PROCESS FOR MANUFACTURI NG A MULTI LAYER STRUCTURE MADE
FROM SEM CONDUCTI NG MATERI ALS Thi s invention rel ates
WO 1005/@81g530cess for manufacturing a nultil ayer RITmBeé04r0e3340
made from sem conducting materials and conprising an
active layer, a support layer and an electrically
i nsul ating | ayer between the active |ayer and the
support layer. The invention also relates to
structures obtained using such a process. Note that
the invention is applicable to thin structures in the
formof wafers, of the type used for m croel ectronics,
optical and optronic applications. In the renai nder of
this text, the general expression "structure concerned
by the invention" will be used to denote a structure
i ke that nentioned above, of the nultilayer structure
type made from seni conducting nmaterials and conpri sing
an active layer, a support |ayer and an electrically
i nsul ating | ayer between the active |layer and the
support |ayer.The nmultilayer structures conbine
several |ayers, sone of which are nade fromdifferent
mat eri als. Thus, one application of the invention is
the manufacture of SO (Silicon On Insulator) type
structures. An SO of this type thus usually
conprises: an active layer made from nonocrystalline
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This invention relates to a process for manufacturing

a multilayer structure made from semiconducting materials

and comprising an active layer, a support layer and an

electrically insulating layer between the active layer and

5 the support layer.

The invention also relates to structures obtained

using such a process.

Note that the invention is applicable to thin

structures in the form of wafers, of the type used for

10 microelectronics, optical and optronic applications.

In the remainder of this text, the general expression

"structure concerned Dby the invention" will be used to

denote a structure 1like that mentioned above, of the

multilayer structure type made from semiconducting

15 materials and comprising an active layer, a support layer

and an electrically insulating layer between the active

layer and the support layer.
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and an electrically insulating | ayer between these two
| ayers, for exanple an SiQ2 |ayer. The so-call ed

WO 20esei3isse” | ayer is naned this way because comp@nBung/003340
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will be placed on it, typically electronic or optronic
conponents. It is desired that the nultilayer

structures concerned by the invention are associ at ed

with the | owest possible el ectfical |osses. Note that
inthis text, "losses" refers to electrical losses in

the structure support |ayer, the said |osses

ori gi n&@henguflcoirepet ast sect opesy atondri rgf  dehe radnmpayemtss some
na n %he active ka%er J.in]}]ese | os es .are '
di%SadVaagESuR2 9t ot THE &5t Bt hAP ey 18F f ect t he

el ectrirpak, ef fonel engppldfcatthion stafucttlie apfved@pion is the
gener at e noi se affecting,the signal guality in the

aliVe ACAPER Phartt ctifat 5P d° LRitgR ) f F¥RGefREfuCtures.

appl i cahi 888 ofi fhps hefpss fdaflngaeenpresSes:
typically nore than 10 GHz) . Thus, structures to which
the ineenti en Bstappl lendlr enadeiaf tgm hewescrystladWwine silicon

electrical resistjvity (of _the order of. 5 to 30 W.c

e err 1281 FOBPhyE Y { PR ridi &0 Arneer Bt PBRE o™ -
conpongnts bnstald/d oD Jdi Snhayee ndd Brmuch shigherith
resistivity at the layers that support this active

| ®yjeniftigaatdvd bligberi caksiessestyn thepstaltyurmworgdo than

achiev hi t he support layer in a structure
cgggﬁrﬁggsbémfhe invention (typically, but not

necessarilyaan SEh) wibbtiyPire) | yidmave & dyich heghebetween
resistivity than the active layer (for exanple nore
t Kdygse two layers, for example an SiO2 layer.

The sc-called "active" layer is named this way because
components will be placed on it, typically electronic or
optronic components.

It is desired that the multilayer structures concerned
by the invention are associated with the lowest possible
electrical losses.

Note that in this text, "losses" refers to electrical
losses in the structure support layer, the said 1losses
originating from polarised operation of the components made
on the active layer.

These losses are disadvantagecus, to the extent that
they affect the electrical efficiency of this structure and
can generate noise affecting the signal quality in the
active layer (particularly for very high frequency
applications - 1in other words for frequencies typically

more than 10 GHz).



1000 W.cm). The high resistivity of |ayers supporting
the active |ayer of these structures is thus designed

WO Mas/e3egiice | oses associ ated with the struct uPET/ION®4/003340
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purpose of this invention is to make structures of the

type nmentioned at the beginning of this text, in which

| osses are as | ow as possible._And note that in very

hi gh frequency applications, et ectrical signal s

generated in the active layer of the structure can

pass through the insulating |ayer of the structure
despi t 8htithe elteottiicad knswhathomhef fieagenofiohhiis applicable
I a &1 Thks corresponds to | osses that are

u é $ilt{bPE7 as mentioned above. Thus, and even nore

preci sely thanqas deserdiked akaver:3eLhel PWROSE-Mr of 5
the invention is to be able to make structures I|ike

t hose I iconed aboveheiir whachive@ssesyarge ntai meaetdle good
and this also for very high frequency applications .In

o JEF G CACH 85 PHRYLSUT pISTR. 1o PV BAET GRYSE

proposes a grhhad of,mak ﬂgrar@ghgtg@xggpgkrHﬁguasyers that
made of sem conducti ng terials and conprising an
actupperiaysdris aastuppor LaVayer tanchvan cel et¢cticiatdly losses in

insul ating |ayer phetween the active layer and th .
SURBor 11 Ay e chaPac@riovgd TR hat Fhes Pristess 1aver in a
CBfpucsasendifdetateidorn of thbe idersittynof (BaFirdsarn vi,r apsc not
and / or the electrical charge within the electricall¥,
iﬁ?ﬁleétsiaﬁglb’ay%?, 5S4 Jor Hétlt C¥RIfidh1Se BP¥Et r§ cgtuch higher

| 98888 tiRithe tHanUCHE ea8UPROT i sl ayer ro@ heranief ers&d than
but non-limtative aspects of such a process are as
f IOOWS2 . cm) .

The high resistivity of layers supporting the active
layer of these structures is thus designed to reduce loses
associated with the structure.

One purpose of this invention is to make structures of
the type mentioned at the beginning of this text, in which
losses are as low as possible.

And note that in very high fregquency applications,
electrical signals generated in the active layer of the
structure can pass through the insulating layer of the
structure despite the electrical insulation effect of this
layer. This corresponds to losses that are undesirable, as
mentioned above.

Thus, and even more precisely than as described above,
another purpose of the invention is to be able to make
structures like those mentioned above in which losses are
minimised, and this also for wvery high frequency

applications.



the said nodification is intended to increase the
density of carrier traps at the interface between the

WO 284v03¢858r e i nsul ating | ayer and the structur @CTUpEOL/03340
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| ayer, the said nodification is designed to reduce

the electrical charge within the electrically

insul ating |ayer of the structure, the active |ayer

i s chosen so as to have a much®| ower resistivity than

the support | ayer, the process includes bonding of a

first substrate conprising the structure active | ayer

and a Secomddsubdtia abehcenpr i Share t pargpsact urehe invention

support | ayer t he id f.irst subst.rate_conprises an
R ey & st e A R T A YAy GETBF L ERg Made of
f idgendi coubateahe eareespopadantiocbherissnufabhngckayer 1afer, a
the structure, in order.to mnin se electrical |osses

i 7RSSt lGeCir é'SugPort! § e e @ity Ngf 1eEr between

Calyd e&cﬁf\@si§%@3@dbﬁhedc}ﬁ9f§l§§pdﬁle sa&rfi k8bracterised in
substrate and the said second substrate are bonded,
i Fhetderhe PHRRTE seompektas cBPdibssedsidm ehethe density of

st %léreé%%or ayer o t G ANty 1Qf t:ﬁ;% i i h
tf%bs i's o |f|eén%y/$ﬁ?%rtﬁﬁg an inﬁeF%e |ate€{a§£Fhln the
betlwedirithe 1gai driswd agdbgt r dteesrt,0 bier bondéey that minimise

Widle PTea1i 8500 Gt th Lhe sy ps%ﬁotgo!rgy%y‘éfr.the
secona substrate, the naterral o he*sai

i nt er medhate drayerrbeai ngitchosen isd tas ive idaxyeease éhesuch a

density of the c?rrier traps, due to its association
WP ERE AGtefPalCinC¥he said support layer, the said

by TS0 APty SodePO Lo o LR Rl agEitrcace cne
density of carrier traps at the interface between the
structure insulating layer and the structure support layer,
| the said modification is designed to reduce the
electrical charge within the electrically insulating layer
of the structure,

. the active layer 1is chosen so as to have a much
lower resistivity than the support layer,

. the process includes bonding of a first substrate
comprising the structure active layer and a second
substrate comprising the structure support layer,

o the said first substrate comprises an insulating
layer;

. the said insulating layer of the first substrate
corresponds to the insulating layer of the structure,

J in order to minimise electrical 1losses in the

structure support layer, the density of the carrier traps



and second substrates, the said support |ayer is nmade
of silicon and the material used in the said

WO 200/03u188di ate | ayer is a nitrided oxide, th@CtaBsiolyo3340
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of carrier traps is nodified using at | east one

material that tends to increase the density of carrier
traps due to its association with the material in the

sai d support layer, for bondi rﬁg the said first and

second substrates, to mnimse electrical |osses in

the structure support layer, the density of carrier

t riapsnddsl i fbeea@bxhy appl ys'amg ditrseatsmstt ratet kemd the said
surface re n t he sec substrate before the said
fiSFangnaugﬁgBﬁﬁes%%t]?%fi 'are bonded, in order to

mnimge el eptrdCalr | 0S5 ditilRe STLMctWh SEBQQ&E in the

| ayer, the said treatnent of the surface region of the
setondtesubstsuaperitndlayges coret rdﬂdsed:ydect%rtlm at:aom@t traps

t he surf%ce C%ﬂdltl on.of the se ond

rate
order et AR m'sé "ECESEPRC SR Ioss?é%ﬂevvl }Sﬁé ? Ke* bBtween the

Stsauet utwo Sljspmﬂslttralta)éertot e chan@ed; S tiadi fweull redmae into

el ectrically insulatin er_ by usting the
cRaPhecks Pithcshss S%pgﬁba‘!weaﬁ i SGHEh&bsFgate, the

f mbstrsubsbratacbehone ihkersabdatbr shyapdpees®nénosen so as
substrates are bonded, the doses of the said

i ipl ditcasase drfee adfustled €6 HBEI OprERercHar®s /i ucheto 1its
e'a%%%"c'l‘é%%}{ M@H'@P&é NeL AVl _'Ln h}%es%cﬂd' Eﬁba&éti&y%r,

correspon s to a weak eni ng Iﬂp ant ati on of
SNRRTCUT(r)thypeaﬁﬁoaﬁﬁﬁrmedmaﬁédemyhﬁ mkﬂld@ﬂ551ted on the
electrical losses in the

sald second substrate, before the said bonding of the first

and second substrates,

] the said support layer is made of silicon and the
material used in the said intermediate layer is a nitrided
oxide,

. the density of carrier traps is modified using at
least one material that tends to increase the density of
carrier traps due to its association with the material in
the said support layer, for bonding the said first and
second substrates, to minimise electrical 1losses 1in the

structure support layer,

° the density of carrier traps 1s modified by
applying a treatment to the surface region of the second
substrate before the said first and second substrates are
bonded, in order to minimise electrical losses in the

structure support layer,



structure support layer, the charge within the
electrically insulating layer is nodified by adjusting

wo 2ésen3pEsanet ers of a thermal oxidati on nmade eoTHREOEe03d40
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first substrate to create the structure insulating

| ayer on its surface, the said paraneters include the
tenperature and / or tenperature variation, the gas
conmposition, annealing tines, ®tc. the charge within
the electrically insulating |ayer is nodified by
adjusting the paraneters of a heat treatnent that is

applied to the said Hrddehidhe YICeHdesstfad UFe€ghas of the
been forned, in order to minimse electrical |osses in

t FECOPAUCTURSE Tdsportcludas | contre kIR nast ot tigh of the
”.l,%z%%'c@ Beaki EEEA BN nd Ss rkéfts%%s%‘}a%% to reduce

he charge wthin the electrl I'y insulating | ayer of
the stsuct uie, otbersabdmshtmCisirel dscmircaS30Olosselse within the
process ‘uses steps in a SMARTCUT(r) type process..

OSRENCAYpECt PRI oS8y eENd W akfages ofs t Rgditied in the

| QYeRti-graM Ll begone £lierf -af i gyef eadigyg t hggjusting the
follow ng description of the invention with reference

t ¢hpe carraghéas dedwiargsinm aiiadion magie eln Fhegsaid first
g%%%@tggEév %ﬂbf@nﬁﬂéngfﬁ onrsﬁlgHétE@ LAY Eﬁgstrates are

vari ation o?o a par anet er Cé representing Fosses
adsocikdt,ed with the structure as a functi on of

di fferent correspondi val ues of the_electrica
char ge®of tﬁ€e|ﬁ§§@§tﬁﬁb thyeraiformBlpREREHPR are adjusted

SE%U%bHE?? €RBCERHLG DY R 1MENIIQR1 1F19Y8a2i hE Bayer,
gr aph he sane type |ike that

the said implantation corresponds to a weakening
implantation of a SMARTCUT® type process,

] in order to minimize electrical losses in the
structure support layer, the charge within the electrically
insulating layer is modified by adjusting the parameters of
a thermal oxidation made on the said first substrate to
create the structure insulating layer on its surface,

° the said parameters include the temperature and /
or temperature variation, the gas composition, annealing
times, etc.

. the charge within the electrically insulating
layer is modified by adjusting the parameters of a heat
treatment that is applied to the said structure once the
structure has been formed, in order to minimise electrical
losses in the structure support layer,

. the thermal budget of the said heat treatment is
adjusted so as to reduce the charge within the electrically

‘insulating layer of the structure,



illustrated in Figure 1, also derived from
sinmulations, illustrating the variation of the sane

WO pev@neBer G representing | osses associ at ed WCrhB2d0e/003340
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structure as a function of the different corresponding

val ues of the density of carrier traps at the

interface between the insulating |ayer and the support

| ayer, for different structure§ concerned by the

invention, Figure 3 is a diagramillustrating the
principle of a nethod for nmeasuring electrical |osses

In a skructyhe sdel asrsttwed Uresrceoaer ned by the

i nvention, the said structure being shown in a

sectiomal vice®, nhdcehe rughs prepof irhe adi HYPFRHCUT® type
c%ﬁ%@eggng a representation of an equival ent

electrical circuit, Figure 4 is a graph derived from
experi mehtal regsurtarentsuanssdd | ushdat iaayartdges of  the
i nfluence of reducti onin the depsity of carrijer

t PEFERAE OPhe" T Ht cPFEEBCDEI VRN FREST ndiRPsifify FAyerfollowing

anfd sicie psibHChbr en8UPROEAL] &Y 8fi ONERTdIRANY tiN@he attached
i nvention, on electrical |osses neasured for a

stHGetiaeé éBntBERRBH by the invention, Figure 5is a

graph Qf th?iéggg pr; a%ath%g ﬁh%ﬁﬂfJ%dFi gge %ﬁn%h%%ions
derived from xperlnenfal ngasﬁrenents, i us?ratlng !
t Ha liusftkruenag aheavaediatieat b@nat @atfaaetbar ggrmirtdpir@senting

t he eIectricaII% insuLatingBIayer of the structure

cONCEFRed® Bt MR S hvetiion ™8R tHe WS i 851 ¢ osdlction of

MRAFYeedntOkolhes p8hAUAE UG8 ue i BH €hE electrical charge of
di agrammatically 1llustrates bonding of two substrates

t $heonsstaténg seyeet ufer cohbla TR HLnurd Unegegonggrned by
aghgeﬁﬁgeﬁggogf the two substrates having been

specifically treated according to one of the
enbodi went sFofure 2 is a graph of the same type like that

illustrated in Figure 1, also derived from simulations,
illustrating the variation of the same parameter Gggr
representing losses associated with the structure as a
function of the different corresponding values of the
density of carrier traps at the interface between the
insulating layer and the support layer, for different
structures concerned by the invention,

° Figure 3 1s a diagram illustrating the principle
of a method for measuring electrical losses in a structure
such as structures concerned by the invention, the said
structure being shown in a sectional view, and the right
part of the diagram containing a representation of an
equivalent electrical circuit,

] Figure 4 1is a graph derived from experimental

measurements and illustrating the influence of a reduction



the invention in order to mnin se | osses associ at ed
Wth the structure that will be obtained, Figure 7

WO 2n@Bessent s neasured | osses as a function of PCAB2004/003340
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frequency, for different structures with different
val ues for the paraneters Qox and D. W will now
descri be several enbodi nents of the invention for a
nul tilayer structure |ike that®nentioned in the
introduction to this text. Note that this structure
may in particular be an SO type structure (although
tmmsﬁmBnoensiMYtaEimsyrieknuxapyent the shmacfacesbetween
cerned the invention are_t caII struct ures
ey CReULFECHE: caP Pbs | SRfvi 5 br HiCRe va RyeE | Laver
| £cic@rinkc it | yhd ongtethadn t henr e&e&tryt&y obskBe measured
structure support |ayer.Note also that the process

tiﬁﬂ?\ﬁISFrBétHé§CFPB%%r¥%¢cRVrﬁﬁﬁkﬁ?Wﬁﬁ&iOPn the nore

general, con f enen f

type procesfg%]&J 8 g gc?ﬁr%9%¢$h09 |Iayegu-gyp)e as that

Stahetur ein I—Iovvegere | t4,i s @lid e possvdd e Elaatn t R&xperimental
process accordlnﬁéto the |nvthion oul d

be
| ASFHERPEG Fn LHEUGEREEAPT coREeRptOPePrBcassds st Fication

- maRUfaed UEhdgydruhi thayyetnhst eletdeesadiff eneflat 10 thger of

SMARTCUT(r) process. . In particular, the process can be

§@@|§¥3ﬂ%§u§§n§P@Feé@ﬁ?ekﬂ 6Peal§W@@é§§nf@P v g egtrical

mylfd Ie@y%agh&eat B5e {HPL esEnldiig A Step to bond two
substrates, and different fromthe 'SMARTCUT(r) process

(for exanplelgthAN toipe ramaeessaleycillublsrageanbSoiing of
type structure exanple as an illustration, the
i TentIWs RGeS d& constitute a structure concerned by the
invention, at least one of the two substrates having been
specifically treated according to one of the embodiments of
the invention in order to minimise losses associated with

the structure that will be obtained,

. Figure 7 represents measured losses as a function
of the frequency, for different structures with different
values for the parameters Qgox and Di:.

We will now describe several embodiments of the
invention for a multilayer structure like that mentioned in
the introduction to this text.

Note that this structure may in particular be an SOI
type structure (although this is not limitative).

In general, the structures concerned by the invention
are typically structures in which the electrical
resistivity of the active layer is significantly lower than

the resistivity of the structure support layer.
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the charge within the electrically insulating | ayer of
the structure, and / or the density of the carrier

wo e@p®3186y/pi cal ly at the interface between thePCT/IB2004/003340

insulating |ayer and the structure support layer) , in
order to mnimse | osses associated with this

structure . The applicants have i ndeed determ ned,

after carrying out sinulati ofs and experi ment al
observations, that it is possible to reduce | osses
associated with the structure by: reducing the

el ectNdtzal athar gehati t hha tdwoadsect theal Iwililnsbeatdegcribed

'%%%er of the_structyre. In ?}his respect

th
M cdPt% uBBd PRESderBnsti&t i SIFT6f r%%ﬁrﬁgsescoé}t§Xt of
indlameneed ivn t hesval ue ofspArerquargaMet®rskd t hatocess for

corresponds to the electrical charge associated wth
R EHEN G eayet Lot aVRE SEFUEEUF® (i n ot her words

the byyjeed 0xi dg | ayer _citpﬁiéé"e Fos8 e At @ ) the afkdcess
or increasing the density of carrier traps, nore
Pegeidiniar ky athe hénvenégipacebetdwebn tHeplemantad ngn the

f t it 107 i
SHEE e 2 P R RRel' SR RA g Ty B aver
$ ossesi e diffflerencedrby the $MARECEHI® thweoqearsaneter D

that corresponds to the density of carrier traps. In
or derty PGt Hy  daH dE RS €3 hdtidd e (1 THETe!
EEtdtter offr aps pricdesscafst ekl nghi £h rane ineferr esk tcture
are electrical traps which aimat trapping electrical

EHRAGED WRIE 1P haleP been P8E itico THRIOR 5P f i3y different
EPGH 9esnh Pr esetTddird Nep Sdddid Ur rod N &b FSAEOIRAN Neype
carrier
process, etc.)

Using an SOI type Structure example as an

illustration, the invention modifies:

° the charge within the electrically insulating
layer of the structure,

. and / or the density of the carrier traps
(typically at the interface between the insulating layer
and the structure support layer),

in order to minimise losses associated with this
structure.

The applicants have indeed determined, after carrying
out simulations and experimental observations, that it 1is
possible to reduce losses associated with the structure by:

° reducing the electrical charge within the
electrically insulating layer of the structure. In this
respect, the applicants used the demonstration of how

losses are influenced by the value of the parameter Qsox,



traps are in particular distinct fromgettering neans
which aimat gettering el enents such as physi cal

WO 2009081833i es (such inpurities can be e.g. net @&dTiiB2008063340
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for exanple fromheavy netals, etc..). The present

i nvention uses the denonstration of the two influences

nmenti oned above, nanely the values of paraneters D and

Qoc And as a followup to t hit€ denonstration, the

applicants carried out a series of observations on

di fferent structures of the type nentioned above, and

ccmeer rct@ctrte}Spbhelsi rt\oemheonelér@e]si-rajbsemafmde oasswai@ted with
reI atl\?g ffere ructur s to ich t ds th
erlé‘r?t Iids 8‘P’etfhé’ pa rr%c me?%her woras the

asrs&@@leat edidantajeor whitate Ida%ree@fwahesaeasur ed.1 1

More precisely, the applicants selectively nodified

t he foPl ow ﬁgdféroréam\cma%metm rdmsert@sof ferstpy, traps,

(B SRLS,000T 98 4 el B LAY 8L Winasing

I Abgetacet bethweest thetumsulaat ngt$ ayse:lpp@urd theyer. In this

kPR CEhes Rod 8 ks PHoHor Eh oS 1or pargnen o hov

pnesesti Bget herresitds Wf dHemeLICal oFi AHEaps oaGe Bl @if that
experinments carried out by the applicants, we w ||
bFPéFleﬁp@{}?rﬁaF? Sehe HEHitCiqfl €8IFASSI YEAPFN a et hod

of nFa?HerQeko§§e§vH§§dah9 theraonbeXt iof i1Ehepecified that
si mul ati ons
the “carrier traps” (or “carriers”) which are referred to

are electrical traps which aim at trapping electrical
charges which have been put into motion by fixed charges
present in the structure. In this respect, the carrier
traps are in particular distinct from gettering means which
aim at gettering elements such as physical impurities (such
impurities can be e.g. metallic ions, for example from
heavy metals, etc..).

The present invention uses the demonstration of the
two influences mentioned above, namely the values of
parameters Dir and Qgpox.

And as a follow up to this demonstration, the
applicants <carried out a series of ©observations on
different structures of the type mentioned above, and
concerned by the invention.

These observations were thus related to different
structures to which the different values of the parameters
D;t+ and Qmox were associated, and for which losses were

measured.



and experinments. This | oss neasurenent nethod is
usual ly called | oss neasurenent by coplanar lines. It

WO 2po503igk@s a nmeans of neasuring | osses up to @CTABLAI/N3340
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" consists of a superposition o

depth as a function of spreading of electromagnetic

fields in the support layer. This depth depends on.the
spaci ng between conductors, the frequency and

resistivity of the support laﬁér and the oxide

t hi ckness. This nmeasurenent nethod thus uses the

followi ng steps for each structure to be

char actleresepirecBteluct ukbeprapaliatardrs byleSeieelyvaodified

t.chi f th t I f th tructure, stoppin
e LR o RE A EheS Bub TERF G T HET ol i ng | ayer
(rerrenher tl@@&s@wnplcﬁa @Il%etmegll Rhhbhs %S%'ept IQM1ating

relate to an SA ), lid plate netallic deposit on
tl#@%ﬁﬁr@ét@h@,Séb@véurﬁe buri ed OXIde with an

el ectricall cong cting netal. ge m,cron thi ckness

of 5l Ui ol USECARILRus e Geabit oq Aopry CHndH s oF Be1 fpger face

eteithvegnof thbe qﬁsﬁﬁ%tﬁ% Mehabrt Gufpr mmkest ¢ Pat ¢ @FdS support
actually parallel conducting netallised |ines (that

f dMSkave gui des) ; Application of an electrica

Si gnal Wgnw@ﬂ@ BESEHQS nl?léélllé | §1fedm<J:1]LD%?€ t[hTage r@dqqﬁl g\élons in

c an
| owranplkiteade AC voltage V. It is applied to the said

L}nfheg o%%e %%g%ﬁ@bﬂ? gﬁg Eggéq%gfé§anuﬁé?%éﬂﬁﬂgfﬂﬂ ations
and of experiments carried out by the applicants, we will
briefly summarise the principles involved in a method of
measuring losses used in the context of these simulations
and experiments.

This loss measurement method is usually called loss
measurement by coplanar lines.

It provides a means of measuring losses up to a
certain depth as a function of spreading of electromagnetic
fields in the support layer. This depth depends on the
spacing between conductors, the frequency and resistivity
of the support layer and the oxide thickness.

This measurement method thus uses the following steps
for each structure to be characterised:
e Structure preparation, by:
» Selective etching of the active layer of the
structure, stopping the etching depth at the buried oxide
insulating layer (remember that examples discussed in this

description relate to an SOI),



the frequency of the AC conponent V , Calculation of
| osses (a = |l osses in conductors COND + | osses in the
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elimnated by etching a ), naking use of neasurenents
of emtted, transmtted and reflected powers at the
ends of the wave guide. is extracted fromval ues of a
and an estimate of that is cohdidered as being fixed
for a given frequency of the applied signal. The
principle of this nethod is illustrated in Figure 3,

that in par$séTid aplibkkusid@ilas d heepoyer gondesher eatadture,
in different regions of a structure for which | osses

APEOVE HehThsradeer | SR ¢ HE Vol fAges IS bph ivedoppauct ing

thetaent ral ceangdueton afhieaGR s&opb ANaY) uiR&im <IQ€ thus be
advant age of superposing a DC conponent on the A

corpereénedduri ng the measurements is to dennnstrate

thel3 COQS'SPraQ ger E 8&19@ %Q?? Oéf thgyggpggiped metal

| ow resi stance un e 1nsu on° / suppor ayer
| nber ffzce | ntesttr ucpat esriconceanedabyy t hparaveat i onondscting

Wi | | , | aj ned |j det ai | t.h d f
EE=LEAEo01 hEST ol sl Srdn8 Fagli °FS) Gener at ot by
appl i cati OnAﬁ{)lI@aeCl% CHTRAN NG M4Ref 1t R gRaRt 6@' one of the

conductor of the wave guides. It is also strongly
i meteéhteddby theepar arfiitier s @BOXaand I . Teerséfsgse, of 2

the_concentration of rriers in this Iom;re5|stan
AFeFPRETHE PR 001 HhEERabniedl Fag F BH i G ac
byolltsgehiwknessy), iiss thplieasaro wipheQ salanmJDmhavend the

ar%oﬂg%%g ogarg %ee ln?os ie ied:
» the amplitude of the DC component Ve,
» the frequency of the AC component Vpe,
] Calculation of losses (o = losses in conductors
Oconp + losses in the layers located below the active layer

before it 1s eliminated by etching agge), making use of
measurements of emitted, transmitted and reflected powers

at the ends of the wave guide.
> oOgue 15 extracted from values of a and an estimate

of dcoyp that 1is considered as being fixed for a given
frequency of the applied signal.

The principle of this method 1is illustrated in
Figure 3, that in particular illustrates the wave guides
created 1in different regions of a structuré for which
losses are to be characterised (the voltage Vp is applied
to the central conductor of each coplanar line).

The advantage of superposing a DC component on the AC

component during the measurements is to demonstrate the



Losses neasured during inplenmentation of this nethod
are used to extract an effective resistivity of the
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related to | osses). As nentioned above, and as will be

illustrated in detail, the applicants use the
dennnstrated |nfluence of the follow ng: the charge
of (i.e. within) the buried ok? de insulating layer Q

0X the density of carrier traps D, on structure
| osses, within the context of the invention.
Scontdi¢aisle f oeffcich dhe dessess afe ia | ustyeat edvitth  low

Fi$$£§§%§§x§P99ﬁgr gﬁs Ghall S%ﬁg%ﬁ.gﬂﬁg%%§gesﬁ§”d'”9nterface

( Ehosf eu@)utds Im&%&r@;sw ahediniehtaostructure
concer ned bY the invention.1l4 The curves of these two
figur &S a¥elHePPvESPLRORPE PMICAEI Siftfddellnt Hate remainder

cgkcuylatsescdhe panakl alol inearseepductance (6 %E%Eﬁyied by
copl anar wave gU|des made on a structure. Figure 3
shepsicapl amart weve Yuidewpongdé gndarsthaceanerahndorguctor

fﬁgi¥ﬁée£gxg 5%%€Qyted circuit (in the right part of

igure e propagati on exponent g associ ated
wth the mepbanarsmwm@gggldmflaenneﬁh®yfdﬂna @ﬁrameﬂeﬁs Qgox
ff) sses y associ at ed

i .L The |
PP B St ToTS oF 1 cPREe DR e T o8t araTdiraat By this

pLepotbsoBahnt® Gagbrhiagh its global volume (controlled in
particular by its thickness), is the reason why Qmox and Di
have an effect on the losses.

Losses measured during implementation of this method
are used to extract an effective resistivity of the
structure (this effective resistivity Dbeing diréctly
related to losses).

As mentioned above, and as will be illustrated in
detail, the applicants use the demonstrated influence of
the following:

. the charge of (i.e. within) the buried oxide
insulating layer OQgox,

. the density of carrier traps Dit,
on structure losses, within the context of the invention.

Simulations, for which the results are illustrated in
Figures 1 and 2, thus demonstrate the corresponding
influence of the parameters Qpox (Figure 1) and Di:x (Figure
2) on losses associated with a structure concerned by the

invention.



frequencies . Losses a are equal to [0.5*G (L / C) \
where and denote the |inear inductance and capacitance
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3 . For a given structure, the | osses associated with

the structure therefore increase with the value of the
paraneter G (and vice versa) . The nodel used is

i npl enented by the Atlas softwldre (registered

trademark) of the Silvaco Conpany. This nodel is

active for taking account of the different dinensiona

par anetees cafrviebe @opkbhaae wave figuess geenelaryveld from a

netal i sed |ine orned. on the structure for ,
TEABHLBREHE. ORSRBbaeEheCr hICRRULSERF | FESbuPREALORHdel inear

| apabuctaagbat (0g,) aysf) &fpidignist nisiur gulides vekbageon a
V applied on the netalliseJDIines (pol ari sation

vEItERgEUEAd frequency taken into account)

Furthepprg. thissppdel LaKesnarcoyteof ghb&es made on a
paraneters and Q ox the calculation of G. Figure 1

ssowactusar vendilan 12guigadadt 14issribypeddiaigaud tf olirn  the
d&gfg%en%r?tggcégée§.€ﬁg ciated with four different
des o Ter

valuaes he” parane OX Each of these curves
i |l ust ratespirheagetddbnve evapnahton yof s$soctiated | ossels the
Wth respect to a reference point (through the

pacaferer GEFR tdiatdd sidi dactie r ébamed 1t o=| d¥sest@sy) +Ip =

d?fCLLbeq_abnue;_f_as_a_iunction of a voltage V that

win(Re Jffet appefl & 4Geh +ta/as@fiduct or of the structure in the
context of the | oss neasurenent nethod descri bed

above. The losses agys associated with the support layer in

the structures are directly proportional to Ggrr at high

frequencies.
Losses agyp are equal to h15*Guw(Qﬂ/(%gf”]r where Less

and Cqssr denote the linear inductance and capacitance
respectively of the coplanar structure shown in Figure 3.

For a given structure, the losses associated with the
structure therefore increase with the value of the
parameter Ggpr (and vice versa).

The model used is implemented by the Atlas software
(registered trademark) of the Silvaco Company. This model
is active for taking account of the different dimensional

parameters of the coplanar wave guide:

. geometry of metallised 1lines formed on the
structure for measurement of losses,

. thickness of the buried oxide layer (insulating

layer) of the structure,



The reference point is fixed to the value of CEFF
obtained for V= Q@OX = 0 . Curve 11 corresponds to a
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and 14 correspond to three structures for which the
insul ating | ayers have non -zero values of QBOX
increasing fromthe structure of the curve 12 to the
structure of the curve 14 (fo} whi ch the charge of the

“insulating layer is equal to 1011 cm 2). The arrow in

this figure shows an increase of Q ox between the
structeres voltdge di¥f ergsplicdy vesn Thhe fmguéBlised lines
illustrates that an increase in the value of (QBOX
cdBeédrapat her eRF39F AU dE§REenNEEsEgkeThi Bt e i TRt -

of therparRiEisfe Q Crand thergliore hhescharge e ther  the
electrically insulating |ayer, can be explai ned as

f pelcemeterThPs ehdr @exi &n atfpﬁ)sqathqnela@h@mg@f @chh
therefgi %gndﬁ to,altracy nggkbgsne qﬁlve fhar and 14

(electrons) to the i nterface bétween e insul a |ng
Iapemeapdndhmgsﬂppﬁbhrlayéfetuetystescsnrae)assémlated with

cess these electro ol l ects e said
X ARkt PERT i ian, O i meceralsr Qren l ow
reS| st page, UiFat thesef orarvasr easasisghrabak | agses kBlative

the support |layer. During inplenentation of the |oss
n¥ashp h@ﬂtoﬁe§ﬁ6&cﬁ€ﬁ?| REGeEbsVED degnsqit 1§ a reference

negative thebhgde tMeC Ph RGetRR! igd tidihei £efifakt1y related
conductor to only tenporarily push these el ectrons

uitderloskesc ent Idglscedbgdctadovewhi @ tehefhnction of a voltage
Va that will be applied to a conductor of the structure in
the context of the loss measurement method described above.

The reference point is fixed to the wvalue o0f Ggpr
obtained for Vpe = Qpox = Dijx = 0.

Curve 11 corresponds to a structure for which the
value Qpox 1s zero.

Curves 12, 13 and 14 correspond to three structures
for which the insulating layers have non-zero values of
Qpox, increasing from the structure of the curve 12 to the
structure of the curve 14 (for which the charge of the
insulating layer is equal to 10* cm™).

The arrow in this figure shows an increase of Qgox
between the structures in the different curves. ’

This figure illustrates that an increase in the value
of Qmrox causes an increase in structure losses.

This influence of the parameter Qpux, and therefore the
charge of the electrically insulating layer, can be

explained as follows.



nove away fromthe interface; this part of the
i nterface then becones nore resistive and the neasured

woO Joesexss3are reduced. | f now the val ue of V i ATUBLRIVG003340
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reduced, the positive nobile charges will in turn be
attracted towards the interface and thus locally

reduce its resistivity. The Iogs is thus mninmumfor a
negati ve voltage This shift i h®t he mi ni mum | osses is
illustrated in Figure 1. Thus, as the value of BOX

i ncreases, the value of VOPT shifts towards negative

val uesThBs mdharrge, fier @ Iparsgeivel uehafge he wiriedentkeerefore
of electrons, at the interface .between the buried oxjde
hetrSt FhoPTabert et 11 AO5TaNE 1o | FLPREFRBEL o che
| ossesféeyernatweddPTtwbi cindisldthengvollbgge aindvhitel t B@pport
el ectrons attracted to the insulation / support |ayer

ad2YBECIYHEY BV Y not present under the centra

conduchQr &:@aehi chi7 di@evokiagerdnd s 2ppkiced, Hut taee said
present at other |ocations of the interface) .

TheEefFbpee BRpen nEeElsy i T ard Javyoroxisat weenre@pstance,
i ic ur; ' es Lncr in.l.os a
a@gﬁ& @%e§éfégg 168 eRduUg g@?bé f§§§%§ %ﬁ% pQQpport

1
I'ft towar negative poténtials o e vglue
oftaVefor which | osses are mninmum as can be seen in

figure_ 1..Simlarl igure 2.shows three curves 2
227" HSoRH P pBRar G R T BE Gl Ha L SEFLLlipag method
Eaehtsbradat Wi ves assogl agred wi hbgattivé f erdntageal ue @tn be

D, at the interface between its electrical

iﬁgﬁﬂé??n§0|§§§% CHRIY 52 gﬁnﬁ&g&oq &y§rgnly tgmporarily push

these electrons under the central conductor, which then
move away from the interface; this part of the interface
then becomes more resistive and the measured losses are
reduced. '

If now the wvalue of V, 1is further reduced, the
positive mobile charges will in turn be attracted towards
the interface and thus locally reduce its resistivity.

The les is thus minimum for a negative voltage Vopr.
This shift in the minimum losses is illustrated in Figure
1. |

Thus, as the value of Qpux increases, the value of Vgpr
shifts towards negative values.

Similarly, for a large value of Qpox, the presence of
electrons at the interface between the buried oxide
insulating layer and the support layer will increase losses
(even at Vepr which is the wvoltage at which the electrons
attracted to the insulation / support layer as described

above are not present under the central conductor to which



Each of these three curves has a m ninum near the zero
volt abscissa (therefore correspondi ng to al nost
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structure associated with a zero value of D . Curves

22 to 24 correspond to structures with a non zero and
increasing D (fromcurve 22 t9 curve 24), the D

associated with the structure of the curve 24 being

1012 #/cm/eV. The two arrows on each side of the

m ni mum of the three curves represent this increase in
Dthet weehtddr t'hr edsst BBt Up@s. BUL cairee P¥&€SeNthaftanother

'TBE§§§§nén E)EH%“£ 8s associated with the
% SRR

structure. can als seen that an increase in D
reduce%hett@fcvm,l uencencfrebhe D@ compomehtieofstheoetween two
n zo % ge \ agp %q %o t.he centéa:S negalllsed and

8 fc? daiiaile l? 1§ A Leht& o1° % né pargﬁgfe a
DsﬁlﬂftOS:Sa@rSlrdan gy ipleai prateras 16 | OMSth8 Thilsie Vopr of Vi
paranmet er characteri ses the density of traps such as

sﬁanW%H‘g}éslo%%?ﬁ &t h hit’s Mgy éﬁyCSPhEF fPEp thatioure 1.

coul d 1R & PPSI FHiarer Negabine fphid e cghakge 21, 22, 23
(el ectron or hole - which is a vacant space in the

CEQETasPPRinatte deste hid fpareati aryvaturag- i nterface
rTUCt e AT aR dens] 17 AT Thre Tarer Fae PP oratne of
tﬁngountethehanmﬂtﬁaeacéMﬂnwﬁﬂDnE@sab@vetret@lbﬁ tosulating
tgggégngggc 4 Suﬁ¥%h%g§ay%he charge of the insulating

Each of these three curves has a minimum near the zero
volt abscissa (therefore corresponding to almost identical
values Vopr) .

Curve 21 corresponds to a structure associated with a
zero value of Dit.

Curves 22 to 24 correspond to structures with a non-
zero and increasing D;i: (from curve 22 to curve 24), the Di
associated with the structure of the curve 24 being 1012
#/cm?/ev.

The two arrows on each side of the minimum of the
three curves represent this increase 1in Dj: between the
three structures.

It can be seen that an increase in D;+ reduces losses
associated with the structure.

It can also be seen that an increase in D;: reduces the
influence of the DC component of the constant voltage Vpe
applied to the central metallised line of the structure.

This influence of the parameter Dir on losses can be

explained as follows:



A high density causes absorption of sone el ectrons
that arrive and formthe surface |layer at the said
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resistivity (and therefore increasing the |osses) of

the structure . This effect increases (therefore

tending to reduce | osses) as the density increases.
Furthernore, the effect of th&® voltage V that attracts

el ectrons or positive charges to the-said interface
(dependi ng on the sign of this voltage) is attenuated

by a hT@h@rp&rﬂmé&HrtdhnraqmemﬁbEy tha tibhsitpasef SDmps such
nmobi | charaes attracted towar he interface by t

vBFPt 848*Y & 8e?fai38%8amja’h%lmﬁfus°%e?ﬁ¥ T8y SR h’élﬁat could

t BeMphavgosotivd | mn&e;mdeomml\lahart;hat(ewetron or hole
increase in the density of carrier traps_is thu
applleahl i Y?ﬁ?%ﬁuﬁ?@%&3¥bﬁ*ﬁb§FﬁP§éléFnﬁe§§FF%%e of the

vRLtages1 V at ThEOHRR ArACEl BeiGednl Idhestial @S diRe and the
effect of a variation of the paraneter D on | osses a.

ThiBPgraphavontdl e Wé reFtwss corresponding to two
di fferenf; gntggémy{ﬁ%:%tgthf@ e #J&@tx}ﬂfﬁ oPér‘?cﬁ Ned BY¥unter

the applic any particular treatne
(tbkl awfﬂgeaCSM@&ETﬁlﬂin@d) qmcoxeesselat(e&hom Ithescﬁerdiency to

| ines, curyve u ture, subjected to a
spaerer e Vi Carlane i e ans p e RS VS AT e o the
par ames emiQnhatdémei ¢t enlisee bt itthe O isetheOXéUectrons

insul ating | ayer and_ the support Iayer of the
sFPEEtu?%r{B%sh%&Pllﬁﬂ¥ clifife surfate layer at the said

interface and which has the effect of reducing the
resistivity (and therefore increasing the losses) o©of the
structure.

This effect increases (therefore tending to reduce
losses) as the density increases.

Furthermore, the effect of the voltage Vp that
attracts electrons or positive charges to the said
interface (depending on the sign of this voltage) 1is
attenuated by a higher carrier traps density; in this case,
some mobile charges attracted towards the interface by the
voltage Vp are trapped, and thus neutralised so that they
have no influence on losses.

Note that the increase in the density of carrier traps
is thus applicable in the same way for positive or negative
voltages Va.

The graph in figure 4 illustrates the effect of a
variation of the parameter D;x on losses a.

This graph contains two curves, corresponding to two

different structures:



42). This treatnment may be anneal i ng under a m x
conposed of 5% hydrogen and 95% nitrogen, at a

WO tepaRss ure of the order of 432 C for 30 m rMABEB2004003340
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the remni nder of the text, we will conme back to the

special treatnment used to obtain this reduction of the
paraneter D . Figure 4 thus illustrates that a

reduction of D at the interfat? between the i nsul ati ng

| ayer and the support |ayer of the structure increases

| osses through the structure. Correspondingly, Figure

5 illustratmgs tdug i fdurneecof oataBdedi CBYi 0BnOf &PSlicants
value of Q ox on |osses a. Figure 5 thus represents

t WEtRRRE afnyn RACHiseded asren Tmandt i bFobfotHY cansM@RICuT @
?’%k&é&& app| étlﬁgnrfj_ti;rf g 1Gkanagkeri salbons of  these

sses, for two different strucfures : A structure
wth a | owx) axirfidrarexatphetofret heubsdetedf 405 x 18decific
cm?2 (curve 51 that corresponds to an SO_ obtained in

atHEmTRP N kndhCT n? t t SBRFCHYT atSRARTEUT( P piGcdsgpmeter Dic
ARdl anst EHELHF ScaM bbrRedth OPRE Bhribe 0% (8L %s@lé(tﬂfQ%Olayer
9

cm2 (curve 52 that corresponds to an oxidi sed20 Hi
ReRfsthei syrprinateyer noh Fhenateuebntai Miaghed line, curve

c am t .- a e I ;¢ .C ' I
CBRL T bR b e SRl 1R, ol AT Mo composea
i ofr éaséyvidosges, aas] a¥Feadyt neydn.onetd abdespeNMetarehatf the

t he Ievc%ﬁ JE?S Jlo beein r%Ddifi ed between structures
cOF P8 pohdi g ¢ & Fured 81 5Ra 52

In the remainder of the text, we will come back to the
special treatment used to obtain this reduction of the
parameter Dij¢.

Figure 4 thus illustrates that a reduction of D;: at
the interface between the insulating layer and the support
layer of the structure increases losses through the

structure.

Correspondingly, Figure 5 illustrates the influence of
a modification of the value of Qpox Oon losses a.

Figure 5 thus represents the variation of losses as a

function of the  constant voltage applied during

characterisation of these losses, for two different
structures:
o A structure with a low Qpox, for example of the

order of 1.5 x 10 cm™? (curve 51 that corresponds to an
SOI obtained in a manner known in itself by a SMARTCUT®
process);

° And a structure with a higher Qpox, ©f the order

of 6 x 10'° cm™? (curve 52 that corresponds to an oxidised
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respectively. The curves in figure 7 show the

variation of |losses for V=0 V as a function of the

for three SO structures obtai ne@CyBz004/003340
SMARTCUT(r) process with different values of Q oc The
following table gives values of Q ox for each of these
three structures SLI, SL2, SH . Wafer name BOX [#/ cm

2] D[#/ cm/eV] SLI 10 Ne&pigible SL2 ~ 1 10 ~I |

| SH 10 where QBO X. SHI Negligible > QBOX. SLi

The curves in dashed |ines correspond to sinul ated

| bsgps @bsceplanay walve wafetes itades orfumbentsl calontaining a
structures, except for the resistivity of the support

| SPBEETGFA D hes el Ghr TEUNON ha e e U FEB T ERAT 20 ht §

from 1Q0t¥ . emaft ofh curekaise 5000 We crpdhoidt@h corye will
- resistivity values of the suppaort |ayers increase in

t HECHiCPEet LBRSBE, t AR %&%%ﬁ@y.meﬂ%%qqe&ueeogﬁoms t hat

theorefbeal 4105865 nkedueeedS dMi 9, [ €4St I ¥btY been modified
increases.2 1 Note that these theoretical |osses
cHeitaieRn| 0§§E8ChEEOR | at@Er WiRMNHIStAl Itc cowdgst oPd opnd 52

li ponding to the | owest curve in figure 7,
sﬁ%%%egﬁggggﬁfnuous lines) and | osses in the support

| ayer . TReguuevésshiowst tdate t he sebwudthe evartdt tdre of losses
hi ghe val of 1s the structure t
I&% e§%ctb§g§§ % ?r#%?%ﬁ%%%fﬁféﬁﬁ%

efdfteticitue@es obtained by a SMARTCUT® process with different

t h t he | owest :
ég%%%&yfgfg%m%%ree SOI

values of Qpox and Dj¢.

The following table gives values of Qgox and D;: for
each of these three structures SL1, SLZ2, SHI.
Wafer name Qmox [#/cm?] Di¢ [#/cm?/eV]
- SL1 ~ 1%10 Negligible
SL2 ~ 1°10 ~1%11
SH1 ~ 1°10 where Ogox.sui Negligible
> Qgox.sL1
The curves in dashed lines correspond to simulated
losses of coplanar wave guides made on identical

structures, except for the resistivity persr 0f the support

layers of these corresponding structures that vary from 100

Q.cm (top curve) to 5000 Q.cm (bottom curve - resistivity

values of the support layers increase in the direction of
the arrow).
that theoretical losses reduce as

The figure shows

this resistivity pessr increases.



resistivity of the order of 4000 W.cm which nmakes
| osses associated with the support |ayer negligible
woO mofrEassd Wi th | osses associated with netal | iIRCT/IB2004/003340

conductors (since total |osses a are equal to the sum
of | osses COND a-when a tends towards zero, a becones
equivalent to Structures with |ow values of Q ox but
negligi bl e val ues of have | 0s$es corresponding to
resistivity values of the support |ayer equal to 300
and 500 W.cmonly. In the case of the invention, a

val ue wbte heciensithesef caeoretitahpslersds epnaaval ukosses

of charges within the electricall ul.ati ng
SesEraLtrrd kb S i fivatel 6

geﬁhd%g¥respgndlng

WﬁaiEh@dlowgs@rﬂﬁfvéChﬂﬁﬁ@dﬁﬁie7Lh%h©M©Chhl@ahtlnuous lines)

resistivity of this structure. And as will be further
eRpHal ABESP Nl hike tVBOTthe 2d8Asi ty of carrier traps

5 1s modifjed ah the Nt eRhace Ret ¥esic @b 18dh| Y highest

(e.g. buried oxide of a SO) and the underlying

suppget OIfaylaf iAs thentsitaned uabov@att has rient lovestmylosses.

te@hkg Fg%r @E?ét 8& 8 &5@ |r§$ effective
ter Fhe “The

SUBS conpri sing active

SEégeg@[eity @ﬁdtﬂeS@Q@BQ‘ wbsatorom@(@@nmmﬁctmgm&ms losses

structure support layer) .22 In this case, the first

sBBS§PFaREeE hit thnEhade4sPPREL adY9E NaYEtIBPle heompared with
10 Sﬁgggégr%é%/cﬁit%% ' \Q?l:Hd%’léé%qlll%suEQB& cgtéf"éler sqfnthetotal

structure. Before performng this type of bonding, it

| Sopessi bl arko smdilf o hthedensmi tyf ofosdes Cadohd @ind r@ps when

to increase this density, which as seen above wil |
r ecuc Bends seewarddciaited diigroriee sarLEaUPRE to Ocomp) -

Structures with low values of Qpox but negligible

values of Dj+ have losses corresponding to resistivity

15 values of the support layer equal to 300 and 500 Q.cm only.

In the case of the invention, a value of the density

of carrier traps and / or a value of charges within the

electrically insulating layer of a structure concerned by

the invention are thus modified, in order to maximise the

20 electrical resistivity of this structure.

And as will be further explained in this text,

density of carrier traps is modified at the interface

between a buried layer (e.g. buried oxide of a S0OI) and the

underlying support layer.

25 As mentioned above, the invention may be implemented

in the context of bonding a first substrate (comprising the

active layer of the structure), and a second substrate

(comprising the structure support layer).
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Consequently, several variants nmay be envi saged
(either inplenented al one or in conbination)

wobashssat i on of the density of carrier traps BYT/IB2004/003340

inserting an internedi ate | ayer between the two

substrates to be bonded, designed to cone into contact

Wi th the support |ayer of t second substrate, the

material of the said inter ate |l ayer being chosen

so as to facilitate an increase in the density of

carrier traps, due to its association with the

mat erfiral thionrcakiech thise Supior subayeate sthatde;inslpges the
.S ca the said. nte i, ate | C be .

%@p%sel t Zle yoenrht hoeﬁs gtc}%)@nd %%%g%tﬁ}a ee, %%a‘rf}{ oraajtrgoo bondi lﬁl gd;e > the

A liat ione lapeld odt the strtbeutraventi on, the support

| ayer be de of silicon and the internediate .
PR Bk R A RV e Sl i Pl Fed T RS
©f e densid Weefsieqr bifeihkr apsridsi fgapé tE&aslcMse this

material for bonding the said first and second ,
dgibsittat s IGthats feRS1 | e Bht i nEpdace 1esigre associated

Sensidne oft Gankier traps as a result of its
association with the material from which the support

| ayerCarsemmgat lyMbdifdvsatdlon virtdetdenshyy éf t nvisaged
S | i the surf
{feglg{ﬂee! #th%%%e%e%pg%hgg%? Me@érﬁﬁgﬁae% yie surtace

on o e secon ubstrat e, ore the said

firste and veREENdasubSt At eshdar @eRONERdor> cEhirsetypeapk by
treatment of the surface region of the second
N %R Fmyl e RAdiadd dreveicIRfferagre ota diiedsubstrates

42t & 0pBhLan, Ofaddityrrdl Fage copd! L AN, OLchbe Seeond tne
substrate !(jdeferl Ol‘g%l on of its roughness by etching
support layer of the second substrate, the material of the
said intermediate layer being chosen so as to facilitate an
increase 1in the density of carrier traps, due to its
association with the material from which the support layer
is made;

> In this case, the said intermediate iayer can be
deposited on the second substrate, prior to bonding;

> And in one application of the invention, the

support layer may be made of silicon and the intermediate
layer material may be a nitrided oxide;

] Modification of the density of carrier traps,
using at least one material for bonding the said first and
second substrates, that facilitates an increase in the
density of carrier traps as a result of its association
with the material from which the support layer is made;

] Modification of the density of the carrier traps

by applying a treatment in the surface region of the second
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In all variants presented above, the density of
carrier traps is nodified in the resulting structure

wa@rooslgissnt er f ace bet ween t he oxi de |ayer and PEEIB2004/003340

underlyi ng support |ayer. Moreover, still within the
context of the invention when used in conmbination wth
bonding |i ke that nentioned above, the charge within

the electrically insulating:¥%yer of the structure can

be nodified so as to reduce it, according to different
variants (once again applied alone or in conbination)
subdvxct tfd ,c dbe fnreoft Hehesacilvarfer iy aadj usdaangl thebstrates are
characteristics of an inplantation made in the said

%919 Y substrate before bonding; > In this case, the

doses of tiad Mpjantat | eReatRet eber abky sadifustedelg@on of
nodi fy the charge value in the electrically insulatin
FRS et S COAnIHW SHHS e A &R ﬁé?téF‘%anW%‘b‘%ﬁoﬁt%@I}w led

éé@&m&amloqh BLNERKENI figr # 1Y aniAH1@AohS BRUE: BiSE NG dtond
MARTCUT(r) type process. In this case, the first

sstakb%itlraenee (P ld ogabABCP st s | rorglsied TRy Sissinat e
Wthﬂls%fac%ag}%htthl ¥LdL Edeeék%x‘face it acIAﬁPsrhty of

t akes pl ace throu oXI| |sed sur and t
s&nnnﬂ:gubgkrakenm@nfesﬁomdsthe theukUp@@r$tructure at the

ner that e bond the sa
St P Pt | s0R oOBUER o QaVRE, B o€ underlying
§ﬁﬁﬁ6ﬁﬁen%4nﬁt the weakening area with a thlckness

defined in the inplantation step, to result in the
desi r&dF AN | aif%]rl]st FUER LR e EheMmAT it i Oh &6t hgrvention

TR 08568 thHe 8hBshht¢8h! ¥ith bonding like that mentioned
above, the charge within the electrically insulating layer
of the structure can be modified so as to reduce 1it,
according to different variants (once again applied alone
or in combination):

. Modification of the charge by adjusting the
characteristics of an implantation made in the said first
substrate before bonding;

> 1In this case, the doses of the implantation are
preferably adjusted to modify the charge value 1in the
electrically insulating layer; '

> This implantation may also correspond’to'the step
in which a weakening implantation is made using a SMARTCUT®
type process. In this case, the first substrate may be a
monocrystalline silicon substrate with a surface that 1is
oxidised before implantation takes ©place through this
oxidised surface, and the second substrate corresponds to
the support or stiffener that will be bonded to the said

first substrate - this first substrate then being separated
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insulating |ayer by adjusting the paraneters of a
thermal oxidation nade on the first substrate before

whoendiodgs3t o create the insulating | ayer of theCT/IB2004/003340

structure at its surface; > The paraneters on which
action is taken include particularly the tenperature
(absolute value) and / or its variation (particularly

the characteristics of the t%%perature ri se gradient)

, the gas conposition and the annealing tine; > Once
again, the said thermal oxidation may correspond to

dte teepweakahicdh areaxi deth ayaer thsckneas ediafs‘jnmagi ain the

e process. Finally,

TR DI nGHEPy t . GRS Wi Bhi e neSeREe, i ma Titaver
${gu&@uﬁg@ | ayer of the structure by adjusting the
paraneters of a heat treatnent that is applied to the
sai d st r udtadie igade ont MStbeemHmﬁedinl rehehi sleaseically

nd|f erent. whet.her._or n he two substrates
h%%lsao {W@éd %%fofiéﬁaﬁamﬁfa ®i RFRMS tEype Ogf @ thermal
Nza’(cﬂﬂ[ﬁtor‘adjnehlﬁé meat wfe thﬁr@hasgbstﬁat@ebelfeeér|b©a:ldllylg, to
i nsulating |ayer of the structu e thermal budget

r .
ofedtfe sHiY hestlredfnentYPS aEI?usF 8 sdthdctygre et its

fptqdse the charge in this insulating layer. It is to
be noted that nodifying the charge within the
electrﬁtmﬂﬁﬁ|?ﬁﬁﬁ@ﬂﬁQﬁfI%@ewhbfhtHétsPPuéﬁuﬁ@h%? include

;51%! fcdjlasﬁ:tlfcéhéc ORI YRRCT NG L8tk e%ﬁh‘ '%’i‘ldOf/ or its
arges at 25

some |nterfaces etween | ayers of
Barimgtinre (tm@rtappéarﬁechntmﬂmekﬂhangqmesgbﬁsed e.gf the

b%mper oguirneéﬁzlse[:ugrta%en%r ¢ {£ rg%'sngc%pcps& 1on11§hd the
annealing time;

> Once again, the said thermal oxidation may
correspond to the step in which an oxide layer is created
using a SMARTCUT ® type process.

Finally, it 1is also possible to modify the charge
within the electrically insulating layer of the structure
by adjusting the parameters of a heat treatment that 1is
applied to the said structure once it has been formed. In
this case, it is indifferent whether or not the two
substrates have been bonded beforehand.

And in this type of variant adjustment of the charge
in the electrically insulating layer of the structure, the
thermal budget of the said heat treatment is adjusted so as
to minimise the charge in this insulating layer.

It is to be noted that modifying the charge within the
electrically insulating layer of the structure is quite

distinct from influencing the repartition of charges at
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15

does in any event not aimat mnimzing the losses in
the support layer - as the invention does - but it
WO at08@81883 N5 at avoi di ng depletion in the acti RET/IERper003340

In this respect, this prior art docunment proposes to

i nfluence the characteristics of the active |ayer, but

not of a buried insulating layer (as it is the case

for the invention) . Figure % shows ‘the bonding step

for two substrates A and B nentioned above, in the

case in which the substrate A has been oxidised (in

qumret [ tmrtarfa@scrleatxeeal suayace ofki de dtayertuhk) (e admetter
ant ati.on ate a wea enl efinin

aﬁ%&% ol TR e 1 Pe i LE oo iloet rat o A
The: rstlestnoatke Bregsresmpnds tas lee suppor thlayedod@iment

the required final structure. This case corresponds
‘E%ﬁ'stﬂc‘hl%?ifyei’%n?h@c’ﬁsél@f athBipdpdRiren the tll?éses in the

St 0fyer SMARTQUYI( rdndtRe I @eRsS 2 KdAlINS dather aims

Process for manufacturing a nultilayer structure nmade
17 o?ﬁfsl@iﬁr@ompdﬁltﬁ@nn&ﬂeﬁhal gchhve coayef si iy Hnl actdsmect,

t}@/ser %ﬁléypp%&tt 'ac}’o‘%fu &P%?oﬁéé%cajcéy 'l%%%%!cgg the

ayer between the actl e support layer
cd‘rmraa:ciieeﬂmsted:a o ft halhetlaetpvecéasfeconmutsesot of a buried

i.catiqn of the dgnsit%/ of carr er traps an% ())

& % ion

Jtrh leﬁtelcgﬁlc?éllercﬁﬁlﬁg wi T hih® crtti aHﬂYe“

i nsulrlgulg |aysiowd Ntivs dsbmﬂpncyn Bt@pseoel @Gbr istdstrates A
| osses in the structure sugport | ayer. . Process

LIt RHY 1B Ché pr8vi dlist FaFﬁ?ech%r‘é}E%‘érPlrs}é% ??Psttr%te A
fde sadd sodifdLat jan SHam @l dadeasidg d he densldyy oxide

of carrier traps at the interface
layer Al) and an implantation (to create a weakening area

A2 defining an active layer A3 within the thickness of
substrate A).

The substrate B cbrresponds to the support layer of
the required final structure.

This case corresponds particularly to the use of the

invention in the context of a SMARTCUT® type process.



10

15

20

25

between the structure insulating [ayer and the
underlying structure support |layer. 3. Process

wa@e@sngisagy t o one of the previous clainms, charBCT/EB2062@3340

in that the said nodification ainms at reducing the
electrical charge in the electrically insulating |ayer
of the structure. 4. Process according to one of the
previ ous cl ai ns, characteri <& in that the active

| ayer is selected so as to have a resistivity
significantly |lower than the resistivity of the
support layer. 5 . ProcesCizxKIM# di ng to one of the
previous clains, characterised in that the process

i ncl udes bonding of a first substrate conprising the

st ruct ure Relsisver bay elariFd cd ugeagNth SHRStiabk9er structure
conprising the structure support layer. 6. Process .
BRDr WY TIPS PGuBAER AL AT S cRAF aCPBRT TG ARt Rgttive

thesaid Sidirsubsidat,g CaRPEl 888+ 8Ra1 s Ul @ik ing layer
| ayer. 27 7 . Process according to the previous claim
dtarert er itbed iacthee tHevsdi d amdul dtheng bupeerbf tlaver,

) frat. he | . . .
fhil s eaaafegsueehppil el il austenth o
tine edenpriey aufs calraiirs, tchasaehdrVsed thetdbéctini arlderharge

to mnimse electrical.losses in.the structure su rt
tE T e GEHEEFS BR e Ton i N adeYFE moht | DAFeE  to
e Of 54 e esatird chilr $bssubstinatige aftridnsaishpgeeendayer.
substrate are bonded. 9. Process according to the _
previoudTACESH cRERECefPsed ton t e i n RrgEPHYH  claim,

MBS @lRet rifalthat  the said modification aims at
increasing the density of carrier traps at the interface
between the structure insulating layer and the underlying
structure support layer.

3. Process according to one of the previous claims,
characterised in that the said modification aims at
reducing the electrical charge in the electrically
insulating layer of the structure.

4. Process according to one of the previous claims,
characterised in that the active layer is selected so as to
have a resistivity significantly lower than the resistivity
of the support layer.

5. Process according to one of the previous claims,
characterised in that the process includes bonding of a
first substrate comprising the structure active layer and a
second substrate comprising the structure support layer.

6. Process according to the previous claim,
characterised in that the said first substrate comprises an

insulating layer.
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| osses in the structure support |ayer, the density of
the carrier traps is nodified by inserting an

WO paosossas at e | ayer between the said two substPEL/ER0042003340

be bonded, that will cone into contact with the

support |ayer of the second substrate, the material of
the said internedi ate | ayer belng chosen so as to

i ncrease the density of the <hrrier traps, due to its.
association with the material in the said support

| ayer. 10. Process according to the previous claim :
char dct énxicsedsi n tadwatortdiegsai do nt erthreedi ateeviayer | sclaim,

osi.ted on, the said second supstrat before the
PP STARG of 1 IS £ EPCarts Sho R CALY ardyel 10F the
A 00e SSuFBeC i Ngp e dgia1der @W Al Clraduhatahdr aclyeid s the
in that the said support layer is made of silicon and
tHEH&t i al used in the said internmediate layer is a

ni trigded Qdode. d2coFiNsesEACeaEdi Hig tt@leon%hQEet herevious
four previous clains, characterised in that the

enigi gy o¢h@aﬁl‘¢i‘r%’rli‘l€|€hpsl¢s Hodtfi é8 usirdgrat Yeagtinimise
ONe- Rt e allotsgéts tends {02 & i nGry %Seshﬁﬁtogﬁnsié ePf the

carrier traps toits association wt e nat

demdihey saf dtsapwnrlleayexr,apfsorl:bomddngledi]ebsaodef |t|hst said
nd sec n bstr t S electrlcal Io se

e Stat s e GulBsr p8id) 8rois SSedE secorarnge

to ore Q’frotdé%sfl Veduoaiags cltal ns,tiehar aeterised i nclaim,

that the density of carrjer traps is nodified by

AT 189S edfreffeto the %ﬁﬂ'efracéor efrtBnmoFet h%leculcal

aegnd subsheakerhetore thgpsatdi1bies] and seeeRdy of the
substrates are bonded, in order to mninmse electrical
carrier traps 1is modified by inserting an intermediate
layer between the said two substrates to be bonded, that
will come into contact with the support layer of the second
substrate, the material of the said intermediate layer
being chosen so as to increase the density of the carrier
traps, due to its association with the material in the said
support layer.

10. Process according to the previous claim,
characterised in that the said intermediate layer is
deposited on the said second substrate, before the said
bonding of the first and second substrates.

11. Process according to the previous claim,
characterised in that the said support layer is made of
silicon and the material used in the said intermediate
layer is a nitrided oxide.

12. Process according to one of the four previous
claims, characterised in that the density of carrier traps

is modified using at least one material that tends to
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| osses in the structure support |ayer. 14. Process
according to the previous claim characterised in that

wo b@smaisd3 t r eat nent of the surface regi on of tPeT/sRo0eND3340
substrate includes controlled deterioration of the
surface condition of the second substrate. 15. Process
according to one of the sevg& previ ous cl ai ns,
characterised in that in or to mnimse electrical
| osses in the structure support |layer, the charge is
nodified within the electrically insulating |ayer by
afrsstseng the cHenacteri offi cscafriar i nptapd at doa rm@e its
ésnsctche tslal d fi st tgubst r.ate I?efore t he galdd Sful rst. a or
decond suoostrattes AFe BoRdéa! 1é grlocgss altERa g 1St
fée perdiows chai rrsamaramse:rl sed | Betbat tBEbdoseseso,f to
t he, sai d i_npl antatlﬁn are adjusted to nodif

IS 7 1 TaIcact APEaPFy R nEDf of FiHE| SbrupppEe laver.

Process, aGeRkEisNdat8opien®f theohwo Hf evirRuUsfebal Brevious
characterised in that the said inplantation

%Jo@tr@%pocﬁwsrqqiegl\ﬁ@&ém rtgjlaitnﬁtfbﬁqtcéﬁn%rt.\/ofofa carrier traps
B og}gﬁ &d LYPELRLOSRSSA t%e%%meEEo%%SﬁjQQgﬂifkééétf%glon

e ten previous clains, characteris i'n that
0¥ ohdersetconm riuliste aglee diaficaa tmse@ldnfuhet and second

§ 15 L e S“@BO% cg?‘é/ r.osthe charge within 1s electrical
Y4 |nsua|n Iaerlsm)o?f Bl us?lng
ldsmsetmrlanﬁitm St@fﬁ;cautrbesnpboﬁmﬂayemn made on the sai d

flrst substrate to create the structure i nsul ati ng .
| ayer %”]Iq9§e§ﬁrfa@gcordlng previous claim,

characterised in that the said treatment of the surface
region of the second substrate includes controlled
deterioration of the surface condition of the second
substrate.

15. Process according to one of the seven previous
claims, characterised in that 1in order to minimise
electrical losses in the structure support layer, the
charge is modified within the electrically insulating layer
by adjusting the characteristics of an implantation made in
the said first substrate before the said first and second
substrates are bonded.

16. Process according to the previous claim,
characterised in that the doses of the said implantation
are adjusted to modify the <charge in the electrically
insulating layer.

17. Process according to one of the two previous
claims, characterised in that the said implantation
corresponds to a weakening implantation of a SMARTCUT® type

process.
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19. Process according to the previous claim
characterised in that the said paraneters include the

WO eowpesmtire and / or tenperature variation, tPET/iES04/003340

conposition, annealing tines. 20. Process according to
one of the previous clains, characterised in that the
charge within the electrlcalug insul ating layer is
nodi fi ed by adjusting the p neters of a heat

treatnment that is applied to the said structure once

the structure has been forned, in order to mnimse
eIecthacxﬂrdaa§§esabnotﬁenstrtmnlmn@ sgfpothe| ayern. Rdevious

ocess accordi.n revi ous cla|n1 characterijsed
TR MLty S ovhaps §h7t Bt 38 ST ze
¢ Se@tljiusiled 1968 sas tonreelme dthexctharge suppbhe layer, the
el ectrically |nsulat|ng IaXer of the structure.

B & T Ry 6 GRE 6k LY heP B Y D G irst S Tiodi Fied

&ha& HiRPhid ghaindthe ssadd Stinctndie d:6 &t i%d made on
rocess according to one of the previous clains,

@h%tr%@:lt%rﬁ]sféﬁ ispastaeteh&opeseass EB@sStﬁ@c*él@@slmwlaﬁtmg
SMARTQAI (s LYRE REOCESS.

19. Process according to the previous claim,
characterised in that the said parameters include the
temperatﬁre and / or temperature variation, the gas
composition, annealing times.

20. Process according to one of the previous claims,
characterised in that the charge within the electrically
insulating layer is modified by adjusting the parameters of
a heat treatment that is applied to the said structure once
the structure has Dbeen formed, in ofder to minimise
electrical losses in the structure support layer.

21. Process according to the previous claim,
characterised in that the thermal budget of the said heat
treatment is adjusted so as to reduce the charge.in the
electrically insulating layer of the structure.

22. Process according to one of the previous claims,
characterised in that the said structure is an SOI.

23. Process accorxding to one of the previous claims,
characterised in that the process uses the steps in a

SMARTCUT® type process.



