Met hod of manufacturing a nultilayer sem conductor
structure with reduced ohmc | osses Technical field of
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nmet hod of manufacturing a nultilayer sem conductor
structure conprising a high-resistivity (HR silicon
substrate, an active sem conductor |ayer and an
insulating |ayer in between the silicon substrate and

t We@ﬁbﬂ’&f?ﬁ?&rﬁﬁnﬁﬁ'ﬂﬁfﬁ{% haﬁﬁil.til-arggr%@ﬁﬂ&bddlyﬁﬁr Structure

also relates I sem conductor structures

thus obtai ned. Mor gitR r@%ﬂfrbéﬂ ohntieg oy

invention relates to nultilayer sem conduct
structures suitable for being used in high frequency

(Hréchrircdﬂelwidﬂtheﬁﬂmiﬁm frequency hi gher than 100
VHz) .g. radlofrequenc integrated circuits,

and a Jétenrar@sem lﬁﬁﬂ@ﬁ%'ﬁﬁtﬁﬁéo teh@ﬁrh e@aauﬁr&ttrrm%@ulmayer
t
LRI U o DRFe SO (SRR Rt an

framhvelléefmrcenduatat dayes| and Qe rmdamﬁga la;;fersm‘cbetween the silicon

mul bi géa%/?:er sei conduct or str gf sili conon. N

i FSRPYe a(‘éom Yﬁ:tﬁ?ﬁég"” ay(% s gEesent ipygption also

( freRmBLtd RItIBRS sehitbriductst s%chﬁWeg‘tﬁué)BEt)arr%“d iN&re in particular
| ayer, featuring a lowresistivity (of the order of

f 4he Present invention relalks tovrauffitayar semecandustantstreiciures swtable for

SRR st P MEan R a B bl SBRRRRGE i/ iBer than

U@t NIRER),t B akdiRRehashey i(RE), pfrﬁé@‘é’ééiﬁ cﬁadrt@qah@r@nﬁethod of
in the fabrication process, - hi ck (sever al

homggaetusngii@mnons) substrate for exanpl e of
silicon, and featuring a typical resistivity of 20

V\Iéﬂqurohﬂﬂ%ﬁ’rthm defddpner (several hundreds of nm
I Nsu

[Ayer "Por g ectrically insulating the
substr M@trlhyemsehwcmbm d;ta.;otturesf comprseTa @luraligyef layers, of
of Si Q2 (?2_‘ bet ween the, s bst € ?nd th active | ayer.

Tidich at gast %%? arem ?rg conmponent s,
typi Ca'dﬁ/e &t fngfé’BT rﬁrﬁlir%y@r %%H.gfgm;m@&més are silicon-

Fig. 7 1l tes erent steps a nethod f
rrmuﬁautatarr(ﬁ;@l}astcmrrmmst AorB0! @onprsgxr. First an oxi de
[ st .sili.cons

| echinttiard a/gwlEhs SafuntSe iSvanibdyey seldlayeh deaturing a low
Sirb&iS@ity (of the order of a few Q.cm, e.g. 5 to 30 Q.cm); at the present state
of the art the active layer is made from monocrystalline silicon, so that chip
manufacturers can continue to use traditional manufacturing processes and
equipment in the fabrication process,
- a thick (several hundreds of microns) substrate, for example of silicon, and
featuring a typical resistivity of 20 Q.cm or larger,
- a thinner (several hundreds of nm) insulating layer for electrically insulating
the substrate from the active layer, for example a layer of SiO2 in between the
substrate and the active layer.
The active layer is intended for receiving components, typically
electronic or opto-electronic components.
Fig. 7 illustrates different steps of a method for manufacturing a

conventional SOl wafer. First an oxide layer 70 is formed on a first silicon



substrate 72, to be used as the thick substrate is
then nounted on the oxide layer 70 by a thernal

whoeovdiosig4net hod. Finally, the resultant structPCEBER04/000137
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i nverted, and an upper surface of the first silicon
surface 71 is thinned, e.g. by,grinding or a Smart
Cut(r) process, down to a suitgbl e predeterm ned

t hi ckness. The upper surface of the first silicon

SUQtstraiee ﬂllr‘ltén&&?%p%' 8864 ad e 4QRB e A second silicon

convent | onal wafer. n the context of sem conductor
t esthstrateyy2, ’@d:e mfedr& pheethick suhsteate is thety enouaégss on the oxide

over c v t f .
cpvendPyBlitsdhamdhofghap el of b1 Eniheiirgpvignt structure is
anRérta, ipisan h?rﬂ@rVﬁJrfacféDde ik RePSilicaH s@fgoe 71 id tidd, e.g. by
known that electric field |ines generated by

ccgmngmrsa Smarh Eui® reeessagewndam suiigble pmetermmed thickness.

ul atin e..lts insulat N ffec

ol S ES on 0% ik Bl sLPBterR 7 B ofon RBlisndil Qs forming
[ @b&ﬁ,éﬂﬂgngmtﬁ‘@f&ﬁ Therefore, SO wafers suitable
to HF applications should have a | evel of HF ohmc

| osses,Inwiiec reardexds of oseragopdygtobl technologyus®@l | yafers present

s ﬂ"éﬂsr%érrgﬂ etﬁépgﬁ{ag c%\}e? \?{Ieﬁt;]cg}dw S‘.ﬂacbﬂ ﬂwa?e&?‘% are currently

S ulgisltalyais%ﬁ farcﬁomaérhalmg hnd ldf:gm appiécatbyls (HR)
substr rren manyf act ur.e
subst r A’ﬁ%’&e‘@&n ‘Hal(i'g %PP'@@ QF‘T”V t§ Wil Fié'B%‘M‘P tEa\/\Pl?rﬁm%ge'd lines

SEdU% 2BRoneA W a%flvétI%Fé?aééH BRds! t r?éulatmg layer
strates that ar e typ| use CMOS t ec
Usr.iesgntei itsubsulating effeain anldq:earfedanabe #tghihe subsirate, i@ﬂimgsto ohmic

B85 Ao SRR bRk et ol Befes B P sppicatns

HOWRY.RI hay emyl Bf HEr SR ABs s, WRicks é’é%ﬁ/rés ;béssmsl r

decreased e ectlve resistrivity, in particular for

hi gh fﬂbwesmgllyamimlttmi that sohnihdossdscare negligibiesifithe tgubstrate
edlnthlst asteact val ue of

- desSliviy & hidhet than Sy et shibirates alf st don resistiviy

RS Slissrlafsy! @lirBaty é?’fuf?&hff RV ilf¥oR Btbl?st?é?téé ‘t%n have a

Igyer or at a higher "net evel in current standard
Civesistivityc of abeut FF@‘? (1.ost, ssc epmpardho lmbent Fowncmifar standard-
fective resistivit

t he | f HR SO jth .
| HBe UGS SursTrates that mis Tripalh tocom CHROS tefhhdioly. Using HR
deé‘lﬁsﬁ&té%fcafn' tﬁ@%f&@élgﬁﬁscéﬂtlyl RRIUCE Jod stisi dHd écﬁ){:ﬂlhtgé{éross-talk) in

| ow as /cn? coul to an effective resistivi
v atifi@pplicaivosndR3Dbsikates arnehissid tofabriease tHR S Qnuafsrsler

of magnitude | ower than,t b esLstl Lty

Thi s, :H V&%‘{?fsgnec@ﬁqud%r@é{\&a&?k %Ir ng@ ll—h@a%%‘i'% t}'mglgs%escreased

angERte FeSistplitys P phitRURF fonBigh REGGerdy apifications. The effective
resistivity is defined in this text as the actual value of the resistivity that is seen

by HF circuits fabricated above the insulating layer, either within the active
layer or at a higher metal level in current standard CMOS processes.

For instance, it has been shown that the effective resistivity of a HR SOI
wafer with a thickness of the insulating layer of 150 nm and a density of fixed
charges Qo in the insulating layer as low as 10'%cm? could lead to an effective
resistivity value of around 300 Q.cm, which is more than one order of

magnitude lower than the substrate resistivity. This, of course, considerably



applications. t has al so been shown that nultilayer
standard CMOS processes with a several mcron thick

wo p@dloatseng | ayer could | ead to very hi gh val urcT/8£204/000137
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(of the order of a few/cnR). n this case, despite the
hi gh thi ckness of the insulat o%, the effective
resistivity was also found to be nore than one order
of magnitude | ower than the substrate resistivity. t

| SneRekEE HIt hermidU|dsbbayaid Phdkest sii@s stbstrateendeslitale for HF
the present invention have ohnmic losses in the

sudpplicatens. hat are as | ow as possible, These | osses

:|r :CIt P ﬁﬁ?s %E?J dvanﬂ@&ﬁb&# ﬂi.lltﬂ,%y%r- ﬁg@@%ﬁdgﬂgﬁt h{beces%es with a

pasdvietal | Aicrérothitk eHsuldterlieney cewa!ibadtd aasy h@muys fo Qox (of
the invention t |s an )b ject of the resent i nvent

t dhpresdeeief @ few ABY/am”)mdn dhiscsase; rﬁi@Sﬁﬂ#t ¢ dyah thickness of the
S T S
mm#gmﬂ;d@swebtkmn thedsubstrateorgsibtivityich nul til ayer

duct t t th | .
f ﬁg' rethds, Saserh et eyl ereres GsouSaued gu e present
L o ﬁs\‘)’e Own%q?urt% iftithd éﬂbsfrégéq‘tl%lcare as low as possible,

app ications. ernore an obj ect of
prigeset loseee @reé andeexd mhsadvdatageobsrad thdyageierlorate the electrical

t t whj th | |
AR5 %%ﬁé%tpténﬁi%ia@aﬁén SEheRT. M, Rhefi dnn Sb: freavency

c.%?; mg., do the present invention. Parti cuI ar and
erred aspects of the invention are set out in the

acconpanylng i ndependent and dependent cl ai ns.
Fé&ummaryiafdheineenfépendent cl ai s may be conbi ned

Feat ur 46 51 o AP BRI ATERF, ifeRiSh B Grdvp, o, mpthod of

NnohamEFaciuyings nesthays skihiceiduetdr siruttbrestIofi thie typa mentioned
first aspect, the present invention provides a od
ofawﬁumwh@h%ctaﬁaldomﬁ RIEFPEHCRGRrEtHabY 3 rilich 58 possible,

d{)riﬂﬁo‘é?r’b%ﬁ&r:rz 'g‘lﬂg ”%% lt ;!/wa(,’q?dﬁﬁit Y'sttﬁ(.l ré\% Ctﬂ@mselves e.g. as

acmad@ bg éhe eoettlod] iorwhiahehe ahettrical |mdsaanen@cha§ad rorlmlnlmnsed
bet ween the silicon substrateand the active

s dretesaRly & bioh fegauencyRPPREatNS- conpri ses suppr essi ng
ohm ¢ is furthermore an object of the present invention to provide such

multilayer structures which are thermodynamically stable.

The above objective is accomplished by a method and device according
to the present invention. t

Particular and preferred aspects of the invention are set out in the
accompanying independent and dependent claims. Features from the
dependent claims may be combined with features of the independent claims
and with features of other dependent claims as appropriate and not merely as
explicitly set out in the claims. |

In a first aspect, the present invention provides a method of
manufacturing of a multilayer semiconductor structure comprising a high
resistivity silicon substrate with resistivity higher than 3 kQ.cm, an active

semiconductor layer and an insulating layer in between the silicon substrate



| osses inside the high resistivity silicon substrate
by nodifying, e.g. increasing wwth regard to prior art
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| ayer and the silicon substrate and/or by nodifying
the electrical charges in the jijnsulating layer in
order to mnimse the electrical |osses inside the
substrate. The nodification of the charge trap density

ai dfid fife adliveeRpitehduUteoraBpsd Thermethdesonpristls suppressing ohmic
interface between the insulating | ayer and the

s UpseasainsideTihiedigh aesistivity siliges e:mtr@ée by apoeiBfirRg,1§goincreasing

2 ) kB REPHPC AR 6 e ARG TBREIT RSt dhe Tnsuiating

t Hayervdirad thet sileoH sLiBderags ahb/@r bytracdiageg bed e@e’mcal charges in the

substrate and insulator if no special neasure
adasylgting layer imerder &mwmlsw@m ¢leatrigal '@S{?%ﬁ(@ﬁ'dem@ substrate.

modi 1 ofld HSiRLaticn® of tRE [ HARAL . 15 R "aibfi at increasing the
5 Sin t

i nsul ating 1ay m at” decCre

Chuhaggs trap tdeasitwwl thel Ingerfayee betbeh fthen@sulaanghleyeesand the
in the insulatin may be perforped b

t irebsiaten dines T"@?%l%st;h%ftkﬁﬁh?ﬁﬁ AP gensiy BEM?A%QT ?r%m'%mductor
i é@g}rég ‘?n%}rﬁ)fﬁ& uPsd Wit é?ﬁ thBEUécfgo?c% bl e ﬂ)r@é@ﬁt inYention is

to the substrat e anopunts O I mpurities nay
bénigteribad what wmsdm atdbeﬁryterfaee cblem/ge:s substrate and insulator if

| at | |
| il dne s ARoAraInaIbdls tesas) T o reyeltaket
par amet@eSmetifitatitid &ﬁheoeeémtcapaqé}?éé% %y n%létiﬁ@ layer aim at
acti ve Iayer in order to generate a its surface an

i wegreasing theaglectrinhl charges in therinsulatinglayesndi ng to a

substr the nslatln rof ..t he t

St ruct EORET SeBbes T ¥ sl el Fha Y pprommed by
s@ﬁb%hb%a&é@t@néﬁue aﬁaﬁflﬁ@mﬁ@n Prioned |hamera¢tWe layer

a Smart “Cut(r pe process araneters to be

adielficreciheniagule actge @rer 31 bﬁﬁded & thegubgiratendihe amounts of

tlé%éﬁg?}u?%ax}ﬁ %Lag. driny Hafefggﬂ{;%?%\{ﬁé %?‘?ar@ék%r?'ihe insulating

C hayerc trgteisdtively, ahe tdrargesmpetiag una)latug@slayaemml bé anodified by
annealing tine. The char%es in the insul ati na I a%/er )
magluséingdheinasameiers @f @sthergat pxidatien meriorpegromthe active layer
t her t r

L7 Bk 18 SEDRR ANE SyricapR) [t e MHA B fom, aer
oiboadﬁg tcher MStmateaﬂnewsmaayg Hayerd pfi the dnigblager Btructure to be

duce S|nthe| sulatina | ayer qf the .
e fREnebSrgien mayl papeadaciit po-dee o Rgnptpcturing
t B B8 $a\er! |H‘éeBh‘Ia‘PPC[]W t)@@@réc%saﬁﬁbmﬂgn@ters to be adjusted
internedi ate | ayer 1 ntend 0 be in contact wt

may comprise one or more of, but are not limited to, temperature (ln absolute

value) and/or temperature changes (in particular ramp characteristics of the

temperature), gas composition, annealing time. The charges in the insulating
layer may be modified by adjusting the parameters of a thermal treatment
which is applied to the multilayer structure after it has been formed. The
thermal budget of such thermal treatment may be adjusted so as to reduce the
charges in the insulating layer of the structure.

increasing charge trap density according to the present invention may
comprise applying an intermediate layer intended to be in contact with the

substrate and with the insulating layer. The intermediate layer is made of a



substrate and with the insulating | ayer. The
internmedi ate | ayer is made of amaterial which causes,

whgoosisisennnecti on to the substrate material, BOI/BE2004/000137

10

15

20

25

30

i ncrease of the charge trap density. The internedi ate
| ayer may be made of nitride o$i de. Increasing charge
trap density may conprise treating of the surface of
the substrate, e.g. a controlled damaging of the

Stﬂﬁétﬁﬁﬁl Whichh@usEE sty Aé Bonh&dtict@ leest.ﬁgﬁbfeyﬂngﬁéridl,fan increase

roughness by etchind. Increasing charge trap densi
amfchdicirge trape densibenthé riviermediaterdayeromayi be made of nitride
applying an internmedi ate | ayer in between the silicon

S ate and the insulating |ayer, the internediate

l'ayer gQéfBRLiPlyEha§&itip a@wnggnay&iohﬁoriswﬁé@ﬁng bhthe surface of
mean size of the grains of the intermediate |ayer is
sitae substiraten e150a eentrplied dpEIRONG Phlthe SUFTRER ofdhe pubstrate, for

e.g. betweer . n | ntermedi ate | ayer

rnaﬁ?(al %"‘f%ﬁé&g‘g& @P@B@%ﬁ@’{e glghg?é'at | east /cm /gv.

The | owedrebbifigt chzitgé heapchenglly accpditgnsi the prepentdisivention may
t he nunber of fixed charges in the i nsul ati.ng |ayer.:

i fcompriserapRldngian migmediate lagegin peiwessy the @}ﬁ%m Sylprate and
(o | t . .1 .
U S5 AR, s, PGl | SRS et v = sz
| avhereinetheemean/giz® obthd grans of the snterrhédiatee latyer is smaller than

charge trap density is /.cm./eV. | yi

A racpater bR, APl ne A0 T8ee GBPYERD D PMLANG A0 nm.
undope rld . ?11%%(;1 Ll i I '

dopi ﬁgq.lh%vc'er*téﬁﬁ%\eé@'rgte? n Sﬁ?gl j Cns,égzﬁé%egg%gd%ﬁﬁtyaof at least
pollo}%ﬂn?lew Tregy dowen ligeit ranithen dreyge , tram densitpedepends on the
A Bt et SeeBe D3 FebRanube i hohder i rion. e
i fb?:g.' 0" NP AL higheNathdd RIS OXEP B¥ndifie DinvRGEtobe at least

that the use of slch internediate |ayer dininishes .
| s HemaleVodf theeaumben Quhef fixed chasgss it thecingwlatiog layes is low,

pr.esent i.nventson, especi al Ly I | s
W € aRLTeth’ ARoioBRRT T B slriBlent 1 HE B 30 Bebify D is
t rapdyembBliegh aid in capturing free charge carriers.

Applying a polysilicon | ayer may conprise depositin

anor phARPIYNgi daningermaskatsi |ayesnmay b SPRRIIEeaARPIYING %ny of an

bbb BB ST ek, €31, 58 DIt wer thn

capoPrRen® her mhbopadesdlisiicorr &pjer, Bhgemaaniannéaterngn undoped

( %To@ge?%aln?usrﬁ riaycerryo?’taaplxlalil-ss%ieosri]i'con carbide layer in between the silicon
substrate and the insulating layer. It has been proven by the inventors that the
use of such intermediate layer diminishes losses associated with the multilayer
structure of the present invention, especially at frequencies above 100 MHz,
thanks to the efficiency of the generated charge traps which aid in capturing
free charge carriers.

Applying a polysilicon layer may comprise depositing amorphous silicon
on the silicon substrate and crystallizing the amorphous silicon so as to form
the polysilicon layer. Crystalizing may for example comprise thermal
annealing, rapid thermal annealing (RTA) or laser crystallisation.

The intermediate layer has an RMS (root mean square) roughness of its

outer surface, and preferably, according to the present invention the RMS



The internediate | ayer has an RMS (root nean square)
roughness of its outer surface, and preferably,

wa@e@ssisny to the present invention the RVSrouptm8Ez00H00137

the internediate | ayer has an average val ue snall er
than or equal to 0.5 nm in or%er to enable the
bondi ng of an insul ator-passivated silicon substrate
and the internmediate | ayer, such as for exanple an

t d '
ol SUFRRSE St 18Y PloriRUEEaVE: hias! SPBIRKE Vahfe stBliSr than or
ai dgualntor @@nnngnodmdec tb osrsaide dhe %thmdng of Ianymsulagor-passivated
str. cture, i ni suyr e roughness t hat
LSl csinsite coade eodHEﬁgW& GiAS olEEr RUPR S ufamatample an
thﬁ\téfﬁ%étefl ?é}y d?Jv% 'éilrbozt,k‘/%h Fetng his means that the

chem cal -mec ani cal
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Bgﬁ@kﬁ%e%gﬁug ré,?Edl ﬁ'{w? &p%ﬂ\ﬁgr egélﬁ'jq%éaﬁhat is low enough to

S Ubsded Bbﬁd‘h$ BothBp Wéﬁr@rwﬂﬁ)‘éﬁ 'tNé“r@@dSl%F”aWQﬂéﬁér‘i’;‘hatlon such as

substrate he interrmedi ate |ayer is applie
hi €8 ﬁl@@nmi-maohagiqal polishing §EMB).e prior to bondi ng

o bond" [P EECRRNfa the prasei kMon fiiEbonifisd bonding an

| ammfrmearatérlayér-b@%keﬂg é.5¢ poly@iicopdovbrad, t Mighi résistivity silicon
substrate to the insul at or - passi vat ed sem conduct or

supsirale, ta sapf a@éutmrdmssmat@d tgamicanducien gubstrate.  The

I o t t

| e Tafd BB, 1o gl 3680y, BB Esgpte prio 1o
thmndirﬁg?rthedsm:@’]lwt%traté' hbStHeeaﬂbqlétmgamayer so as to bond the
insul ator-insulator bonding afterwards. Alternative

a Iniarmediate davedi tﬁgthfeomﬁﬁ@ﬂa@ éayat Priny & topaingaihe hlghyreSlstMty
C%gﬁcf nS&u0RE2K Y @ @Qul'afgrj%ﬁg ?éoesérﬁ%‘abcrjgggﬁgub%trate a surface

at’or - passi vated sem or-su
bmmkdatg)mdsf ithe uruieemlad@te layer atay\bd persoimexbso aslhs farat an insulator

ﬁcor din g rftg@. ,g%‘%c?,ﬂg @rt nge%@éqge Fsh?f%&%fgst \éﬁﬂéarmedlate layer.

|eﬁrﬁ§ Ie,QadQ"fb ¥ inkalafdtlinsatoreRhdthgartbrdafid)m and nore
preferred between 200 nm and 300 nm A net hod

accor diteroativethe pmethed acenrdingi tortherpredent invention gnay comprise

BT o el 1okt obr 3RS mBlieldopssivaped. perpigpmauctor

s WubstraR)ahy Bungihgthié B & BRfHreistiglty eiliedbn elibsieatey e
reS|st|V|ty hi gher than 5 kKkWcm preferably higher

t han 1AGeAdRY transembediment Qfﬁaag@ese@tpnmaatm, yhe dntgrmediate

E@Zéer n@%y‘ﬁ\@%?‘?ﬁ%ﬂbgg‘%@@g |§‘%}t%b°ﬁ"ﬁq”%”éfe? biy Between 100 and

450 nm, and more preferred between 200 nm and 300 nm.

A method according to the present invention may furthermore comprise
introducing charge traps at the insulator-semiconductor substrate interface to a
level sufficiently high as to reach a value of effective resistivity higher than
5 kQ.cm, preferably higher than 10 kQ.cm. This level of charge trap density is
at least 10"/cm?/eV.

According to an embodiment of the present invention, the density of
charge traps remains higher than or equal to 10"'/cm?eV after a standard
CMOS process is performed on the multilayer structure. Also the value of the
multifayer structure effective resistivity remains higher than 5 kQ.cm, preferably



charge traps remains higher than or equal to /cm/eV
after a standard CMOS process is performed on the

wondosiobmyer structure. Al so the val ue of the nedT/BEzpen00137
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structure effective resistivity remains higher than 5

kWcm preferablyhigher than 1_Wcm after a standard

CMOS process is perforned on the structure. The active

sem conductor layer has a low resistivity, e.g. of the

or

orfighec e, 18, Pl Bt BrahE EMO 80080 ogiommeg on the
prsiwocﬁm on or in this |ayer. Th| s layer may be nade
fromat_l| east one , , Si CGe SIiC .lpP, G or

GaN. The'&8ff '%S%TBWPBSHB‘GGF%FF g & loeresistiviy.i &8- gf the order of
St@% 39fQ Ay, elh S«ordént td ﬁﬁ'&h gﬁib%l i'n‘f’éf%&tlcﬂ'g 'of ﬁ;ﬂ%gﬁ“ﬁéa' Fomponents
I afyh;f:h ey bb@rﬂwdad@nmr |atth|k5éagsar his Ieyeramaxnbednada from at least

%@3 i @epgr%%' 3% ?HHE i terbﬁbl W'g?,sseﬂa%nd@ctor layer
f%é@%oﬁfprﬁsesbaﬁ&cb@foﬂ |BY&1sS at %aéte@ﬁé lQ}ﬂ-ﬁ béi)’!? mB8EN&F Si, Ge,

an oxide, a nitride, SI N porous insufating
na‘i'l&e;aSICJ bR, IGaAso GaNng naterial s, polyners. n a
second resent Lnve rovi des
i 111 278 PSUege T RO b b eSOt S gxice. a niride,

WigiiNJ 8sdreas |h§uléf hg’fmé'l*'ehambtvuk %ﬁilaﬁﬁd WeAtRFiSS, ﬂdPymers The
particul ar for requency (HF) applications, i.

f dnsudaiing haaaerdney %avfprrge@mf dpetaski @fglayerzsqlaéﬂeqstmmmyer belng

e Bl I BT PO RO o

hingﬂﬁenalshpoly&;érw cm This high resistivity of the
substrzil which wil] be supporti nfq ot her | ayers o
the mull Asgrondaspget {hepiese } ERVRGUeR PraYgs @Mt"ayer structure

' '?é@tﬂhh Pedidee ﬁ‘i@ﬁmlc%g%esa\fntﬁ R Pnc‘?r ér‘i’mﬁlayer structures, in

assocl a ed Wi ayer ‘structure.
mplarlidtda}reﬁorsttlgrmcﬁequenc)u(ftlﬁ)eapph-tmepresfe:s appllaalidnsehavmg an

+ PReGale: Srduensd? fiand" e LR, T mu s Aledeure Comprises
| @yﬁ’bh rBSEAVEY BfichR esh?bgtr ECwftAla fé‘é(ﬁﬂflty ghéaﬂ;ﬁ"lan 3 kQ.cm. This

mul t Tl ayer structur urt hernore conpr
i migh m&stam’tg ofather subysttade, werbicht Wil bé gduppestingt ptherylayers of the
SI| on su ate and the ,insul atin

| .. Ih )
Mgl RGeS ARG dhotb Hrmedn dieptigne  Jigady aims at

WP@c!llﬁilﬁg tthe |a§§e% é*sé@bl@ffedt\'i\)ﬁh Ghal Mt Oyetrhsﬁructure The multilayer
internmedi ate layer is smaller than 15

s AHHPReIe t fuiinesmorsm camprisasetate cactive @ean@pmg{qimerlgm and an
amsl‘?feagg‘%' I%S/Sr Ir?%gt(lve'eﬁythgas\ﬂ?coﬂ §L!i}?srtr%?e tahaqhgeél‘,ﬂ/eyse%conductor

layer. According to the present invention, the multilayer structure furthermore

comprises an intermediate layer in between the high resistivity silicon substrate
and the insulating layer. The intermediate layer comprises grains having a
size, wherein the mean size of the grains of the intermediate layer is smaller
than 150 nm, preferably smaller than 50 nm, e.g. between 20 nm and 40 nm.

The intermediate layer may have a charge trap density of at least
10"/cm%eV, preferably at least 10'%cm?eV. The effective resistivity of the
multilayer structure of the present invention is higher than 5 kQ.cm, preferably
higher than 10 kQ.cm.



/lcm/eV, preferably at least /cm/eV. The effective
resistivity of the nultilayer structure of the present

WO pwssisen i s higher than 5 kWcm preferably PCTBER004/000137

than 10 kWcm 8 n a nultilayer structure according to

the present invention, the integgnedi ate | ayer may

conpri se any of an undoped or lightly doped silicon

| ayer, an undoped polysilicon |layer, a gernani um

layer, #&n ammnﬁayayoksmeﬂur@namrﬁmgerto Othed m@bafntshrﬁ%ntlon the
silicon carbide layer. The internedi ate |ayer,

exmnéedlﬁf@ lvEr §1aY @@mprlageany @fagn mp@dr@u@gmlysdoped silicon

wﬁe@ncﬁg‘g%%‘ﬁﬁ&al % @ “?%\férhﬁgl gegﬁ%@h, I%X% aﬂmundoped

pr pelygermanitielay et @rarEdlyas@d €iliéin camitieciaiyeequent |y a
hi gh nunber, of grain boundaries, which function as

char ge Fha;s@termﬁélaé%ﬂa% fﬁrﬁwmadh@rpcplwworhh?yea May have a

or SupTEsE it Corfavdant VI PRRIS hapid el Te M. in this case,
coarjergmnsmbbradﬁ small cQstais arede@sent or th\eﬂ mtbrmedilateetayer and
This la er ma m at east one of. Si
CeoSnagEEt S nEDAOGPeCA Oraine DGR IS aHICB fUOEUds: 36 charge
| argps. may conprl se a stack of |ayers, at |east one
| ayer being nmade of Si, Ge, SicG , SIC, InP, GAs or

10 GaN Théhe r&@UV%tsemg:dr@jdetorrmgerkhasfa)lovedeswtmw egnof the order of
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SR
oxwHRh \mllfbe%}‘o'&ld@d%rﬁéﬁ il tglrsﬂrgyék FTWié/ lsé?ér m'E@leoe 2}?3? Sfrom at least

i nsul ati_ng ag %
at oneaEbi, dsey $i ei i, rﬁai%s of C@N omeje(;tl\w semlcodductor layer

) N TR G B Bt 1 oo

ot$§Gepf$camRerG§As gsGafr\Eatures and advant ages of the
present_.invention will becone aéaarent fromthe

f ol | owi Hee Msuiatingdayrrdaay peiferned akahleast enmplianxisie, a nitride,
W $QN%’%Q§%‘%§B§‘?@'§% nft8HbINg Jow W n%nldtlhb %:tr ?itaPchﬁY as a low-k

way 0 rincipl es of

dexddé,pa high-k sietgoien of arpdjymersmhe inbuletiagndyer méyybe formed of a
.the invention,

S e RS PR Ui i bk i ifide, SN 2
dreyo0s Snsuktirf mdsedll RUbWK Psuldifgdhat¥ri28Sa high-k dielectric or a
polymer.
These and other characteristics, features and advantages of the present
- invention will become apparent from the following detailed description, taken in
conjunction with the accompanying drawings, which illustrate, by way of
example, the principles of the invention. This description is given for the sake
of example only, without limiting the scope of the invention. The reference

figures quoted below refer to the attached drawings.

Brief description of the drawings
Fig. 1 illustrates a multilayer structure according to an embodiment of
the present invention.



Fig. 1 illustrates a nmultilayer structure according to

an enbodi nent of the present invention.Fig. 2 is a
w@e@plo3isht ustrating the transverse conduct ancePOI/BBE2004/000137

netal li ¢ Copl anar Wavegui de (CPW nmade on nultil ayer

structures having increasing charge trap densities at

the interface between substrate-and insulating | ayer.

Fig. 3 illustrates different steps of a nethod for

manuf acFigy. NG ﬁldjr’ephau@étrétmumbufréﬁsﬁﬁé’fc@hﬁgcthﬂcélfbf a metallic
enbodl ment of the present invention. Fig

| Coptangr Wavegyide éﬁPVgi Bigsle?n andtilpper ﬁwcﬁy@sr Baving increasing
§ ?ﬁ%@?ﬂéﬁ%@%}.ﬁ%{{ éoﬂﬁﬁtgﬁaﬁe Bl Esh \Q)lé n%iFeﬂe réglg lﬂs&gtm% layer.

resent 1n 10N

a SEM pFig Gribustfates Io&fm'reihtcstepsi epasnéthdd dbr ﬁl&ﬁuféctdﬁ'ir@ multilayer
6 shows SEM pi ¢ctures of anprphous silicon

S deB¥dsiHERs %ﬁcos@egéoaaﬁloeromd'm%léaf te @resgobnv,emuﬂn 2
m nut esg @é S@B??afgge l'ﬁ%terft\n&g?% 'd?garﬁcﬁﬁg) ];%éith fbr manufacturing

illustra eren eps o

manultdayerr istrgcture® naicstrdiogalko SO funkhieer embbdiméhti ©f athe present
gr aph % | lustrating the transverse conductance of a
met™8PM-Copl anar \Wavegui de (CPW nade on nultilayer

struct UF@S 5h8w Sev F;suem@%f gagémécﬁg ifatl g5 pe

i nsul at | | ayer. I C representation
10i | | ust rhigi Agshawes ;ﬁEMcplptLEesafof amerpbous rsliconréa)hasl demosnted at

SoERREL O TATSagBl SORIEEL IR )b Sepll S caing
. invention. The nultilayer structure is

represented in cross-section, and the schematic
dr awi ngFiBepr dbishatesatdifferent isieRs Hefn@ dnefhod for manufacturing a

reBérﬁ/%StﬂBﬁ%l'é’ IW @0 equi val ent el ectrical circuit.

S el ectrical |osses of multil ayer

15 st ruct urrn sgneas Lgreﬁhlllms‘tnaﬂﬁglthé tﬁéns‘veﬁéw&ﬁﬁductﬁhw of a metaliic
and y@show AFM ictures illustrating (root

peaaa Wﬁ@? )fmladema&l Byytdayar $tmur@$dnwmcreasmg
RSBy, o P e T

refererk‘-:xg Si gn= rehemdtic rdpresamtetion i#ostratimyshe principle of a

el %@Qﬁr%mle%t method for measuring electrical losses in a multilayer structure

20 such as a multilayer structure according to the present invention. The

multilayer structure is represented in cross-section, and the schematic drawing

“represents at its right hand side a representation of an equivalent electrical

circuit.
Fig. 10 illustrates electrical losses of multilayer structures measured in
25 function of frequency.

Figs. 11(a) and (b) show AFM pictures illustrating RMS (root mean
square) roughness for RTA-crystallized amorphous silicon deposited at 525°C
and for polysilicon deposited at 625°C.

In the different figures, the same reference signs refer to the same or

30 analogous elements.



Description of illustrative enbodi mrents The present

invention will be described with respect to particul ar
weedsasrsent s and with reference to certain dr aeeTgB2004000137

the invention is not Iimted thereto but only by the

claims. The draw ngs descri bed1gre only schematic and

are non-limting. n the drawi ngs, the size of sone of

the el ements may be exaggerated and not drawn on scal e

f oDesttriptionafiillastratipe easbodimenisnensi ons and t he

edact | The Dsarbdnyeions WihPd AERetIPeH WG fasRerb e, particular
t NEmbBkIRerits ra?\gi w?tﬁ(i‘éfé}e Editg EeRBRH & dhgg%u‘t thé RSvention is not

description an t he c alnms, are use
di kmited) LtheretugbthdeUMerbys i Ictaims| eifentdsawirgsnaescribed are only

5 onsanarls o BriGen imid: I 60 A e Age pf,come of the

t eél@'ﬁhe‘ﬁ?s Hw%@rdoé‘é?a rgfééx‘w&@tbckrﬁmr&%cél@ %Mﬂ&ét?étﬁ/e purposes.
ci rcunst ances and at the enbodi ments of

i nVeatdimengisnsr abddthee relativeadimengians edQ)anSp@CPl‘aQspﬂmdl to actual

ot escribed or illustrated herein.

R%{ §$ﬁ¥ﬁér%f%8¢$r§¥] '% ?’V%'gti)q m over, under and the
l'ike i nF@ﬂﬂ@erﬁ&ﬁ‘éftr@ﬂeﬁﬂsaiﬂﬁ t&sor, #hire and ehsl kg in e description
descri ptive purposes and not necessar|ly for

10 dﬁémi inihelaimsaare ¥sed érdigiinguishing betwasn simdiar sleparnts and not
ap raprrab et pRe i £ eohAhIcr RO RIBaHA Shser of 15 to b

t henddargood fhat dgecterimedsd elstion aps in@&ﬂﬁﬁg@abfe under appropriate
operatl on in other orientations than describ

| | SlRmPRePnBRe Rt the phadipentsal e dantiondscrippehhersin are
@ééﬂ’a’ﬂlé bf‘SperaHéﬁ Gh bﬂwetr'é%qﬁéﬁé the {E%‘é'cﬁbé‘&’br Fll‘ilss’{rg’gfd herein.

reted restrict e nmeans
15 t hereanereower dilm@sterms mpclmu:tmrmt lower,elindemtandorthe like in the

steps.. to belnter reted as, s if

> GbSiiotion; apflathg e de,Pes *ftr! BsaPTive iipgsSs and not
CORBUUIRBHY % d@sfcﬁbfr‘@j réthlvebkbbsﬁﬁ@% Rofs & el Wederkt®d that the
presence Or addi ti on of one or nore other features,

i nteege@ usacpEe intersbapoeeble LInder appooRriate ceaTstances and that

ReBSHERBRS Oh U BVRGLObAoT T HACdaETED) B, pagBI of operation in
20 Coélﬁbﬁbh@ﬂtaﬂahytﬁén §OSRPREYr FlLAtrafst Rerdin.means t hat
W th respect to the present invention, the only

reI evani Is:m@mﬂcgd thatithe terav f enprising, aseden ﬂm@lalms should

r\s@ﬁé ﬁ?%rﬁﬂ'ét%d ré%:k«%ﬁgg q%sﬁﬂ%t'gmg rgr?é( nﬁge?aq‘% l%&écﬁ \E/heer'{ aft%r.; |ttdoes not
I SeXtih@de birdr edémentseobsigpsentis tiiis tdbe interpreted as specifying the
presence of the stated features, integers, steps or components as referred to,

25  but does not preclude the presence or addition of one or more other features,
integers, steps or components, or groups thereof. Thus, the scope of the
expression “a device comprising means A and B” should not be limited to
devices consisting only of components A and B. It means that with respect to
the present invention, the only relevant components of the device are A and B.

30 The invention will now be described by a detailed description of several
embodiments of the invention. it is clear that other embodiments of the
invention can be configured according to the knowledge of persons skilled in
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invention, the invention being iimted only by the
ternms of the appended cl ai ns. 0 general, the
structures to which the present invention relates are
typically structures in which the active layer has an

el g1 raric lithbes ideblarirgy froRftthé Stred! e bi abbrymbw@achmg of the
than the resistivity of the substrate. As an exanple

a myentlmytbﬁ invantion einelimitee onmw thel termss ebths appantied claims.

[ Fi 1. Thi |a t
conpri ik 9BNEH thet, SEupbies b Wity e ¥Esenb yEnar falptes are
anaﬁpnfauyaétmmré@y@wm&n bRt BeRR Ibpér Rbs 'a?moéleéﬂmbét fe%ts@iwty that is
the active layer 12. According to the present

i n§ebatantiallydoweninaartbe mlwltysctfrthetsubetra@ descri bed

ot eashs W pegrnaedet RUERE p BB & SOI'S considered,

st asicillusteatetihiy dBGS1.t Thif realtilEyer $tfadiSreédetoRdmprikes a silicon
|nsuI atl nq | ayer and the substrate by at |east two

a¢ 1iaghiactive layendr and aﬂéms;ég%ﬂg: layer ddrasween the silicon
m %B&l%?e tﬁeahqlstﬁgsacﬁ%é% &t 9 W gBr&. ch] gﬂét%ﬂggérgf inyention, a

structure nvent o S have deter
si stahdarcoiiB 30U seugtere asrdescribddabbye iis mumified ke dsdo influence,

| CRIEEIRIV: oo e, WAR| Feeharlg s SHeh (sl SR stticture, the

| a¥eisitQfof %aﬁ’iérttifép%yt%tw%bh Yed #Hs%rlat\?fg Eyéne $9%RH the fshBﬁt?ate 11 by

aspect t he i nventors have shown | uence o
vaﬂtdeasiftwa qrdersnuftroagnitudeh Sueheart incossel aassresiica or menimise the

toth
oSt e SoctatEn $Ab ERBLEDEn STPERMe HE. | noul at i ng
| ayer Ofnd ﬁ‘ﬁeﬁidrél ﬁbVé %ietérnﬁ‘ned h:ﬁas*é'dird)r‘? dinhEHR i éﬁ‘% experiments,

er in case . - and/or by increasing t
éﬁblé s p@qslbdem@ re@ucedhe losses ansoeigbed wnthdharstryuctwe t he

A PSR 0Bl st it

t (Bttdmtlﬁreammtesptebﬁtd mr@atspé@t ey mveRers Have sHoWrHgeCRfluence
of a paranmeter on the el ectrical |osses in the

s&fsth?ataéue Phée wlamﬁé@reaox: onitee Ripelriag! lossendn dheusybstrate, the
I
ec@#gf@l 2 crzgegggﬁ@ﬁa e RIdAed ARAHEL SsBBRA With the

par Art ar re ard
tonsdﬂatlrpgadayeetcﬂrtha struchdrec hemhe bena@prhslﬂdtlrag:dzyedlmg:ase of an
t%@‘je present invention separately or in conbination
[ der to

- and/or by increasing the charge trap density, and this more particularly at the
interface between the insulating layer of the multilayer structure and the -
substrate. With respect to this aspect, the inventors have shown the influence
of a parameter Dy on the electrical losses in the substrate, the parameter D;
corresponding to the charge trap density.

The present invention elaborates on both aspects, with regard to the
parameter Qo and with regard to the parameter Dy, which may be applied
according to the present invention separately or in combination in order to
obtain a multilayer structure with reduced ohmic losses with regard to prior art
multilayer structures, i.e. a multilayer structure having an effective resistivity of
at least 5 kQ.cm, and preferably at least 10 k Q.cm.
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resistivity of at least 5 kWcm and preferably at

| east 10 k Wecm 12 Before presgnting the results of
nurerical sinmulations and experinments carried out by
the inventors, the principles used in a nmethod for

nmeasur 'B&oﬁé"ﬁrés@ﬁﬁﬁg sk resudts tdfenumheridahsinauiatiomedand experiments
experinments will be shortly explained, The pet

neasied agt by heinvestogeribe ﬂrmp&eﬁ)w%ﬂ a feagd E%W?aalr'”ng the

| 8888 QAR ARHE St et btps SpaR) hpminde

SpLe?diT:m ﬁf%hdsw gﬁhﬂatsuh dnnggoﬁescnsf gentettally knowe as “measurement
substrate i s dept th

© 08 lonsRn by FaSIanAT PRESI GRS LAIons TRESYEE B [REgs w to a
| nstt:%ﬁ'} gﬁ*‘[ fnafd?\cﬁ #hé %%réé’duﬁ@?ﬁ%ﬁe @cledtﬁb?na%netlc fields in the

ayer. e nmeasur enen met hod uses
f clebematag Tﬂsenepifnodepmds aruthe $pacing betwaanuthe gandpstors, on the

o e N R

ﬁﬂaﬂf?g lay eE’reparatlon of the structure. - Sel ectlve
etc I ng of 'the active layer 1.20of the structure,

et chi nd'maeme@ssreraentt mettoshuses theefqllﬁwgaste@g fpéﬁ@ﬁh multilayer

SSGTEE O B0 el b S o oo

”%h%'strgfé H‘eariSHsu@tM@Qayé?fﬂC{@rﬁd ah dckige myer ad: oxi de. -
Selective dry etching of the deposited netal for

forﬁfepgratl@SItOfribﬂSHHﬁ@Fel n the present case conductive

n .

BB e SaEORTR %, ST SHaty 80 i peing oo

paisaﬂol Stbp 1or1 ! lhsulbtmgﬂiayef 13peonisistirigoofl @buried oxide in case of an
el ectrical signal on the central netallic line. This

si®fAkl conprises a superposition of a continuous

\.I’_g: lfs) rr@&ﬂ gﬁgvfgp ‘@F drHfldl 'é‘é’ctH?é éﬁ@&wdﬁcﬂb@%é}ﬂpbh iyl %tructure on

e I's app to the line and
fctbbmmgbpae@mglders can be determi ned: - the

i e S R RRR 58, ol st g, i the
a O:ﬁggéhtnb%és cHRLLARR FAHENARtaIAEHN8S fBlhiAE &dpiatar waveguides
: (CPW) there being a central metallic line between the parallel metallic lines.
- Application of an elecfrical signal on the central metallic line. This signal
comprises a superposition of a continuous voltage and an alternating voltage
of low amplitude. This combined voltage is applied to the line and the following
parameters can be determined:
- the amplitude V, of the continuous component,
- the frequency f of the alternating component.
Superposing a continuous voltage component and an alternating voltage
component during the measurements iliustrates the tremendous effect of a low
resistivity layer present under the interface between the insulating layer and
the substrate. As wili be explained later, this low resistivity layer is generated
underneath the central metallic line by the application of the continuous

component.
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the substrate. As wii be explained later, this | ow
resistivity layer is generatedjqinderneath the central
nmetallic Iine by the application of the continuous
component. 13 - Calculation of the |osses . The | osses

a cogruiation af ihe FssBalt OCCOND whi ch are [ osses in the
conductors and a second part OSUB which are | osses in

t HEhé fopses d coatpeiseuadiestratt ooimewhidh are Iasges in the conductors

previ ously etched. The Ioss&@ asy in the layers
| RN a$eghad Naskhesua WRICRA'e aeﬁyerth%ﬂ@'%ﬁw%ewndsamath the

ot dBE "B s L celobBh: T 0PoReR “Hanly Tanfi s tocated
t %de‘i’ﬁé’éth'lﬁésé’c%w@ 1E5as bfe dxtradtéd Srorf She MbbSireMent of emitted,
D which is considered to be fixed for a given

f rtéam@ntigd endtreeeixpincuer siayagiat theexiremitiessofdhe GRW, and thus

| B BROF PR A P B FREbR 3 grpreiicy tgaerea o
Be fixed fors divert h@qgéﬁéﬁﬁﬁthéfdp@ne@fslgﬁbﬁf ge carriers
and the gl obal volune of the [ow resistivity |ayer gl n

par t i culhgrlowetesistivite ipysy generated uwﬂ@r@@pth thet canieal metallic line is

CirBElapRes Afiledded By’ el pEraRRts FaneicBuoll [ g by the

eﬂm@@hﬂr@ﬁbmbf toh@r@ fcaniery %rﬁeﬁhesglbbat yoleimd la¢ the low resistivity
structure. This effective resistivity is direc

r dayardin partichlar|dsiemaingd byHts ilhéﬁkélﬁ§s)| hebihe eﬁﬁ@tecpfr@atand Di is

t Stactlve layer. n a first aspect of the present
|nvent| on, it has been denonstrated that decreasing

t he nuMther logéed merbuedd tigang the a;b;ﬂuo@ﬁodmf(th@faﬁbwednéasurement
) can be efficient to inprove the effect

r éﬁ‘? privaligw oextraetian qf| Bige @ﬁg@th&{g@gQVltye 9. tl']quga:ture This
"‘@‘ffébﬁv Ff%§fé'tl§/§y qf; éiré?:’t!f;‘?élgféﬂ % elhéh@%?é an'tﬁ?e I%ers located

whi ch shows transverse conductance of a netal
O&midamaﬂv\ﬂmgoimtelao/epw made on nul til ayer structures

havi ng i nc d charges in th sul atin

ayer - AGSY rEskt riRe SFast merleb. BieR, bl gomgnstrated that

SigBatsirthaDsighbat bméwcrmgwlramemdé (rbr@réd f¥°8¢ Qox) can be

par al | el ‘conductance (Ge | anar wavegui des .
efficient to improve the effectlve resnstlwty o HR muiltilayer structures e.g. HR
SOl wafers.

Results of simulations are shown in Fig. 8, which shows the transverse
conductance of a metallic Coplanar Waveguide (CPW) made on multilayer
structures having increasing fixed charges in the insulating layer.

The plots in this drawing are obtained by a simulation model allowing
calculation of the linear parallel conductance (Gex) of coplanar waveguides

oA b aade teas

realised on a structure.
Referring to Fig. 9, coplanar waveguides realised on a multilayer
structure are shown, as well as a distributed equivalent circuit (right hand side).
The propagation coefficient y associated with the coplanar waveguide is

of the following form:

V= (aCOND +aSUB)+ JB =1/(Reﬁ +ja7Lle)'(Geﬁ-ijq7)




realised on a structure. Referring to Fig. 9, coplanar
wavegui des realised on a nultilayer structure are

wab@a0318as wel | as a distributed equival ent ci PCIYBE2004/000137

10

15

20

25

30

(right hand side). The propagation coefficient g
associ ated with the copl anar vigveguide is of ‘the
followng form Y =+ = (14 The | osses SUB associ at ed

with the substrate are directly proportional to at
hi gh f rE®unsses sisub aésogatadwtﬁné!nmsubstﬁatelw qirectiyr proportional

C PG s PR oy oot 1 Mtz friigfhnce
i‘t”?uf;thﬁpﬁé%"éébél&ﬁteéﬁ%%ﬁ ?ﬁaéaﬁ%%ﬂ@? ?e@-“‘%ﬁ?%';’})“]?‘teﬁ and G

hi heEpfingdBseeciyBlo o el iR niciahFs, 8 B difgtve inear
Vi dé%ak‘,ﬁéﬁ@ of thBRopRMILe sfmgftﬂre répras&stellin Fig gt | aS( r)

simul ation software of Silvaco, California, US. This
model  dldrogiven staueiurenttbe dughemthe Malugi of thecparameter Ger, the

o T 8 rsLR AR Bl Bl e aBL AL ing g QU2
nul ti| apey alsdvelfiodebist @sed By $he Aﬂes®f‘§m|u¢aﬁ)ﬁssoftware of Silvaco,
thi ckness of the insulati n?ol ayer (buried |ayer)

of
t fealiiennia, \Ug.ethis maglel aflews mtma%cqmsﬁhﬁa ﬁ@ferent dimensional
C UHbineRyt o‘l"fHé waﬁm%gm%@pp' ied to the metallic

| i'nes, I ntto account” the anplitude and the
f r-egaemeyryobf tthe alatallinalinesy foonednent theFumultikyeor siructure  for
thi s nodel 3kes into account the paranmeters and Q

WHBFASUEING ING{9$8§Scef f. Fig. 8 shows four graphs 80, 8
, -8RickfSss SANE FTRAAHY @ élo Bupist 18ydrh ef 1t mit ‘é’ir@l&ture

assocl ated wth four di %Ife ent vg*ues of the r amet er
Q- a@nphtuda Vmof ke coatinugus Eaktaga)fsomp@ngnhmphed to the metallic

i1l ust here tive e ution, with regard.tp a .
-GS ofRE s oG e aMbiidel 0 ik s B it the temating
Stcbﬁﬁjdﬁeﬁt(w a the par arreter which is, as explained

above, directly relatedtothelosses) and this in

functi (ﬁurkbwerraoxﬁolth@gaovlﬁltﬂakamtptamuwhtm pacaretens D and Qox

AR ernehib Qafing BOdUCt OF

Fig. 8 shows four graphs 80, 81, 82, 83, corresponding to four different
structures associated with four different values of the parameter Qqy, as shown
in the drawing. Each of the graphs illustrates the relative evolution, with regard
to a reference point, of the electrical losses in the structure (via the parameter
Gerr, Which is, as explained above, directly related to the losses), and this in
function of a voltage with amplitude V4 which would be applied to a conductor
of the structure when measuring the losses according to a method as
described below.

- £

Tne & point is fixed at a vaiue ol

~3

r~ N VR S-S,
Gefr ODL@INea

for VA = Qox = Dit
Graph 80 corresponds to a multilayer structure of which the value of Qo
is zero.
Graphs 81, 82 and 83 each correspond to different multilayer structures,
of which the insulating layers present values for Qox different from G, and
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Graph 80 corresponds to a nmultilayer structure of

which the value of Qis zero. gsaphs 8 82 and 83 each
correspond to different nmultilayer structures, of

whi ch the insulating |ayers present values for Q

di fricesaming fromnthe, maltitiyBr stnactars sspdiatecwitregraphts 1l @ewhich the

[ ith h 8 f which th
SUBELUT S JES0CLaLss YL L2 Bl O Lo e suctre
WP SJORHEA PUT HEoH 63 HF 301 e tbfbbf M FSuleiiRf layer equals
Th#0afonv 84 in Fig. 9 reflects the increase of Q
t he_nul tl ures associ ated

. ith th
di o oFES GPANs B4 £ Fig | RHBEESE TorEsanol 1iwchBeen the
of multRayéristr@cRireQabssateti Qi %ﬁ@lﬁﬁggﬁ{pfkhe | osses

of the nultilayer structure. The in e of the
par aret idg. Billustrateaithat ae increaseattheofalud of Qgalegds ¢d an increase

' [ [ lLai ned h i naf . Th
orS e R e B ar it TS 2 hosi ti ve. charge,
whi ch tTwesirfiaenée bﬁﬁ@%’@rﬁnﬁ%r@%{ aaé tils tHeEInfeRdd é‘lft@e charge

bet ween the insulating |ayer and the high resistivity .
su¥stheainsulaligatiayer isoexplainednereinafier.cthe wigrge Tdle insulating

el ; > : iLnterface and.form .

o T8 BSPUIAR, B 1 d R {37 o e vrecs

| rustwaseshe resugtivigolayet and ithe dlgH essdvity Bubb®ate negative mobile
measur ement. o

trate. W ' th t hod for
G Ea%S, BIREHRT I 8B SRR SERITHIAG Ebthen Biedaea and form a
Comncn Iy T S eSS A c8Eed o HEER et s
canthheabulsiralect or, and nove farther away fromthe

surfac This .part of the interface between the )
i nsul aS/ivﬁﬁnl lél'i}'gg éﬁﬁd%@%Jﬁ%tmﬁ?%‘rﬁm@t Rfc K88es ngg @nentioned

I &Hovk! ‘b?'aéﬁlﬁnggl%sglfflﬁéﬁﬁéi E&%ﬁﬁordscﬁﬁlgl?ﬁ%{geﬂ@/@’ Vdifage Va,

anplitude i's ma nore negative,
pgg%e velectiang earen tempradlyt mashed tawayr dsnddrmeath the central

| DSPELAGE, 9% P P BTt B K388, T part of e itertace
between the insulating layer and the substrate thus becomes more resistive,
and the measured losses decrease. If now the amplitude V4 is made still more
negative, the mobile positive charges will be attracted towards the interface
and will thus locally decrease its resistivity. It is thus for a negative voltage
Vorr that the electrical losses in the substrate are minimal. This offset of the
minimum of the losses is illustrated in Fig. 8. The higher the value of Qo the
more the value of Vopr is offset towards negative voltage values.

In a same way, for an important value of Q.y, the presence of electrons
at the interface between the insulating layer and the substrate leads o an
increase of the losses (even at Vopr, Which is the voltage for which the
electrons attracted as described above at the interface between the insulating
layer and the substrate are not present underneath the centrai conductor to
which a voltage VA is applied, but are present at other location of the
interface).
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nore the value of V pt is offset towards negative

vol tage values. n a sane way, {®r an inportant val ue

of Q, the presence of electrons at the interface

bet ween t he insul at i ng | ayer and the substrate | eads

to an iArrisarsasefoftthe Valiss of C(oe\kmhwaen\fweﬂdemmwkstn&tures thus

aebelPan FEshORnaR [6eBi Anaprizass i fﬁ»%?%g%n% an offset of the
?Mirﬁél' Vélub Y& (@Bﬁe&ﬁcﬂwcﬁ 1 nfhind’ 15 ) O feea 8"\‘7&9 V, of

rneath the central condUctor to
i sthementisuous gemposept iowends aegait\/eqvotenhaim on of the

terface e, of the val ue. .of bet ween
tuo 1 adht P oarooll: o & R rerial Fulshin, SuBusieRnstrated that
Fiigcre@sirgntientrapaimsay (Fferrb@3s &% BRdbavedt #! irklididieand the
opti mal value VOPT (corresponding to m nimal | osses)

ofSUbstratgpaN tarieffigient te Hapewet theuelfiectivenississivity tof R deultilayer

t sent
"IAIESPEEIR ) WRrds2 iR, SRS Ghad ol i BB Ry ol i
devapituning freé e:arrmfs;b maaﬂgﬂjhebn beﬁ{Mee@ réfiet tb%mleaécﬂf catfidlds and

b ient to i rove
& g P SSsing Aeir tpnitouinrior HA et dossas aAES. HF electrica

e fdldd s %%ar’(i’gél%ﬁﬁrcd '?Qﬁfédha?ng ah "G a gﬁ%@.‘eﬁaytlﬂgngr than

i nport ant In capturin e carrier
urfé®l MHzo react to HF el ectrical fields and thus

suppre S|n their contrihution to HF ohmc | oss
Wb ERGPEbg ione Araemeat At ihe Tspaetl invanten.dihasdensity of

h%‘éh‘i@ t?’ébsoﬁéﬁl\@e'n”lﬁe ﬁﬁﬂ%%yahgg%{no‘%rh&%%a 11 |s increased

According to an enbodi nent b resent 1 nven
t thy pievising a dtigre eeswtevntytlamg 4 eev\bawngrre reenstuhtgtof rw least 3 kQ,

SR8 oo el P ki e g B2 e PR Jehd, 19" /cmev,
ofpreferditpat Ieask VO /ey nasan mtéhﬂéﬂlbfea@ygﬁﬁéﬂviéén theSubstrate
atrap denSIEJI)éQOf at least /cm/ eV, Elre erably at

Iéésﬁnq%'ﬂé fe} éﬁyﬂrﬁt?’elaﬁélwsﬁﬁted tykig 6eﬂ'iﬂl§émghmeslstlv1ty layer

S%St&&m? qﬁ% éﬁnglﬁ‘srem S IVI éépo@éd' 05 hfc%%,fdundoped

epamgbﬁmiamwmct& polySiGe dilieed cﬁﬁﬂuﬁlél it hes fbeeﬁr}ﬂ'@%ﬁ' that providing
er.mani u, pol y-Si Ge silicon carbide

bélz_l mfsvead'g}%{ay@r o Betwgendba substatedil and tmyué\sul_amg layer

beBufifihidAs HEISEE St Rith YRE ALY el @Glture 10, especially

at high frequencies thanks to the efficiency of the traps to capture free carriers.

As already mentioned, and as will be illustrated in detail, the density Dy
of charge traps has an influence on the losses of the multilayer structure.

Fig. 2 shows four curves 21, 22, 23, 24 corresponding to four different
structures, each curve showing linear parallel conductance Ger, which is, as
explained above, directly related to the losses, in function of applied DC
voltage amplitude Vj, the alternating component having a frequency f of 10
GHz and an amplitude of less than 100 mV. Each structure is associated with
a different value for the charge trap density Dy between the insulating layer 13
and the substrate 11. A first structure, corresponding to curve 21, has a charge

trap density Dy equal to O; a second structure, corresponding to curve 22, has
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As al ready nentioned, and as will be illustrated in

detail, the density of charge {t#aps has an influence

on the | osses of the nultilayer structure. Fig. 2

shows four curves 2 , 22, 23, 24 corresponding to four

dief lesrgettrag tensity Bs of 6a¢(h1°lnm12\1@v Sél ercm @trtlctwer correspondlng to
paral | el conductance Ge whi.cC expl ai ned abov

Hicee 73, has 2 aarge tepaiansiy é%t of #0TGRELESrand adppith sdructure,
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en3| y equal to 0; secon struc
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x10 ructure, corresponding to
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a charge trap density of 10 /cm/e he arrows
ed@n@weofdheﬂwasn afsegiated Withéhe imglilayer struciure. lizgan be seen

R S YR

I lfram@emyqbp@mﬁm Qlitht the l@\%@! 588 Ve t6sddshvfsthis structure

corresponding to a voltage for which the | osses are
micarmegapond te ani effestive rasisiidtyl qf theeorder af 4000 @aph witich makes
an i of ¢

b
t 5 F3ER assbeplaty Bl Ge st PealibRrWiin depiedul e tosses
ag:386sialeRtwith tHb Hizgall! Ebhdil?éf&rs Hdedd e tothl ©R8ed8 being equal

seen fromFig. 2 that the nultilayer structure having

t e theusgeas bf e lessksraddue arthogss, tasapseegees oizerohe becomes
one with the I owest | osses. The | osses of this
sefMatigrecanor respond to an effective resistivity of

t he or 0, L ass
associ gféea@ %I\lllsé cgn\eé{qg u t%mlrﬁzg neg %ﬁe t ity D cgecr eases
t ¢the irdluenss &f thas oot \Vidf ithe Imntmuahé bonmmént bf) tree voltage
| ndee i

total |os a ing equal to the sum of
tﬁgpllﬁ%&e@ﬂ{f@lm 'ﬁﬁ:@%?@leg%éﬁv@ zero, a becones
equal C
ohar ge TeaiEhod 80 1 aratfer8P Tl 6 fho IuddloesRBR Slplained as

amilovmdéleoparehmterom icharacterisaspiectensity ofteaps lacatgd between
the insulating layer 13 and the substrate 11, and originating from substrate
contaminations or being any other trap suitable for capturing a charge carrier,
i.e. a hole or an electron. It has to be noted that the charge trap density value
Di defines the number of charge traps per surface unit of the interface. This
allows comparing values of Dy :ndepehdent of the layer thicknesses. In reality,
however, the charge traps are located not only at the surface but also in the
bulk, and this particularly in case microcrystals, each having a grain boundary,
form the intermediate layer. Values for Dy as presented in literature usually
take into account the number of charge traps present at the interface, and not

in the bulk.
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the density of traps | ocated between the insulating

| ayer 13 and the substrate 11 gmd originating from
substrate contam nati ons or being any other trap

suitable for capturing a charge carrier, i.e. a hole

or an eAg@hporanttcHage traphaersity ed théinterfaee bativaps thedpsulating
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resistivity (and thus increase the electrica 0sses).
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decreases the losses, is inportant. The effect of the
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A Re R TR G R A i e
reduced A%y gﬁg ionportant charge trap density: in
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i nfluence for positive or negative DC volta
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g;ﬁ%ﬁ%@nt for obtaining an increase in charge trap

According to an embodiment of the present invention, the multilayer

structure 10 may be obtained by a Smart Cut process as follows, and as

illustrated in Fig. 3. A first high resistivity silicon wafer 30, having a resistivity of

at least 3 kQ.cm is provided, as well as a second wafer 31 which is made from

a material of which the active layer 12 will be made, eg. at least one of Si, Ge,

SixGey, SiC, InP, GaAs or GaN, or a stack of layers of which at least one is

made from Si, Ge, SikGey, SiC, InP, GaAs or GaN. An insulating layer 32 is

provided on the second wafer 31, e.g. the second wafer 31 may be oxidised,

or an insuiating iayer may be deposited, so as to form the insulating layer 32 at

at least one side of the second wafer 31. The insulating layer 32 may be made

from any suitable material, such as one or a combination of dielectrics such as
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polysilicon layer as a high resistivity layer

containing a high trap densityqgAccording to an

enbodi nent of the present invention, the nultil ayer
structure 10 may be obtained by a Smart Cut process as

f obiopis AlZOE, AN, | 1SiBN4,attitahates Fipprods  instiatisg majﬁnals low-k

resi st t ' f 30, hav
redast sl o s B 2 T Bhron o
which th
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S 8pusing e Bist GaRetals e Tiadrvg 5.y s $Xémele be any of
prt‘P\\é‘ %Eo@i‘?\gf hgnagsendopafightyd doged- sitiben Sammﬂ)euafmﬂysmcon

I sed, or an rnsulating iayer
de@mmamum w@pedopmlygaﬁmamumngth%l@g sibigREy cggblgep Rut is not

| east f th

 oedberal To e SR B lead o FRa PR o8 08

as one W‘?\l péﬁi’&’gldﬁabiaé’é‘ ef 4H eumdﬁedc%mmt@hoaslgm&rwlayer 35
Al 2C3, titanates, porous insulating

rradepcmiﬁm |Slmvslda'rﬁ@h\BEﬁaﬁ$@ materials. Smart cut ion

' mp) ant.gh({a %{%‘gg?’ &\heﬁhyﬁgﬂﬂéégr&oﬁ"’?&t LAY _Sdc \A&Q‘%p%b 31 are

weaken cond vvaf er 3

r egleghed idnd bedyd fbeacmotheri By therSrgartthatppr@eass tg deavage is
t hen deposited on the first @ﬁstr

ascardpr o G a4 A\ PRNETEREN 1 HHB G, PAIT (#’g’pég g second
%ggét%’atg%ﬁqg éé%ﬁnﬁu 2y, 88 é’é‘@%ﬂ% 82 Qhﬁﬁ?dé%w?ygfﬁ Haﬁh lﬁﬁlve layer
i S12@hdlanTaMeqohdwr$ﬁamn Iﬁhers35 apeeleftoamtoprafithe érst substrate 30.

St S A2 A m B 1557 + o
COonSinfier ?‘i’ Qﬁél??rélﬁ%el &h g:"a%‘lgt 8'sizé rt?nélléb'sthﬁhe‘lﬁti Aieh, CFreferably

first and secon are cl eaned and bonde
t osmiadiér thaneS0 nBy e pebsween 2V NNpad édsnma thiisctprming asHR trap-

carried oyt at th
e e o Sobeo LB AR I g s
t Akl

S PFSY by 18 b Y s (T
f i b;tlaserbmsaamsamn TF@Sawswmogu $tep ofan ataﬁerpegfs’rmgd before,

or éﬁhﬁ‘é Io'r %ﬁer e ggné Rg o? k8 Brép%"r&?ﬁrst and second wafers, 30 and 31.
It is an advantage of the present invention that an RMS roughness with an
average value smaller than or equal to 0.5 nm is obtained, so that the
polysilicon layer does not need to be flattened or planarised, e.g. by chemical-
mechanical polishing (CMP), before a bonding between the polysilicon-
covered first substrate 30 and the insulator-passivated and cleavage-prepared
second substrate 31 can be carried out.

Alternatively, according to a further embodiment of the present
invention, the multilayer structure 10 may be obtained as follows.

A first silicon wafer 40 is provided, as well as a second wafer 41 which
is made from a material of which the active layer 12 will be made, eg. at least
one of Si, Ge, SixGey, SiC, InP, GaAs or GaN, or a stack of layers of which at



nunber of small grains, i.e. having a size smaller
than 150 nm preferably smaller than 50 nm e.g.
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by any suitable crystallisati @ nmethod, e.g. by
anneal ing, by rapid thermal annealing (RTA), or by
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@d)%r WiicAlis drydtamiséd e aassiciRref a ldrgesaanber maémauzlgrams thus
Thé insul ating |ayer 42 may be nmade from any suitable

miereningla chargR tgap-Gele InberTaeiBioURNER |A&naqua|cer%€lil¥$t@ may be
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rrals I NSuU at g terials.
hltlgérmiaasamﬁealmgy(Rhs()eror%/ IasamongstalhsatmrstTmstcyystfalhaanon step
ze,.small er

| Eéﬁhﬁ?’pg%\’g?rr@”@ : rgﬁébrrl]rgq of ﬁé Q‘@SI BeRding of the, prepared first and
%Y:bﬁ&?ké?@rst Qg ated second wafer 41. This |ayer

exarrp e any of the follow ng: undoped or ‘
I i ght I Vi tiweafters i thecthus prepased first ya3id issonnd gwafensi 40n 41 are

undoped, pol yger, i u | y-Si Ge silicon carbide, but
é’??%lqu bda d?nig} n%‘g‘%ﬁ?/s | ayer may for exanple be
formed |mE A7 IRBREROLBHiIch F@J@Qeé Y YhuliElyeh striictures measured in
crystallTsed so as to forma |arge nunmbér of small
grfanction ohdrequency. The graphs of Fig. 10 represent the evolution of the
losses for the amplitude of the continuous voltage component Va = 0 V, in
function of the frequency, for three SOI structures obtained by a Smart Cut ®
process, and presenting different values for Qox and Di.
Table 2 hereinbelow represents values for Qox and Dit for each of the

three structures SL1, SL2, SH1.

Name of the structure Qo [#/cm?] Di [#/cm?/eV]
SL1 ~1e10 negligible
SL2 ~1e10 ~1e11
SH1 ~1e10 with negligible




formng a charge trap-rich internedi ate | ayer. As

above, crystallization my be done by any suitable
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thermal annealing (RTA), or by laser crystallisation.

This crystallization step can dbe perforned before,

during or after the bonding of the prepared first and

second wafers, 40 and 4 . Thereafter, the thus
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15 | NadiRiste® & thdt Metdiiclined (@t tdtalusssey & Heiritaéquidi¢o the sum of the
mul tilayer structure with the hi %hest value for is the

onlessémbisishandotde, Rodestodup 9068 1o Phe squsteegcoi)t hi s
struct U'f'r?e muitilayer structures showing low values for Qox, but negligible
values for Dy show losses corresponding to substrate resistivity values of only
300 and 500 Q.cm. '
20 According to the present invention, the charge trap density and/or the
value of charges in the insulating layer of a muitilayer structure are changed in

order to maximise the effective resistivity of said multilayer structure.

Additional simulations performed with Atlas® have enabled the

25 inventors to quantify the minimum level of required charge trap density D; to

orovide robust wafers. These simulations have shown that trap densities of the
order of 10"/cm?eV, preferably 10'%cm?/eV are high enough to get rid of all

parasitic conduction paths near the substrate interface even if the insulating
layer 13 is characterised by concentration Qox Of charge carriers in the
30 insulating layer 13 as high as a few times 10""/cm? Such a high value of Qo is
currently reached in muliilayer standard CMOS processes and is expected to



correspond to a n effective resistivity of the order
of 4000 Wcm which nmakes the | osses associated with
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associated to the netallic lines (the total |osses a
bei ng equal to the sum of the $psses and O COND, and
as OOSUB goesto 0 , a equals O COND). The nultilayer
structures showing | ow values for Q, but negligible
Vahoesiskosvepniuntheo 31 éstun@m@soprwcagseaawbabasﬂi%ﬂ@mber of metal

resistivity val ues of onl d 500 Wcm Accordin
t dayars il @éﬁgh?rn%’%{hedﬂsmﬁﬁg%ﬁg BFIE- densi ty )
and/or the value of charges in the i nsul ating | ayer of
a multilayer structure are changed in order to
mexperfeentee ef f ecti ve resistivity of said nultilayer

T L S SRR PP T weer ver
m ‘%.B% 'Qtérﬁﬁglfro% a0 il Rh é‘db%ﬁ%?e f "eaﬁuﬂﬁfﬁeé halingt @ resistivity of

provide ro wafers. These si mil ations have shown
t haboutrH)f @enmsot highenfTabie lohereinupider @ivesresels for the fabricated

pr ef abI 10/cm/e engu d f

B WSS aafie EO'@Snd’ucY]eérnefﬁﬁtlﬁ i g’?ﬁé g;“t:é PLBHR26 and
' nbEBFﬁ%t@Wﬁ@ré fabfibStet\itH atpdll)@suio%)hqayelr%epmsned on a HR silicon
characterised by concentration of charr\%g carrie

t heubysieaie aat ngiffeegndr tempaiiairess o fdiieranke Wafels sthe ' deposited

ﬁﬂﬁ{fly?lg%r? Egﬁ%gg\f rgé &%%ﬁg@érgé%géﬂ% ﬁ@%%?ﬁg\)/(égggs in all cases, the

t ogalykillesre alageeweas f depdsmredl rwithut aur Iao‘&l\/t&seﬁsweé%lwmcal—Vapour-
where the nunber. of netal ers, wll be

t h@epﬁglupat(bPCMlﬂ JNRAESSS. M@\@j yer f@fﬁyﬁﬁﬁﬂhwgfﬁ?@ & Bpt timited to
Wa{h% @%g %rr’;é} B Eﬁﬂﬂégdpﬁﬁé&g este Ad. ‘Mé@rhé Enhanced

rom con substrate
S UOﬁérrﬁéa}SprNmrn @e@osmsnsmm‘vw) obr Atrosplierity cﬂfeewre Chemical

hi gh Tabl h
f aMppoUt gép@gmépﬁ&? B0 Blessts BRBHFME, pi 2L Bt were both
Wafa:? Lass yS| n anr Bud afficbh B3¢ GleBositéd 8n MR dilfdorCsubstrate,

ayer de osited on a HR silicon
subetardirg t adi érhbommertte:fpf@eapnﬁsest fnyention.f €herilicon was then

L RES TR BRI . bl o509 g of he R

t NEsrRSERIr VG2 [sBRERdBSTiss RORT AmBichit ttémpenawre (20°C) to 900°C.
Pressur e- Chem cal - Vapour - Deposj tion (LP

I—bﬁb\ﬁefefeﬁﬁélcpr\é%f@htD BYida: s alsonpade; wit 'tﬁﬂai polysilicon

P gaé/%gsl@{ﬁ%f]\@g%% 8 iASRSERS 1R er TR PR &’é;?osﬁeél ‘with a Qox-rich, 3
um-thick layer of Silicon dioxide through a PECVD process to demonstrate the
efficiency of the additional polysilicon layer. It is expected and known from
literature, though not measured, that the value of charge concentration Qox in
the insulating layer is at least several times 10'"/cm? for such an oxide layer
and that the trap density at the oxide-polysilicon interface is higher than
10" /cm?feV.

All wafers (except Leti 025 and ST 013) were then cut in two and one
half was annealed at a temperature of 950°C during 4 hours in a neutral
ambient (atmospheric pressure, 100% Ny) to simulate the thermal budget of a
standard semiconductor device processing. The extension ‘tb’ was added to
the identification of these samples. The other half was not annealed. Finally,



Chem cal Vapour Deposition (PECVD) or Atnospheric
Pressure Chem cal Vapour Deposition (APCVD). Wafers
wordsie2B4and DLBHR26t b were both fabricated w PET/BR2004/000137

anor phous silicon |ayer deposited on a HR silicon

substrate, according to an enbggi nent of the present
invention. The silicon was then crystallized with a

RTA during 2 min at 900 C. The rise time of the RTA
teomqﬂaaamwmmwdéssmqaattemned dn &rbnpmanbi thiek Aluminium layer

t t f

DRSS e 8 HadaYSl ERONE SAaAVR Farc Fargor g psed in HF
'aéiﬁélo? %te@%éte&\ﬂfcﬁ-béns t 'T‘hegn%r@t i@d aenhees blssriments to
deposi ted wi't c -rich mm t hi ck Iayer of Silicon

di dxaraetarizedbg leffacﬂnma@w@t ekthefabtieatsdvafate t he

efficiepcy ﬁghphﬁ%ﬁsq%#) ([‘,prjméé it ohaéf&fume'i'm'aﬁy available

expect eg® oug

eRMr Rsisthvitpt SO %ub@hufesof(fr@masgmsou) cand rpzrbcessefa ioutside the
theinsulating |layer is at |east several tine

f omvgn‘iﬂﬁs’dab@)ai(w werg sneaawied gatwalh ERWdines éﬁ%ﬂfﬁ%ﬁe%ﬂn a full SOI

@M?Xﬁ eaﬁep{;{ at Fg;”ggﬁ{l’%lgt 8%@5&3%5% gﬁe%g‘ﬁwr@zn‘m%sne results

cuérg shdwwiraTgbleneadakfl. was anneal ed at a tenperature

of 950 C during 4 hours in a neutral anbient
10(3 mospheric pressure 100% H ) to similate the _

t hier Mdafepidigdt SFlayert andaSla¥&Ri co 1606?@lin9je5ﬁ§€twe resistivity

processing. Th é/\ﬁﬁq]ajded to th

identificati cng%ﬁfd%tﬁde}iqugﬁb?es. he ot her haI f WB{Q cm]

not anneal ed.| FTEC]y, 23 copl anar wavegui des; wer e

patterned in-a—1-m-—thick—-A-ur-nri-layer—depes Oﬁ”

on| PHBHbR de | ayer. CPW are typical tridfsnissi on2 400

[i T HE amat oy T tegrated ¢iredlstS. | They WRQRAE

usetgﬂlaﬁ??ﬁ)ese experinments to characteri zg t he

ef fRICBHRE4r eqi st 5@ty of the2@abri cat edNeaf ers. For300

copparison purposes, CPW/|ines buil on_com iallwy

av)BHRA4H dh r 88bst | ity SeP substrat!®s (from 500

SOHES) d—roc ed—outstdgrthe T nvengors

Iab%%@? %@gsured as \%%I | CPWI'ﬂér);es fabri ca%oé)d

in @LQHRI15§Q G@5pr ocess aBOCEA- LETI Ygseti| 025) aBR

at| ST-M (ST 013) . These results arelshown inl Table 1

as| NeBHR1Baf gr d5§|5 | ayer Sit90ayer AnNnd¥Pi ng| Ef f ect ite

re Eér_lkl,]byb cpu?-)BSI ontt L.kf%:b g [Y‘\él'sbnj T1 G 10k
DLBHR17 625 20 No 900
DLBHR17tb 625 20 Yes 7k
DLBHR18 625 - 80 No 1k
DLBHR18tb 625 80 Yes 9k
DLBHR19 625 150 No 5k
DLBHR19tb 625 150 Yes 9k
Leti 025 - - - 200~250
ST 013 - - - 600~800
DLBHR26 525 + RTA 400 No > 10k
DLBHR26tb | 525 + RTA 400 Yes > 10k

Table 1




DLBH13 - - No 200-400 DLBH13tb - - Yes NA DLBHR14 585
20 No 300 DLBHR14tb 585 20 Yes 500 DLBHR15 585 80 No

wWQROsDEBHR1I5t b 585 80 Yes 5k DLBHR16 585 150 NeCT/BE2004/000137
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DLBHR16t b 585 150 Yes > 10k DLBHR17 625 20 No 900
DLBHRL7t b 625 20 Yes 7k DLBHRI® 625 80 No 1k DLBHRILS8tb

625 80 Yes 9k DLBHR19 625 150 No 5k DLBHR19tb 625 150

Yes 9k Leti 025 - - - 200-250 ST 013 - - - 800

DL BHR2 6T 12 Bffectivien rasistivity of veafeDIHHBIB B Ergf?renwwaf@o without

oAty E9er & 108 alPSEla-FRblaig Bher itlinea o Rl 200 to

t D ORSH ! iAbIR=AG High bRsid Rigeés irtb ahé @ﬂ@bnla@b@fratw ®n the other
200 to 400 Wcm indicating high ohmic |osses into the

sihandonall ublR r sitieon Owvafaie eont@ningn@n @additigRasi polysiticon layer

CriEetReth ThePaaEod Shie 1A, T fervesR gl ¥ atte and the

t hesgERs]d 1@, arskdritan ihighdraéffadiveapeistivity ea8daribe seen from
hi gher etffective resistivity, as can be seen from

Ta t&eﬂ me@fabeﬂi@COFdia@d@(ﬁﬁw@mbédmef&irﬁfdbﬁr?éﬁ%iefﬁﬂnvﬁfﬂloﬂ the

mieehts iGN, » Bl cihictEs ERedintL il prisent invention

| Ny eyt l6Wer Qhéﬁ%ld(PV\ﬁm Hived preféred inbt 16WeE trmnaﬁeknedt can be
not | ower than can be observed fromtable

am@r\ta@biromﬁébleeé lﬂbpi\/ﬁdh@ifﬂ“@dﬁisv'émge@:f@tWQ|TP§'SM§Yéﬂﬁf§nds on
h

rfpé :@lfsﬁ’l c\6§' Iak&oﬂ?a ySIerII%%,r}:‘ tzraé Ir ﬂ{n‘i@ﬁ*d@)@ e polysilicon

| NpgeErt plaly éﬂl Enpdirté}ﬂSrcb@emt @heembeén aﬂaﬁohhiaated thati auminimum

polysilicon thickness of 200 nm can be considered to suppress the parasitic

conduction layer at the oxide-silicon interface efficiently.

Measuring the effective resistivity of each sample before and after a
lbng thermal annealing (4 hours) at 950°C enabled the simulation of the effect
of a CMOS thermal budget on the effective resistivity stability. The results
clearly show that the thermal anneal has a strong effect on the effective
resistivity of the wafers with deposited polysilicon, whereas no effect is
observed in the case of amorphous silicon layer deposited at 525°C and
crystallized by Rapid Thermal Annealing (RTA) during 2 minutes at 900°C
(DLBR26 and DLBR26tb). The rise time of the RTA temperature was 2
seconds to rise from ambient temperature (20°C) to 900°C.

The above suggests that only theses samples are thermodynamically
stable. The effective resistivity for both these samples is higher than
10000 Q.cm, which is by far a satisfactory value.

In order to check the bondability of each deposited polysilicon layer with
future buried oxide of an SOl wafer, scanning eleciron microscope (SEM)
pictures and SEM measurements were made. Figs. 5 and 6 present,
respectively, the cross-section of a polysilicon layer deposited at 625°C and
that of an RTA-crystallized silicon layer deposited at 525°C. The lower grain
size and thus higher trap density in the case of the RTA-crystallized silicon
layer deposited at 525°C can be clearly seen. Moreover, the surface quality is



pol ysilicon thickness of 200 n can be considered to
suppress the parasitic conduction [ayer at the
wo@xoode3sitt i con interface efficiently. Measuri nBCT/BE2004/000137
effective resistivity of each sanple before and after
a long thermal annealing (4 hogpgs) at 950 C enabled
the sinmulation of the effect of a CMOS thermal budget
on the effective resistivity stability. The results
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t hernodynam cally stable. The effective resistivity

f oil1(ta<)trasmetélyelys &opithe latterhithehavaliti0f the cogfage omil Bllow bonding

¢ nRBalGie ety Gréical MG P HSniE, (NS of etilifbe. sEM
W pidtres hage Béf&rﬂﬁhéd(tm tied size dbhe \gfénﬁ l,s 200 non for the RTA-
el ectron m croscope ( pi ct ures and
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SI éxtﬁélﬂelh/ar)@ﬁ addrmableeésmwi@%\u@ﬂayéremfsmrs tge eambrphoas silicon
and thus hlﬁher trap density in the c

th
RTIAYEF Jepesiten atdow; teMmpshaiuss - 9daReid Ca@néfsv@t@%iﬁed by RTA
fb:?tqlggﬁrtéﬁ/\pé'eaq&e %‘O‘BCO ngnéurface qual ity is25 by

ter that® I 'ayer conpared to cl assi cal
15 pol ysi Iitqertoolamcmdeedoad Bab althodglo mrefefrdc embodiments, specific
surenments

o STERRonS ANt DA Sn R oNEl SRBarer i THagh B3 discussed
SqHéVeﬁ') férOHQU|68§%Wﬁlﬁ@m&%éﬁﬁregéntzm%nﬂbd \1&1&1@1 changes or

wer € measured for resp eCtIVG

pom;aéiflcabms afornFOLgRa mmnmqeswmqut@@@amng Yom the scope

gr,x_ﬁf aén‘?ﬁj fﬁrﬂ? 2@\%&1@@) F{pt%%é@?ﬁ% ?I{H?)ub ﬁ‘ﬁéﬂl{? c?tPHﬁS?nethod of

20. t hiieaSmlarit up® type Ras feee médnbébl Omdmndﬁhngs\ffot lnmﬁufacturmg
t he use of Chemical Mechanical Pol|shing (CVP)

sumuﬁ&@/ersﬂmcﬁw@ﬁup@g beyusege s r Wethetn pﬁatcwaﬁerr@ftfzcad%ﬂncludlng

f?ﬁ!fg‘%ﬁé 333 %@Sﬁ’gtg ﬁ%g@ﬂgé?méﬁ'ﬁg&ﬂr@% khhﬁ@ﬂnore Zithough

fOSOI has been described and discussed, the method of the present mventlon
can also be used for manufacturing other multilayer stacks such as for

25 example, but not limited to, Back Etched SOl (BESOI), Strained-Silicon-on-
Silicon Germanium-on-Insulator (SGOI), Strained Silicon-on-insulator (sSOI),
Germanium-on-insulator (GeOl), Silicon-on-Anything (SOA), or Silicon-on-

Insulating Mulfilayers.
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| ayer deposited at | ow tenperature, e.g. about 525C,
and crystallized by RTA at high.tenperature, e.g. 900
C or higher. t is to be understood that although
preferred enbodi nents, specific constructions and
configurations, as well as materials, have been

di gcamsed herein for devices according to the present
i nvention, various changes or nodifications in form

anti- de{\amethmlj/ ofemantéaciiting f aepufiipyey Seaisandiictor structure
Zf? ﬁgucgqr}vq%r r| tgéh rfe'lksglvh;é\éﬁlgého@bsﬁgfesﬁnﬁétﬁ{% fétlwz )hlgher than

type hagohsen aﬂﬁ%vtw@edemmmemmt lagds drat an lnsulatlng layer in
manufacturing nmultilayer structures can be used

vel |, betweent ithel siicaretsubsiaiencansiithy Beid rfg?fwﬁonductﬂr layer,

subst rate t f

al t hou‘@'he%@ ﬂjﬁe I@%@ioe(ﬁ:a%@ ﬂ?%gweggﬂés% un;hé eggéé‘%zirng'de the high
met hodregfstilitg siiE6s €0bstrateciit inoreasing etharge impudentsifydsetween the
manuf acturing other nulti]ayer stacks such as for

exanpl iBsulBting ryer |angithe @ilicen sphgkate: ched s (BESA),

St al nﬁqg rhgahﬁeé(}:ogalppconél%ﬁ‘i‘ﬁﬁgm@??nuiﬁ?%érgﬁ Bh&ige trap density

Ger rrarmmmseé asplyiayaEn lh@rfﬂematéllayeron betwemTytha mgcon substrate

(S, or S|I|con onl nsul at i ers. 26 .CLAI M5,

1.- A #rd Heinsuiating pyeh e Hgg%?e%{a{%f%'?f 89%‘PT'S'”9 grains having
sem condyfed %he?éfn“ﬂ{euﬁl%aﬁoé% lof ithe g?a:hs @t thésm@tméuiave layer is
silicon substrate wth I‘eSIStIVIt?/ gher than 3 Wcm

an actsmellarethandﬁﬂuvﬁomefaﬁbiyW@learﬁhamﬁglrm| ng | ayer

e coRTBIGH PRI A 2 Srlein B Bigediate taver hes

Suppr egfdrge A CddrRgewfi Asi Bast heoNical¥/e\esimbferbly at least
silicon ?ubstrat e by increasing charge trap ensity

betvvee'hO foen’i@déul ating | ayer and the silicon

Pk Fisttiad, A0eBTHg aaREr & BRES, 2.8 3, wpBREn Cifbiying an
i nter nﬁ?érﬁ{eﬂlétéyéjerldbnﬁﬁts&%pdwﬁg sihlyicf @R lmdm‘i)bdairdlghtly doped

and the insulating |ayer, the internediate | ayer
conpr i silieap dﬁﬁrnsafhd#nd@eﬁ PohsilicRRelayen @nhocHPaniug ayer, an

?Latnhi%,g&cﬁ%bs 88 lyogrifia |%?r|j§ﬁ4 t%hgﬁwg%@neﬁn sicBh! &rbide layer in

between the silicon substrate and the insulating layer.

5.- A method according to any of claims 2 to 4, the intermediate layer having
an RMS roughness, wherein the RMS roughness of the intermediate
layer has an average value smaller than or equal to 0.5 nm.

6.- A method according to any of claims 4 or 5, wherein applying a
polysilicon layer comprises depositing amorphous silicon on the silicon
substrate and crystallizing the amorphous silicon so as to form the
polysilicon layer.

7.- A method according to claim 8, wherein crystallizing comprises any of
thermal annealing or rapid thermal annealing (RTA) or laser

crystallisation.



3.- A nethod according to claim?2, wherein the
internmedi ate | ayer has a charge trap density of at

wo e@sw3rsem / eV, preferably at | east 10 /cm / eVPCHBE2004/000137
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nmet hod according to any of clains 2 or 3, wherein

appl ying an internedi ate | ayer 2:70n'pr| ses appl yi ng any
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undoped polysilicon | ayer, a germanium | ayer, an
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erein crystallizin
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(RTA) aubbipate! afd béﬁ@hb'tﬁ@ttb%fh|§ﬁ—r53|st|\ﬁ‘tr¥g§ﬁélﬂjsubstrate
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corfri & ﬁ@tmgpm; ding ionaey iefdilaitms 2 49 <40, auhareirttte ittermediate
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boddind MeEhed @sceising ¢ \anyy ok iclaisn2 4o b'g*t,r‘é( erain thﬁedensny of

o SR g A P Y i 1540y gt sancar

15 conpr i S§IMQSprovest ispeforingtl onnpeisituetdrayer on an

20

25

30

nsuyl at or - passi vat ed sem conduct or substrate, and
ﬁgn “n§ PHIt 'faxteé SHUﬁ‘iUQ?] cPEpriSing\a Mighsiasistiviy sliser sabstrate with a

. el”ﬁéét?ﬁﬂnt?cﬁg g'%r{ 9 @g)ﬁm"f aﬁh\'/?as%glﬁrle ictor layer and an

of at I[rsatating dayerpriref be’a&ﬂan btenbmmmohOQ'uhmmtm 4hd the active

G A B SRR el oM 20 s corises ar

densi t jrtémediate layer in between the high resistivity silicon substrate and the
insulating layer, the intermediate layer comprising grains having a size,
wherein the mean size of the grains of the intermediate layer is smaller
than 150 nm, preferably smaller than 50 nm.

14.- A multilayer structure according to claim 13, wherein the intermediate
layer has a trap density of at least 10'"/cm%eV, preferably at least
10"%/cm>feV.

15.- A multilayer structure according to any of claims 13 or 14, wherein the
multifayer structure has an effective resistivity higher than 5 kQ.cm,
preferably higher than 10 kQ.cm.

16.~ A mulitilayer structure according to any of claims 13 to 15, wherein the
intermediate layer comprises any of an undoped or lightly doped silicon
layer, an undoped polysilicon layer, a germanium layer, an undoped

polygermanium layer or a poly-SiGe silicon carbide layer.



charge traps remai ns higher than or equal to Vcm/eV

aftera standard CMOS process is perforned on the
waeogosisee. 13.- A nmultilayer structure conpriBCTYBE2004/000137

high resistivity silicon substrate with a resistivity

hi gher than 3 kWcm an activeygem conductor | ayer and

an insulating layer in between the silicon substrate

and the active sem conductor |ayer, wherein the _

mi 2.i | Rysultilslen structere @cporidires taany rafelaimg 48 dol H;ewherein the

in between the high resistjvit i 1icon . substrate and
t he i rgigrmediaie paé@eé,h,astqult-{’v}\% qume§§ MLy pverage value smaller

corrpritﬁ'élqg,rgéaga% (Eg\ﬁ'npg a size, wherein the nean size
g of th

of the 'grain e intermediate layer is snaller _
t htd)- 18 0nuitilayer sfractaibd acsomingeto ahgrofsgaima 1340-17) wherein the
mul tilayer structure according to claim 13 wherei.n .

5 the | rACKVASPIBIERNYURTRR BSE 1S TR ol BFSH PG O i Ge: Shey
/cm/ %{C H{Fﬁfééﬂ%’loYGaéN least 10 /cm/eV. 15.- A
mul tilayér structure according to any of clains or 14,
whtg.ei A niditiayet struelyes astomingte angofaslaigist #3ttpvES, wherein the

resistivity higher. than pref | y. hi . .
t han KOPEALNG fayer As r’i‘aﬁ"e*?qsé?f\é\f ?%ﬁi @é}euﬁgﬁgg\é{(bcléd%ﬂgﬁrﬂ%e’ SiaNs, a
any ofpdrbas ifsuiatinkPmatdifl o4 Tow-keinsilagngetktatial, lakigh-k dielectric
conprises any of an undoped or |ightly doped silicon
10 | ayer ,orgnpelon®sed pol ysilicon |ayer, a germani um
| ayer, an undoped pol yger mani um | ayer or a poly-Si Ge
silicon carbide layer.28 17.- A nultilayer structure
according to any of clains 13 to 16, wherein the
internedi ate | ayer has an RMS roughness with an
average value smaller than or equal to 0.5 nm 18.- A
mul til ayer structure according to any of clains 13 to
17, wherein the active sem conductor |ayer is nmade
fromat least one of Si, G, Si G, SiC InP, GaAs or
GN. 19.- A nultilayer structure according to any of
clainms to 18, wherein the insulating layer is fornmed
of at |least one of an oxide, a nitride, S 3M4, a
porous insulating material, a lowk insulating
material, a high-k dielectric or a polyner.



