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1 PROCESS FOR MANUFACTURING A MULTILAYER STRUCTURE
MADE FROM SEMICONDUCTING MATERIALS This invention relates to
a process for manufacturing a multilayer structure made from
semicondu'cting 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 appllcatlons In the remalnder of this text, the general expression
- "structure concerned by the invention” will be used to “denote a structure
like that mentloned above, of the multilayer structure type made from

semiconducting 15 materials and comprising an active layer, a support .
layer and an electrically. insulating layéer between the active ‘layer and the
support layer. 2. The multilayer structures combine several layers, some -
of which are-made from different materials. Thus, one application of the
invention is the manufacture of SOI (Silicon On Insulator) type structures.

5 An SOl of this type thus usually comprises: an active Iayer made from

“monocrystalline silicon with a low resistivity (of the order of a few

Ohms.cm), a support layer may be made of silicon: with a S|gn|f|cantly

~higher re3|st|V|ty, typlcally more than _ . )
' PROCESS FOR' MANUFACTURING A MULTILAYER STRUCTURE MADE FROM.

: SEMICONDUCTING MATERIALS

This invention relates to a plOCESS for manufacturlng

a multilayer structure made from sem;conductlng materlals .

"_and comprlslng an actlve layer, a Support layer and can’

electrically 1nsulat1ng layer between ‘the actlve layer and’

the support layer o L g

The 1nventlon ~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 foﬁ_

microelectronics, optical and coptronic applications.

In the remainder of this text, the general expression -

"structure concerned by the invention" will be used-_tb

. denote a structure “iike that mentioned - above, of the

multilayer structure type ‘made from E Semiconducting

‘materials and comprising an active layer, a support laYer

. and an electrlcally' insulating. layer betwaen the actlve

-:_Tlayer and. the support 1ayer
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10 1000 Ohms.cm, and an electrically insulating layer between these two
layers, for example an Si02 layer. The so-called "active" layer is named
this way because components will be placed on it, typically electronic or
15 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, "fosses" refers to electrical 20

“losses in the structure support layer, the said losses originating from -

polarised operation of the components made on the active layer. These

Jlosses Bne disativabtageous Hodbeexentdhals they affect the elecliigal, -éome -

enerate noise affecting the signal

- efficiency,of this structure and 25.can
aéal‘i%}ng{heaggti\inea a?/effpgé?tiégf%]f NerJhigH frégdency applications

- in otHBnwords fordreqaendiesaypically aiore than 10.6HAr3oRhusis  the N

: HI hi odi ts of the inventign ,are.applicable usually = .
e na: sniodets o nstien s iR ...
- active fayePQb erfabie §sod vB interattionsafabporemts: installed on this

Gt the order o ) atitlr"nlélr

layer, gnd a much high, rrfgistix’_/it at.the layers that support this active . . -
layer, to avoid elec’fl:éca‘f ossegewﬁ: é%%ds?ruféfég ?8 %8ﬁf %(%t #sq g St licon

‘gisore [aye i as srbétuie poricgrnedebyothadmverttion (fypicallyrdutnp}

- 10 necessarily an SOI) will typically have a much hjgher : -
e X suppgyé ¥gye9/may %ﬁa madg of silicon:with a
significantly higher resistivity, typically more than
/1000 Ohms.cm, o

. and an electrically insulating layer between
these two layers, for example-an SiOZ.layer. -

The so-called "active" layer is named this way because
components will be placed on it, typically eleétronic or
optronic COmponehté.3 .'_" o . o -

"_'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 iosées

originating from polarised operation of the components made

. on the active laver.

These losses are disadvantageous, to the exteﬁt that
they affect the electrical efficiency of this structﬁré and
can -genefate _noise affecting the signal quality in the
active = layer (particularly for very  high frequeﬁcy'

applications_ ~ in other words for frequencies typically

“more than 10 GHzy.
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resistivity than the active layer (for example more than 1000 Q.cm). The
high resistivity of layers supporting the active layer of these structures is
thus designed to reduce loses 15 assg)ciated with the structure.
Embodiments of this invention seek to make structures of the type
mentioned at the beginning of this text, in which losses are as low as
possibje, And nofe that,in very high.frequency applications. 20 electrical. : o,
signals generated in the active layer of the structure can pass through the

dprsulatitg 1oy of the usthicturedespite the electrical insulation effect of

this Iaeyer. This forreseondcs to Io_'fses that are ugdes{ra@leC as mentione -
a Oow &elellrica r_eslls 1IVILY @] & order o o]
above. 25 Thus, and even more precisely than as described above,

anothiey gurpese ofdhe invention isto-beablelteynake structusestike good
.th%sq metn.tionedfabove in Whié:h Iosseﬁs are <glnigimised, and this also for
Ve hitih fréqueticy” Apphcations. 4 A first aspett of thé invention

provides a peaeess ferpanufagtusinga: piitlayaerstructurermade frons that

semlconductlrri;galma erials and comprising an agtlvella er, ]gcsé:.ipp%rt Ia)éer

HHP 3R electrically ThsUSting 185 &r betiedh e activs fayer &nd the®S©S 10

Suppat layetucharacterisedin that thehprocesstcompuises rmodifigation Oof  a

stgws@aﬁ%_ofc%%{e'sgggas and /t%rethem%!%?}e'%hch%&%ﬁp%v{;gﬁ e Lut not
electrica Yy msulatlng ayer, |r¥ order to minimise electrical losses in the
sheRiUre suppore ayef Othef préferfeth batdsnzlinkitdtive émbbdients-gfier

§@§B§tivity than the active layer (for example more than
1000 Q.cm) .

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

Embodiments of this invention sesk 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 wvery high frequency 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. l

Thus, and even more precisely than as described above,
another purpose of the invention 1is to be able to make
structures like those mentioned above 1in which losses are
minimised, and this also for wvery  high freqguency

applications.



process are as follows: the said modification may be intended to increase
the density of carrier traps at the interface between the structure

insulating layer and the structure supfﬁort layer, the said modification may
be designed to reduce the electrical charge within the electrically

insulating layer of the structure, the active layer may be chosen so as to
havera mucht loveer=rgsistivity tiranithressupport layer,itke processaray for

a6 HAE boRding of 4 first sybsirate. compuising the structure aCtive layer s g
and a second substrate comprising the structure support layer, the said

maht $GBStrA MESFEIMPIRE atringtiatig T thé saitPinsttatinyByef ™
arof 4he dirsti substyatermaya corrgspend 10 the instlating: layer of¢he ayer and

£ ATUGIIES, 1D order to mjniglise glecligal lpsses in the, SIUCIUIE SUPRRL; oo ¢
layer, the density of the carrier traps 5 may be modified before the said
nosfGBState dhd theesaidsétbiid Sdbstrate até borded, ifdrder t6* the

e Jranimise electieaklosses in the.esteuciure suppokt layer; the densityefithein
Cc?égerttraps SHrp eb%%%%lp§gaqy IT%%Etlensg nnlnwt:%regn e&%@c@é@é support

o} O 110
"between the said two substrates to be bonde , that may come Into
Lagritact with the support layer of the second substrate, the material of the

said inteanediate dayerdbeing choseniso astto/inceaaseithe depsity okthe, -

carrier traps, duefto i}s 10 association with the material in the said support
pﬁocess a A 1 :

=3 . TO OWS § .
ayer, the Said intermediate layer may be deposited on
s the said modification may be intended to increase

the density of carrier ftraps at the interface between the
structure insulating laver and the structure support laver,

® the said modification may be designed to raduce the
electrical charge within the electrically insulating layer of
the structure,

® the active layer may be chosen s¢ as to have a much
lower resistivity than the support laver,

® the process may include bonding of a first substrate
comprising the structure active laver and a seccond substrate
comprising the structure support layer,

® the saild filrst substrate may comprise an insulating
layer;

s the said insulating laver of the first substrate may
correspond to the insulating laver of the structure,

e in order <tco minimise electrical losses 1in the

structure support laver, the density of the carrier traps
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the said second substrate, before the said bonding of the first and second
substrates, the said support layer may be made of silicon and 15 the
material used in the said intermediate éayer may be a nitrided oxide, the
density of carrier traps may be modified using at least one material that
tends to increase the density of carrier traps due to its association with

the 20 material in the said suppart layer, for banding the said first and
Cetond subs Felse?(ilo%‘:f imise éﬁé&ri@éfﬁ&s«%%ﬁt?hesélt?lf’&ﬁf’écgup?)%?t the

dayer, sthedehsityiof carrier ttaps maydeel modified by applying a

treatment to the surface region of the second_ 25 substrate before the said
first annd secoitd stbstiates rebdhded® n SFaE o miimise ¥fs&Hcal ™ the
dossestinithe sstpgeitte suppert, layere 6 dthessaid trefitment of dhe suface-aps
12910p.0' fne.second subsirate may include.contiolled deteriqraion of e,
surface congljﬁon of the sécond si sUtra%e, i order to MiRimise-electrica
bssesanithirt the strbcture sappdrt lajper, ienclsaige piaytbenmodifiede ininto

dhe eleatricallyinsylatiog layer. by adjusting the, chaaciedsticg ofan o - the
implantation made in the said first Substrate before the said first and

&EeBRd BhbStrate’aré 2Behdet; Stecdosdstof the Shidfiplantafien thay© 23

e adiystedsto medifydhechargein the elestrically -insulating laygs the :ts

said implantation may correspond to a ,
assoclation with the material in the said support laver,

o the said intermediate layver may be deposited on
the said second substrate, befcore the said bonding of the

first and second substrates,

® the said support layer may be made of silicon and

the material used in the said intermediate layer may be a

nitrided oxide,

® the density of  carrier traps may bs modified
using at least one material that tends to increass thes
density of carrier traps due to its assocliation with the
material in the said suppcrt layer, for bonding the said
first and second substrates, to minimise electrical losses

in the structure support layer,

. the density of carrier traps may be modified by
applying a treatment to tThe surface regiocn of the second
substrate before the said first and second substrates arse
bonded, in oxder to minimise electrical losses in the

structure support layer,



weakening implantation of a SMARTCUTO type process, in order to
minimize electrical losses in the stfucture support layer, the charge within
the electrically insulating layer may be modified by adjusting the
parameters of a thermal oxidation made on the said first substrate to

create the struetuee linsulating tayer on its suHace, r threcsaid patametefs the

sdnayinclude the lemperatire gnd [or temperatyre variation, e gas, -
composition, annealing imés, etc. the charge within the electrically

tirgsudatinge tay er ¢an el modifiedthcadiastingitheparanteters of a heat
treatment that is applied to the said structure once Ih%ftru]cture has b,eé_e}r;ﬂ,
formed, in order to minimisé élactricariosses it the"Structur@ $8pport * *24

tayert thecthermal hudget of the gaid, heat reatmentemay be adjustedisoi ed

. as ta reduce the charge within th ele.ctrical%é}nsulat'n layer, of the
l%trj%%uere,%’etﬁgrs%?dagslﬁajctu*rg‘ E?ﬁlzlyabé?sgan [ the groc%gs umsztﬂt;% (g the
Clstepsihar SMARECUT Catypemprbeess. tOther aspects rpurpeseszand first
sgavaniages of the. 2 ipygntion willecome. gearafter feadingthe o oo are

ollowing description of the invention with feference to the attached
o@ralwithgs in which: Figure 1 is a graph derived from simulations,

illustrating the variation of a parameter GEFF representing 10 losses

assoCiated v%fft‘fthéét gt’?t?cstureg gs aﬁ‘%ﬁcti()sr?1 of differint Bora5poading2Y  ©¢
avaluesaf thecelectricalicharge bt charge in  the electrically

insulating layer,
° the said implantation may correspond to a

weakening implantation of a SMARTCUT® type process,

e in order to minimize electrical losses in the
structure support layer, The charge within The
electrically dinsulating layer may be wnmodified 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 may include the temperature
and / or temperature variation, the gas composition,
annealing times, etc.

® the charge within the electrically insulating
layer can be modified by adjusting the parameters of a
heat treatment that i1s applied to the said structure once
the structure has been formed, 1in order +to minimise
electrical losses in the structure support layer,

® the thermal budget of the sald heat treatment
may be adjusted so as to reduce the charge within the

electrically insulating layver of the structure,
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the insulating layer, for different structures concerned by the invention,
Figure 2 is a graph of the same type like that 15 illustrated in Figure 1,
also derived from simulations, illustrating the variation of the same
parameter GEFF 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 20 insulating layer and the support

layer, for differént&trlctiré& CoNEE B by fheliivaRticit L Figure 3 is a

diagram illustrating the-principle of agnethed for measuringieleetricaly «ype
losses in a structure such as structures concerned by the invention, the
H&#¢25structure being shown in a sectional view, and the right part of the

diagrara containing adepreseptatippnian eguivaleni ©eelHgal-Lircwt  the
iFlgureé}|sa%ra]? derived from eXé)erlm%r:ltal meas remené%gndf 1

| uﬁ?éctﬁl()gnthe ifi uer%‘?:eecc?fnae rea&é ion & i the dens ;:}%? carrier tra%% at Tt

dhedntepfaterbetWeehethenmsulating layehand:therstnuctutecsupport layerhed
&?Q&fﬁ%%d EM t% i%\ﬁe:ntion, on electrical losses measured for a structure
concerned by the invention, 5. Figure 5 is a graph of the same type as that
shownr in Figbhiesdyealsd desved fromegkperdmentaddmeasurensemtslations,

lustcating the nfluence.of a modfication o the eharge Withinihe. .on 11
electrically insula ing layer of “the structure’concerne by the invention on
‘the sfectricab d10lasses measuretifor thissucicture, Rigure 6 function of

&ﬁ%@%ﬁ@yéﬂgﬂ@?@@gﬁﬁ@%ﬂf”@ﬁﬁh@% of the electrical charge of
the insulating layer, for different structures concernsd by

the Invention,

® Figure 2 is a graph of the same type like that
illustrated 1n Figure 1, also derived from simulations,
illustrating the variation of the same parameter Ggrre
representing losses assocliated with the structure as a
function of the different corresponding wvalues of the
density of carrier traps at the interface bpetwesn the
insulating layer and the suppert 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 ccntaining a representation of an

equivalent electrical circuit,

® Figure 4 1is a graph derived from experimental

measurements and illustrating the influence of a reduction
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two substrates to 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 15 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$3QgOx and Dit. 20 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
Ay irmpartiedlad be an SOt aypeé structuse althougihthisiis et imitative)t ween

251 osneral Jhesyruchures conggrped i the. invenlign aretypicaly

structures in which the electrical resistivity of the ac iveﬁgyer IS
SigARRERRY OWer tHam thevesisiioly ofthe stacturd seppottiayer dueasured

Ngte alseithattheroesss that will Be described below, may be used. in

- the.more general context of implementation of a SMARTCUT(r) type
- process for niartifacturing tise multiagehstottureh & Howevert jtde quite that

aesalble tha thepipeess agoordingdg NeJDYIYIAN COMARE cyperimental
implemented in the’ general context of processes for manutacturin :
RefidyEsittEuresldifféfern for tHe SMINRIAGE TG} protess.iwdification

partieular, the pracess eanpewsed in the genaral (10:con0tedofaprecess. ¢

- for making a multilayer structure implementing a Step to bond two

§USstrates Hrtf Giffe et oM Ihe SMARTEWTH) (okeBes¥(fdhexammet rical

# . Figure 6 diagrammatically ililustrates bonding of

two Bubstrates to constitute a;structute.concerned by the

invention} at least one of the two Substrétes_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 cbhtained,

.20

25

e Figure 7 represents measured losses as a function

Of'the-frequaHCy;Vfor different structures with diffexeﬁt

values for the parameters Qo 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 SCI
type structuré (although this is not limitative).

In general, the structures concerred by the.invention-

are - typically ' structures in which the. electrical

jtesistivity of the active layer is significantly lower- than

the resistivity of the structure support layer.



process, etc.) Using an SOI type structure example as an 15 illustration,
the invention modifies: the charge within the electrically insulating layer
of the structure, and i or the density of the carrier traps (typically at the
interface between the insulating layer 20°and the structure support layer), -
in order to minimise losses associated with this structure.. The applicants

- have indeed determined, after carrfing out simulations and experimenital

- observations, thatitis 25 possible to reduce losses associated with the

~ structure by: reducing the electrical charge within the electrically

inSifdting faeP ofthe strudhere B dies fespdet thevapplicdrts uiseethidoed -

. pe1dgmopstation.of howe Josses are jnfluepged by the.value of the parametgr:
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.- QBOXx, 10 that corresponds to the electrical charge .associated with the

imp R BB of tAE struéture GHARAGIABIds theMsuriedRsa66 $ayer ifor

nanileease 0han SQI) mand 01 Jacreasingdhie density of carrier traps, 5 -

mote patrticularly, at the interface between the. insulatin% layer of the .

* striRHirE St its'support layét: frfthis Y8Spett the BpplicantS Gise@Tivs e s

accdethonstration bhhowi tessesiare influencediby thenyalue of theiparamesre

 genDiiihat_conesponds to the densiy of carier tans, 30 In rder g avaid,
' any confﬂs'lon, It is spe%ﬁie%letﬁat he“Carrier traps‘: or]:'caﬁiers‘“ﬁj WicH

st rare vefemed 16 arecalectiical trps GMIBR BN TR trappirgselectrical -
In'partiqular, the p:oéess can be used in tﬁe general
context of a proceéé fof ‘making a multilayér structure.
implementing a step to bond_two'sub$trates, and‘differanﬁ
fromr th@l SMARTCUT® pﬁoéess] (for . example ELTRAN = type
process, etc.) _ ' | '
Using an SOf t?pe - structure -example -‘as_r an’
illustration, the invention modifies: o
" e the charge within the -éiectricélly; iﬁSuiéﬁihg
layer of ﬁhe'étruéture, - o
e and / or the density of: the carfiér traps

(typically at the interfaéé between .the insulating layer .

and the structure support layer},

in order to minimise losses associated with this

S structure. .

The applicants have indeed determined, after'carrying

- out simulations ahd experimental observations, that it is

possible to reduce losses associated with the structure by:i .
. reducing the . electrical charge within the

electrically insulating layer of the structure, In ' this

'respect; the applicanté used the demonstration “of how

- losses are influenced by the value of the parameter OCOsox,



charges which have been put into motion by fixed charges present in the
structure. In this respect, the carrier 15 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
20 two influences mentioned above, narely the values of parameters Dit
and Q ox And as a follow up to this demonstration, the applicants carried

~-out a series of observations on ‘differeht'structu.res of the type mentioned -
- &bave, aAYresrondernéd by lise intenton.crhieselobsesvations wisredhusei th

%W§GQﬁ%QFE¥§HBSHQ9%%e%§PV@ﬂ@?QE%@@@G%EVTEﬁ564H¥%-words the

‘parameters Dit and Qsox were associated, and for which losses were

sEreP P MdrRYSrEcisRIY ife 8pPRcatits 38BIetdVely modified the. -

_ following for each of these sruciires; firstly.- the el
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sgl chatgs Inthe,
insulating Tlayer of the structure, 5 secondly, the carrier density at the et
Wﬁ‘&?ao@a‘é‘éﬂli?é@@Mn%atﬁ@a@%ﬁ@st@@@@%ppbﬁ lagenlating
Wewill diseuserpeans af making these medifications in mPé‘?Q?Ea"_-ﬂrP this

Before presenting the results of numerical simulations and of experiments

. EETREuUt byt afBiftahts e wilk e flySitnnAFREnRE printRiles of  how

Eb@h&@iﬁﬁbﬁmmﬂlﬁ@ﬁced-by:thé value of the parameter Di¢ that
corresponds to the density of carrier tra@s: o '

In order to avoid any confusion, it is specified that

- the “carrier traps” (or “carriers”) which are referred to

are electrical’ traps which ' aim at trapping eiéctrical,

charges which have been put into motion by fixed charges

‘present in the structure. in this respéct, the carrier

_'traps are in particular distinct from gettering means.whiéh-

&im at géttering elements such as physical impﬁriti@s {such

impurities can be e.g. metallic ions, for. example from

heavy metals, etc..).

The présent invention uses the demonstration of the

two influences mentioned above, namely the values of

 parameters Dj. and Qaox.

And as a follow wup 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 pafameters‘l'

+ Diy and Qpox were associated, and for which losses were

measured.



measuring losses used in the context of these simulations and
experiments.. 15, 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 20 spacing between
~ conductors, the frequency and resistivity1of the support layer and the
- oxide thickness. This measurement method thus uses the following steps

for each structure to be characterised: Structure preparation, by-25".

' .Selective eichingeafitbe agfivedayer efnghlel Stdetsres @m@@m@wtm £i ed

- 3: thgtgle burledgmde mngIan]? éer (rememberthat examples

10 .-

20

25

. depbsited;

- test paterns, actualiyipgrallehconducting. mmetallisad lineg{thatform waverce
o %ﬁdes) Application of an electrical signal on one of the metallised lines. -

‘more detail.

iSCUsS&d in this® degcnp%on relate nesé v RS plate' metallic

depositeon thesstitstare, abave @Bd@tﬂﬁd:@&d%watbg%n algctrigallys nsul ating
conductlngIL metal. A one-micron thickness -of aluminium can thus be

Ebﬁrf&ﬁ&%%fé%ﬁve etching.of the deposited metal to form

Sl VA BonsREIOFA 116 subai5usitiGRef atBe veitages Vs antigport
low~amplitude AC voltage VAC. Itis applied to the. said line, and the '

_foII,omegecavpitﬁm dified the am I|tud oft DC- com onent VDC,

18CUsSs mea 1ng the e modlflcatlons in

Before presenting the results of numerical simuiatibns-

and of experiments carried out by the applicants, we will

_brlefly ‘summarise tbe principles - lnvolved 1n a nethod of

measuring losses used in the context of these simulations
and esxperiments. ' '

’_This”lgss‘measu:ement method -is usualiy”céiled loss -

measurement by coplanar lines.

It provides a means of measurlng losses up to-‘

1i certa1n depth as a functlon of spreadlng of nkectromagnetlc
y flelds in the support layer Thls depth depends on the
ﬁspacing between conductors, the fzequency and re51st1v1ty

of the support layer and the oxide thickness.

Thls_measurement method thus uses the follﬁwing,steﬁs'
for each structure to be characterised: o -
o Structure preparation, by: _
. » . Selective etching of the active léyér of the
structure, stopping the etching depth at the buried oxide
insulating layer ({remember that @kamples discussed in this

description relate to an SOI),
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the frequency of the AC component VAC, 15 Calculation of losses (a =
losses in conductors (XcoND + losses in the layers located below the
active layer before it is eliminated by etching asuB), making use of

. measurements of emitted; transmitted and reflected powers at the ends B

of the wave guide. 20 > asuB is extracted from values.of aand an
estimate of aCOND that is consideredlas being fixed for a given -

- frequency of the applied signal. The principle of this method. is illustrated

in Figure 3, that in"particular illustrates the wave guides 25 created in-

- different fegicnslatia stiucture fiorwehith dossassareito becharasterisedicture,

{ihe,xoltage VA fs appled. {a the ceplral contuciarof.cach splanar Ing). ..y
he advantage of superposing a DC component o the componen :

g eetiag thePmeasarerentsis tbiderionstratedlie 3 wonsiderableeffechos  be

é%ﬁg%og@dlayer with low resistance under the insulation / support layer
interface in, structures concerned by the invention. As will be explained in
more det&il irPtHe renthireres of tis &bl thirdowresibmndetayertied metal

* ggneratadby applicatign;of the DC CBROReN pnderheeMal conducting.

conductor of the wave guides.. Itis" also strongly influenced by the

HaFarhetete ©BdReand Brathdreidtel 3€ cBHAEIRAtIon of carriers in this

10 |0%re$i5t%%%ﬁ'%§£§8ﬂ its glahal volyme (controlled in patticular by, jts tge |

thickness), is the reason why Qsox and Dt have an efféct on the losses.

_ To53dd hitbured Hfiflg implentatisA®rtis méthod consists  of a

superposition of 'a DC voltage Vgpe and a low amplitude AC

voltage Vx. It 1is applied to the. said line,  and the

' following can be modified:

»  the amplitﬁde of the DC'component Ve,
> the frequency of the AC component Vi,

e “Calculation of losses (a = losses in conductors

'aaﬁg_+ losses in the layers located below the activellayer'
- before it is eliminated by etching Qsus) , - making use of
measurements of emitted, transmitted and reflected powers

at the .ends of the wave guide.

¥ ogug is extracted from values of « and an eéstimate

. of Oemp that is considered as being fixed for a' given

: frequ@ncy,oflthe applied signal.

The principle of this method. is illustrated in

‘ Figure 3, that in particﬁlar illustrates the wave guides-"

created in different regions of a structure for which

losses are to be characterised {the:voltagé Va is aﬁbliéd -

| to the central conductor of each coplanar line).

The advantage of superposing a DC cemponent on -the AC

7 component during the measurements is to demonstrate the
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20

are used to extract an effective resistivity of the 15 structure (this effective
resistivity being directly related to losses). As mentioned above, and as,
‘will be illustrated in detail, the applicants use the demonstrated influence
of the following: 20 the charge of (i.e. within) the buried oxide insulating

- layer Qsor., the density of carrier traps Dit, on structure losses, within the

_ context of the invention. Simulations, Jfa’r‘which the results are illustrated
in 25_. Figures 1 and 2,; thus demonstrate the corresponding influence of
the parameters QBoX (Figure 1) and D it (Figure 2) on losses associated

S ARARRIE cofiédmiet bythe inferitfon. 12 Thetcurvéy BFthedd i 10w

rhigures ane derivedfront Besimulation fedel thakcalsulates thee parglel rrace
.Ii'n_ea{ cor‘giuctan.cg GEFF) of gpla%ar wave %ui,des made on a
Hndctare: 5 Figdre™s’ _ﬁ%\rfv%‘m‘c%p%J nar wave'§iitss Wiade on a structure, |
and ap=quivalentdistriboted oicuiti(in ther #ghigast of the figuke). rBi@inder
opagation expone associated with.the coplanar wave guide is in the
Bt (e ’as_t%%f(s S YL c%)f&%?ﬁ j&c%%‘ﬁeFﬁteg Ry

orm: y = (atom+ +]0 Lef e

appidsasUBrassociited Withcthersuppott layeten fHeestrsottireslareonductor

~diregtly propartionalto.GEFF at high frequencies. Losses asUa are equal
to 10.5*GFF(Lff/Cfff5 11 where Leff .-~ = - ,

It is also strongly influenced by the-péxémeters Oeox
and Dj.. Therefore, the concentration of carriers in this

low resistance layer and its global volume (contrélled in-

' pafticular by its thickness), is-the reason why ng'and Dﬁ

have an effect on the losses.

Losses measu:ed during implementétion of - this method

- are used to  extract an effective ‘resistivity of the

,structure .{this: effective resistivity being . direéctly

related to.ibééés)f

s mentioned above, and as will be illustrated in

. detail, the applicants USe‘thé.demonsifated influence of

the following: .

. thé, chargef of (i.e. within) the buried oxide

'”insulating iaYer Quox

.-e the density of carrier traps Die,
on structure losses, witbin:the Context,éf the invénﬁion.

o Simulétions,qur which the results are illuétzéted'in
FigurES 1 and  2,: thus demonstrate ttﬁe 'corrésponding-

influence offthe'parameters Osox - (Figure 1) and Dﬁ-{Figure

2) on losses associated with a Structuré concerned by the

" invention.
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15 and Ceff. 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 GEFF (and vice versa). 20 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 lines’

formed onthe 25 structure for measurement of losses, - thickness of the

burred%e%ﬂ}é‘ﬁﬁrsr‘j’lgtrn@h%r)téf‘fhe%‘fr%‘éﬁfr% fﬁrevoﬁﬁﬁéw from a

applied endhe metalised lings(polakisation vekage:-ard-freguanaytaken ineaxr
into account), Furthermore, this. model takes account of the parameters
§$f Rin theEeculfion GPEERES. Fiditea sois Gurliasey, o 2 -
slﬁ;:ﬂraiandem corresponding to four different structures associated with -
fourdr%terent valuis ofﬁhe aramet? Qsox Each ofthes%curves
ati

illustrates the relative “variation ofs de on a

I’UC?UFE‘ IOSSE‘S Wll% respect tO a

. 'r@fene:rtee:ao pairt (troughitherparamieteiGEFEhaei diréctiyretated to the

Q%?%'Pegr?@%&&%‘ function of a voltage - VA that will be

' applred a conductor of the structure in the context of the loss
- measufBfenPhelistRdésitibe@ #pRVE  The refer@fﬁ)%oﬁdrﬁtti%chxemc?%e the

value of GEFF 15 obtarned for VDC ngx = Dlt =
conlanar, Wav

corresponds toa str%c%ure for whrclh the

JRe ff + joLeff ).(Geff + JoCeff )

The losses dgup assoclated with the support 1ayer in

O CUFVE il-acond'*‘asub) +JB

the structures are directly propoftional to Gger .at high

frequencies.
Losses agm are equal to Blj*GQ”{Lﬁf ﬁ)&ﬂ ‘where Lﬁf

and Cﬁf' denote the llnear: induétaﬁde and capac1tance

 respectively of the coplanar structure shown in Figure 3,

' For a given . structure, the losses associated with. the

structure therefore inerease "with the value of the.

- parameter Ggpr {[and vice versa).

The modeL used 1s-impleMented‘by the Atlas software

'{regiStered traéemark) of the Silvaco Cdmpany{‘This‘model

is active for taking account of the different dimensional

parameters of the coplanar wave guide;
+ - geometry of metalllsed lines -formed'”eﬁ the
structure for measurement of losses,
'mf“ thlckness of the burled ox1de layer'(insuiatiﬁg

layer}.of the structure,
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“therefore.. increases glo

value Qsox is zero: Curves 12, 13 and 14 correspond to three structures
for which the insulating layers have non-zero values of 20 Qsox,
increasing from the structure of the curve ' 12 to the structure of the curve
14 (for which the charge of the msulatmg Iayer is equal to 1011 cm ?f.:
The arrow in this figure shows an increase of QBOx "between the

-structures in the different curves. 25 This figure illustrates that an mcrease '

in the value ' of Qsox causes an increase in structure losses. This .
influence of the parameter Qsox, and therefore the “charge of the

- electrieally insg [a%tmgdayé% caipeléxplained as followsnd6aTh lss@mrge ines

e Reslivs sharos whieh hergfore lends o atyagmoble pegaue. )

arges (electrons) to t interface be ween%he msulatlngciayer and’

" suppoRt fdyes (veryTesistivh).s5 Aregdsdss ofithies electtonsiodllects®t - the

fae said dnterface then I%%?I'quae%fa&mw ith low esistance, that

osses in. the support_layer. Durlng .
implerhédtatdn ofthe fosdineadurerfgivmethod 110 * rhémtionéd ab@xliéi a 14

Shightly pegativey valtage A carnche -applied to:the. Geatsal LONgHEIOrde with

- only. tempararily push _these electrons' under the central conductor, which
3R AbueHEH

' beconmmoreoresetﬁt%a@d theumeesureﬁﬂmsmai@sﬁ recidced ﬂélatlve

rS LB InfeHa0aS thE AR e Mitsiface then: -

now the value f VA is further reduced the
yvaria 1on o - structure JTossés with respect to a referehce

point’ (through the parameter Gorp that is dlrectly related
to losses as described above), as a functlon of a voltage
Vg that will be apbiied.toté COnductor of the structure in
the'ccntext of the loss measurement'methcd described‘ebeﬁe,

"The reference point - is fixed to’ the’ valiie of Ggre

cbtalned for Voo = Qmm = Dm = 0. .

Curve 11 corresponds to ‘a structure for ‘which tﬁé

‘value Qmw is zero

Curves 12 13 and 14 correspond Lo three structures

- £or which the lnsulatlng ‘layers have . nomn- zero‘values of
20 Onox increaSng;from‘the structure of the curve 12 te'the:
~ structure of the curve 14 {for which the charge ef the;

"lﬁsulatlng layer is: equal to 1011 cnfzﬁi'

" The arrow in - thls flgure shows an -increase of Q&ﬂ

iibetween the structures in the dlfferent curves.

‘This figure" 1llustrates that an 1ncrease in the value
of Qmm causés an increase 1n structure losses

This 1nfluence of the parameter Qpsy, and therefore thHe:

'e'fchaxge oﬁ  the electrlcally 1nsulat;ngr‘layei,'_can ‘be

-explalned as follows



positive mobile charges will in turn be attracted towards the interface and
thus locally reduce its resistivity. The loss is thus minimum for a negative
voltage VOPT. 20 This shift in the minimum losses is illustrated in Figure

" 1, Thus, as the value. of Qaox increases, the value of VOPT shifts.

towards negative values. Similarly, for a large value of QBOX, ' the
presence of 25-electrons. at the interfaée between. the buried oxide

insulating layer and the support layer will increase losses (.even at VOPT

which is the voltage at which the electrons attracted to the insulation./

 suppoftiidyer #hdEs@ibed atioveard hbv presemt uader thé tehtratheref ore

. conductos o which L7 1B yeliage YA is,aplied, DULATELRISSEDLALOMEE +1e

locations of the. interface),, Therefore, an increase inthe value QBox -

- bRehpedRtRo RS StridtEred tlibet dMEncledsrin RRdesEiRl asBPPOTt

10

curvedP1, 33555 corfespohtiiiy t6 e diftdre it st

* beeenjts slecricall insulaing. ayer ands qupport eyer Eah o

. §B§F@tpw@rg‘§@egaggg@me@;tials of the value VoPT of VA for which losses

are minimum, as can be seen infigure 1. Similarly, Figure 2 shows three
RRfies, Packne  said
struetfede asseniatestwithq differartaciue afy 40 Ritwat thedntedacetance,

as 3 minimum near. eré?ol}gport

ese three curves

Ses in.
e zero VSIt Zbstidsa

‘ ,.'L@MGSponding to almost identical . values VOPT) 15 Curve 21 corresponds

tp a StB{f}‘i&?gaS%i:‘J%%‘E‘eW‘EQ@l 5§roo\fall‘{%%f Dll)cgss . m‘eés-urerﬁen't‘ method

“mentioned above, a slightly negative voltage V, can be
"appiied to the central conductor to oﬁly temporarily push
'{these. electrdns‘ under the éent:él conductor, which then
- move away from the interface; thié,paft of the interface
- then ‘becomes more - resistive and 'thei.measured ldsses are

[ -

reduced. -

CIf now' the value qf‘VVAu_ié"further feduced, the

‘positive mobile charges will in turn be attracted towards

" the’ interface and thus locally xedace‘its:resiétivity‘

20

25

The loss is’ thus minimum‘for;a negative voltége Vopr

This shift in the minimum losses is illustrated in Figure

AL

. Thus,'anthe'vaiua of Osox inéreases, the value of Vopr

shifts towards negative values.

Similarly{-for a 1arge'valué of-Qmﬁ;‘the presenée'of
electrons. at  the interface . between.gthej:bur;ed oxide
insulating'léYet~and the_éuppbrt layer will incfease-losses
{5ven.at Vmﬁ.¢hichlis the-VOltagé‘atrwhich thé'électrons

attracted to the insulation. / support iéyéf as described

.abdve are not present under the. central conductor to which
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o ‘maobile’C araeo( fectr6i or'hoié “Which 1'a
{atice dEthe amme:tai):atsthemten‘ase betweer the insulationardthe and a

gHQQQrt @%Q?{ig‘e Str ggir‘eeAéu%gen%lyat ttys mherfaCe will. t%gthO . '

Curves 22 to 24 correspond to- structures with a non- zero and increasing
D1 t (from curve 22 to curve 24), the Dt associated with the structure of
the curve 24 being 1012 20 #/cm2/eV.. The two arrows: on each side of

- the minimum of the three curves represent this i increase in, Dit between -
~_the three structures. It can be seen that an increase in Dit reduces losses.
- 25 associated with the structure., It cah also be seen that an increase in -
‘Dt reduces the influence of the'DC component of the constant voltage -

- Vpo applied to the central metallised.line of the structure.- This influence

- bRthe garariéter D't oniGsséPEar B ' 30" 8kplaiféd asHARRMIS 48 This Other

pataﬁatsmh@faeisttse_&me:dﬁmﬂby of traps such as sharpedges,
contarﬁl nts or any other, tra that could 2{0 a ‘? @;Itlve or ne atlve
“an

& iffitie ?ﬁéﬂﬁﬁa £wo

counter the influence entlone ve re ated to. the ?endenc to

- fiioresbe e hargesofahe insulatinglayes. T@A High @Ieﬁsutyna@swre 1.
- absorptign:qf-songe elegtions, that arfive anddformdhe syrface laypr atghe 54

said interface and which” has the effect of reducing the resistivity (and

BRErEfoTRIRET RSN theNB8Se S} ‘T iRE SStFuctire: I5UMAS effect, increases

(ﬂﬁﬂeﬁﬁ%HﬂEHmﬂaiﬂﬂgKib,assoc;ated7w1th.a different value of

Dy, - at the'interface between its electrically‘insuiating

-layer and its support layer

Fach of these three curves has a minimum near the zero

- volt abscissa (therefore corresponding to almost 1dentlcal

values Vgpr) .

Curve 21 corresponds to a structure assocrated wrth a-

zero value of Dm

Curves 22 to 24 - correspond to structures with - a non-

-zero and 1ncreas¢ng Dm (from curve 22 to curve. 24) " the Dm

assocrated with the structure of the curve 24 bEng 10%2
#/CK!/@V '

- The two arrows. on each side  of the tnlnlmum of the
three curves represent thts ‘increase 1n_-DR between -the
three structutes |

It can be seen that an lncrease in Dn teduces losses

‘ assoc1ated with the structure

It can also be seen that an increase’'in Dm reduces the

_1nfluence of the DC component of the constant voltage Vic

-..applled to the central metalllsed line of the structure

30

. This influence of the. parameter Di¢z on losses can be

:'explalned as follows
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losses) as the density increases. Furthermore, the effect of the voltage VA
that attracts electrons or positive charges to the said interface

(depending on the sign of this voltage) is 20 attenuated by a higher carrier
traps density; in this case, some mobile charges attracted towards the -
interface by the voltage VA are trapped, and thus neutralised so that they
have no influence on losses. Note . thé@the increase in the density of -

carrier traps 25 is thus. appllcable in the same way for positive or negative
voltages VA. The graph-in figure 4 illustrates the effect of a variation of

the patAmetét B BR 16<seS % IS GFApT EorftBmsdpdduivest traps SUCh

worespopdiagde $wo 30 difiereptsrictyes sk, ARRaQ! Sty ?U"@nat could
obtalnedcﬁ%/ the. a}%)llcants without ar&p;éartlcular ‘treatment_(following a -
proce%s)n?ﬁ%)ﬁ\}nv% fitairRs CoarE s 1) eA%%?Té}P or hole

~stricture subjected taatspesifics 5 treatmentaipaad at regsicingthea@lyg the

‘m%féggpﬁ?mgtgr Pktz at th mtfetrface eLween tf%%burled t/})ide jnsulatin the

layer and'the support layer of the structure (dashed A8 “Srde42). Thi

- redAieht haaye beshneating indetameix composed  of 5% hydrogen and
- 95% nitragep, Al riemppralure gl ithe; 10 order.of 432¢; for 3 RGN e

the remainder of the text, we will come back to the special. freatment

 tiked Y8 BHISRRIS Fedlictionast tib afarietbe Dot FigquréAshusendency  to
_ﬂﬂéﬂ&ﬁ@&th@@aﬁﬁ¥£§@ndﬁ[%E@t1nsulatlng layer.

A high density causes abSqrption' of some electrons
that arrive and form the surface layer at . the said
interface ‘and which®™ has the effect of reducing the

resistivity (and thereferé iﬁcreasing thie losses) of the

-structure.

. This . effect 1ncreases _(therefore_ tendlng to ,reduce 
losses) as the den51ty lncreases - - -

Furthermore,r the effect . bf”lthe voltage Va that

. attracts -electrons ' or . positive charges to the said .

'intetfacé (depending on "the  sign of thls. ﬁoltége)

attenuated by a hlgher carrier traps den51ty, in this case,

‘some mobile charges attracted towards the 'interface by the.

voltage-VA are‘trapped and thus neutrallsed S0 that they
have no influence on losses ‘ '

—T_Notehthat the_lncrease in the denéitj of éarrier traps
is thus applicable in the same Qay for positive or negative
voltages Vi, o - | o | ' |

The" graph in. figure 4 illustrates the effect of a

. variation of the parameter Dix on iosses o.

' Thls graph contalns two curves, corxesponding to two

dlfferent structures:
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15 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 QBOX on

losses a. 20 Flgure 5 thus represents the variation of, losses as a function

© of the constant voltage applied during characterisation of these losses, for

two different structures: A structure with a low QBOX, for example of the . -
25 order of 1.5 x. 1010.CM -2 (curve 51 that corresponds to an SOI -

- obtained in a manner kinown in itself by a SMARTCUT(r) process) And a

structire witha highdr QBOx; of thes or@ért@ﬁ@exdlo_tmmtza@ur\@ﬁzmants

- Wfhatsprresponds to.an axidised 20 High, Resistivity i, wafer in %\FM?&ST e

containing a ‘contaminant - for example a’ metal IC contami ant
PHEFEA TrioredS§8 A thel pardircter OBBX wilkuntieasélosses, as already .~
mentigned. gbovg, b.Nate that the | evel of Dit has not bee modified
between structures cjbrrespon%.lﬁ‘écto%ﬂ?ves élf gnﬁ% regcpectlvelysﬁlﬁcdelc
tEAER I HigRENEGhoW the dadation ¢ftlesseslfor VIO £he Vissrameter Dit

+ aftinetion ot the frequengyfoc three SOI, 10;sticures obigined Rihg layer

SMARTCUT(r) process with different values of QBOx and Dit. T
afofloitgy taBRPGIVES Vaes oP BTk maﬁwrr%aéﬁemw@sehwee curve

- gstuctungs SL, 81281, Waler pamen QBQ % #/ cmal it B#/qm%{/e\é]:)mposed |
. of 5% hydrogen and 95% nltrogen, at a temperature of the

10 order of 432°C for 30 minutes.

In.the'nemainder of the'text; we.wiii come back to the
sQecial treatment ‘used eto obtain this reduction of the
parameter Du; A l '

Figure 4 thus lllustrates that a xeductlcn of Dy at

'the 1nterface between the 1nsulatlng layer and the support

'layer Adf the structure 1ncreases losses  through the . o

structure..

Correspondingly,‘FigurefS‘illustrates”the influence of.

" a modification of the value of Qs on‘iosses .

20

25

Flgure 5 thus represents the wvariation of losses as a

jfunctlon ~of the  constant voltage applled during

. ”charactezisation' of these losses, for fwo different
~structures: | o ' '
e . A. structure with a low QOpox: -Lor example of the

“order of 1. 5 x 10" cm™® (curve 51 that corresponds to. an
80T obtalned in a manner known in ltself by a SMARTCUT@

. process), *

S e And a structure wmth a hlgher Qum, of the. order .

‘,of 6 ® 1010 cm™? {curve 52 that corresponds to an. OdelSEd



SL1 _lelo. Negligible SL2 _ lelo ~1e11 SH1 1e10 where QsoxaH1
Negligible > QBOS.SLL 15 The curves in dashed lines correspond to
simulated losses of coplanar ' wave guides made on identical structures,

- except for the resistivity pelf of the support layers of these corresponding

structures. that vary from 100 20 f2.cm (top curve) to 5000 f2.cm (bottom -

.curve - resistivity values of the supportd@yers increase in the direction of

the arrow). The figure shiows that theoretical losses reduce as this

- resistivity peff-increases. 2|- Note that these. theoretical losses contain

- |Bssds assuriatbdwittymetallic werductorsof liaes fum“rrries@ondmg]ﬂaiheng a

10

20 -

lowest.cyryen figuge 7, é&%\ﬁ{gi% gntinuous,lings). : 'Edﬁl%%l gr}g the

support layer. S Figure 7 shows that the structure wit est. value
of Dsa ¥R stflttire #iat' RAS HAPWest Tossebe Ldasesmetfis. Osox will

StEuGtureseoriespand, toan sﬁ%@y@%@%&tﬁ%@éh%&% of 4000 S2.cm,

which makes losses associated with the sm[g‘port layer negligible
compai'\é?ﬁﬁnthtfbal‘bss@%ssjoﬁé?éd vith metallid@sndbetbrs PsiRBe 8fified

@é&ﬁ%@ﬁﬂe§ﬂﬁﬁbﬁ@ﬂ@%SUEbQH@@@%ha@ﬂ@O and asyBwahen P08y 52
tends towards zero, a becomes equivalent to (XCOND) Structures Wlth

IB‘\%/S\’faEiﬁ&s}g?b‘éox but negligible values of Dit have losses

_ correspmmmcgdm*m&ﬂmtyfi@zyaweg otsﬁli\@vsupp@rt Isayelisquahto 890 lossesl

SQOMC%O\I}]Iyas a function of the frequency, for three o
structures obtalned by a SMA_RTCUT@ process with different
vaiues of Qpox and Dii. |

The following table‘ gives _v.alues' ‘of_QBOx and D;x for

- each of these three structures SL1, SL2, SHI.

" Wafer namefw;' _ f  Qmﬂ_[#fcmz]".._ ;. Dip[#/cm2/@VI
TELA I ~ 1"-16_ , - Ne'gii-gi}:;le'
stz | 1 | am
VS‘Hl- T 1€i0 ‘—Where .QBOXISE‘i " Negligible |
> Quox.sna o -

15

The curves in dashed lines correspond to simulated

losses  of copla’nai: - wave guides made on identical

structures, except for the re51st1V1ty Peis of the support

layers of these correspondlng structures that wvary from 100

£.cm (top curve) to 5000.Q.cm (bottom curve - r951st1v1ty

-values of the support layers :mcrease in the dlrect1 on of_

the arrow) . ‘ 7
The - figure ”'s.how's‘ that ‘theoretical losses reduce as

this resistivity pess increases.



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, the denS|ty of carrier traps is modified at the interface between

a buried layer (e.g. buried-oxide of a S@I) 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 "

structu¥ey: andraigécond eaBstralec pashipasilg (ReshRsuEBuppbRy  1osses

o layex). 22. Injthis easedhg firstsubstate-that inchudes; the Activg Jayerfading

the structure may also. include the insulating layer of the structure. Before -

PRrbHRINARRSS p@‘b?b%nﬂifhgf?tqgﬁ%sglblesg%ffn&&f)?ﬂietc}é%’ﬁ%fl ines }_

- heicarsies srapsdo fnereasethistdensityy which as seen above will reduce .

losses_associate %h the structure. Consequen Ff‘?{bﬁseveral varlants ma

be envissgEd” (elthe? r%‘b?emtekh?ed A8Fe oTir RoMbRatBAL 168 1 hestr

- éddificatién df¢hel derisity oitaﬂwumsmamseﬁmgmlntbﬁm@dtataosses

o ﬁyer@etween thg two subg,tratec? to be bonded dealgn d-to come |

g ctlve:

con aC%Wltﬁ the supportsfayer 0) tﬁe sec SU strate, the matrerlal 0)

' saigiistermedijate fayer beingaehoser s mcto facilitaterani 5 incsease Iﬂlosse‘s

10

15

20

the densily o carrer taps, duelo s gssociatien wih the material rom,
W the support fayer

losses .assoc1ated with metalllc conductors ‘(51nce total

-losses 4 are. equal to the sum” of losses aumD and Olags whern

' &ym tends towards ZEero, o becomes equlvalent to aamn)»

Sbructures with low 'values of Qmm' but  negligible

'-valﬁes of Dy¢y have losses corresponding to resistivity

values.of-the eupport_iayereequal_to 300 and 500 Q.cm only.

Ih the case of the inventidﬁ, a value of. the. density

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

a electr1cally insulating layer of a structure concerned by_'

the invention are thus modmfled, 1n order to max1mlse the'-

1electx;cal r951st1v1ty oL thas structure

And as WLll be - further explalned in thlS text Ehe

' den51ty of carrier traps S modified at the interface

" between a buried“layer_(e.gL_burled ox;de of a SOI} and the

- underlying éﬁpport layer.

"As mentaoned above, the\inventioﬁ may Dbe impiemented

jbln the context of bondlng a first substrate (comprising the
. active layer of the ,structu:e), and a second substrate

,{éempriSing the structure support layer).
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is made; > In this case, the said intermediate layer, can be deposited on
the second substrate, prior to bonding; 20 > 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 25
- second substrates, that facilitates @¥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 -
- applyingleiteatment in the surfacetregioh of the seconat23i sgisteae,. the

act bgfore ythe.'said fiest and.second substrates are bonde: >:This type of; 1,

treatment’of the surface region of the second substrate may.in particular

- insiHelde s, dénfriledts Heterfdralieh 6F e surface condition of this second

- substrateddeteriorationef it roughpess by efchindgD &l Vadamsssinie

. presented above, the density of carrier traps is modified in the resulting =
to gpfifve APt iritértide BEWEEh RIS 1ayER Bid tRe tREEASAG 61°
denStipRort layeeMaereovek stilhwithin the contextiotthelipyertion: swheRzted
.t,us in c%mbir]gtion with bonding like that mentioned above, the charge
L Q/it i the éﬁlégtnl(l:gﬁ”‘y insulating layer of, the structure can be modified so
-asTomedupesit,t13; accordiregrtoldifferamtivariants (page again applddsaged -

(c1 P08 ORINCOAVEIO one or in combination):

- Modification of the density of carrier traps by

"inserting_an intermediate layer between the two substrates

' to be bonded,  designed to come  into contact with the

290

25

support layer of the second substrate,  the méteriél bf the

'rsaid intermediate layer being chosenh so as to facilitate an

15 increase . in the density of carrier “traps, due to. its

association with the material from which the support layer

- 1s made;

> In this case, the said intermediate layer can be
deposited on the second substrate,iprior_to bonding; -

> And  dn . one application of7_the invention, the

- support layer_ma& be made of silicon and the intermediate

' layer material may be a nitrided oxide;

® Modificaticon of the density- of _carrier-'t:aps,

‘using at least one material for bonding the said first and

second substrates,” that 'facilitatés an increase in the

~density of carrxier -traps as  a result of its association

_with the material from which the support layer is made;

e :Mbdification of the density. of the carrier traps

by applying a treatment in the surface region of the second
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Modification, of the charge by adjusting the characteristics of an
implantation made in the said first substrate before bonding; 20 > In this

~ case, the doses of the implantation are preferably adjusted to modify the.
charge value in the electrically insulating layer; > This implantation may -

- also correspond to the step in which a weakening implantation is made

- using'a SMARTCUT(r) 25 type pré@éess. In this case, the first.substrate
may be a monocrystalline silicon substrate with. a surface that is OXIdlsed
'before.implantation takes place through this oxidised surface, and the

- subsécarit sutistixe eofrbspordsto thessuppont o stifferersthaswiltbes are
;bongggded to the said. 30 first'substrate - this first substrate then being

separated 24 at the weakening area with-a thickness defined in the_ o _
implantati®risters; yiPresdlt ke idaiied dfultidyer sstrdagre. region of

| the'\/@@g&?@ogmét&eghergeal? the glagticalln Sinsulatingilayer by.adiustings

the parameters of a thermal oxidation made on the first substrate before -

- detBEAdirRtie trest thEhRsuBiRgI&Ter SIthe strieRire 2k its*8drfaceacond
- subThefarametersonwhichoaction I_Sttak%mu@@sé-otﬂﬁ@@éjgﬂﬁéhe |

temperature (absolute value) and / or its variation (particularly the
chgfh ics GF e t&Mperaltre ?IES%ra&i?ﬁt)’ “the. gtzfsecorﬁlﬁgﬂl&é( ang®
carthiee mnoealing imenoddniceagam; e saa:@therﬁnayoxﬂﬁﬂomm&y a5 the

1nternﬂrg%ponq:tgcwge%eplghvghmh ) OXId_eLé%JE IS Cregtedthe underlyiﬁg

. support layer.

‘Moreover, stlll w1thln the-context of the . 1nvent10ﬁ'

,when used in comblnatlon with bondxng like that mentloned

above, the charge within the electrlcally lnsulatlng layer
of the structure c¢an be modified so as to reduce ,ifg
accordang Lo d;fferent varrants (once.again app}iedwalone ‘

or.in comblnatlon)

 0 Modlflcatlon of the' charge_ by adjusting the

'icharacterlstlcs of an 1mplantatlon made in. the sald first |

-substrate before bondlng,

> In this case,,the doses of the implaﬂtatieﬁ are

.‘preferably adjusted to modify . the charge value in the

electrlcally 1nsulat1ng layer,

S ThlS 1mplantatlon may also correSpond to the step

‘ . in whlch a weakenlng lmplantatlon is made using a SMARTCUT®
25‘etype process. In this case, the flISt substrate may be- a

‘monocrystalllne silicon substrate with a surface that Cis
‘,_Odelsed before 1mplantatlon takes place through _thzs
- ox1dlsed'surface, and the eecohdrsubstrate corresponds,to
‘_ﬁhelsupport or stiffener that will be Bonded to the said

first substrate - this‘first substrate then being separated
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using a SMARTCUT (r) type process. Finally, it is also possible to modify
the charge within the electrically insulating layer of the structure by
adjusting the parameters of a heat. treatment. that is 20 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 thé charge in the electrically insulating
~layer of the structure' the 25 thermal budget of the said heat treatment is
‘adjusted 50 as _to minimise the charge in this insulating layer. It is to be
at r%‘t@d et ki thg HeSénarge Rithih i efddifcally fREERRY afRr ofhe
lmplbaﬁﬂﬂﬂﬁﬂe isgriite distinckrentinfluencinghe repartition of.chargesair
25 some interfaces between layers of a structure (the latter technique

. VStr"b |H§%lsclosed e.g. by US 6 091 112). Furthermore, regarding- US 6 091

132, thisiglegumand tdees lrbanyteh@ntcmtr@@ atmmﬁﬁ@ln@ﬂ&@f@ﬂmy ‘
the 5 supB1 ort layer - as the mventlon does.- but it rather aims at av0|d|ng

3HE RethAb IATEHH-tHRS reSPBCt> HTETBHOT &t dotument s rmat
oxidqreposestadafiuencestiie Thasactenisiics:of the activedayendoating of ac

owstheé bon WO gugstrates A a%d §men ne% above |n

g Ster

E Cmaqfl:ned nsulatl(rjlgui\g%r g}s it 'f the case for%he mvthlon 10 Flgure 6. its
' S in p for t

surftheease in which the substrate A has been oxidised. (in particular to

 create a gyjface oqde dayer Al)ang, an,implagtation {to cr I%E}E%{" include

- weakening area A2 defining an active layer A3 within the ness o
par@&@g@gﬁig)the temperature (absolute value) and / or,lts

variation (particularly - the characteristics of - the

~ temperature rise gradient), the gas composition and the

annealing time;

> Once again, the . sald thermal oxidation may

ucorrespond to the Step in whlch an- oxide- layer is created

"‘usmg a SMARTCUT ® type process.

: Frnally,r it is also possrble to modify the charge

within the electrrcally 1nsulat1ng layer of the structure
, - by adjustlng ‘the parameters of a heat . treatment that is
20,'applled.to the Sald structure once ;t has been formed. In

,"this‘ case, it 4s indifferent .whether ~or not .the . two

substrates Have b@en bonded bef@rehand

And in this type of varlant adjustment of the charge

in the electrlcally insulating layer of the stracture, the

thermal budget of the said heat treatment is adijusted so as
to minimise the charge in thlS lnsulatlng layer.

It is to be noted that modlfylng the charge wrthln the

- eleétrlcaily. ‘insulating layer of the structure is quite {'

. distinct Jfrom_riﬂflueﬁcing the repartition of charges at
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The substrate B corresponds to the support layer of the required final
structure. This case corresponds particularly to the use of the invention in
the context of a SMARTCUTO type process. 26 CLAIMS 1. Process for

* manufacturing a multilayer structure made from semiconducting materials-
and comprising an active layer, asupport . layer and an electrically
insulating layer between the activé 3ayer and the support layer, 5 7
characterised in that the process comprises modification of the density of -
carrier traps and / or the electrical charge - within the electrically insulating

sommyenﬂmofeleetm ndrimeseeléatyieaklosdesan therstricture suppert layterer

tecg_nfro%e se§ccorglng tg h%grew%us%@? 19 ‘iﬂ?faﬁ 5| ed in that the |
t en

sai fication Aims at INcreas ng sity of carrier traps at the
mt’évfa@éemmm%n thesstartdrednsUiating 18/8F antPthe Widetlyifpcunent

'doe§”%tu5%§“%°\%hl§y%ro§ Bracess agGoraing,1o,.0ne, RLthe Jueuious n tne

- claims,. 15 characterised in that the said modification.aims at reducing

VSHPWEIe%?rH:%‘F charg® ifFife dREGREHF INSMEMNg IayBE ofithe SR AFre24rs

at E&@Q%q%@cqggwtgﬁnq Rf hespravioussClaigise rcharacterised iﬁe‘eh;@éct
the-active layer is selected so. as to 20 have a resistivity significantly.

: EhI fowePTHAT theTESistivity “OFRR SupBOrtERRT. 5. PrScess BEtOdiTto ond
‘ cha@&ﬂiﬁammaufscI@IWStm@ar@ctﬂksed i that therprocesstdnclfdes bisﬂ(dm@d

Urst sybsirate Gomprsing te struclre scive layer 00 o,

Figure 6 shows therbondlng step for two substratés y:

and- B mentioned above, in the case iﬂ'which the subStrate‘A,

» has been oxidised*{in partiéular to create a surface okidej~
- layer Al)- aﬂd an implantatlon (to‘create a weakening area
CAZ definlng' an actlve layer AB w1th1n the’ thlckness of

‘substrate A)

_The substrate B corresponds to the support layer of }

the requlred final structure

Thls case corresponds partlcularly to the use of the

inventlon in the canext of & SMARTCUT® type_prqoess.
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25 . 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. 27 7. Process according to the
‘previous claim, characterised in that the said 'insulating layer of the first
substrate corresponds to the insulating layer of the structure. 5 8.
Process according to one of the thpee previous claims,, characterised in
that in order to minimise electrical losses in-the structure support layer, -
. the density of the carrier traps is modified before- the said first substrate
~and the said second substrate arefomded. 10 9. Process according to the -
previous claim, characterised in that in order, to minimise electrical
losses in the structure support layer, the density of the carrier traps, is
. mddified by émsertifigran internfediater iayer, between ihe gaifl twe ructure
naa$U8Sa1e8 49 bedonged, [hat 12l come I confact vith (he suppott, .
?ayer of the'second su s‘f?gte, e material .o?%e Said intermedrite é:yer -
laypeingachosencsd-as t'increase the dehsith of thel darrien straps; tue tdatser

be tRS3QCIation with the. material g the. said, gyppoftiayer 885}&@00%%%;,@]:,

. according to the previous claim; characterised in that the' said ~ -
chafpeffiediatsliayer Ish dbpbsited s e SaitgBedhd sbibapae! befdréahe of

_ the Saith bopdingrofdhe firsandiserongrsubstigtes: 1d. Rieress:aceording 8.

the previous claim, 25 characterised in that the said support layer is, -

' witQﬁgaeBpe electrlcally‘ 1nsu1at1ng layer, im Torder to

‘minimise electrical losses in the structure support layer.

2. Process according to the previous ‘claim,

. characterised in that - the said modification aims.  at

increasing the density of carrier traps at the interface

' betwéeﬁ'the-structure insulating layer and the underlyihg

Styucture support layer.

- 3. Process acecording to one of the previduS' claims,
characterised in that -“the said modification aims “at

reducing = the @le¢trical ‘charge  in the electficaily

- insulating layer of the structure.

~4,:ProCess according to one of the @revious.claims}
qharactériéed-initﬁét the active iayét is selected,éo.as to
have a ﬁesistiviiy significantiyflower than therrésistivity
of the support layer. |

5. Process according to -one of the previous. ciéims;
characterised in that the process includes bonding of a
first subst:at@ comprising the structure active layer ahnd a
second-sgbstraiercomprising the structure support layer- -

6. Process according  to = the  previous claim,

charaéteﬁiséd in that the said first substrate comprises an )

insultating layer.
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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 30 . is modified using at
_least one. material that tends to 28 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 s%ﬁ)strates, to minimise electrical losses
in the structure support layer. 5 13. Process -according to one of the five
previous claims, characterised in that the density. of carrier traps is = -
mAdifiéd BF 2pplyingP& FRBHMER to the surfdddregion” 8F i Secondit 2410
cha sHbstsatesheiora the saidfirstiand segend isubstrates-are banded, inrordefe
to minimise electrical - 10 losses in the structure sypport layer. 14. Process
TRBE e 4 Tedtimeht™
strofthersurface region. of the second substrate . includes controlled - |
- deferiqration of the g%rg%(ée condifion of the S§£°”€ﬁ%5 substrate. 15,

- cess. a i : [ : Tevious
- Process accoralng‘to one ofll%e seven previous claims, ¢ _aracte%sed'lln

-claihatin orer te niininiisedeledtrical tdeses inithe strudere stigporriapénise -
=148 chayge igmodified; withinhe electrically psulatig layer 20.0M - tne -

-adjusting the. characteristics of. an implantation. madeé in the said first

dengibatraté béfore thesai¢ firstaR@ Secondmsubisfrbtss drafiurled . said
- £1r PFOCRSSaccordingdq the pravigus claibnshataciensadinthat isndeses

of the said implantation L o .
9. Process according - to - the previous claim,

. characterised . in that in order to minimise  electrical
“losses in the structire support layer, the demsity of the
"carrie; traps 1is modified_ by: inserting an ihtermeﬁiate

layer between the said two substrates £o be-bohded{ that
 wi1l ¢ome'into_contact‘with;the supp@rﬁ_layérrof the second
substrate,  the;'maﬁeriél-'df fhe'_ééid':iﬁtefmediate.'iayerc

L being:ghosén 50 as. ko increase the_density of the carrier
ﬂﬁtfaps¢.du61té itS-aSSOCiatiOH with;thé_material'in the said

‘support layer. -

-~ ..10. Process :fé;cording .'tb ' tﬁe  previous ;.claim,
characteriéed in -that ' the said“'intefmeaiater'iayer',is
depositéd_on théiséid‘sacond subéﬁrate, befdré the said
bonding'éf the first‘and second'substratés.' | '

C11. Process .aCCbrding-‘.tof' the- previous clain,

fchéracterised 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’

. claimg,fchaxacterised;inithat the density of carrier traps-

-~ is modified4 using at least one. material that tends to
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25 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
.SMARTCUTCD type 30 process. 29 18. Process according to one of the- -
" ten previous claims, characterised in that in order to minimize electrical

losses in the structure support layet8the charge within the electrically

insulating.layer is modified 5 by adjusting the parameters of a thermal

oxidation made on the said first substrate to create the structure’

- Inchigtgting Fidyer B8RS Stirfac®19. Prgcess accdrtRRpto tisaiprevioas  its
- assélaim: icharaglensed i thak thersaid parametfrs inelude the 10+ 1 ayer,

temperature and / or temperature variation, the gas composition,

- EOT ARG Bmes i 20. BRdtessTadcdrdingtd onBSSfARe prévieas Erims; - to

ninOhacterisertinitbat theceharge ; withindhe weleciically ngyiating layekis.
~madified by adjusting the pgrameters of 15 a heat treatment that is applied
' 't'oqf%e' sg)i}égsﬁreuéc?urea%ﬁger%ﬁg%tru%?ureoﬁlgs b8&n thftfied h'Grder 6 v 1ous
claminimiséaelectriealipssesiin thestructuse depportlayer 2da Rroeess: raps

~is AEGAEINAOMe Digvigus gain. dharegterised i thatthe inermal budget

_of the said heat 20 treatment is adjuste‘zde 0 as fo redtice tHe chargé fivine

of  Eleetriegirrgulating faetof thelstueturbe22sRigtess astording te enend

sub§# e PEeVigus clajisy Lhiaragterised jn that the saif STHCWIEs A0 9Qka 1
losses in the structure support layer. '

14, Process  according to - the  previous claim,

- characterised in that' the said treatment of the =surface

region of the  Second< substrate . includes Cbntrélled
deterioration of  the  surface condition of the second

substrate. .

15. Process according to one of the seven previous: A

claims, = characterised in that in 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 bohded.

. 16. Process ~according  to . the - previous claim,

characterised in that the doses of the said implantation-

care adjusted . to modify the - charge in the éléctrically

insulating layer}

. 17. Process acchding. to . one of"the tWo previbus

clains, gharacterisedf,iﬁ'nthat the said 'implantation

corresponds to a weakening implantation 6f,a"SMARTCUT®ftype

process.
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23. Process according to one of the previous claims, 25 characterised in
that the process uses the steps in a SMARTCUT(r) type process.

23

18; Puccess. éccérdiug ‘to one of ithe ten previous
claims, - cﬁaracterised in that 'in' éruer £o minimize
electrlcal losses in the structure 'support layer,: the
charge within the electrlcally 1nsu1at1ng layer is modlfled
by ad3ust1ng the param@t@rs of a thexmal ‘oxidatien made on
the sald flrst substrate to create the structure 1nsulat1ng
layer on its surface

19. Process accordlng to thé‘ previous .Cléim,
cha:acter;sed_ in- that. the .said- parameters includer the

temperature and /  or Atempexature variation, the gas

" composition, annealing times.

20. Process according to one of the previous claims,

,characterlsed. in that 'the charge w;thln. the electrlcally

1nsulat1ng 1ayer is modified by adjustlng the parameters of

_a heat treatment that 15 applled to the Sald stxucture once

'the structure has been formed in order to mln;mlse'

electrlcal losses in the structure support layer
21. Process accordlng to .the' prev10us ‘claim,

characterised ‘in that the thermai‘budget of the said heat

treatment is adjusted s0 as to reduce the charge in the

_ electrlcally 1nsulat1ng layex of the structure

22 Process accordlng to one of the pmeVlous cla1ms,

'characterlsed in that the said structure lS an S0I.

23. ?roceSs according to one of the prev1ous-claims,
charéCterised in that the process 'uses the steps in a

SMAR?CUT@ type process



