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WO 2006/ 103491 PCT/ 1B2005/ 001136 1 Hybrid fully
SO -type nultilayer structure The invention concerns
a SO-type multilayer structure. A SO-type nultilayer

%3@%}1@% is a structure conprising a supporl;q,l,lll?%%{]ls/log/1136

, at least one working layer and an el ec
i nsul ating | ayer -between the working layer(s) and the
support l-ayer. Mre specifically, the invention
concerns a SO1-type nmultilayer structure conprising

at. | east two working * |ayers having different
crystalline or’iéﬁ!&[@iﬂﬂﬂhﬂﬁﬂﬂﬂ&l@ﬂﬁﬁﬂﬁuﬁ)
concerns a process for manufacturing this structure,.
An -advant-ageous- application of such.structure is the.

desi gn Ehalinvemtiunf concemsraySoi-typieghuliiEyeosineoiure. CMOS

circuitgs. an ex | e, .such a hij rfornmance my
cons! stA 1SO5uBE FHETRRE stZifiila Tora e e oehe &’ suppor
PMgyér, af fd=at 8he YRIkIAG IayePland &1 YRRtRAINE nsulbling layer between

consunption. This indéed allows building very conpl ex
ci ribgiwarking dayerigs and the spngaklayen ogi ¢ ones, whose

per f or = : ' '
Consum T e ER) VG IrDBRE SoHR Y SOnheiiifer siucture
us uainhyrigimpwat akeablvLivoci workings layews \lmvirgy ediffetent owrystalline
Power tSeveral approaches have been proposed in order )
to n&a OI%h circuits. A first approach consists in

gOW_n scat Hﬁﬁyéﬁ@n@wtﬁtﬁicﬁﬁﬁzﬁ prcet$ ﬁarl mamﬁédér&?ﬁg this structure.
evices, Thjs approach has, been widely used.fq n
yoar s A HNENZGE0U ARIEAIANGAT | SUoho pirugiie, dndbe. deslgn and

gntrhénm&funhg%f RIdRHRAbrhaRE BMBS Eguits! ansi st or
evi ces has been™ .'scalable on_a path follow ng
Moor e' S\d alvexaowsy sucB & bighepayionmanee maygconsist dadoagling the
tsgzép:ggg L&foﬁﬁ%}“‘wsﬁé"ﬁ\?}vﬁ the"BIRTS 'tFskt (ﬁé\}t(%él fortd gK%%ppower.
consumption. ' ‘ )
This indeed allows building very complex circuits, such as million gate
logic ones, whose performance in term 6f speed are very high without
consuniing too much power. _
These kinds of circuits are usuaily known as LVLP circuits (Low Voltage
Low Power). :
Several approachss have heen pl"c;posed in order to make such clrcuits.
| A first approach consisis in downsc":!a\iing the channel size of the
~ transistor devices,
This approach has been wideiy used for many years and has
" demonstrated its effectiveness.
.' Until now, the channel length of the transistor devices has been
.scalable on a path following Moore’s law.
~ However said length becoming increasingly small, it now becomes
increasingly difficult fo 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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30 Indeed, today the industry encounters many
difficulties notably because it is approaching the
fundanmental physical limts of CMOS scaling. WO

491 PCT/1B2005/001136 2 Moreover, t
ﬁ%%@r‘sé&é?es needed for the transistor fabri C}%ﬁ}ﬂgﬁﬂ%/ﬂﬂgss
process nust push away the limts of accuracy. .
Consequently, even if this apprgfch remai ns
attractive, the potential of perfornmance inprovenents
is limted today and alternative approaches have 5
been i nM@éQQYQat%a appaisiures ngeded fardhe trappistonfabrigetien process
stral ' .rates. Indeed strained
Sil ﬂ%ﬁ@%‘ﬁﬁ“ﬁ%ﬁ%ﬁ@éﬁ?ﬁ%@cﬁ, gh el ectron mobility
whi ch t Cansdaueatly, evendf thiepproachararsains atinstiventheqiotential of
20% ta 30% faor the NMOS transistor deyices. -10
RPN Ge Lo B b B Rt ke nd At Bl PBRroges have
be beenghbstigatédie electron to hole mobility ratio.
I ndeed, when processing a classical non-strained bul k

subst r afRother Welikngwiyaimpectt Heea sitained sanaicpadudon sulistrates.
the or dggeef ﬁ!‘éﬁh‘é‘ﬁ SMRbA NteERAS igglq%r biae 'grq%! ®foctron  mobility
t t%an ﬁemjl Ity 01p

mobility I's ree tinmes | ower
el ewhichrigansiate$ dribi apetormangecbyharicament D% to 30% for the

t r apsi [ ls usually three tines faster than a
P&M@%ngﬁag‘é’ﬁ%e. Circuit designers are used to
manage Kowdveralhi thiscdppréechos garticofar bite@ton mlBEke brought to the

conpensate this ility inbalance by increasing the
P ecﬁ“i’%??s*i‘@? m%dfaﬁ‘ot o length rati o when comnbi ni ng

NMOS andgESyhémhebsdsag: a@a&%ﬁ?ﬁéﬁs@ﬁﬂed belk 8ubstrate for

fixed length value, the wdth and t e sizes o
t hempking GVQRJiirsuiEs, this vatiseis in the ordereidbree, Sdidh means that the

- CONP{AS @db@{% ?sgpfrgé Hﬂ{é%slg{wgr ltl#am f@t IjnSBﬁip}ogf é@éﬁ%’f‘% , indicating

area an circuit perfornance.
i nchheeebiyribat heNMICE Irabsisfoe tigtvibe riatusoallynthrea diesed fagterahan a

A e SEIR &Rt on ratio of the circut (this
is i.ndeBituttRiesAes AB.IRANE nRIna§é sLGiRtatio of the order of three.
' They compensate this mobility imbalance by ‘increasing the PMOS
transistor 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 deviées is increased.

" Such compensation corresponds fo limitations in term of area and
. overall circuit performance. _

For example, increasing the width to length ratio increases the
capacitances of the device which often penalizes the speed to power
consumption ratio of the circuit (this is indeed the case when one electrical -
node connecied 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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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 el ectron

i 30 further increases the above nent|
‘?gtg*’dgh%ﬁ 2006/ 103491 PCT/ | B2005/ 001136 3 %‘Lér?‘g’?%?’g?““
despite the advantages associ ated to enhanci ng by 20%
to 30%the electron nobility, strained silicon
technol ogy is associated to a high electron to hole

nobi | i t'ﬂY ratio and is exposed to the above nentioned

17 mi t at Towrsfors, denpitadhe ladyanfages assasinted e esbanaing by 20% to
reahhai d ] A [ it e
30% 18 RGO Brahka e RictiBith 5 pltdcbted to a high
(1, dle@ron andhale( Mobili®) ratiy ndl is eepesadetd dhé cabovkt miektioned
[ ndﬁeﬂ wel | - known that PMOS transistor devices exhibit

bet t%2 atfoﬁ\?rfpr_rmnce ina (1,1,0) crystal because their
carri er gndmé¢ |known( isBRitBA! 88nsid BPLehiANg PRIOS and NMOS
enhanced. As an exanple, in such a crystal, the holes
nobirensigtoegdeviers Wil respestivapworking lavershayingzespegtively a (1,1,0)
res : '%ina(l,0,0) crystal ..
The?@?ér@?’@%ﬁﬁ?ﬂﬁ%ﬁ%@tg. I'n SO structure) a first

(1, 0, 0)lt is dmdezuin skadltkoownothai rRMO8y tansisioh devices omdibit better

1,1 sem conduct, wor Kj 15 layer i.n the
OVCRSTIERRED 8y a1 eStTtB Boarse, hBH deutivrs, onTBbahe holes
t hemoblifyPisadithanded PMOS transi stor devices. To this
regard, such a SO structure with a surface pattern
based d¥ an @MBlekingicha eystal, thaiboles mpbility gan he gicregsed by

1, j b t sed
|1, BRIl roerL ) the R obined i a OGS0 BiYORE:
st r uct uheréfore, meganikiningg (eghniisorBkt etructhud)t id ayieat (1,0,0)

SRR i 95 NI SR R e B worcno

cr yiaye ih ithre sarne NOSI teoisnolbdyoaiionss ildréving thel tbbilityraftbesh the
o e e e s o e, |
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 rrultilayer 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
Ihybrid structure which has been proposed. ‘
- The process begins on an intermediate struciture 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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25 The process begins on an internmedi ate structure S1
conprising a sem conductor working |ayer 10 placed on
top of an insulator layer 11, the insulator Iayer

[ support seniconductor |ayer 20. Th
‘%\égo:%g%?)jaar e typically made of silicon. Th?é‘"’“‘%{gﬁ]g1136
internmedi ate structure is thus ' of the .SO W. WO
2006/ 103491 PCT/ 1 B2005/ 001136 4, The working | ayer 10
and the support |ayer 20 have di% f erent cryst al --
orientations. For exarga t he wor ki ng Iad/ 10 can .
have a The avaking rgyaral aa@hthﬁtsa!pp@ﬁ layar2Q have @iffesent crystal

| ay&ﬁer?t%u@?%.‘ ﬁl{?‘ée a’thﬁc?l I’anéslﬁgér 961 SRt ﬁé\} °8'(1,0,0) crystal

Fi gure renoval
por orieniatidn, lsewidhe s(lpipoarﬁdyemzo cahn haweoa (1,00 orylsta? eriantation,

20, ¢t e uGERES TR e POE bpRPod vBH T e 11,

I c mn&dleel to tHael 4 %mséaotthé%oﬁkgﬁélﬁﬂn@%%n bBMEEr 20,
20 can be first partially filled wwth a verti cal

i nstireidya free spaee i%en the remaining free space is

filled F4i X
10 26, Mé thstﬁ;ﬁl@d?ﬁ rgaltceérﬁcf‘jld ﬁtﬁgé% @E@ 01 r?fl*nr@%g%a?éﬁc‘éébove
Thday@y% ceﬂ beafnet pattt:alhhﬂ&d:wéhtaememibamesmla@r§Qppml tthen the .

ot omal el el IS I ke malER SSine mREakef taver
fr(ﬂﬂ,\@:@.mmdaabaereglﬁwhwrtélﬁ)pmﬁnéygr@o i nsul ator 12. A

hybrid lI'tilayer structure thus created with two
di ffereTmJe fﬁd i0 gnatqlaﬂhtﬁy%r%efft Ahgve ihe fupRgrt layer forms an

di f{RfitfMal W&@@'Ia)ﬁé’i‘ IAhahs QR%icikd. BMS %d@lt@:)ﬁgf \'Ngrklng layer is

structure, transi stor devices can rect
r edsolated fromesking faven 40 byyjee varicaldosaiopdddi ngl y,

vor ki e Ty RRSEE SERERTS R Bl i b sirporiing
i's la;aesrsdﬂeurmwvmaﬁn@ﬁiﬁbmbryatatanentatlbmsn tation: if

10 shall BEh SvpHE Gt NN diassiieh fevires oy Do directly
I ay-géhp_lgdqg, tﬁl@WOﬁ@ﬁgia 10.10 and the support 20), this
shal |l not be the case concerning the PMOS devi ces nmade

Correspondingly, PMOS fransistor devices can be directly built in the
working layer 21. |

However, such a hybrid substrate is associated with at least a major
lfmltat!on 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 Iayer 21is dlrectly in contact with the support layer 20, from
which it is therefore not isolated. And the PMOS transistor devices that will
be built in this working layer shall therefore be "bulk type” tranéistors.

Thus, such a structure is only capable {o provide SOl NMOS transistor
devices having a crystalline arientation (1,0,0) and buik type- PMOS transistor

devices whose crystal orientation is (1,1,0).
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on layer 21. 25 Indeed, the layer 21 is directly in
contact with the support |ayer 20, from which it is
therefore not isolated. And the PMOS transi stor

hat will be built in this working
‘g‘ﬁg Ogﬁfsﬁelr efore be "bul k type" transistors. é@ﬁ?”%’%ﬁ%
a structure is only capable to provide-SO NMOS
transi stor devices having a crystalline orientation
(1,0,0) and bulk type PMOS transistor 30 devices
whose stal orientationis (1,1,0). WO 2006/ 103491
PCT/ | B20MS PIRSEDS dnventign has, gongaivask inoArdes do wwereome the
con%\)éqqehfbﬁgdjﬁﬁ,téﬂgnovercone the above nentioned-
limtation. An object of the invention is thus to
pr ovi deArm obisgb|afttbe Savertiphris dhus do rprovidees complete SOI hybrid |

Cranlchys 1.4 paBlendh 8l ol g OFRC bospransistor and @

- fur(tited) BM(]S:BOjﬂrahbletdrnventl on is to conbine the full

erfor substrate with the use
ﬁybr i ﬁﬁgr@“?apmeﬁbog F’é'iﬁ iony i tosgomping thestull Rﬁﬂ‘ommnece of an
gersDPsUbstratWRRIHRE hs@éf Wbﬁd'c@é@élﬁh@ﬁnélﬁaﬁ& &E}Icﬂlr@s a

mul tilayer structure having [ east two wor
| ayer s A6k MeEp eamRNalEY.tan @M@Ctoﬁ’fﬁh@ ventionds to 9ls’taml & imatilayer

oAb 05 B LR OB 3P fiBafd H B pheron
]E harysésitime torientedionsy saitl | mrkp:g?l:a?ine:?e:g? %a&?ﬁ%yh@l@ted from
7 e nu
I r‘%% F‘g‘?lﬁodf g?ygﬁﬁﬁg?ﬁtrf“é@ at | egst two wor ki ng

| ayer s Toakatngratt,fthe irfehtiss u-@?@bés %%c@fdnﬁﬂbaé fr@f‘éspe@f‘ a SOI-
ulating |layer extendin over at |east a portion

L&fﬁﬁ r $iryciyrey comaﬁlaat%ﬁn@@@hiwqrhat legiat #wo working
ofd 'hﬁgmpat?' Herefk %Thn%"&‘feiﬁ%n‘é‘h %b%{l&ﬂéﬁ@c EP/%I extending

sal d support Tayer, as to Ween “sa
supler et legstr aapertioniof said kiuppotialpyes . clieredterizeadin that said

c HEFleng bt Ehasrls ER eihdtp «BMRGe B ol et yer co as o
sakgiteat! Hebasén said suppdm kyel ane ssidaverkimgngydrgposed; -

the S e,multilayer s cture conprises onl WO
rqf%{/)%ql gspects o¥such ébrtype muitllaggr structure ac%/ordmg to the

wor ki n
invention are the following:
- said at least two working. Iayers are supenmposed
- the SOl-type multl{ayer structure comprises only two working Iayers
- the working layers are made of snilcon,
_' - aworking layer is made of a (1 0,0) crystal and another worklng layer
is made of a (1,1,0) crystal;

' - said working layer made of a (1,0,0) crystal is adapted for the
5 manufactunng of NMOS type transistors and said working layer made of a
(1,1,0) crystal i is adapted for the manufacturing of PMOS type transistors;

| - - the SOltype multilayer structure comprises a plurality of different

stacking areas, the layer composntlon of each stacklng area belng of one of

the foliowzng types: |
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- the working | ayers are nade of silicon; - a working
| ayer is nmade of a (1,0,0) crystal and anot her working
|l ayer is made of a (1,1,0) crystal; 25 - said working

GRABRAE, o 2 2], Srveral i 5, 0apted gty hsuonss

wor ki ng | ayer made of a .(1,1,0) crystal is adapted

for the manufacturing of PMOS type transistors; - the

SO -type multilayer structure conprises a plurality of
different stacking areas, the |ayer conposition of .
each stackinl Hrst£oppostionrtypeiesupiporidoyerhe Inglatoniagr — first

types: WO 2006 ggﬁi Fﬂ% 6 N first
conposi tion tygé: S %Eg'%r’/‘ ay @%B?%Ef?g?’or | ayer -

first workingséensr camposition types suppotuayearce,indulator layer —
second conposi t.ion type: support |ayer, .- insulator, . '
Tayer - first st R el Yesond Rlihg AN Siding it top
exposing its te@fade, surface, so that within each of

sai d stacking areas_one of said first and secaond.

- wor$9 et within eachy ok said stackingsarepgcene of isaid diFstcack sgcond.

1S e thi cknesses of said first
and said the&icihess ok saig firstywokingldyeninsssidi fiesd comgosition type

co i.Li . t he. top.surface. of said . .

ot 18 CelplBlob ¥ed MidkhBacelf 4P 1 By8BEidGrolRl asiing favers
ar dn sald set@nl cornpddior Bpeadethat tiesrtdphsurfaver & $8d structurs is
|l ayers of the stacking areas placed around; - this

el €t cal isolation is performed by Shalllow Trench .

| sol at i.0fe whiking RYels@FH st988nyBFdd 418 diddtfdallyIsolated from the
mono-crystal line; at |east one working layer’is a . -
st M¥eIHBg laars obheudieddng arsmisplagsdid@ragnd;ayer is tensile

nsul ator i ayerep| SRR ARl HaBW ikhif Rologn

of j ' ' LN said first conposition
ty p‘géﬁdhd i %rta?)eﬁt%ggét ﬁ%tdéd g eg %

- that sai dtisaskomegwbkirgy layarrie nedrestystalihby i sol at ed

from eec Iglt etalgtec;ﬁe working layer is a strained semiconductor:

- this working layer is tensile or com.pressive strained;

- an additional elecirical insulator layer lies between two working
layers, so that said working layers are elecirically isolated from each other;

~ said Insulating Iayer(sj is(are) made of oxide;

According fo a second aspect, the invention pro'vides a process for
manufacturing a SOI-type multilayer structure according to the invention, said
- process using a layer transfer technique, characterized in that said' process .
- -comprises the foliowihg steps: _ |
= forming an ipie%mediate structure including said support layer, a first
working layer, and said insulating layer,
= forming on fop of said intermediate structure a second working‘layer
| having a crystalline orientation which is different from the crystal!iﬁe
orientation of said first working layer. - |

‘Preferred aspects of this manufacturing process are the following:
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20 - said insulating layer(s) is(are) nade of oxide;
According to a second aspect, the invention provides a
process for manufacturing a SO -type nultilayer

according to the invention, said
ﬁé?ﬁ%hgﬁﬁ%yer-transfer t echni que, characterﬂgﬁﬁﬁﬁﬁgmumﬁ
that said process 25 -conprises the follow ng steps:
form ng an internediate structuEs i ncluding said
support |ayer, a first working‘layer, and said

msulatmglayer ’\formn% on tQ of sai-d

i nt er meditBe eraseps furthes camplsemibepliowingsteRSer . havi ng
a crystall;n@(%gg.r MaikL ferent fromthe
crystalline ['ﬁrggﬁbﬂgﬁﬂgn of&gda(?u fblfyr st wor ki ng

| ayer. Preferred iaspatnglayer abdve thasuppert iayeng process

b, L Sy BRI PR oo

A form ng Rytmi 4 @mmttlemmszbhecmcle dbﬁne@wtmmée&d ifirg, source

| ayer above -t he support lagtin eci-es in

a first so8iRSFalygsiaygt QOI’ SRHTE@?Q E@ g d?‘?fﬁﬁﬁ layer of said
embri ttl engRicrg@ne which defines within said first

source substrate a |ayer correspondi to a first

wor ki ng' | ayer of brridihg seididirsir equree tﬁb%@trﬁ’@ &xiagid iipgulating
sour ce sub%g%fate to said insulating layer, 10 o .
splitting d first source substrate at said

enbrittl emsnt o z capdittihgr sedl first searad sﬁubsﬁ'at&sama:e embirittlement

~substrat e, hat t he on of fir bstr.ate
Sour ce bz tartas b R St PircBisubFater & Fiag Bearfioh Ot the

becones t hgsf sdb%tramdﬂrea thﬁrema‘né Béndddf 1/ tHB Malidting layer
structure, ™~ formng on top of- said internedi ate

struct ur e Recomasibe IWQ'T'Q“Q faver gl e intgymediatengirugtireng
SR o 1 CHERTLh B Ea iBhiaad nRite's e rktihan
layer, by:

o implanting species in a second source substrate in order
to form an embrittfen‘_lént zone which defines within said second
source substrate a layer corresponding to a seéond working layer
of said sfructurs,

o bonding - said second source subsirate to said first
working layer, ' -

o spliting saild 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 fayer becomes a second Working‘i_ayer

of the SOI-type muitilayer structure. _ -

-~ the process further comprises a step of treaiing the surface of said
intermediate structure before forming on fop of said lntermedlate structure a

second working Iayer,
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source substrate a | ayer corresponding to a second

~working |ayer of said structure, 20 o bonding said

second source substrate to said first working |ayer,
0%%61‘):{45{19 said second source substrate at f@fn‘i’szuosmouss
nbrl{ ement zone formed in said second source
substrate, so that the portion of the second

substrate source which renains bonded to the first
wor ki ng | ayer beconmes a second rking layer of the
SA -type rrultl | ayer structure. - the process further

conpr i ses hg @PWW@?%@WH@%W@'@UW feraoving ©f dgsired portions
i nt gf Boid r\H&ﬁ(h’::Qe Iéggf O ﬂf'l fd %Cﬂrlyl?é’ Hnﬁlfﬂla&%l Siructure
u ayer;

i nternedi ate struct secon wor Kin
2006pmpagss twedypesadiageiotaddar: 8 - the process further

f, d d
a1 socchanbeAoK B8y b Wi T IEARBt 1988 - St working

multilayer pipgcture conprises two types of |ayer

stacking: first stacki na@ﬁype support | ayer -

i nsul at or* | 8§eand- stacking Kiswgpos a&?“er— instdondayer — first
stacking ty t r tor layer - first
wor ki ng lay@?{k;@%&@ sé&iﬁ%worfdg eﬁ'-_ t he process
further conprises selective formng of desired

t r enches thedpretessxipdber eamhplisasssdletive Joinsing rof tdesiré trenches

1 i b E g oV SRR GRS oM RIonELl B or -

t he workithg drmesfuﬂheﬁ@)mbrﬁestfmtngf Sai@t&nehes AT BRGHrical
| ayers;, - the working |ayers are nono-crystalline

| ayBpdlator; gne of said working layers is nade of a

(1,0,0). Qlﬁé’%ﬁhn e%ﬁts*éﬁfstﬁfcturé%r bRhicHRELEBRI aMer S
ing 12 i Playpit

is made of crystal; - east one o
wor ki ng- |t!3@/wp§<mgIayersaarﬁmpno-crystalllne 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
formtng an additional insulating layer between said two working Iayers
- said insulating Iayer(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 nbn
limiting example and with reference to appended draMngs in which:
~ figures 1 which has been commenied above shows diiferent
steps of a prior art manufacturing process of a Sdl-type multilayer
structure comprising two working layers having different
crystalline orientations,
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- the working layer is tensile or conpressive
strai ned; - before bonding the two working | ayers,
said process conprising formng an additiona

' j | ayer between said two working | ; -
"gg? 6')igﬂr'lj’élu ating layer(s) is(are) nade of oxia[yo(g[?]%mOglgm136

Further aspects, objects and advantages of the present
invention will be nore clearly gpparent on readi ng

the followi ng detailed description of a preferred

I mpl ement ation of, the inyention, this being given by

way of non TEPR & Fehemaiialy Wisrales maler sibencal 8 oprocess of

appended dr aWari@sctinhgMa Sbl-gﬁéf-mufﬂlzﬂ}érres‘iru%td@}édgopri fo the

been comment ed above shows erent” steps o
art manuf activentien pheo starting fremseainteypediald striciyre;

structure_c IS4 n [ ers havin :

di fferent @g%t§|i?H§ét¥%?¥gé’5a??%JH§% Wb 5 T dgiming the
PCT/ | B2005/ afidrh@sliate strubiugeir e 2 schematical ly
illustrates,.main,steps, of,a process, of manufacturing

2 SO -typo OPe:f dMSIELes b e UPere el MEETr g Steps of the
i nvention whritess abf | AtnLIRMME | 1t SOP Rultiayer _structure
structure, - figure 3 illustrates an exanple of "steps -
for forni ng@¢9Eding onther inventionewben sfarting, formfthg untermediate
i1 lustrat esgfigrenor e detail ed manner the steps of the
process of manufatturing a SO -type nultil ayer

structure Bgwerilishgws @ SH-typey enttilayer wiertss arccomiing to the

f he i [ t t 10 - fi 5 sh
2250 -y pe PR, Hofon, Ep{Biset TaaitRs it sSanpeive Sferent
i nventi on vﬂybe@oﬁlg?@rétggang,egi ons havi ng respective

| ayer stackin - figure 6 shows a

di fferent ftdqoes o] g, .
SO -t ype "miqyre £ ghows &, sltwpeamebillayen gtustury @ccording to the
invention WAl&RiorOWRIchS e I Gh fad e
by an 15 insulator,. - mgrrnégsﬁgtﬁboﬁ&ﬂ @Hﬁ&a‘%’%’g ﬁ['ed gy an
multil ayer Bsylalorure according to the '
- figure 7 shows a SOl-type multilayer structure according to the
invention in which two working layers are separated by an

insuiator.

_ Referring now to figure 2, a SOl-type multilayer structure 105 according
- 1o the invention is obtained starting from an intermediate siructure 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, an
insulating layer and a woirking 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. S . g |
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invention in which two working layers are separated by
an insulator. 20. Referring nowto figure 2, a

SO -type multilayer structure 105 according to the

' ' is obtained starting from an interﬁ@ﬂhﬁ&%omnm
‘@pﬁﬁgpggglloo. The intermedi ate structure 100 4
conprises a support layer 101 supporting an

101 and a 25

. insulating layer 102. This insul @ti ng | ayer 102
| Ia);' r

extends between said support yer _
wor ki ng Therefore this internediate

| 103. ) | 5 ] .
structuf® %g'g :Fﬁgfi" e8NQ deaym Kie: atienfien thaiin the daveatiomg working

| 2y piveR Al OBV is HAUENRIo LN *hf#ﬁeﬁig:géaa\?eoogggé\‘?e the

be forned within such structure,
t hainsulséing dayer iof dhve stucture) @ndria vhictnt dhannel ofosipeites) current

of - 30 layers nentioned above. WO
200%?%%%/ | B2005/ 001136 10 To this regard, one
draws tineothisr eistridep o atking layisr nfeBbRNas % IBYdr RE carrier
| ayer of SO -type structure. is-understood as a

I ay&‘?mfp& ted above the insulating |ayer of tlhe _
struct imithhe f : :

curyont? aeRImiley e HBle; I SHUIOR, SO BahdbiER 4 wariing tayer
| ayl6ra mypr diemwhichs slegtrbay @re assivgrirdnera sowreadpa trairef said

a Ldoty [ ' SA transistor, a
oA, L8NS GEXAR £ ol o R S 2oylsALMPL

passi néctowingly, Somight Happen thatinwefkisfiayer 6RPasSE Pore than
SO as Ito rgenerate a controlled drain to source

cu_rqrben?ye 10 Accordingly, it mght happen that a :

wor ki nghdditioRile e Mei&fal rmr@chhagers%ﬁich% the working layer
Additionally the material of such layers ich form

t hd"ROPROAGY BPEr may be of any tlype. As a non |
[imtatagV =T L ’ e

of | 15" et RE IRHEIRS Ehafhie BRGE of (YR TR iy B Race of
| i rhatatahaboben indgpeaderidlylimidie non limitative list given below:

 semiconductor such as Ge, SiGe, 8i,

* compound semiconductor such as GaAs, GaN, InSh, InP,
elc. ' '
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 SOMype structure according to the invention, a
second working !ayer"‘fo4 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 abo.ve it.
| According to the invention the respeciive crystalline orientations of both
- the first and second working layers are chosen so as o optimize the mobility
of the carriers which will get involved in these respective layers. | |
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A sem conductor such as Ge, SiCGe, Si, * conmpound
sem conductor such as GaAs, @GN InSb, InP, etc.
Furt hernore, each of these |layers may be strai ned i f

\?ﬁ%orﬁﬁﬁngf ensile 20 and/or conpressive). aﬁjr 005/001136
ése

ayers may al so.consist in nono-crysta
materials with crystalline orientation substantially
identical. In order to obtain ay d -type structure
according to the invention, a second working |ayer

havj stal li i.entation.whjch is
i 11 or hr 8 e infEfe exAGplL b sk wotkintlaver 1 Ghmey berwade of -
o
o SR Sk ogeRet o SRRl 04n 2 (1:10)

i n. ¢t Vbﬁ“i"&l’“structure 105 t hus creat ed, the second
VVOf k' nag érﬁé(r?%m*égél Eé’g‘ft?)%%sﬁl)‘fe 8 otb?eﬁll\fg'cgﬁi YRg myttilayer

Ki ng ayer fends PRBIVE i
t h eSfl’tm‘imet irorwhithe the sfp'e’c tworblngr bagélallek [ vreey om!le RidaptedNJor the

cno28hOesubOor iels BRE aitlom Wit T,ps: R i ayer i

whi ety widllladgpted to e Mfé@hufeﬁhtdrh@iﬂ nme% d i¥ShdidYRL S-
ZOO\ESEH 349 dgpCT/ I 82005/ 001136 11 aﬁsnon [imtati ve

exarnpl her nen ligdtakive gxampls; th&)ﬁrstm@rhm leyee 168 made of
(1, @(@Db(ardﬁétal i &Ilédd'g h%gﬁbé”ignéf&estﬁa?ﬁ ‘\m‘ﬁlﬁvﬂékéc%%gﬂ working

| ayer tal In sifico
ar rayRicPdrin arfékh@) drystalde §I[TBDE may hﬂaccanpreas@éjg’trwpe

whi ch the first
s T8, AL BT Il it e B of
NI\/EDSetmp@ater atrtmtm’ewaa bhimstetnbatcgas @@defépwbyél Hn&)\ﬁWthe one

I adapted to the manufacturing of
5* ?’ﬁhﬁf brs. As a further non linitative exanple

the fi Iﬂ\%tari/\@fdﬁhMQ érﬂéﬁifaxié?%rmeca\?\}nb? %re s:%%ﬁl%nown

in silicon may be tensile Straln seco
\/\DF@&WU%‘OSW%@{S GyR (far é:f(emlqaloyamlyslba;bosmorel b ABE (for

TSR B el TeCNod of form hg the

st r uct bpwevain dseoiding tnanprefbricel sRU¥RIURLT thiayBviAiM, Be SOI-

thﬁ/p%nﬁ'nultifayer structure is generally manufactured using a llayer transfer
technique which is especially described in the document entitled « Silicon On
Insulator Technology: Materials to VLSI, 2™ edltlon » from Jean Pierre
- Colinge (Kluwer Academic Publishers).

To this regard, a detailed example of such a manufacturing mé_thod is
shown in figure 3 for manufacturing the intermediate structurs 100 whereas
figure 4 describes detailed steps of such a method when .used to

" manufacture the hybrid SOl-type multilayer structure 105, being understood
- that the method presented in figure 4 starts from said intermediate structure
100, | | |

As can be seen in figure 3A, for manufacturing the intermediate

struciure 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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skilled in the art. As an exanple, an epitaxial growh
can be perforned using well known 15 techni ques such
as CVD (for Chem cal Vapour Deposition) or MBE (for

I B it t hni . Ho , '
%2&%}“)3%%1 eam epi t axy) techniques wever Pﬁ@g@%@gﬁ

to a preferred nethod of the invention, the

mul tilayer structure is generally manufactured using a

| ayer transfer .technique which is especially '
described in the docunent entiti'€d " Silicon On 20

I nsul ator Technol ogy: Materials to VLSI, 2"d edition "
from JeRiefespblyy the inpylaioyd02 mrayes asdigan wiide, also called silica or

Pubki teal P id Al ; '- : Of
LRIl 1t 4316 SRR nh B IT PE o gy 101
manuf acthe insylatitieldyet enayedisatee sbmpoted ef Mdtiplbdagss having
fig irffg 4 geﬁcri bes dﬁl ai |l ed steps of such a nethod '
whe %eé'& £ nqémn?ﬂ?ﬁ PREt ure the hybrid SO -type. -

mul ti | ay &y toshe wetdd RerDhat Bed Blicom @REE AR hald Bkef RRposited
nmet hod p[dzsented in figure 4 starts fromsaid

i nt QfedihBWTage ptiher eibppddayets1Qahy ierswd axidation gniby other

3A krfoWn BBRMEGSS Uring the intermediate structure one
starts fromthe support |ayer 101 which can be nade in
30 mat dnifiguse siRhaasousee istibstrateappihihasingdfexmeainple a (1,0,0)

etc . AT uppor he insulator 102 over an
ent‘fr?’seta'éfﬁé]gﬁ%@aﬁ% S‘au‘?"i’sié‘tﬁf‘?&m 2006/ 103491

PCT/ |b BAMﬁ_/sP_@&iéQ&re _lrgplahtélﬂeih athxblxefjuzd@es.l{b!@ﬁéieah%céél&g form an
may be.a silicon oxide, also called silica or i O2,
beemiflerrentzogg 106, agRfgfinedsinpth withiasaishsaures selpairate.

suppor Asl @ebe L8dn in 1€ AignULALP %nlliﬁ%'fa{ngm cféf@%s Qﬁthiq said
conposed of mul tl_?| e layers having ITferen I'stinc
corfouKie suhsyates 107 ajlgyerowiieh mdil edrrespond tothe firdievorking layer

OSSO PRGN SRR R ST o

or by dhbeaftekribersduecd substeste 107 fsi hroughBhio dnthmateceontact

S 0 B P R e R b dof a0k botn of thess ayer
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 accompahied by an-appro_priate 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 {o 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 spilitting. |

To that effect, energy is supplied in particular o the source substrate so

ihat, due to mechanical constraints, said layer part 107" detaches from said
- source substrate 107 at the depth defined by the embritflement zone which is
‘weakened. | | o
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10 Atom species are inplanted in this source substrate
in order to forman enbritllenment zone 106 at a
predefined depth within said source substrate. As can

%Btzﬁ‘%ﬁﬂs"bp this figure, such an inplantati O%ﬁzﬁﬂ’?ﬁ“mﬁ

I'n sald source substrate 107 a | ayer whic
correspond to the first working |ayer 103 of the
SA -type structure which shall bg obtained. 15
Thereafter, the source substrate 107 is brought into

suppor t BV S st of Aberhica 38 hetiswep iy heat tgsatment
bondgesgthagiraathRat RHSWY b YhdBltiRehah imffaest.on. Thi s

bondi ng technique, as well as variants, is described

for exaPAY case, figareidBushaves tet iespiing iermediateustrusiture 100
Viaf gr i gL SGi | .
! EonBl Mok o 38, R 80 10, g

W | egentatiomawoddisaigyer bidXditng siliscm axiziep 402 eshdbiheasupport layer

app @@riate prior treatnent of at |east one of the
resg tive surfaces to bé bonded. As a non limtative

exanpl eRefatiiy Bow teAHORNL, & aethed RelliistFated forforindesn top of
to allow the pbond to be strengthened. 25 Once bonding -

hasSae dhtes@edstoretdrusture nh 4 rsecpgdirworking dayer) ik rhaving a
' 7 PG

v il i SHESH 6 18k, B8R0 o o

spl {1680 hyorking layen 105 ¢fdbe intenmedipte isbustuppl i ed in

artic . sour trate "that. due to.
Pechan Pl e iéisie bR ARt daifbecdiuuRing laver
f r othdmiag hadd ag o Oerysthiine etientdibh.at the depth

defi ne%b .t he eg%i(g E,ema%g éone which is _weakened. , .
WO 200 R@W"rb A HAOESTI099 §8Nsigls inypplagiing atogyrecies in
sup@¥1y1 9{ s@UIBE QYbsidte RBORRSUreuEyd Wi th a heat

treat nen or other treatnment known by the skilled man

in the Qnoe. agrimngn cagdritliement ez@® s ist filaus egygitedncat a

| OB SEPUELAR 4 Loyt IRASAA HEE R Ebbo itern
or ifeam dié onevwentiongd| prgeioudig3and kiefised iithin seld decdfi® source
andsuﬁars]t?at%%%oe{ faylara é{oenr'esp%g&hg 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 infimate contact with
the surface of the first wdi'kiﬁg layer 103 extending on top of the intermediate
structure 100, and bonding is performed (figure 4C) with a heat freatment 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 SOl-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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Referring now to figure 4, a nethod is illustrated for
formng on top of said internediate structure 100 a
second working |ayer 104 having a crystalline

[ LEN which is different fromthe cry [
‘géizgdrgl{lg%bgn of the 10 (1,0,0) working Iayefﬁ%z@?ﬂmm
the internediate structure. According to the exanple
nment i oned above, said second mor?ing | ayer 104 nay
have a (1,1,0) crystalline orieﬂ ation. A prelimnary

_ step of thirstigrret hod consjsts in inplanti n&atom

speci esn Rartigulgs, aneyinay iptedsate  stem ok tregng figygudace of the
4B) 363 hra Lt | 6t .

5 i T ST T e ot
subsifyciuee 10® angfordreating the suifateoéraid ihleomediats snecture 100

. bl ey o :
Coure BRI PRl i RO el MRS (0" Sar
second mdedd,naftdray esplittivg. stepethe shifass of aR8 WibrkinBelayer thus

- sec ndeéource substrate corresponding to a - 20 surface

HEed QBhePikiNg IEp raypbpespwhich aghdigHred mith for example a

| nttharhal tesingAt sudhtdd arf Ahetithg #esntt he first
wor ki ng_| ayer 103 extending on"top of the intermnedi ate

st r uct Urthepelepmeowd rmiso e scqumplishad dafiel i hpving ¢@ated said

W t hedt le. Finally, as shown

in Iﬁbggre 4%%?@&%3?&%%{?4%. of the second source

25 subdity ah exdibplenwhifuttharatsp oohsistefis ﬁ@ﬁ@\ﬂd{f bQidshted portion of
plitting said

second wor ki ng, ] ayer is renoved by s
sof%&cgs%ﬁ?&@‘{#‘%{"é'gﬁ\@rﬁg the enmbrittliement zone 108
and t h&iqybrs shovdl stishPg Kidd bf P@M@Jal,sﬁdt‘ﬁeltrféhﬁet %Z’?PEhe entire

t he irhvef%i Zan IS thus obtained. Naturally, o

st 850N &F ReaYpE(Ad i aurstioni bed above may be i ncl uded

30 in therdtBich he.| td.an. / .

poT) 1 1A NBIEn Mbsaty 4ﬁPhp\$§€t€°@uﬁ'3¥,%%%%gné€%ﬁeglhyb“d SOl
i nSEyeire 185sshawsofedionsawhere tHeeasparbaicayef is @ first working.

se rKi. r, 104 aft It. has been bonded to
© n R0 2B DA, WAKE i ppBie Iyt i sEOTRLAPING lover
sur f ac&hisf nekés it poesibeditiaecssy ¥ thote FOPenP® k€ case for
forpnin on tglp ?f .t the second working |ayer 104.
exam%le of fabricating transistors of two different types.
In figure 5 however, such a kind of hybrid SO! 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

-' 'I_ayer, or the support iayer, the insulating layer, the first working layer and the
. second working layer 104. _
_ | Typicaliy, removing a desired portiqn from the second working layer as
fllustrated in figure 5 can be performed by selective chemical efching, 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
'Qf the working layers in a stacking area (for example, the thickness of the
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5 I ndeed, after a splitting step, the surface of the
working layer thus fornmed may conprise little
roughness which can be cured with for exanple a

eat nent such as an annealing treat
‘lEE {i lr’3 B{ eps could al so be acconplished after _%Q/"F/rqon%
created said hybrid 301-type nmultilayer structure.
105. 10 As an exanple, a further _step consists in
renoving a desired portion of d8i d second worki ng

| ayer 104. Figure 5 shows such a kind of renoval, but
bo! ORI IayeE 108 Mute Ao HEBL010£an e Mageedualio e overal

que a%l@%ﬁ T:?ﬁ Q{)o‘?klaﬁ ﬁél’é g1 f n%ﬂce:rngcgklﬁgsa?gﬁo\(,\ﬁ the above

r egexarsplah theeadictml thinkaesof theyfnst bad tiee sédanslt wawing lager 103

cceahh T e 75 ndT BE! o bt S 105

to javenof themin the case for exanple of
fabricating transistors of two different types. In

fi gur e HIWEWR pEpWs ANGthey additiongl sigpowhighsain ke implemented in
| S S@BPid Ble c%a&%%%ﬁé?ﬁé %&lh@lé{%&@? of 8%%%1(]@@%5 $02 from

|st|ngU|s es t stacking are

st adifieiwayking dayers) cbethensteckiog ansasd avand, ar y |ayer

th th t he
P eu oo B Rl B isEha 700 o ForeRP Ritugh e el deng of the
t haﬁsrkb@dayerb @y te sthléng assal Wihich %ah@dﬁé Jsolah@d {figupé GA).
WOr KI N

the 25 second work ay 104.
Typi cal r} é?f&\? Rptopdy surh edronshy 'ﬁcﬁ%scf %E'W\eﬂ@ aelopaground
bore m’gﬁ%%ﬁ‘%‘éﬁ $NSERNG A 205 BHANR A6, ftheir) depth
Skl | | ed heainthgi trenalie 140 |ie filled @Mlﬂbaﬂ aiegztnoalhmsulator (figure 6B),

be MR HECHe ibulahth B0 Bhc 162058 lo, §BpEpN isbiato the
i t wmlyllng??qmrsfrormktiemppmg let\l\}.fl(’?lratg01n Ié lgdmglrﬂ’s Blﬂrlla}tdnet ackin
ickn .
g;/:;a( fans s%%PEﬁfesalﬁ Fr@n{ﬁh Méavihss8 the RrALoRsbeIaN Frensh depiation
PC'($1n32005/ 001136 15 working layer 103 in the

stacking area 201) can be nade equal to the overall
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 fabricatea in adjécent stacking areas.
itisto 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 to 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
'fnay be modified as desired and in a very convenient way.
‘In particular, such & solution may also help saving iayout area.
Another embodiment of tl_1e_ invention is also illustrated in figure 7.
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t hi ckness of the working |layers in another staking
area (in the above exanple, the added thickness of
the first and the second working |layer 103 and 104 in

‘;'V{igoﬂ%h%%ll ng area 201), so that the top Surf%,gl?m%esfoﬁ%é

ructure 105 5 is even Figure 6 shows anot
additional step which can be inplenented in order to
el ectrically isolate the worki na I ayer(s) of a
stacking area 202 from the worki'ng | ayer(s) of other
stacki ng areas around. To (Lhat effect, a trench 100 is

formed £RCB0AE $9R0. R hYRIGERHHyRSY Sffwremmﬁfﬁ@ﬁr@ additional
| ay ﬁ{sﬁlaﬁﬁ%'léﬁr 44 @%l(g‘gls%t@ﬂ)dé@ gtv{?h%?nt 8 k& dnﬁ‘%{je%ﬁ&i working

(figure can under st such a tren
al sayety thitiarh 1084 hayng nespssiiely dﬁermcmstsgjznwmaﬂomf

sai d st s _along its .
oot A8 R66 B 308 £ 9GhdlerreBlBR e 4 thdd the working
el elyeiscalf Bnstidciingr dréa gbising 68D9ctriaaﬂif aselbted tdie sMdkher, a
i nsul ator than,the one 102 u el ectr| cal |

i soPAPBORG{E: SULH RYRMSIYOT Yy RRHTaEpRs %{'Omatp@rsecond
10 TwoRkirty léﬂéﬁ 1@40% h@yrﬁbre g@tﬂé&ﬂféefbt bbéctr%ﬁl ?'eh[lﬂiéégﬁin? which -

may be in the formof shallow trench i1 sol at
A pUPYir dg Ripsenva thediet werkingdayer 103 t her step resi des

0 the fihs LA hE mdt b?@?@ﬁa‘?mhﬁs ARaGAb Fonhal <hy-type structure

stacking area I's
conpopesedby thecihvarstiont der bé canslemcblﬁys an fadbitionak step ioh formmg

ot her, ,st acki re particularly from

co %gﬁ?@ ’5%?'3@%&8%3 %' dj acent stacking areas. It

is to b agbadiniReive f@?(hrrlﬁlé Ethﬁtlﬂﬁhé’tﬁ@ Iég@faﬂh%ay be obtained
manuf actured, the first work lng 03 extendi ng

j usRY PR depositionen the ’Rﬂ@rﬁk‘ﬁﬁ@e phifer ratomormg layer hefere having
10 {hRferRd ﬂe%%egﬁ@ I?;\geil %R s?r r¢> To do so, at
prov At

| east a via may to con specifically
t.he fi Astanaiiariaxamplesaid bealating myeen%tmaydm fisbdepesited on

Db 3ot e ke 408 Feribacl i SBecona
vvor ki n@heay #nplafetionayf MOmD@pétltéﬂ Bls p@ﬁ’ﬁrrﬁ@cﬂ ROGHH Nsidh a
articular, suc

ol SEPBR oSS i Gt P nrotsy GuwearikeRsd Ao heamely an
?%rmgéiherﬂfzohﬁ Swittié @BId echd s8Uee subbirsbr@ized in
-"The free surface’ of the insulating layer 111 is brought info intimate -
‘contact with the top surface of the first working layer 103 and bonded with
one of the techniques sus-mentioned. ‘
‘Naturally, the scope of the invention Is not limited fo the various
embodiments described above as examples. -
“In particular, a working layer of the SOI-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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WD 2006/ 103491 PCT/ |1 B2005/ 001136 16 As can be seen,
the hybrid SO -type structure conprises an additiona
insulating |ayer 111 which is interposed between the
Wwhhaededdlgy second working layers 103 and 1041)&‘1%5@%/001135
respectively different crystalline orientations.

advant age of such a structure resides in the fact

that, the working 5 layers- of ? stacki ng area being

el ectrically isol ated one anothé , a conponent, such
as transistor, which may be manufactured fromthe
second working layer 104 is ELAWIS, subj ective to

el ectrical perturbations which would be present in

the first working layer 103. To this end, the nethod

of manuf act SQlHype weultilapen atr@duret (105),scaroprising: a sipport layer

d t ' ki leted b .
Daar e inat et o PR ey (.o B8} i B, ovstatine
| ayer:ier;’téﬂonslAan mmuimi?bilmetrgﬂ mzogimr? Q\E)ertdﬁ 'le_tédst a portion of said
dopRHRROFAYRIL D, SFBEPaiAeada Toat SHe IS0 BieEi(402) extonds
|-ay&ferigd QeI SVAS oftsfa?d@ﬁ]%dr?% EF‘QIO?Z,CSQPQ? WPEKERY between
| ayer to the structure. 15 anot her exanpl e, sald

i nseAidsuprert leyer (101) antgaidovarking tayeep 061% 8é04)on  t he

second source substrate 107 represented in figure 313.

Then i”p'fnéﬁilitfﬂb F}[ultﬁ'é sﬁﬁ&ﬁﬂr@%g&&d@@rtB%éﬁ% O Merized
such a tenporary structure 1n order create a g
we akdingi saichaideastdwe voribng layres (103, é04dre soperimposdd. n
sai d second source substrate 107. 20 The -free surface

cont act o ¢ RO BTG nlcBr8 R B g ot claim,
| aysharddéizzadinbipatitht siridtureocemprisashenty eed varkieg layers (103,
sus%.ntl oned. Naturally, the scope of the invention

is limted to the various enbodinents descri bed
above as exanples. 25 In particular, a working | ayer

of the S@ - SPpeypanidtilays sBldiurt Wecorgingt By dfnieNbied@ding
may  have 1), crystalline orientation to

1,1, [ (
marRARE: &ﬁ@f(ac%ﬁﬂzeéx'anﬁwaé the presiingy kavess{ 193, 1R8) are made of
20Q8{c3R3491 PCT/ 1B2005/ 001136

5. SOI-tybe multilayer structure according any of the preceding
claims, characterized in that a-working layer (103) is made of a (1,0,0) cry'étal
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 transisiors. '

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

claims, characterized in that it comprises a plurality of different stacking



10

16

20

25

17 CLAIM5 1. SO -type nmultilayer structure (105),
conprising a support layer (101), at l|least two
wor ki ng | ayers (103, 104) having different crystalline

é’OQBdGﬁB:; ?{el ons, an insulating |layer (102) exe(gn]?;i@% 001136

ver at ast a portion of said support |ayer
char acterized in that said insulating |ayer (102)
extends over the whole surface.gf said support |ayer
(101), so as to extend bet-vveen Said support |ayer

il £ a3 d Ui el cofPariigh obcashPiabHING area being of one of

chatclofowmgdypdd 1 n that -said at |east two working
| ayers (103, ¥p4) are superi mposed. 3. SO -type
mul ti | ayer stfirsic cemposiiiwo tytien gupport Haygn eciadulatprdbgem- first

h ' tu i ly t
wor RO 68F edfis bESREE S % Vo it 1 ayer
st ruct ur es acaRiehd'gompisitdn type: BuESa idyar —Jaﬁs:ﬂét?k Mser — first

chara terized in that the working |layers (103,
ar eW [ver ssesnshvorking dgyer@ypasing its tomsiarace; r uct ure

accor di ngg rﬂ&’ato\fwtﬁl eeef?:fwe?e gé@gstaﬁklﬁ% ”ﬁ’e?g hﬂ'EeaBE %é & ‘Fipst and

in that a working | ayer 'S m
st apecomddverkipghayerwaptsasdtsi tay eurfgd®4) i s nmade of a
(1,1,0) crystal. 20 6. SO-type nultilayer structure

That sal £wariie? PEARE BB AccERMTT Hg pfébelh ctaim,
cr yhuther charaatdtiped th that t!’{(ehénokaesé et said ifingt vedrkiNyISdr(103) in
wor ki n

transjstors and..sa ayer 04) nmade of |

(1 SRR D RERE s ebliaFe the hooed HiFknataes Abcaf frst and

F’l\/[ﬁldi )Sléeoﬁd WoPkisd Myers (1087 1_(')42 ﬁ%aﬁ%&oﬁbl'édrﬁ;ﬂiéﬁfon type so
;TF' re - accordl to any of the preceding clains,

PR SHIT ‘?‘Fﬁ‘? jd StFUCRHRPS YRI5 a plurality of
d| fferent stacking WO 2006/ 103491 PCT/ | B2005/ 001136

18 areas o 269 tﬁ&l)mumia?eﬂ %Y@Et&@ngélﬁirfllh%nt&f @?‘Hi‘ the two
stacki ng area being of 0One
preceding claims charactenzed in that the working layers (103, 104) of a
stacking area (200) are electrically isolated from the working layers of the

stacking areas (201) placed around.

. 10. SOltype multilayer structure according to the preceding ‘claim
characterized in that said isolation is performed by Shallow Trench [solation.

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

12. SOl-type multilayer structure according to any of the preceding
clalms characterized in that at least one working layer is a sirained
semiconductor.

13. SOHype muliilayer structure according to the preceding claim
characterized in that the working layer is tensile or compressive strained. '
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first conposition type: support layer - insulator
| ayer - first working |ayer exposing its top surface,
5 second conposition type: support layer - insulator

rst working layer - second worKi I
&BXWﬁllosﬁi na \ E%C'llﬁ@gﬂn%usﬁ

osing its top surface, so that within ea

-st ackl ng areas one of said fi rst and second worki ng

| ayer exposes its top surface. SO -type multil ayer
structure according to the precegl ng claim 10

furth ter e at .t he 't hi gkness of said
TSt o e e ifelilal’ SRiotira: abeording T2 sy e the preceding

t y pelaings, @fafdctdrizadnia Ao additichd) %‘f&%%a‘l’fns&@t& lé*egs(ﬁ 11) lies

and sai d second wor ki ng Iagers (103 In sa
seckriesn niwes Working tloyrss <(d 03¢ Aad), tmthaipsa;djrwfa'klegobyers are
sai Yasitik A -type nultil ayer

str ugt Jrééqwalgé%’% ffr@r%%’%cia%}t/hegf the two 15 preceding
clainms characterized in that the working |layers (103,

104) of d5. SQldxpe gnuliilayer(stogjurarascetding ta any lof the preceding

ar BB 6Rb B T RETReg bodsl®) (R 4] Brare) mac

st rafoixigee according to the preceding claim

characterized in that said isolation is perfornmed by _
Shal | ow chlslatlon 20 1 mul til ayer
structur g% Ec%ﬁea? ar F@”Hfﬂ?t%Pgt%gﬁg&%ﬁﬁﬁﬁaS@FﬁfWﬁ ure (105)
C harcaomﬁfg #eané Bf tH@apreaédihg 2Fim8 %ﬁld’\ﬂbbé&guélﬁd &Mlayet transfer

o-crystalline. J -type nmultilayer structure
ac e5hin cﬁ@ tcgalaqprgﬁdt[% ghqg saidduesass comyrigss the following steps:

strainea dofming & HrchedRs brfdie Pidth Wl sad Shopor
structure daysor(d0hy a first mering tadir §¢03), ahthsaid insulating layer

characteri i?@l n that the working layer is tensile or
conpressi v )r ai ned. WD 2006/ 103491 PCT/ 1B2005/ 001136

19 14. SO féivileg NeH tibp asfeéaxétuﬁt@%éaaﬁt@%ﬁeétdié“g1ddg 4"%econd
of -the preceding clains, characterized in

addi ti onal Warngrlayer (1eduhavise aagwstalling1prientation which is
bet ween t"‘@[ﬂ@i’érlft'fﬂgnltﬁé(@@é aQIfh% éh%t on gf sa eg&‘ﬁkg?ﬁ%'rlglag] layer

wor ki ng | ayers are . rlca iSO
ot her. (1 03).

17. Process according to the preceding claim, characterized in that it
- further comprises the following steps: _
e forming an intermediate structure {100) by:
. » Insulating layer above the support !ayer\ (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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5 15. SO-type multilayer structure according to any
of the preceding clains, characterized in that said
insulating layer(s) (102, 111) is(are) made of oxide.

‘i@"’-‘"ﬁ‘f‘gﬁgqu for manufacturing a SO01-type nul%éﬁgl{mon%
10

ructure (105) according to one of the pre
clains said process using a |layer transfer
techni que, characterized in thaﬁgfaid process
conprises the follow ng steps: orm ng an

i nternmedi ate stryct U{ﬁ?@s 100) including said support

| ayer (101), &PaH%Pr s Wishgouwrss substiare)whiglh seraing bonded to
insulating | a i , ' '

i nternedi at e )sﬁﬁ ? ans.thlij‘r@iéb(la:tl)b%‘;ﬁ%Q);I%ggﬁ;gqu%ﬁ.%g%?ﬁrég layer (103)
| ayer (104) haVfithgyintermegiatabirietarepri entati on which is

different f .the crystallipe . orieptation,k of i q .

first worki ﬁ‘%ﬂ"ﬁé’(‘ c%)lgg)s_al ﬂtelﬁ’%:g, SSMWPdfﬁ@?t% second
t he precedi ngrighglager @oayast eri zed in that it further
conprises t e_fol@l@g_vm ng steps: 20. . formng an

i nt er medi at € dPPEHING 8PEASDHIN HFecond spingeasilsirata (o) in order
above the sup ; ' t| L E8,l .
a1 st sour on WELE SinukientzchlR1Nith BRAfCER IR said
enbrittl enent sgertel Q06 subistratedeflaysrsconigspondingitd a second

first source ). r.,corresponding to a

first worki hg%géﬁé %&gf ﬁ(’fg%/g%f’ Sg‘HFtHr‘gt ructure, >

_bond: n?_ sai bll bbn&ihgs%aélﬂcge&uﬂfk??tg éd&_’t’ﬁgte{c _C(19{9)' do said first
i nsul ati ng ayer. > splitting sai irst source
substrate (10%’%‘%'?5 éﬁ?é“@%ri ttlement zone (106)

formed in sai dafife! <SRV GROADSG AL, sARLRAL (105 P said

2006/ 103491 PCT/1B2005/ 001136 20 portion o
sour ce subst r 80eritilemsnt r zong (408odommed dn s4id second source

insulating |la ISt ing.layer
(103) of thegﬁstt%?é)ﬁ?& Q\ggﬂﬁepﬁi‘@ﬁﬁé,tﬁg setiBid" S0ttt Sourcs
which remains bonded to the first working layer (103)
becomes a second working layer (104) of the SOl-type

multilayér structure.

18. Process according io the preceding claim, characterized in that -
said process comprises a step of treating the surface of said —intermediat'e
structure (100) before forming on tob 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 réemoving of desired
- portions of said second working layer (104), so that the SOl-type multilayer
structure (105) comprises two types of layer stackir.\g (200): |
o first étacking type: support layer ~ insulator ayer - first working
layer, .
e second stacking type: support layer — insulator layer — first
working layer — second working layer. ' -
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formng on top of said internediate structure (100) a
second 5 working layer (104), by: > inplanting
species in a second source substrate (109) in order

enbrittl enment zone (108) which defi
‘&nBtz Glgﬁmé‘gfd second source substrate a Iaye‘ral];él[)]%%osmm136

-corresponding to a second working |layer (104) of said

structure, 10 > bondi ng said second source substrate
(109) to said first working laydr (103),. > splitting
said second source substrate (109) at said -

enbritt| ed@rtrosesfe gecoBiing ofoneanyi 19f sthied Bieeomiecasing eclaims,

- su béﬁér%ﬁfgeri‘\;\cﬁﬁ? . f\?h Matt ﬁef%ﬁﬁ gtg(gfnﬁrfise%h SB%EW %ﬁME? Léiatoeesired

sour ce remal ns o th I'rst wor

| aytren¢hess Y110 edinks expese osald winsklating | layar (10)4)o dhe outer
t he E\ga-t mul tilayer structure. 18. Process -

acc8 OHEX "the preceding claim characterized in

that 20 said process conprises a step of treating the
surface o21.Fabcegsnberonid ab ghe Précerling elaind, (harReéfer] in that

formng on taqp,of said internedi ate structure a second .
wor{Hengfqt?ﬁ%?Uféfﬁﬁqmargﬁ%p‘ﬁ@z@e§§*dafé%mhaﬁ d1@bwiRyan glectrical
t heingWatg eceding clainms 25 characterized in that it
further conprises selective renoving of desired

portions of said second working |ayer (104), so that .
the SO - t42pETARASS; |aspardingt foucany Of( Hos) v npriecedingt viaims,
t Y R@farfételiZein tﬁéﬁﬁﬁ'vﬂﬁkﬂ'@qg%ers (104 304PbAGHA BEANRE(105) are
support layer - 1nsulator”layer  first working

| ayggmicgoduatedayrisst acki ng type: support |ayer -

i nsulator layer - first working |ayer -second working

| ayer. V@@&Q@ée]sgya%%gﬁig%' %2019& g&éé’[ﬁgr g(%(é o;%r%tg‘eding claims,

Process according to fthe
cl athasacterdeat drcttieati thed workindn gt 081 104 tdyers epepmbisesrystalline

sellect ive form ng of desired
ayers.

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. ' 3

25. Process according fo any of . 'flie'_ eight preceding claims,
characterized in that at least one of the working layers (103, 104) is strained. .

26. Process according to the preéeding 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 (1 11) between said

 two working layers (103, 104). |



trenches (110) which expose said insulating |ayer
(102) to the outer environnment. 5 21. Process
according to the preceding claim characterized in

‘R,B%%RM)@I process further conprises filling %2005/001136

trenches (110) with an electrical insulator.
Process according to any of the five preceding clains,
characterized in that the worki | ayers (103, 104) of

" said structure (105) are 10 serfi"conductor | ayers. 23.

. Process gécggdin to any of the six 5%eceding claims, .
char act er+&dOPFES 1RL0 wer RPYgOf( s, elavsy pregesing claims,
are : |t : : . i j ;
any CTEpagIeRYd Iihel D94 IRIANS inis) PIOH 3E) RS a0 of B
in that one (103) of said working layers is made of a
(1,0,0) crystal and another (104) of sai'd worKking
| ayers (103, 104) is made of a (1,1,0) crystal. 25.
Process according to any of. the eight preceding
clainms, characterized in that at | east one of the
wor ki ng |ayers (103, 104) is strained. 20 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
precedi ng clainms, characterized in that, before
bondi ng the two working |ayers (103, 104), said
process conprising formng an additional insulating
| ayer (111) between said 25 two working layers (103,
104). WD 2006/ 103491 PCT/1B2005/001136 22 28. Process
according to any of the el even preceding clains,
characterized in that said insulating |layer(s) (102,
111) is(are) nmade of oxide.



