m r'\?a Jﬂfr @gﬁSﬁ@QK‘grk' WBE (for

| ayer crysta

cdﬂ@leeebrr\%asm eartaxy)'fed'rmqmd;md of form ng the second

wor ki ri—ﬁlovlv eerIr a%go;do ﬁg ?o a preferred method of the invention, the SOI-
type multilayer structure is generally manufactured using a layer transfer
technique which is especially described in the document entitled « Silicon On
Insulator Technology: Materials to VLSI, 2™ edrtron » from Jean Pierre
Colinge (Kluwer Academic Publishers).

To this regard, a detailed example of such a manufacturing method is

shown in figure 3 for manufacturing the intermediate structure 100 whereas
figure 4 describes detailed steps of such a method when .used to

manufacture the hybrid SOI-type multilayer structure 105, being understood

* that the method presentedl in figure 4 starts from said intermediate structure

100.

As can be seen in figure 3A, for manufacturing the intermediate
structure one starts from the support layer 101 which can be made in
materials such as silicon, sapphire, diamond, etc..., and which supports the

insulator 102 over an entire surface (figure 3A).
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internedi ate structure can be inplenented in several
ways know by the one skilled in the art. As an

wex@pba91l an epitaxial grow h can be perf or nedPeiiB2g05/001136

wel | known techni ques such as CVD (for Chem cal Vapour
Deposi tion) or NMBE (for Ml ecul ar Beam epitaxy)

techni ques.. However, according tgpa preferred nethod
of the invention, the SOtype multilayer structure is

[ [ - nsf er -
?EﬂﬁL?E’h%eﬁ%%ﬁ%@%@ﬁ@?%gxg? ? SijaS ki gso called silica or
doSiOE ekl i8tble & bxi6ibh gobd|RHesRINOKItH e 8@bRIY layer 101.
Materials to VLSI, 2nd edition " fromJean Pierre

CO| i ngéhe KnswletorAeseemay Rlssl beheersposead of ngltipleyiayers having

gﬁe?éntecﬁst%?g[géﬁpg[hoﬁg‘:h a manufacturing nethod is

shown i'n Tigu hufacturing the internedi ate

struct ke td &2 mbedeissref tmfthe%lﬁ&ﬁﬂbklbé&nd?tlﬁvb%en deposited
steps of such a nethod when used to nmanufacture

hy%YEPrdS%ﬂ]SLt"W@ ohuihe; susrart layvendOdr by ﬂwmai@«@atlon or by other
ﬂ?{% ? @?é the nmethod presented in figure 4
tar romsaid internediate structure 100. As can be

seen iIm figgre SB3Aa $aurcarsuliscitelr10W Having b eXBRiphS % (1,0,0)

struct “re one starts fromthe support |ayer 101 which
carfyp@ligsrienation i ¢onsideadh as si | | con sapphl re,

di a”DWtorr?E ecie8 ‘fmgfeﬂédjﬁpﬂﬁ%%) X erab 9?10%% to form an

over an ent re SUI‘ ac I gure

i nembitllemeiri Zonmayl 6eatea prddefinad @dpﬂewﬂhlrﬁﬁgd %bUﬁt@ substrate
silica,or Si (2, begause is able to exhibit ggo
adhesi o ANt he SREN én Elib@r#tgqr%’y%‘t' ti19"1" impadation GPQE‘%‘?‘ within said

| aé/cﬁirc@%b@ rife 967 GOBRes G wm"&%r'tr&l‘.@oridgkﬁg%no : e(\]/l\)agkmg layer

different distinct conpositions
het®@3 of thet SOhyps $tructureowhidh syl Heaotstabeen deposi t ed

O o ThStoBHO G, S ey eREEE el oo i, PAABE contact
a WiRhiISaR! SHESH 'o3ide 107 JuppbREd Y 12§8AABH Caritl both &F ese layers
are bonded advantageously by molecular adhesion.

This bonding technique, as well as variants, is described for example in
the document entitled “Semiconductor Wafer Bonding” (Science and
Tecnhology, Interscience Technology) by Q. Y. Tong, U. Gdsele and Wiley. -

If necessary, bonding is accompanied by an appropriate prior treatment
of at least one of the respective surfaces to be bonded.

As a non limitative example, such a treatment can be performed in
order to allow the bond to be strengthened.

Once bonding has been performed as shown in figure 3C, the layer part
107’ of the source substrate 107 which does not correspond to the working
layer 103 is removed by splitting. |

To that effect, energy is supplied in particular to the source substrate so
fhat, due to mechanical constraints, said layer part 107’ detaches from said
source substrate 107 at the depth defined by the embritllement zone which is

weakened.



10

15

20

25

30

crystalline orientation is considered. Atom species
are inplanted in this source substrate in order to

wo oooafieldenbritl | enent zone 106 at a predefi neRCHERR005/001136

within said source substrate. As can be seen in this
figure, such an inplantation defines wthin said

source substrate 107 a | ayer whitth will correspond to
the first working layer 103 of the SO -type structure

whi ch i , i

subst r A7 SaRPU of oGRS B8 pelfBfna MikFa hogt treatment

saodothiel treatmend IdowirdBy sha gkiled chanyinlthgert. 101 and bot h

of these |ayers are bgnded adyant a usly by nolecul a

adhes: Brantasss Batengn, St Ji red it mieaiedBis Sifuélure 100

| ScolapEsedeLd¥ssRERTPHB op Nty dRstIRN ofeMd {(18810) crystalline
Sem conduct or Waf er Bondi ng® (Science and Techhol ogy,

| nodertatiem seorkingh yleo ghd3, dhe Gilicon Txidg, 102 aBsktte snpport layer

WW{’ If necessary, bonding is acconpani ed by an
ap priate prior treatnent of at |east one of the

I especRefrifg Modf &5 figQrdP8, Banegdd LSiidstrRad lfbPfdrlihy ®n top of
exanpl e, such a treatnent can be perfornmed in order to -

al saidl internirdiater stivistuwrer 409t Aepecondowerkingndayry HA4 having a

D oS Bine arEaRin WL i dirtehS for thr istamg foridtion of the
copg@,@p%@kihg l4yes M &i the ihteyeedit@Ssirgetupsoved by

splitting. To that effect, energy is supplied in i
par t i cieearding tohidesexamplesnpationadabeva, raid seaend working layer

ne ' 0 (=T Al art 107" detaches
fri@?ﬂ*@ﬂﬁ%\%ﬁiL"Ig(DLEg?‘T’tgﬁ'gb%él?ﬂgﬁ{ e depth defined by

t he enﬂszrdrélﬁﬁuﬁméte@@fethmh@thdcscdm&enﬁ@nisba@itinﬁle{wm species in
sai d supply of energ[y can be performed with a heat

t r @4l.Adhisobrce sHestrate 9 gtradBin by the skilled man

in ”‘eogéé- abBirf"¥n € i glgé'rﬂé'ﬁte ARes s Fsh.ethhgs%étea at a
| nt‘er nedr at e S{ ructure f COﬁ'pOSAe(? successi vely, rom
t opredetdrntinedndepth within theOsdljrce sybsinatel 1G9, oxhiehtoahi tee different

wor ki ng | ayer 103, the silicon oxide 102 and the
sulbp®r the g mentioned previously, and defines within said second source
substrate 109 a layer corresponding to said second working layer 104.

Then, the surface of the second source substrate corresponding to a
surface of the second working layer 104 is brought into intimate contact with
the surface of the first wofkihg layer 103 extending on top of the intermediate
structure 100, and bonding is performed (figure 4C) with a heat treatment for
example. '

Finally, as shown in figure 4D, the layer part 109’ of the second source
substrate 109 which does not correspond to the second working‘ layer 104 is
removed by splitting said source substrate 109 at the embrittlement zone 108
and the hybrid SOIl-type multilayer structure 105 of the invention is thus
obtained. " ‘

Naturally, other steps in the methods described above may be included
in the method of the invention.
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101 . Referring now to figure 4, a nethod is _
illustrated for formng on top of said internedi ate

W@ 20063049 100 a second working | ayer 104 haviPgr/eB2005/001136

crystalline orientation which is different fromthe
crystalline orientation of the ( 1,0,0) working |ayer
103 of the internediate structures According to the
exanpl e nmenti oned above, said second working | ayer 104

h e_o
or o1 i i eBrticbjel ofp (Y ohiedraftf BB bEkbAlhg g stfasg o the
at smcmbwcekmgnlaef 104 bfe)y is N eesnbbdndd® td0e intermediate
(f r Once again an enbritll enent zone 108 is

U@ﬁéeit? é@ apd/gr ﬂﬁ@aeaéhmmcaecﬁtwwmrmedme structure 100
SOHéf%?e ?d’rﬁﬁﬁ B%ég?lt tM@'s%Boﬁ OPIS g'léygﬁﬁ%ﬂ fromthe

one nentlon previously, thi'n said

secondlns!eedpafteukastspattlagl@&ga th%@irfabyh l‘oﬁ&ﬁ@pﬂbﬂ@wq Qayer thus
sajd second workjn 104 en, the surface o
t hier @sﬁcmay §8mpé@eﬁﬂi%¥ %%%M@%éﬁﬂuh@gcqr@d avithyfor exemple a

OT theRRaPREAMLANRULR IS drf¥fifiedififh freafHapiant i nto

i ntimate contact e surface o eflrst wor ki ng
| ayer HAudherxstepdi crgjldralsom@facxzbmplleh@d reftbraii@ving created said

ot T S B R et Sl . Fmal |y, Cas shomn
in fiong %n”e@aarﬁﬁlé Ja%fﬁﬁeﬂo&bﬁ) cHARist®in F%ﬁ?\ﬁﬁ@ PGSRy égrtion of

substrate 109 which does not correspon he " secon
wosaid sgcory workiog layerri@doved by splitti ng sai d source

substr 109 .at the .enbr.ittl enment n and the )
hybr | b gﬁ%’%?‘ﬂ‘f'} %Pdaf Botarel Bgpetortis over the entire
| N ioP thd [‘aybhqlg4q}bggé§tﬁﬁl1 Naturally, other steps in

t he net hods descri bed above may be included in the
met hodThﬂreiqﬁe, iobgentadorfram e ttop.ultihe | swieceraf the hybrld SOl

o1 Sl o o AR5 1 g o horcng
i ﬂa%r@?ﬁﬂ fdgiorss WHekahe reAIa/eF lstthé%bbﬁﬂd Wking layer.
surface of said internediate structure

This makes it possible to access to both of them in the case for
example of fabricating transistors of two different types.

In figure 5 however, such a kind of hybrid SOI structure is seen in
.cross-section. - ,

A doted line | clearly distinguishes two stacking areas 200 and 201.

A stacking area corresponds‘to an elementary layer pattern comprising
either the support layer 101, the insulating layer 102 and the first working
layer, or the support layer, the insulating layer, the first working layer and the
second working layer 104.

Typically, removing a desired portiqn from the second working layer as
illustrated in figure 5 can be performed by selective chemical etching, but the
skilled man will be able to choose any other techniques known in the state of
the art which will be best appropriate in particular cases.

Further, it rﬁay be also understood that, if desired, the overall thickness

of the working layers in a stacking area (for example, the thickness of the
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before formng on top of it the second working | ayer
104. Indeed, after a splitting step, the surface of

wo b@omadsi ng | ayer thus forned nmay conprise |iP€T/EB2005/001136

roughness which can be cured with for exanple a
thermal treatnent such as an annealing treatnent.
Further steps could al so be acc i shed after having
created said hybrid SO -type nmultilayer structure 105.

acuPPaf B (o toite SREPrRL Bk BTk A op Ry Bhiitone overa

Fi Biidléreass BPWhe SWokkiAg Klaersofin T siBtHar .stkihg PaFd=LI(IFEdhe above
over the entire depth of the layer 104 in question.

Thexamples the esideddbickness ohéha Gist andetheusdcans working layer 103

apBa] AR 0 L HAE Mo 2o D N e S P A A B st 105

Whigrereinhe apparent |ayer is thée second working |ayer.
This makes it possible to access to both of themin
the caklgure 6 shawpanothers agiifienali stigptwhiabicarobe igfplemented in

0 BB AR Bkt HE St PRVl BB ALyBh ap2 o

4 | |mwOnkir&garaly¢r(d) of othersBltkingt aveastaaclmdig ar eas 200

and 201. A stacking area corresponds to an el enent

layer padher affeeimar iranehy 100t 'ﬁécprmﬁ@ thryeby the QSJBFIG d@mh of the
hifind BeRS bPthel Bkind Afed WiidiIad I 55 1Al 1oure, g

Ia er, sup yer, e 1A ing

fi rst Asrcenrise Uaylerstmdj duch = éencH isv@ido ﬂ:g‘rrie@yﬁb a%&é surround
a . desired portion fromthe se

wleierilia EYoRs) predld Shanking aivar 44 anddhigslong Ts(thom) depth.

gﬁlr r loggi‘i‘éh hie S%rﬁﬁt 1Y iéhﬁlol@o‘é ﬁ}étggéﬁgﬁlﬁgtr Elﬁinélﬁ&or (figure 6B),

t ep:rleferqbbsthlersame msulleﬁer Hhant theafneg h@2 asbd W etaringdlly ibslate the

panar 5 e oBube fiapor v &g nibidnier ™

t hi ckneggsequently, said trench may be in the form of shallow trench isolation
(STI). '

A particular advantage of such a further step resides in the fact that a
transistor fabricated in a stacking area is electrically isolated from -
components, such as other transistors, fabricated in other stacking areas and
more particularly from components fabricated in adjacent stacking areas.

It is to be noted too that in a stacking area thus manufactured, the first
working layer 103 extending just above the second working layer 104 may be
used fo bias said second working layer 104.

To do so, at least a via may be provided to contact specifically the first

~ working layer 103 to an electrical source generating the bias voltage or the
bias current. ‘ |

In this manner, the threshold voltage of the second working layer 104
‘may be modified as desired and in a very convenient way.

In particular, such a solution may also help saving layout area.

Another embodiment of the invention is also illustrated in figure 7.
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of the working layers in a stacking area (for exanple,
the thickness of theworking |layer 103 in the stacking

Wae@a/ 18391 ) can be nmade equal to the overall thCTKB2065001136

of the working layers in another staking area (in the
above exanpl e, the added thickness of the first and
the second working |ayer 103 and4d04 in the stacking
area 201), so that the top surface of the structure

105 Tsagven pl %\éf—sﬁhgﬁ Egﬁﬁd %gg§é s%@rdrb%?ﬁ%lﬁ’ e%oan additional

whi ch can be I nple in-or to electr

i s{rsatatingleyswt i whidheigentesjoseld lbetalcankhodirstraml 866dnd working
fromthe working |ayer(s) of other stacking areas

ar %yﬁ& 163 apf0%dnavdng respaciively different srvstlinaiorientatigns.

the enhihre\deps j I : ' :
area v\ﬁ‘lhcid has %géghpgo a{ré@ﬂ% ir§%§é§éﬁ§”?é Ectgtﬁg%ﬁlg@@%orklr’\g
untiyess-oofd,a sstabkiagt razes hbemgal electficaliedsslated d®e another, a

surround the rking layer(s) of said stacking area
2090MpRAERt,SHCh a8 "i‘st'%%f’ﬁ’&ﬁ"%;')‘ ”@@bgﬁ,m%ﬂ%ﬁcﬂﬁgd fiogm ghe second
110, ik iyt ' . L nsu fi . .
SEfIHIRG 0 8 R0 RoRF bl B RbRal tlions v
uswadutdbbe pezgenit iratHe/finsb wodkirg tdyerwoBki ng | ayers from

ConscalBAtErck dha etbhd o RagnBcihnGHBE MBSO ype structure

Consequ
shatdget '1?‘;’1‘&@ ihvahtRIr €4h b8 Holnpltdddhy %ﬁ ‘Ho‘éﬁtiﬂ%‘f gfgpa&ﬁorming

of such a further step resides 'in the fact t
t r a@igissicond findating leger A1%h st acking area is

Cr ansi A ot bén TG tFeo TR MeLlaitia BYSR1214Manae obtained
OB oRRfe! dpdsitidryorh HERGPEREAGPhEaRE! Walidsh la‘?,/er1 bsfare having

adj acent stacking areas. It is to be noted t00"t
a wapwfkmed the sacomnd working flaysarde éoe strieturé.r st wor ki ng

| ayer t endi_ng just.,above.t he se d workin .
| aver AnanflsT Rl S ditttng yaE iR brini deposited on
| aitry selddhd sbréPsaisstratt 107aghreseritad maﬁ'g?lhé gp.ovided to
contact specifically the first working azer 103 to an

el ectrilen implaviatiganef agiony species ais wsirfoagedortraugh such a
b'%?n&%Ff@tructure in order to create a weakened zone, namely an

embritllement zone, within said second source substrate 107. ,

The free surface of the insulating layer 111 is brought into intimate
contact with the top surface of the first working layer 103 and bonded with
one of the techniques sus-mentioned. V

‘Naturally, the scope of the invention is not limited to the various
embodiments described above as examples. |

“In particular, a working layer of the SOl-type multilayer structure of the
invention may have a (1,1,1) crystalline orientation to manufacture for
example a PMOS transistor.
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In this manner, the threshold voltage of the second
wor ki ng | ayer 104 may be nodified as desired and in a

waeng/1eaaveni ent way. In particular, such a soPCKt/iB205/001136

may al so hel p saving | ayout area. Another enbodi nent
of the invention is also illustrated in figure 7.As
can be seen, the hybrid SO -typetgtructure conprises
an additional insulating |layer 111 which is interposed
between the first and second $§r§Mm§ | ayers 103 and
104 having respectively diffe ystalline
orientations. An advantage of such a structure resides

in the fact_that, the working |ayers- of a stacking
area bei hg 8PEte prlilayes sirdelsge dABShrermriising a support layer

co ent, C i , i ' . .
CoPRALE 3 RSy IBIAS, (148 S qahhy fferon cstatie
nogterstetipes; tarviastiating ¢ayeari (¢6R) peiehdingedverrat ledst @hportion of said
woul d be present in the first working |ayer 103. To

t hPWPRAKH layen&10b)k koarastenzad nathat sa "ISHé‘t'HQHﬁV%F (102) extends

SRS RO RIEORT S IO 400 B porween

an a sai d secon
I nsait auppgrtllayer(101)land\sail working rayees (103, d®4hpl e,
this insulating layer 111 may be obtai ned by oxide
deposition ‘he top.surface of the fjrst r Ki n .
ayer beforSOhHng AT Sitde AEadig i dekIngharacterized
| ayahat Saitit 164t Wb Wik {108, S0 ReSupeRhthosed.
i nsul gtig%lg l'ayer 111 rral)l;@gg i r(st deposi te,gp%ﬁhfbhoge
second source substrate 107 represented in figure 3B.
Then i npB.ant@i-type ofultilayen sivuciues dcsorsting do ribd presading claim,
such a t enpgqr.ar ructure in order to create a.
e Acl 7B dR e Slieg toliEe e R, Winfking Javers (103,
saj@y)ysecond source substrate 107. The free surface of
the insulating layer 111 is brought into intinmate

contact with the top surface of the first worki ng[ ]
| ayer 10% ap@l-Bhedsauliilayar gieichiret pecerdineniafiyesf the preceding

‘Suaéﬁ'ﬁ t%:l?ﬂé\%@?r?%&?ﬁaltﬂé‘r tﬁeh%/o?ﬁiggglla&él;é 2?%%2\@5 ia‘?@ made of

i s not ’ cribed

e varrous e
absilieoras exanpl es. :

5. SOl-type multilayer structure according any of the preceding
claims, characterized in that a working layer (103) is made of a (1,0,0) crystal

and another working layer (104) is made of a (1,1,0) crystal.

6. SOl-type multilayer structure according to the preceding claim,
characterized in that said working layer (103) made of a (1,0,0) crystal is
adapted for the manufacturing of NMOS type transistors and said working
layer (104) madé: of a (1,1,0) crystal is adapted for the manufacturing of
PMOS type transistors. ‘ |

7. SOl-type multilayer structure according to any of the preceding

claims, characterized in that it comprises a plurality of different stacking
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In particular, a working layer of the SO -type
mul tilayer structure of the invention may have a ( 1

WQ 2006/1434%1 crystal | i ne orientation to manufact uP€r/fB2005/001136

exanple a PMOS transistor. CLAIM5S 1. SO -type

mul til ayer structure (105), conprising a support |ayer
(101), at least twa working |ayergs (103, 104) having
different crystalline orientations, an insulating

o 4fRlas((2DB2bo Y YREMYRP Bl Boston §FAnest806inG e hohl & one of

ortlayer racteri
I nthdl fallowind fypes: (102) extends over. t he whol e surface
of said support | ayer (101), so as to extend between

sai'd support lﬂ%;ﬁ@mr{%ﬁgn Are: seliRPaKb lRyefg—| ingklator leyer — first

10 tructure according to

cl ﬁ’b%‘@g ara gﬁs&bb%ﬁﬁ%cé said at |east two

wor ki ng é ayeéécdndl@&npéémdn ayse: sipporie9ee d. indulator layer — first
SO -type nultilayer structure according to the

prweé@n% RYEr ai $RCOPHAVIKINGr IpYieXResingits foéSlﬂlf&‘Qﬁ;t ure
4
Sty peSel Mt e B8 seB Sl et g et st and

pr secohidngorkig ayer eRposes ity iopeslirfatet hat t he wor ki ng
| ayers (103, 104) are nmade of silicon. 5. SO -type

multila cture gccording any of the preceding
cl ai ns, yghagéig a'?)ﬁert ﬁ’féﬁf'(g[ﬂr%ﬁ?‘i)ﬁj@‘g 59éhe(ﬂr@3?d'ﬂ§ claim,

i OAB%F cﬁa‘a emﬂeooph fgfa{%@lth@ﬂ%cr st‘%% fi r\é%g{/%é@rr (103) in

nmusaid Ifmytemompossmomtwealsml ltcgtheaadﬁed mlmehmhsteg af|saiidrfirst and
char.acterized in t at S | aye 0
o §513 Se50p rtdadaesS 20 T B sailesenair sambpeen type so

of thiiMPe fo}b%ﬁdc@rb?'s%ﬁd)éﬁu&[]% %3é mvor ki ng layer (104)

made of a , 0) crystal apted for the
manuf acturl n of PMOS type tranS| stors. 7. ‘SO -type
nul til ay®r SOHMpeurrsuliitayer dslingcture aagcasdlinghdo pasgedf nie  two

o PPeioBo Ao Shefftiabeed bl ri0 TGPl 1d) of

cogm@ﬁhglmao@oeacdﬂe%lé@mb@@ RokficBHd1E Bk WBEIRY layers of the
stacking areas (201) placed around.

10. SOI-type multilayer structure according to the preceding claim
characterlzed in that sald isolation is performed by Shallow Trench Isolation.

11. SOl-type muitilayer structure according to any of the preceding
claims, characterized in that at least one working layer is mono-crystaliine.

12. SOl-type multilayer structure according to any of the preceding
claims, characterized in that at least one working layer is a strained

semiconductor.

13. SOI-type muiltilayer structure according to the preceding claim

characterized in that the working layer is tensile or compressive strained.



10

15

20

25

the following types: first conposition type: support
| ayer - insulator layer - first working | ayer exposing

w0 e@®etia@9sur f ace, second conposition type: sSuppDIB2005/001136

| ayer - insulator layer - first working | ayer - second
wor ki ng | ayer exposing its top surface, so that within

each of said stacking areas one ¥ said first and

second working | ayer exposes its top surface. 8. .
SA -type i : i :
pr ecedi ngﬂﬁg? Wm@ﬁlgk‘@tﬁtﬁggfﬁ??%@%%fg tﬁg? ?fhtg e preceding
t helalons sthaséctesized fin tisat awalditignaksglectricabBsulatoskydr (111) lies

fiyst conposition type is u o th dde .

¢ HhEhueEBoBES grodd MBars Bk Mg soelal A roing lavers are
| 2yeegichlPBolat8d Frdni eBBh dtisgcond conposition type so
that the top surface of said structure is even. 9.

SO -type nultilayer structure according to any of the
two precHdiFgl-ting mulidayerastrectuceedceordingato ahg afcthiei prgceding

I rs ( S king .are 0 € .

o1 AETe AR lERa e oo bl BuGRRYLRE "L inare) made
st@fadsiidg areas (201) placed around. 10. SO -type

mul tilayer structure according to the -preceding claim
characterized in that said isolation is perfornmed by
Shal | ow 8-dT10RePS dpamanyfacturingse SO)-ieparmuliilpggtestructure (105)

4488408 2351 5 1 4 0gBBg e BRSHEEAAS 8 yer ansrr
nmdeohwigye! ethdraoterizéd.in $t-sajbproveks icbmyrises thel €dlldeng steps:

according to any of the preceding clains, ] .
char act &r i Jming amdntesmepiade tstaiséuraot 10 ginchuding issich support

:E :3Lpﬁsesgygg?gﬁ%tfﬁrﬁtﬁorl&ﬁ AE Iléﬁg@g#ﬁ%% insulating layer

characteri @@®)jn that the working layer is tensile or
conpressive strained.14. SO -type nultilayer structure
accor di fg fmiRg @1 tPReofpaige Hitegnediatensiructure (100) a second

h teri N i 1 | i ) o
Mneurator 1arupd Y8 (PaTRMEN o faEile Rgrvatip, which is
(103, 104) differenttfedmstae trystakine drieystich ef said first working layer

(103).

17. Process according to the preceding claim, characterized in that it
further comprises the following steps:
o forming an intermediate structure (100) by:
» insulating layer above the support layeI: (101),
> implanting species in a first source substrate (107) in order to
form ‘an embrittlement zone (106) which defines within said
first source substrate a layer corresponding to a first working
layer (103) of said structure,
> bonding said first source substrate (107) to said insulating
layer (102),
> splitting said first source substrate (107) at said embrittlement

zone (106) formed in said first source substrate, so that the
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electrically isolated fromeach other. 15. SO -type
mul tilayer structure according to any of the preceding

w@b@sie34ocharacteri zed in that said insul ati ngPCEHIB0¢)01136

(102, 111) is(are) made of oxide. 16. Process for
manufacturing a SO -type nultilayer structure (105)
according to one of the preceding)clains said process

using a layer transfer technique, characterized in

that said pro COMp! |

form ng an i n?@?%gdl at % @?ES%?@ ﬁ{ﬂ%é‘%ﬁ%@géwams b%nded to
support | ayerﬂ'(elrmmlatragﬂaym(mz) becumés e fn(sl%)rkmgﬂdyer (103)
said insul atln %ﬁ% formng on top of said

i nt er medi at e % @ PUHCWERoNd wor ki ng | ayer

(104) hayi ryst [ -

di fferent ? ?rorﬁrnn? Mﬁctl?)lplslto g%a?(;relﬁfoé?'?{eeﬁgf ?:"%hﬂgure 51%0) a second

first V\orklwrgkingy{ayer((]ma) byt7. Process according to
the preceding claim characterized in that it furth

conpri ses t eiMRJRNig spedies i a S%@P%SHQF%SUbSVate (109) in order
I ntermedi at e & fouGt A %p‘%{?@%m?r"ﬂ zcinéI m@gqﬁrh@ﬁ deBhEE within said

above the support |ay nting species

“in a first sossandssbstceasebstibdd)a iayerraterespontimgraa second

enbrittl ement zgne (106 ich defines within said
fi rslt source ‘é’ﬂﬁ%’f % ")Qd\‘l{;ygrsat(g?ﬁ“é‘étid@ndl ng to a
first workimnohbmypg §aid03bcOid %Lﬁcétélg%r‘érté (51@9& to said first

bondi ng said first source substrate
i nsul ating | awerkind B®er (03plitting said first source

bst r at 10 t d, enb | t
e A o T TS " )
theportion ofghBAttlehicit %@Hécﬂ@%b%ﬁ‘rﬁoe Whisg rs%&'nas source

bonded to the insul ati n% (102) becorres t e first
wor ki ng | ayersybBirafe, so that the portion of the second substrate source

which remains bonded to the first working layer (103)
becomes a second working layer (104) of the SOl-type
multilayer structure

18. Process according fo the preceding claim, characterized in that -
said process comprises a step of treating the surface of said intermediate
structure (100) before forming on top of said intermediate structure a second |
working layer (104).

19. Process according to any of the two preceding claims
characterized in that it further comprises selective removing of desired
portions of said second working layer (104), so that the SOl-type multilayer
structure (105) comprises two types of layer s’rackirrg (200): |

o first étacking type: support layer ~ insulator layer - first working

layer,

e second stacking type: support layer — insulator layer — first

working layer — second working layer.
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of the internediate structure, formng on top of said
i nternediate structure (100) a second working |ayer

WO 1®4n034by: > inpl anting species in a second SPUI/DB2005/001136

substrate (109) in order to forman enbrittlenent zone
(108) which defines within said second source
substrate a | ayer corresponding $¢ a second working

| ayer (104) of said structure, > bonding said second

: | d_fi | | ayer .. .
(108) . S2IPIfieRa, St o cpah B N8, fAER B¥Fidigg ctaims
at chaiadteridedi tih | @rent fother( 86Rpribes nsslettives dbfmdgc @fddesired
source substrate, so that the portion of the second
subisnehes @d0) cehishi exppesmsald nswirting dayere (192)stto the outer

WOL K- r (103) becones a second working | ayer
(1%@{'%#”?%% SO -type nultilayer structure. 18.

Process according to the preceding claim :

char act e2il zPrbdesstdwording dopthecgresedingpelaipesciaaratiepized in that

treating the surface of sajd internedi ate structure .
( 189 PHRAessef @mqqgwwﬁqso@ﬂas S@quwﬁ@?rféapmt an electrical

Stfn‘éﬁ?f&‘? a second working layer (104). 19. Process
according to any of the two preceding clains

characterized in that it further conprises selective

r enovi ng22f Prbesiss echcpordingn4$o oingaiod dlee ofide wprédeting claims,

| ayer 04).,, .so that the.SQ -t Lti | ayer. structur
(8Erettasprda hatibe ey e 0% 1 el Al i RutrTre (o) are
fi §shicoimdekiotdayerge: support layer - insulator |ayer -
first working l‘ayer, second stacking type: support

|l ayer - insulator layer - first worki nﬂ | ayer - second
wor ki ng R3ayRrocegs Rcsordig ade omiyngft dhanysiof preneding  claims,

th{:ﬁa?raB{e?fZ%gi W'tgtﬁétaj[r{gs’working (103, 104) layers are mono-crystalline

layers.

24. Process according to any of the seven preceding claims,
characterized in that one (103) of said working layers is made of a (1,0,0)
crystal and another (104) of said working layers (103, 104) is made of a
(1,1,0) crystal. | a

25. Plfocess according to any of . fheA eight preceding claims,

characterized in that at least one of the working layers (103, 104) is strained.

26. Process according to the prebeding claim, characterized in that

the working layer is tensile or compressive strained.

27. Process according to any of the ten preceding claims,
characterized in that, before bonding the two working layers (103, 104), said ’
process comprising forming an additional insulating layer (111) between said
two working layers (103, 104).



characterized in that it further conprises selective
formng of desired trenches ( 110) which expose said

wo pwalied4dng | ayer (102) to the outer environnmePCT/1B2005/001136
Process according to the preceding claim
characterized in that the process further conprises
filling said trenches ( 1 10) w45 an electrical
insulator. 22. Process according to any of the five

- precedi ng, chai h teriz i n:that [ Ki .
| ayers (g% lb%fg% %f"gé@h? stb %By E{P]%Oﬁtla?ep rec&%ng claims,
S ech B B-ZEE NN Hfatesard w%&latuﬂﬁqgms)a(q 02! 4 Ngis a?e)imed@fof oxide.
the six preceding clains aracterized in that the
wor ki ng (103, 104) |ayers are nono-crystalline |ayers.

24. Process according to any of the seven preceding
clainms, characterized in that one (103) of said
wor ki ng layers is made of a ( 1,0,0) crystal and

anot her (104) of said working layers (103, 104) is
made of a ( 1,1 ,0) crystal. 25. Process according to
any of the eight preceding clains, characterized in
that at | east one of the working layers (103, 104) is
strained. 26. Process according to the preceding
claim characterized in that the working layer is
tensile or conpressive strained. 27. Process according
to any of the ten preceding clains, characterized in
that, before bonding the two working |ayers (103,
104), said process conprising form ng an additional

i nsul ating layer ( 111) between said two working

| ayers (103, 104).28. Process according to any of the
el even preceding clains, characterized in that said
insulating layer(s) ( 102, 111) is(are) made of oxide.



