MANUFACTURING PROCESS OF A STRUCTURE OF SEMICONDUCTOR ON INSULATOR TYPE,
WITH REDUCED ELECTRICAL LOSSES AND CORRESPONDING STRUCTURE '
Thepresentinventionrelatestoa manufacturing process of a structure of semiconductor type on
insulator, with reduced electrical losses. It also relates to such a structure. 5 Technical field of the
invention The invention thus focuses on the general context of manufacturing a structure of
semiconductor on 10 insulator type (SOI) by the SmartCut process (registered trademark). This

process is descripagrif-gletpitaexprpiess shepatens e Bifdd tdr PeismAcolducToRr Aostructure of
this type generally comprises a supf)ort Iayer; Lgienerall made of silicon monocgystalline having high

resistivity, an insulati 8%%“79%% 2RBa i y§'F8 CERi BRBGIBE e 2¥in layer is

designed to take up components, typicaligraeri epND IBPeTRUSTURE  In particular in applications
in which use is made of radio-frequencies, for example in the field of radiophony, part of the waves
emitted can be absorbed by 25 the support substrate, despite the presence of the insulating layer,

resulting in electrical losses. T Tocombatthis difficulty.-it has been-propesed toihoost resistivity
of the support substratg to over 500 %.cm, or even over a few thousand Ohms.cm BO&Qngggh this
I

does not prove td'5& Safticieht > ¢ P4 Wastheh préposed to-deposit on thSeeﬁnplp%Cr) 4ce of the
support substrate{tfeg isghe giesulator, with reduced electrical losses. It

also relates to such a structure.
Technical field of the invention

The invention tThus focuses on the general

context of manufacturing a structure cf semiconductor on

10 insulator type (S0I) by the SmartCut process (registered

trademark). This vprocess 1is described 1in detall for
example in the patent U3 5 374 564.

Prior Art

15
2 structure of this type generally comprises a
support layer, generally made of silicon monocrystalline
having high resistivity, an insulating oxide layer, and
a thin layer of semiconductor material.
20 This thin layer 1s designed to take up

compeonents, typically electronic components.

In particular in applications in which use is
made of radio-freguencies, for example in the field of
radiophony, part of the waves emitted can be absorbed by

25 the support substrate, despite the presence of the
insulating laver, resulting in electrical losses.

To combat this difficulty, it  has Dbeen
proposed to boost resistivity of the support substrate
to over 500 Q.cm, or even over a few thousand Ohms.cm,

30 though this does not prove te be sufficient.
It was then proposed to deposit on the upper

face of the support substrate (that 1s, the one



2 receiving the insulating layer and the thin layer), a layer of material whereof the density of
charge-carrier traps is high. A polycrystalline silicon layer is adapted in 5 particular to ensure this
function. Its structure is formed by a multitude of crystalline grains having defective boundaries (grain
joint) forming traps, which makes the ensemble particularly low-conductive. This reduces leakage
currents and losses in resistivity at 10 the level of the support substrate. techniquecarriedoutconsistsof
polycrystalline silicon layer on the support substrate, then applying the usual steps of the SmartCut
process. 15This type of method is described in particular in document US 2007/032 040.
But,inconductingteStontedidting Sructires avtitAwoddExdhibtAfg hreSfstivity atcoriiiig to thé
teachings of saidldocement, the present 20 tapplicdnt Hoticetithat the teEhrigae irequestiohedid not

reduce electrical lossgs satisfactorily. The present invention aims to resolve this problem by
providing a manufacturing process of a structure.of semiconductor on insulator type v%/itlgJl 25 reduced

electrical losses, in which the polﬁ:%f’éfé:rﬁxg %ﬁiicéﬁﬁaeye?lw %c%c?i% pffc\é%ronltﬁe suppor suﬁ&rate has
the expected Tesistivié thraraeter. Explanatiortof thel mvehid i B0This i$ BSmanufactlind§ prééess of a
structure formed by a multitude of crystalline grains having

defective boundaries (grain Jjeint) forming traps, which

makes the ensemble pariicularly low-conductive. This

reduces leakage currents and losses In resistivity at
10 the level of the support substrate.

The technique carried cut consists of
depositing & polvcrystalline silicon laver on the
support substrate, then applying the usual steps of the
SmartCut process,

13 This type of method i1s described in particular
in document US 2007/032 040.

But, in conducting tests on resulting
structures - which would exhibit high resistivity
according to the teachings ¢f saild document, the present

20 applicant noticed that the technigue in guestion did not
reduce electrical losses satisfactorily.

The present invention aims to resolve this
problem by providing a manufacturing process o©f a
structure o¢f semiconductor on insulator type, with

25 reduced electrical losses, in which the polycrystalline
silicon layer which 1s placed on the support substrate

has the expected resistive character.

Explanation of the invention
30
This is a manufacturing process cof a structure
of semiconductor on insulatcer type, with reduced
electrical losses, which successively comprises a
support substrate made of silicon, a oxide layer and a
35 thin layer of semiconductor material, a polycrystalline

gsiliconr layer Dbeing interleaved betwesen the support



of semiconductor on insulator type, with reduced electrical losses, which successively comprises a
support substrate made of silicon, a oxide layer and a 35 thin layer of semiconductor material, a
polycrystalline silicon layer being interleaved between the support substrate and the oxide layer, this
process comprising the following steps: a) oxidation of a donor substrate made of
semiconductor material to form an oxide layer at the 5 surface; b) implantation of ions in the
donor substrate to form an embrittlement zone therein; c¢) adhesion of the donor substrate to
the support substrate, the oxide layer being located_at the 10 adhesion interface, said support
substrate having $a&Fgétetth | rB&tnieht LapabI&of givingithigh Pesistivity TRRESS 4 sistivity
greater than 500 temf its uppenfacetwhieh receives the donor substrate being coated by said

polycrystalline silicon 15 layer; ) oy dhfractuyre of thedongrsubstrate acearding faithe o+
embrittlement zone to transfer fo the support gybs;rgteft% tpin I%%er 8];: senéic%nadue%or material;
e) conducting of SBaSCoNE Stabitisation process of said resulting stractare? “This process is

remarkable irPthat safd:treatment capable of conferring high resistivity to said support substrate is
carried out prior to formation of the polyerysialine siicon layer, anshin that step €125 cerpeses at

least one long th%r%al gg%pceca{réedfgghata temperature not g%(c%%qji%g gggg%q{;at least 10 minutes.
The polycrystalline silicon i thus deposited after treatment capable of giving the support substrate 30

high resistivity, such that high témpefsfifesiftlisedfdufiRg thid Areatment 8o it Bffect the the
polycrystalline charagter-of tbeipotyceystalline silicon tayerlLayer being located at the

10 adhesion interface, said support substrate having
undergone thermal treatment capable of giving it high
resistivity, that is, a resistivity greater than
500 Q.cm, dits upper face which recelves the donor
substrate being coated by said polycrystalline silicon

15 layer;

d) fracture of the donor substrate according
to the embrittlement zone to transfer to the support
substrate a thin layer of semiconductor material;

e) conducting of at least one stabilisation

20 process of said resulting structure.

This process 1s remarkable 1in that said
treatment capable of conferring high resistivity to said
support substrate i1s carried out prior to formation of
the polycrystaliline silicon layer, and in that step e}

25 comprises at least one long thermal step, carried out at
2 temperature not exceeding 950°C, for at least
10 minutes.

The polycrystalline silicon is thus deposited
after treatment capable ¢f giving the support substrate

30 high resistivity, such that high temperatures utilised
during this treatment do not affect the polycrystalline
character of the peolycrystalline silicon layer.

Similarly, the thermal budget wused during
thermal treatment of the final structure 1s not

35 sufficient to modify this pelycrystalline character.



Similarly, the thermal budget used during thermal treatment of the final structure is not 35 sufficient to
modify this polycrystalline character. 4 According to other advantageous and non-limiting
characteristics: the resistivity of said support substrate is greater than1,000
Q.cm,preferablygreaterthan 5 2,000 Q.cm,stillmorepreferablygreaterthan 3,000 0.cm; the long thermal
step is carried out for several hours; it comprises brief treatment conducted for 10 less than 10
minutes, at a temperature greater than 1,000C, advantageously for one to two minutes, at a
temperature of the order of 1,200C; . said thermal treatment capable of confe%ingqhg%rl resistivity

to the support substrate comphSELaF1s ast-She 166 Brought s A t&RpErature B Betwedh 500 and
1,200C, for 30 minirtes 0720 hbars; cSad teritzd treatment capable of conferring high resistivity to the

support substrate is an annealing-treatment i thyee steps, the:secongdsiep 20 being-brosghtto a

temperature less than that of t 1r(f,fother é\év&?(?pé; saidthreest psar%;arriedouéarespecti%/gglnat a

temperature of bétwWeen 1,000 aid 1,2 r T%0-10 houts, 600 to 90OC for 1 to 25 10 holirs, and

900 to 1,200C for'1 §6a8hotms;  Stifnlstep®yrsaid skibHSREBA cBmMprises at fdast onéRermal
stabilisation treatment @and .one; thermal thinning treatment of the thin layer; in step c), prior to

depositing of the - the long thermal step is carried out for
several nours;
- it comprises brief treatment conducted for
10 less than 10 minutes, at a temperature greater than
1,000°C, advantageously for one to two minutes, at a
temperature of the order of 1,200°C;

- said thermal treatment capable of conferring
nigh resistivity to the support substrate comprises at

15 least one step brought to a temperature of between 500
and 1,200°C, for 20 minutes to 20 hours;

- said thermal treatment capable of conferring
high resistivity to the suppert substrate 1is an
annealing treatment in three steps, the second step

20 being brought to a temperature less than that of the
other two steps;

- said three steps are carried out
respectively at a temperature of between 1,000 and
1,200°C for 1 to 10 hours, 600 to 900°C for 1 to

25 10 hours, and 900 to 1,200°C for 1 to 48 hours;

- in step e), said stabllisation comprises at
least one thermal stabilisation <treatment and one
thermal thinning treatment of the thin layer;

- in step <¢), prior to depositing of the

30 polycrystalline gilicon layer, a semiconductive
decoupling layver of crystalline network, that is, having
a mesh parameter different to that of monocrystalline
silicon is deposited onto the receiver substrate;

- said decoupling layer contains

35 polycrystalline silicon;



30 polycrystalline silicon layer, a semiconductive decoupling layer of crystalline network, that is, having
a mesh parameter different to that of monocrystalline silicon is deposited onto the receiver substrate;

5 said decoupling layer also contains silicon-based and another atomic species-based semiconductor
material; said silicon-based conductive matesial is 5 SiC or SiGe; depositing of said
decoupling layer and of the polycrystalline silicon layer is carried out continuously, that is, in the first
instance, by simultaneous feed from two gas sources, respectively 10 polycrystalline silicon and the
other atomic species, then by feed only from the polycrystalline silicon source; ,.anew
decoupling layer is also deposited dnto the FolEryStalling $ficof tafer “T5 4t 18ast bhe Staek
constituted by a pelyerystafling siicortlager and erdecoling Iafersre tisen deposittoritosaid new
decoupling layer; .+ - -1 e invention also relates to a structure of semiconductor on insulator type,

with reduced electrical 20 losses, WQI}E:Q suc‘cAﬁsswely comprises a gugﬁort sub%rg%erringge of silicon,

. . bt 1 LICONToAaAze O A VE | .
an oxide layer and a thin layer of semiconddctor materlaﬁ, a po(fycryéjta ine silicon’layer being

interleaved bétweer thezsuppeft'substrate and the oxide layer and is remarkable in that the 25
polycrystalline silicon layer has-a rgsistivify greates than:3000hms:¢img  1ayRieferably dthas an

average resistivity greater t%%ré 20,000, Ohms.cm, og éecy&q greﬁgetpan $0,00Q Ohms.gm. 30 Brief

description of the TIQUEeSp(gt r characteristics an vantages of the present invention will emerge
from the following™35 Heeritivhiof cektaftprefeired eémbodimfentst Thist  tnstance, by

simultanecus feed from two gas sources, respectively

10 polycrystalline silicon and the other atomic species,
then by feed only from the polycrystalline silicon
source;

~ a new decoupling layer 1s also depcsited
onto the polycrystalline silicon layer;

15 - at least one stack constituted by a
polycrystalline silicon layer and a decoupling layer are
then deposited onto said new decoupling layer;

The invention alsc relates to a structure of
semiconductor on insulator type, with reduced electrical

20 losses, which successively comprises a support substrate
made of silicon, an oxide layer and a thin layer of
semiconductor material, a polycrystalline silicon layer
being interleaved between the support substrate and the
oxide layer and is remarkable in that the

25 polycrystalline silicon layer has a resistivity greater
than 5,000 Ohms.cm.

Preferably, 1t has an average resistivity
greater than 10,000 Chms.cm, or even greater than
50,000 Chms.cm.

30
Brief description of the figures

Other characteristics and advantages of the
present invention will emerge from the following

35 description of <certain preferred embodiments. This



6 description will be given in reference to the attached diagrams, in which: Figures |A to IC represent
the different steps of the process according to the invention; 5- Figure 2 is a detailed view of part of the
structure into which a decoupling layer is interleaved; Figure 3 is a variant of Figure 2 in which an
additional decoupling laver is formed on the polycrystalline silicon; 10- Figure 4 is a sectional view of a
structure according to the invention whereof the resistivity is proposed to be tested,; Figures 5A
and 5B are graphics respectively illustrating according to the prior art and according to 15 the invention
resistivity measured via a structure such as that of Figure 4, utilising the "SRP" method. Description of

particular embodifieifis bP e vértion Stasonited olit earhér e rob&ss dttording o the
invention is of thedSavartCus type: whichRigure IA accordingly illustrates a donor substrate | in silicon

(Si), preferably monocrystalline, ceverad by ajlayer 40 ofsilican.dioxide(5102): This 2bcarrasponds to
Figure IB. This ox_iglef Ia%er can regulg fro(r:nctcg\reémal 0’@%‘?‘@%@"“- trrll_gednogml% gubstrate 1 or has
been formed by C%E\elgﬁtlonally (fep%}éﬁ%gsoy &emlcaf‘agposmng technlques In Vapour phase well
known to the person 30 skilledin HieJart finderithe abkieviatibfs CVERandIEPEED Y fof "Chétical
Vapor Depositions apd SLawPressyre,Chemical ¥apot DepasitionYer is interleaved;
- Figure 3 is a wvariant of Figure 2 in which

an additional decoupling layer is formed on the

polycrystalline silicon;

10 - Figure 4 is a sectional view of a structure
according tTo the invention whereof the resistivity is
propesed to be tested;

- Figures 5A and 5B are graphics respectively
illustrating according to the prior art and according to

15 the invention resistivity measured via a structure such

as that of Figure 4, utilising the "SRP" method.
Description of particular embodiments of the invention

20 As pointed out earlier, the process according
to the invention 1s ©f the SmartCut type.

Figure 1A accordingly illustrates a donor
supstrate 1 in silicon (Si), preferably monocrystalline,
covered by a layer 10 of silicon dicxide (8I0z). This

25 corresponds to Figure 1B.

This oxide layer «can result from thermal
oxidatiocn of the donor substrate 1 or has been formed by
conventionally depositing by chemical depositing
technigues in vapour phase well known to the perscn

30 skilled in the art under the abbreviaticons CVD and LPCVD
(for "Chemical Vapor Depecsitien” and "Low Pressure
Chemical Vapor Deposition").

With reference o Figure 1C, said donor

substrate is subjected tc implantation of atomic or

35 ionic species via the oxide layer Z.



With reference to Figure 10,said donor  substrate is subjected to implantation of atomic or 35 ionic
species via the oxide layer 2. 7 "Implantation of atomic or ionic species" is understood as any
bombardment of these species capable of introducing them to the donor substrate with maximal
concentration to a predetermined depth of the substrate 5 relative to the bombarded surface, with a
view to creating an embrittlement zone 13. This type of implantation is done according to the process
known by the name SmartCut. The embrittlement zone 13 delimits a thin 10 layer 11 from the rest 12
of the donor substrate 1. The implantation of atomic or ionic species can be sim

. e .
implantation, that is, implantatioh 8t 52ifigle at8mic spédiéd'stichds for&xampie ?rﬁﬁil%%tatiéﬁ of
hydrogen, heliumuordsobie gas. Esimplantationican disoibe cd-infglamaticipefatemicarianicsspecies.
A receiver substrgte 2 isdiusirated in Eigure 10, antisaosolid sybstratesmade of siligen: a1
characteristic of this support scu.bstratce is 20 hav&gtunderg%%e thermal treatment %Qi%aq

_Sul le of giving it
an other resistivitycf,o tha |Sf§are§|% |vityogr%al%??nan 560" b.cm, oF even greater than ﬁobr,%%egferably

still greater than Z,006 térévert-still fivte prefekabliygfeatsthan F 000 0ldéH. 25ThistR¥atment can
have been carried putsinee fabricatienet-thetsubstrate or fateeon, Mithin theiscope phthe présent

process, This fhisrmal ireatment ¢apable of giving (e syprarL sulisirale. 2 higfugsisiivity is a
thermal 30 treatment for example, comprising at least one step brought'to a temperature of between
500 and 1,200C 680 MMtiteE®0-Hours. Inanotherembodiment, thistreatment

The embrittlement zone 13 delimits a thin

10 laver 11 from the rest 12 of the donor substrate 1.

The implantation of atomic or idonic species
can be simple implantation, that 1s, implantation of a
single atomic species such as for example implantation
of hydrogen, helium or noble gas.

15 Implantation can also be co-implantation of
atomic or ionic species.

A receiver substrate 2 1s i1llustrated in
Figure 1D, and is a solid substrate made of silicon.
& characteristic of this support substrate is

20 having undergone thermal treatment capable of giving it
an other resistivity, that 1is, a resistivity greater
than 500 Q.cm, or even greater than 1,000, preferably
still greater than 2,000, or even still more preferably
greater than 3,000 Q.cm.

25 This treatment can have been carried out since
fabrication of the substrate or later on, within the
scope of the present process.

This thermal treatment capable of giving the
support substrate 2 high resistivity 1s a thermal

30 treatment for example, comprising at least cone step
brought to a temperature of between 300 and 1,200°C for
30 minutes to 20 heours.

In another embodiment, this treatment
comprises annealing treatment in three steps, the second

35 step being brought to a temperature less than that of
the other two steps.



comprises annealing treatment in three steps, the second 35 step being brought to a temperature less
than that of the other two steps. 8 Advantageously, these three steps are carried out
respectively at a temperature of between 1,000 and 1,200C for 1 to 10 hours, 600 to 900C for 1 to 10
hours and 900 to 1,200C for 1 to 48 hours. 5The functign of the first step of this advantageous and
optional treatment, also known as "High-low-High treatment”, is to remove oxygen from a superficial
zone of the substrate, by a phenomenon known as "exodiffusion” to produce denuded zone, that is, a
10 zone without oxygen precipitates. This is th;refore a zone hgwinég fewer defects than at.the outset,

an advantage for subsequent AepGERFSFpSIysiicon €€ “Fhe%ir of e Second step 6f this
process is to enablecnuctertiont thet i) the creaticimelenibiyss" 45 dbériterstitial oxy§én pretipitates.
Finally, the functign of tve-third step:of this pnogess is-to, enatle grewth ofprecipitates created in the
preceding step, th%t i%,o%ornsstitut% og%e glgstprsz OT(Jligtrgg%Iatlest\ga an iH%rgage in resistivity 20 of the
material. h-any case,?ﬁlls augmentafién tréatmeént of the fesistivity of the substrate 2 is carried
out prior to dépositing, on the IA#ér, of &ipohictystalfire sifié6h lafer20. 25PF6eeding with:fis
effectively retainssthepolycrystaline striicture of thefayer 2@ aAfterthe donds substraterl isaeversed, it

s then put n contagt wih 0 2y 20 of e suppartsubsigate B Sueh that e pxide Jgyer 10

regains 30 contact with the polysilicon layer 20. i hesion between the two substrates is
completed in a préfétred 5&%-88%@@ MARNELBY hEIEulaP HdRe S5 5EBBRGIng AniRaling is

carried out, followesl "exodiffusion" to produce denuded zone, that 1is, a
10 zone without oxygen precipitates. This is therefore a
zone having fewer defects than at the outset, an

advantage for subseguent depositing of polysilicen.

The aim of the second step of this process is
to enable nucleaticn, that 1s, the creation of "embryos"

15 of interstitial oxygen precipitates.

Finally, the function of the third step of
this process 1s to enable growth of precipitates created
in the preceding step, that 1s, constitute oxide
clusters. This translates via an increase in resistivity

20 of the material.

In any case, this augmentation treatment of
the resistivity of the substrate 2 is carried out prior
te depositing, on the latter, of a polycrystalline
silicon layer 20.

25 Proceeding with this effectively retains the
polycrystalline structure of the layer 20.

After the donor substrate 1 is reversed, 1t 1is
then put in contact with the laver 20 oif the support
substrate 8, such that the oxide layer 10 regains

30 contact with the polysilicon layer 20.

Adhesion between the two substrates is
completed in a preferred but non-cobligatory manner, by
molecular adhesion.

Disbonding annealing is carried out, followed

(%]
n

by detachment from the rest 12 of the donor substrate 1,

at the level o¢f the embrittliement =zone 13, so as ftco



35 by detachment from the rest 12 of the donor substrate 1, at the level of the embrittlement zone 13,
so as to 9 transfer the layer 11 to the support substrate 2, more precisely on the polysilicon layer 20.
This produces a substrate 3 of semiconductor on insulator type which is in semi-finished state.
5Stabilisation of the resulting structure 3 is then carried out. Inkeepingwiththeinvention,this stabilisation
comprises a long thermal step, carried out at a temperature not exceeding 950C for at least 10 10
minutes, and optionally a brief treatment carried out for less than 10 minutes at a temperature greater

than 1,000C. The long tEerran step ispreferably carried out for several_hours, w s the brief
treatment is 15 c%ﬁ?éds %L‘?trfort oz ?Wiﬁ’ﬁ?eé’ :Lat%Ictjerr%cr)%(/aeratﬁ}léJ 8? %l:ltce osr %rs%r 151,%80%.' %&%More

precisely, these fiiskihgstepsceorhphse at [East 66 bf thavidowing treatments: a) thermal
stabilisation treatment before 2@, pelishing: coasunzingstiie=zoneref thie dofossubstrateidamaged by

separation at the gel,of ihe INterface 3y s or, D) mechasieal and ehewical polishing treatment
(CMP) for consuming the material of the layer 11 to arrive at the preferred thickness; .
5 Stabilisaftion of the resulting structure 3 1is

then carried out.

In keeping with the invention, this
stabilisation comprises a long thermal step, carried out
at a temperature not exceeding 950°C for at least

10 10 minutes, and optionally a brief treatment carried out
for less than 10 minutes at a temperature greater than
1,000°C.

The long thermal step 1s preferably carried
out for severzl hours, whereas the brief treatment is

15 carried out for 1 to 2 minutes at a temperature of the
order of 1,200°C.

More precisely, these finishing steps comprise
at least one of the following treatments:

al thermal stabilisation treatment Dbefore

20 polishing, consuming the zone of the donor substrate
damaged by separation at the level of the interface 13;
by mechanical and chemical polishing treatment
(CMP) for consuming the material of the layer 11 1o
arrive at the preferred thickness;
25 ¢y final thermal thinning treatment to attain
the final preferred thickness.

In respecting the temperature and duration
conditions indicated earlier, thermal budgets carried
out are inadeguate for recrystallised polysilicon which

30 loses its beneficial effects.

But, limiting the duration and/or temperature
of the treatments during stabilisation of the structure
causes embrittlement of the interface created such that
it is highly useful to carry out intermediate treatments

35 for reinforcing cohesion of the structure. A particular

treatment is carried out prior to adhesion using plasma.



25c) final thermal thinning treatment to attain the final preferred thickness. In respecting the
temperature and duration conditions indicated earlier, thermal budgets carried out are inadequate for
recrystallised polysilicon which 30 loses its beneficial effects. But, limiting the duration and/or
temperature of the treatments during stabilisation of thé& structure causes embrittlement of the interface
created such that it is highly useful to carry out intermediate treatments 35 for reinforcing cohesion of
the structure. A particular treatment is carried out prior to adhesion using plasma. 10 In
a_c.cordance Wlth a preferred erinrllnodlmceonrt é); rt}k(l{:-e pro¢ Eis aé:cqg?gg tggg% mgﬁg%%r}ﬂﬁggpolggystalhr.\e
silicon layer is formed on a layer 2T kiown as “hetwor crystalline %Iecoupllng", that is, a 5 layer having
a concentration gragient Witk @8hesh parPRetat Bffererftfo that BE silicor f6rmed By the stiport

Substrate. pHhis differencea innmeshi parameterds far example greaterthar: 5%a ¥6TFhis 1
decoupling layer advantageously confains polycrystajlinesilicon butinnocasepure, monaqgrystalline
silicon. ccording to a preferred embodiment, it also contains a Silicon-based and apother

atomic species-153355ed Sefiediiducior AT TS t3R be EitordiGe for & ample. "thg"
advantage of thisograstient 4ayerietieearthe suppottstbstrate 2.dnd the pbiysilicdn kyertige that it
prevents the polysilican from recrystallising 20 from the layer 11.

Thig difference 1in mesh parameter 1s for
example greater than 5%.

10 This decoupling layer advantagecusly contains
polycrystalline silicon, but in no case pure
monocrystalline silicon.

According to a preferred embodiment, 1t alsc
contains a silicon-based and another atomic speciles-

15 based semiconductor material.

This can be 5iC or SiGe for example.

The advantage of this gradient layer between
the support substrate 2 and the polysilicon layer is
that it prevents the polysilicon from recrystallising

20 from the layer 11.

This gradient layer opposes recrystallisation

of

polysilicon. Via its cavities and grain joints, the
polysilicon layer:

- traps the contaminants generating a drop in

25 resistivity (B, P, Ca, Na, etc.);

- forms & barrier to electrical <charges
contained under the oxide 10;

- prevents diffusion of interstitial oxygen
contained in the oxide 10 (diffusion causing poor

30 trapping, such as a "gettering" effect).

The decoupling layer 21 as well as the
polysilicon layer 20 are preferably manufactured in the
same depositing step, continuously, meaning that the
layer 21 is first formed by injecting a first gas to

35 constitute polysilicon and a second gas to constitute

the other atomic species; then, once the preferred



This gradient layer opposes recrystallisation of polysilicon. Via its cavities and grain joints, the
polysilicon layer: traps the contaminants generating a drop in 25 resistivity (B, P, Ca, Na,
etc.); forms a barrier to electrical charges contained under the oxide 10; prevents
diffusion of interstitial oxygen contained in the oxide 10! (diffusion causing Poor 30 trapping, such as a
"gettering" effect). The decoupling layer 21 as well as the polysilicon layer 20 are preferably
manufactured in the same depositing step, continuously, meaning that the layer 21 is first formed by

injecting a first gas to 35 constitute O%Si"CO and a second gas 1q-cqnstitu ther atomic
: B kreRs 1 tamiad hecarival o he Sacond age o o

species; then, onc%]tﬁe%efgfserr:éa NICkNess Is . e arrival e second gas is cut off by
continued injectirig6f thé Habio oM the polysiiedr fayerd ©f this SRcwrtm Figire 3-%ew
decoupling 5 polysilicanilayesean alsede constituted, which prevents the latter from recrystallising

from the thin layer of semicondyctor materjal 1.1, Opgg%%agack £Lompriging decolpling o
layer21/polysiliconlayer20/decouplunglayer 10 21/poI¥LS|Iicon Ia{/er 20, etc. can be formed.,
5 polysilicon layer «can dlso bé constituted, which

prevents the latter from recrystallising from the thin
layer of semiconductor material 11.
Opticnally, a stack comprising decoupling
layer 21/polysilicon layer 20/decoupling lavyer
10 2i/polysilicon layer 20, etc. can be formed.
Advantageously, the total thickness of the
polysilicon layer and of the decoupling layer or
decoupling layers is between 3,000 and 10,000 A, with a
ratio 10 between the thickness cof the polysilicon layer
15 and the decoupling layer.
Figure 4 proposes testing the resistivity of a
structure obtained according to the invention.
This characterisation 1s done by means of the
well-known method called "4pP’ (for "four points
20 probe"), specifically by using 4 electrodes passing
through the entire structure.
A second method known as "SRP, also well
known, traces the eveolution of resistivity as a function

of the depth, by means of a mitre, as shown by saild

OS]
h

abovementioned figure.

Irrespective of the method used, it is evident
that the structure treated according to the process
according to the invention retains high resistivity,
compared to the same structure which would not have
30 undergone the process according to the invention.

Using the method known as 4PP and by
conducting comparative tests, average resistivity rises
from 4 to 5,000 Q.cm to over 70,000 Q.cm.

Furthermore and as shown in Figures 5A and 5B,

35 the method known as "SRP" tested on a structure

according to the prior art cited at the outset of the



Advantageously, the total thickness of the polysilicon layer and of the decoupling layer or decoupling
layers is between 3,000 and 10,000 A, with a  ratio 10 between the thickness of the polysilicon layer
15 and the decoupling layer. Figure 4 proposes testing the resistivity of a structure obtained
according to the invention. This characterisation is done by means of the well-known method
called "4PP"(for "four points 20 probe"), specifically by using 4 electrodes passing through the entire

structure. A second method known as "SRP , also well known, traces the evolution of resistivity
as a function of tge depth, b of a mIL%% as shown b %ald 25 a oven;_r(;:-ntloned figure,
Irrespective of theé et o% use% gw&en 6)11.’ theé srﬂ%c & treated accor ing {6 the process

according to the invéaitiar réfins hﬁj]fPFé%lsﬁ‘lﬁi%ﬁ céﬁ%@%’éﬁlﬁ@)@thégarﬁ@%tr&&ﬁ@ﬁm% wiatfid not
have 30 undergopeithe process acepeding s thesinyentionh  resissingihe methed knownas 4PP

and by conducting, comparafive fests, av e Lesisti ises fr 5,000 Q.cm to over 70,000
B %Ef‘!: ve [ests, average, gsd% V&ﬁé{ég from 410 ;

Q.cm. Furthermore and as shown in Figures S

the method known as "SRP" tested on a

structure accrding to the prior art titedF attHé olifset-sfthe: A3 dekBhftioh (Righird: BAY, ‘confparatively
to the invention (kiguire 583, istmivsithat podardingstosthe imeaentiondhe pobysilicon layer has very high

resistivity, contrary to the strugiyre.according.to.the pdorart.gfhisds due fo the fact thatthg »

polysilicon

10

15

20

30

an electrical signal in a component.

The power of harmonice as a function of the

principal signal is then measured.

When components used in the field of radio-

frequencies are operating, parasite signals can be

generated by the electrical signals which pass through

at different frequencies. These are known as

harmonic waves.

Iin the case of a glass substrate, almost no

harmonic 1s generated, and the more the substrate on

the component electronic 1s made 1s  high-

performing, the less is the power of the harmonics.

In the case of a support subsirate 2 made of

high-resistivity silicon, without the presence of a

pelycrystalline silicon layer under the Box, the

harmonics are high.

With the presence of such a layer, theough
without mocdifying thermal treatments, electrical
performance is improved, but thermal budget causes
partial recrystallisation or even total
recrystallisation of the poly~5i and eliminates
significant electrical traps.

Finally, the presence of polycrystalline
silicon under the Box considerably improves electrical
performance, since the manufacturing process is applied
according to the invention and/or a deccupling layer
(21) 1is introduced which prevents recrystallisation of

the silicon.



has retained its polycrystalline structure. Finally, tests were conducted by "injecting” an
electrical signal in a component. The power of harmonics as a function of the 10 principal
signal is then measured. When components used in the field of radio-frequencies are operating,
parasite signals can be generated by the electrical siggls which pass through them at different
frequencies. These are known as 15 harmonic waves. In the case of a glass substrate, almost
no harmonic is generated, and the more the substrate on which the component electronic is made is
high-performing, the less is the power of the. harmonics.,20 In the case of a suppaort.substrate 2 made
of high-resistivity silicon, Witho(?la?thelﬁres“gﬂ%El %?g’pol)%ér?sﬁg ihe sili%c%(k)%%ayé%ﬁ?ngc%ejﬁﬁg %Qx% the
harmonics are high aW¥iththe preserce ot SHER A layef, though 25 withbGEmbaffingfthernidrs
treatments, electeealperfosmance isimprovethbuttherraal dudget cansed partialrecrystatlisation or
even total recryst@Hiesatigggfthepgg/-sm%lggiggﬁ%ﬁigngicag};_ glectrical traps. %ﬁnaﬁx,g@hpresence

of polycrystalline silicon ungéer the Box considerably improves electrical performance, since the
manufacturing pré&&ssisdpsplied actafding e ihvertionr andtr a decoupling layer (21) is
introduced which prevents recrystallisation of 35 the silicon. U It is evident, finally, that
depositing a gradient layer between the support substrate and the polycrystalline silicon can also be
carried out within the scope of manufacturing a structure of SCI type, 5 other than by the SmartCut
technique.



14 Claims 1.A manufacturing process for a structure of semiconductor on insulator type (3),
with reduced electrical losses, which successively comprises a support substrate made of silicon (2),
an oxide layer 5 (10) and a thin layer of semiconductor material (11), a polycrystalline silicon layer (20)
being interleaved between the support substrate (2) and the oxide layer (10), this process comprising

the following steps: a) oxidation of a donor substrate (1) made of 10 semiconductor material
to form an oxide layer (10) at the surface; b) implantation of ions in the donor substrate to form
an embrittlement zone (13) therein; c) adhesion of the donor substrate (1) on the 15 support

substrate (2), the oxide layer (10) being located at thie %dh&sion interface, said substrate (2) support
having undergone thermal treatment capable of conferring thereto high resistivity, that is, a resistivity
greater than 500 0.cm, its upper face which 20 receives the donor substrate (1) being coated by said

polycrystalline silicon layer (201 Q)ff %Qit%r’}q%g %ﬁémgrs sjt:rat (%@g&g{@jpg tq the
rate(2

embrittlement zone (13) to transfer to the su pport su a thin ayer( 1)of 25 semiconductor

material; By edAAQUCHHY-6Fat |&4st oﬁ@%ﬁ@fﬁ%ﬂ’ StablliBfion vent of Yaidtesdifiny sfiticture (3),
characterised in thab&aidimtmermceﬁ@abl,e of ebrferringhighteesistivity $o satdspppert substrate 30

(2) is carried out pripr to formation.of the pqlycrystalline.siican layer(20), and Iam@gst%?wompnses

at least one long t ermal step, carried out at 15 a temperature not exceedlng 950 7for at ast
57 (10} and a thin layer of semiconductor mateérial

polycrystalline silicon layer (20) being interleaved
between the support substrate (2) and the oxide layer
(10), this process comprising the following steps:
a) oxidation of a donor substrate (1) made of
10 semiconductor material to form an oxide layer (10) at
the surface;

bB) implantation of ions in the donor
substrate to form an embrittlement zone (13) therein;

¢} adhesion of the donor substrate (1) con the

15 support substrate (2), the oxide layer (10) being
located at the adhesion i1nterface, said substrate (2)
support having undergone thermal treatment capable of
conferring therete high resistivity, that is, a
resistivity greater than 500 Q.cm, its upper face which

20 receives the donor substrate (1) being coated by said
polycrystalline silicon layer (20);

d) fracturing of the donor substrate (1)
according to the embrittiement zone (13) to transfer to
the suppeort substrate (2} a thin laver (11) of

25 semiconductor material;

= conducting of at least one thermal
stabilisation event of said resulting structure (3),

characterised in that said ftreatment capable
of conferring high resistivity to sald support substrate

30 (2) is carried out pricr to formation of  the
polycrystalline silicon layer (20), and in that step e)

comprises at least one long thermal step, carried out at



10 minutes. 2. TheprocessasclaimedinClaim 1, 5 characterised in that the resistivity of said support
substrate (2) is greater than 1,000 Q.cm, preferably greater than 2,000 0.cm, still more preferably
greater than 3,000 0.cm. 103. The process as claimed in Claim | or 2, characterised in that the long
thermal step is carried out for several hours. 4.1The process as claimed in any one of 15
Claims 1 to 3, characterised in that it comprises brief treatment carried out over less than 10 minutes,
at a temperature greater than 1,000C, advantageously for one to two minutes, at a temperature of the

order of 1,200C. 20 5. The process as claimed.in any opeof the precedin é:lairﬂ%, t
characterised in fhat Said Iﬁ%a(g':r‘?n“a‘fJErgeatrr?eonLt caggbﬁg%?lcgﬁferr%%hiﬁh res%tf/ity t%) the su%ps)ort

substrate (2) comigrisesat f&eist one step 25 brought to a temperature of between 500 and 1,200C for
30 minutes to 20 hours. 6. The process as claimed in any one of the preceding claims,

characterised in that said thermgal 30 treatment.canable of conferring high resistivity-tp.the support

substrate (2) is an annealing treatment in three steps, the second step being brglrquht to a temperature
less than thatof tRB3RATtREr StBPs. 116 relpdctivel§ atE fehijeratdré of betwéen’ 1,6068RdE1,200C
for 1 to 10 hours,600:t0r200C farl to 16 hourszard 900ter1,200CH0r L te™8 hours£88 aThe process

as claimed in any.gne of.the precedingclains, charagterised indbat in step-e): said thetmale -

stabilisation comprises a3t I%%sg one thermal stabilisation treatment and one thermal thinning treatment
of the thin layer (t1)#10 =~ g e process as claimed in any one of the preceding claims,
characterised in that in step c), prior to depositing of the polycrystalline silicon layer (20), a
semiconductjge layer (21) known ag.decouplingsetf a2s ciaimed in Claim 1 or 2,
characterised in that the long thermal step 1ls carried

out for several hours.

4. The process as claimed in any one of
15 Claims 1 to 3, characterised in that it comprises brief
treatment carried out over less than 10 minutes, at a
temperature greater than 1,000°C, advantageously for one
to two minutes, at a temperature of the order of
1,200°C.
20
5. The process as claimed in any one of the
preceding claims, characterised in that said thermal
treatment capable of conferring high resistivity to the
support substrate (2} comprises at least one step
25 brought to a temperature of between 500 and 1,200°C for
30 minutes to 20 hours.

6. The process as claimed in any one of the

preceding claims, characterised in that said thermal

30 treatment capable of conferring high resistivity to the

support substrate (2) is an annealing treatment in three

steps, the second step being brought to a temperature
less than that of the two other steps.

35 7. The process as claimead in Claim o,

characterised in that said three steps are conducted



15 network crystalline, that is, having a mesh parameter different to that of silicon monocrystalline, is
deposited on the receiver substrate. 10. The process as claimed in Claim 9, 20 characterised
in that said decoupling layer( 1) contains polycrystalline silicon. 11. The process as claimed in
Claim 10, characterised in that said decoupling layer(2) 25 contains also silicon-based and another
atomic species-based semiconductor material. 12. The process as claimed in Claim 11,
characterised in that said silicon-based material 30 conductor is SiC or SiGe. 13. The process

as claimed in Claim 11 or 12, characterised in that depgsiting of §aic£detcougling iay?e“ﬂ%gr&d of the
polycrystalline silicBRT&yer(36) 35 i§ carfed Gateontinadasly, that is? 7 the 0f[ilrst instance, by
simultaneous feed fiddi fWo gasrsourceso 17hespectively polyerystalliné silicen of¢ie other“&tomic

species, then by feedianly romythe saurce of polygrystallinersitican, 54g. Hhe:peocess as claimed in
any one of Claims 9 to 13, characterised in that a new decoupling layer (21) is also deposited on the
polycrystalline silicon layer (20). 1015.The process as claimed in Claim 14, characterised in that at

least one stack constituted by & pdijéryStafae Shicoitlayet 2200%and-d'detBliplifg fayer (21)R
deposited on said-new decagpling:layer (2t)atacterised in that in step e), said

thermal stabilisation comprises at least one thermal
stabilisation treatment and one thermal thinning
treatment of the thin layesr (11).
10
9. The process as c¢laimed 1in any one of the
preceding claims, characterised in that in step c¢j,
prior to depositing of the polycrystalline silicon layer
{20y, a semiconductive layer (21) known as decoupling of
15 network crystalline, that 1s, having a mesh parameter
different to that of silicon monocrystalline, 1is

deposited con the receiver substrate.

10. The process as claimed in Claim 9,
20 characterised in that saild decoupling layer  (21)

contains polycrystalline silicon.

il. The process as claimed 1in Claim 10,
characterised in that said decoupling layer (21)
25 contains also silicon-based and another atomic species-

based semiconductor material.

12. The process as claimed in Claim 11,
characterised in that said silicon-based material

30 conductor is SiC or S8iGe.

13. The process as claimed in Claim 11 or

12, characterised in that depositing of sald decoupling
layer {21} and of the polycrystalline silicon layer (20)

35 is carried out continuously, that 1s, in the first

instance, by simultaneous feed from two gas sources,



16. structureofsemiconductoron insulator type (3), with reduced electrical losses, which successively
comprises a support substrate made of silicon (2), an oxide layer (10) and a thin layer of 20
semiconductor material (11), a polycrystalline silicon layer (20) being interleaved between the support
substrate (2) and the oxide layer (10), characterised inithat the polycrystalline silicon layer (20) has a
resistivity greater than 5,000 Ohms.cm. 75 17. The structure as claimed in Claim 16,

characterised in that it has an average resistivity greater than 10,000 Ohms.cm, or even greater than
50,000 Ohms.cm. 30 , - - :
respectively polycrystalline silicon of the other atomilc

species, then by feed only from the source of

polycrystalline silicen.

5 14, The process as claimed in any one of
Claims 9 to 13, characterised in that a new decoupling
layer (21) 1s alsc deposited on the polycrystalline
silicon layer (20).

10 15. The ©process as claimed in Claim 14,
characterised in that at least one stack constituted by
a polycrystalline silicon layer (20) and a decoupling
layer {21} 1is deposited on said new decoupling layer
(21l).

16. B structure of semiconductor on
insulator type (3}, with reduced electrical losses,
which successively comprises a support substrate made of
silicon (2}, an oxide layer (10} and & thin layer of

20 semiconductor material (11), a polycrystalline silicon
layer (20) being interleaved Dbetween the support
substrate (2) and the oxide layer {(10;, characterised in
that the polycrystalline silicon layer (20} has &

resistivity greater than 5,000 Ohms.cm.

17. The structure as claimed in Claim 16,
characterised in that it has an average resistivity
greater than 10,000 Chms.cm, o©r even greater than
50,000 Chns.cm.

30



