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METHOD OF FABRICATION OF HIGHLY HEAT DISSIPATIVE
SUBSTRATES The invention relates to a method for fabricating
composite structures 5 having high heat dissipation properties, dedicated

,p%%pggqﬁtes for the crystal growth of single-crystal laye fstgllfﬂfzgﬁ%oww
receive electronic devices or components or, substrates including such

single-crystal layers. These structures may especially be useful for
dissipating the heat generated by the said components during operation.
10They are particularly useful when said components generate a lot of

thermal engray, asfeqhj Wﬁﬂ&%@%ﬁﬁ%w%ee crys%?ﬁi Uy more

than 900 MHz). Indeed, if the temperature o the sin yeris
greater than a threshold temp@%ﬁﬁ@ i%’ﬁ@i‘%mponents could be disturbed
or even damaged. To overcome this drawback, the single-crystal layers

t Il is of a nitride semiconductor material having better
?LZréE‘Ear‘%y\fﬁa kﬂ?fbﬁ% 188 (Righ 'SRt ritl” WEE&I@Wﬁ%‘h structures
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components Stype of nitride semiconductor [RySre;
GrERRA LB Strates PUTIRAdBCOI BTty Relehyatalbull SiCiavalie <111> silicon or

bulk sammres,(mkag@samw% eciaflowsVekdie Bermalinpadancesf,
<111> S;j aﬂsaﬁpﬁghlre are too |é;h for some high power frequency
9505 @?ﬁﬁ)ﬁg QEF CRERGIRRE QEIEARH T eleased heat. Thus the
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SSGHicintyreRsthdrinal lemarypiardon tessingle-crpstehieyenms YB:6i808,796:
tiedeR: 20RB3EARAL 3P AIRAaRM IS could be disturbed or even damaged.

To overcome this drawback, the single-crystal layers are typically made
of a nitride semiconductor material having better charge carrying properties
(high saturation rate of carriers at high voltages, high breakdown voltages, etc.)
than materials such as AsGa. This is paiticularly true for HEMT (High Electron
Mobility Transistor) type components.,

To form this type of nitride semiconductor tayers, growth substrates
made of single-crystal bulk SiC, butk <t11> silicon or bulk sapphire (Al;O3) are
used.

However, the thermal impedances of <111> Si and sapphire are too high
for some high power. frequency appiications that require greater dissipation of
released heat. Thus the components could still be disturbed or damaged,

And single-crystal bulk SiC is 2 costly material, although it is a reference
maierial in terms of heat dissipation.

Thus there is a need for a substrate which dissipates sufficiently the
thermal energy at low cost.

To this aim, US 6,328,796 and US 2003/0064735 disclose the
manufacturing of composite sitructures using & wafer bonding technique
comprising the following steps:

- providing a substrate and a wafer with a top single-crystal layer therecn,



30manufacturing of composite structures using a wafer bonding technique
comprising the following steps: providing a substrate and a wafer with a
top single-crystal layer thereon, 2 forming a bonding oxide layer on the
substrate and/or on the top layer; bonding the substrate and the wafer
such that the oxide layer and the said top layer are at the bonding

interfsentedusingithe wader oy Iervinb diatenslayer banded o thger,;
substrate via the oxide layer: forming thus said structure, heat treating this

struBRRES HERRHIREAR BoRdity WaTe DS B R RAgEbeare the

deveglgnadhpwadays i treussliagvaterisssh as Smart Cut(tm) (whose
general description is fully explained,in the publication

| (CONEBNHNSUATR TR FECISREIDET Riatevaisendes o firsibsiate
(JeapsRiesre:GfaLilNeEF o @LBand &tehSiicon On Insulator).

The structure finally obtained comprises the top layer on the oxide layer

on tHEFSHURE. Hife TSP IayE: iR AR 6 aBphife, si <111> sic

or aD}fﬁ‘ﬁI@?ﬁ s%amﬂadé@tqnéﬂ@é%ﬁéiﬁ@é@@}tﬁédm@ﬁ@&w@ acgriicef§ the

a useful layer therean, e,g. made of a material far high frequency . . :
WalimAbAS R OUREG R Ao RSP R AR BBR i the
pukﬂi@fthﬁﬁ@@ﬁiﬂﬁﬁ@mtﬁ%@g@&; T RGA R conduativii - in mo@ir, 2"

to dissipate_the heat pr e components. ... Singe the cryst
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insuring BydbRitepiiaxky, dusinrideceastsy Prowding Mnessubstiatexitiedayer
on gl%g%l%tal quality. It is for example possible providing a substrate made

Eﬁﬁalline material, like polycrystalline SiC ("polySiC").
Thesekinsls pfeanmpgitetsirucige soaredhehtiorsiess tosihsilanthase other
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Additionally, the substrate is chosen for having high heat dissipation
properties — i.e. a high thermal conductivity — in order to dissipate the heat
produced by the components.

Since the crystal quality of the useful layer during growth on the
composite structure is insuring by the fop layer, it is not necessary providing the
substrate with a high crystal quality. it is for example possible providing a
substrate made of a polycrystalline material, like polycrystalline SiC (“polySiC”).

These kinds of composite structures are therefore less costly than those
of single-crystal SiC while still being a good substrate for the growth of a
subsequent useful layer and still having good heat dissipation properties.

But some designed components still require a better heat dissipation.

Embodiments of the invention seek 1o increase again such heaf
dissipation while still fabricating a structure at low cost.

In accordance with a first aspect of the present invention, there is

provided a method for increasing the high heat dissipation properties of a



Embodiments of the invention seek to increase again such heat

dissipation while still fabricating a structure at low cost. In accordance

with a first aspect of the present invention, there is provided a method for

increasing the high heat dissipation properties of a 2a composite

structure, said structure comprising: @%support substrate made of a
corRpby&igsEling meateHRl W%%%ﬁﬁi@%ﬁ@ng@@g@@ﬂi@&&@aﬁérmf a

bulk sinﬁle crystal silicon_substrate having the same dimensions, a top

poligueialing o7 alerEamHeIaBRE! HRABH ORI RRFSHBREiEaehan a bulk
sin§HPBRJEHbalEate anskthadoplaver ebarmatetrediRihial itLomprisgRa made

step of dissolving at least a part of the oxide layer bg submittir}g the

of aifivaipd it RN AN EY R PEGUERD HifGLpRErE Bykstrate and

ithel@pPialre-ARFhEtE ke dynnientbaihdaterninesdp efdekidradyce: thest a
thickness of the oxide layer b_%/_oxy&?en diffusion through the top layer. 3 .
Pab#idPBftieRal BHEF R e IRIRU BRI E A Rl (PaReheat treatiperhyn an inert

or fHEDENE0MPUSS fleriBgARMmiidedarer i tharfupstrale-aned Yot deesiopined
. layer, and contacting the top layer with the substrate such thar%,&we ,oxidﬁ
In pderdy i?&f‘ﬁ?e%‘ﬁ?eqf%@@?e% of the RagaUAKE! L¥nPHEE prolibfigrathrough
thed@polgubstrate having said top layer therein, and the method further
comprises, between step b) and the heat treatment, a reduction of the
thickness of the donor substrate for only keeping the top layer bonded to
the support substrate; it may further comprise a step of
implanting atomic species in the donor substrate for forming a weakness
zone beneath the top layer, and said reduction of the donor substrate
comprises supplying energy for detaching the top layer from the donor at
the weakness zone; the thickness of the support substrate may be
reduced by application of heat treatment and/or chemical treatment and
/or application of mechanicals forces (CMP ..) before bonding; the
predetermined temperature may be between 1100C and 1300C,
preferably between 1200C and 1300C; the predetermined duration may
be about two hours; the oxide layer after bonding may have a thickness
between 10 nm and 1000 nm, and more particularly between 25 nm and
50 nm;



4 the top layer after transfer may have a thickness between 25 nm and
1000 nm, preferably around 100 nm; the substrate may be of
polycrystalline silicon carbide ; the heat treatment may be under non
oxidant atmosphere for example hydrogen or argon atmosphere.
According to a second aspect of the present invention, there is provided
use of a structure obtained by the method according to the first aspect as
a substrate for the crystal growth of at least one layer made of a material
for Higfhgreeiuitaitsyl applisatensiBRIBEDESCRIAIONOF THE FIGURES

Other char risti je ! tages of the invention W'U&ap ar
clearer in tﬁ‘tg%eé cﬁ%%@%*b%m%ﬁg%%ﬁgsﬁgtgg @f}et & %II&'/_‘W# ~ guebstrate
anfiffires: the ioigleger showsensehisnatie dagsgectidthviesaftsttratisich that

theagg%[gi%éq(gzqgoéfip{h%rﬁmem&%ures 2A to 2C show the different steps of

a process of manufacturing the structure.  Figure 3 shows steps of a
process of thamafatiifeg aarerasplprovistingtarel dDETAlitEDate having said

toﬁ?!@i&ﬁ%@w%Eh@%%@ggé%e\fv%mprises, between step b) and the

008/096194PCT/132007
heat treatment, a reduction of the thickness of the donor substrate for only

Keeping the top layer bonded to the support substrate;

- it may further comprise a step of implanting atomic species in the
donor substrate for forming a weakness zone beneath the top layer, and said
reduction of the donor substrate comprises supplying energy for detaching the
top layer from the donor at the weakness zone;

- the thickness of the support substrate may be reduced by
application of heat treatment and/or chemical treatment and Jor application of
mechanicals forces (CMP ..) before bonding;

- the predetermined temperature may be between 1100°C and
1300°C, preferably between 1200°C and 1300°C:

- the predetermined duration may be about two hours:

- the oxide layer after bonding may have a thickness between 10

nm and 1000 nm, and more particularly between 25 nm and 50 nm:;



5 Referring to figure 1, a structure 50 from which the treatment
according to the invention will be processed, is shown. The structure
50 is a composite structure arranged for being highly heat dissipative, i.e.
it is able to dissipate more heat than a bulk single crystal 5structure
having the same dimensions. Thig structure 50 comprises a support

substrate 24, an xi yer 30.and a semicanductor, top layer 10.
The support subgga%gé%%ﬁreﬁ% Sé%vqlf%?é/s ﬁ}'&u?éﬂ%‘&(ﬁ% iQehwpsn 25 nm
argadPeutfizisnetarskie ssotypica obhundreds of micrometers. 10The

#EpYpks obfmindreds of micrometers. 10Th
oronerios, it aH e o BT M e SR cysta

properties, i.e. it Is sipate
substrate hdhd'&® Seeadimensmnsd hisdeaterial istifther madeehare for

erWpQQ%}E?&ggﬁlO@l@@rpg@@&ggﬂg}gw crystalline quality. It can be

formed of a polycrystalline ycrystalline Diamond, or other, or of at
least S B NGtHe Sespatedais seuiketl thrcoase théretheiomhehtap lRy8Fovided

&048 of at| ystally teri The top layer 10 may be of
usSiC, giﬁ%@?ﬁ%%ﬁ#&g&cryﬁgﬁ%g rgta %giafcﬁgrgg]@ax a eo??'tﬁé gpect as a
suRsiale iy shak anatch witaiGeaslattiedarat theneadld heatses! for high-

fre&mg%ggblpg@ﬁghs_zome top layer 10 may alternatively be of a
combination or a superposition of at least two of these materials and/or a

superposition of several sub-layers. The top layer 10 may be adapted

for receiving ebdm@‘&@@@@@&ﬁg@%ﬁ@%ﬁ%ﬁ@ ; E@fng a

substrate for the subsequent growth 250t a a useful layer
for HigRSfeGharegtapiplieatiopkiects, Aredrdidyaotiysmventibe, thedopion wil

apba@r dRisadvaniagenuslyhi, 'Eeﬁ%lﬁ}f%ﬁf%i% ?Sd\l/i?tpst%%?e%ﬁ%%/r:zéé tiho%wing

__about 1000 nm. For example, the top layer 10 may have'a
figy&sveen around 25 nm and 1000 nm, preferably around 100nm.

Figure 1 shows a schematic cross-section view of structure according to
the prior art.

Figures 2A to 2C show the different steps of a process of manufacturing
the structure.

Figure 3 shows steps of a process of manufacturing an example of
structure.

DETAILED DESCRIPTION OF THE INVENTION
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30The insulating layer 30 is an oxide layer, buried in the structure 50,
located between the support substrate 20 and the top layer 10. The
oxide layer 30 is of an oxide of the crystalline material of the top layer 10
and/or of the top part of the support substrate 20.  For example, if the
YobAUFEPUG4is of silicon, the oxide layer 30 is of SiO2. Its thi¥KHERETiegss0
be between less than 50 nm, and mdre particularly 5 between around 10
nm and 100 nm. Referring now to figures 2A-20, the manufacturing of
this structure 50 can be done by a wafer bonding technique, Especially,
referring to figure 2A, the manufacturing can be firstly  implemented by
providing a wafer 70 with the said top layer 10 therein, the top 10Iayer_10
lying atehesufacdigithe watericidetioinga frantiayer eBAreal BOFiaNng

18Q.0f ?%Wﬁr AP+ e @ C@ggggdlgst consists of bonding the wafer 70 to

the support substratepz such thati g\%p layer 10 is adjacen'; to the
bondingtéHake et dntagroashjiarsérbetting s fystyiimptengentedybyeat

dslipkmowni k5 hondippideehniguni{sesoier axampls, "senigoag) #OLrysial
afer Bondin %cience and Technology" by Q.-Y. Tong and U. Gosele™- a
%%" Uret%?gg?gnt & 5ﬁmf%é1ﬁ8%?€’j8ﬂﬁson Wiley & Sons, Inc - for more

iley In -
detailSyiF huis;dorexainptesmeteculauppndingmfihydrophitic surfaces e 30

M@g@%{g&%%b%q;q)mlliq@ay be done. Well-known cleaning steps

may be implemented just’before bonding. Optionally, a plasma

treatmélit YR afdisE e SthelifshméavysodasastobeBondets =im, it

H@ﬂ@%ﬁibﬁﬁ@ﬂﬁ@iﬁﬁ@@#ﬂn@éﬁ@:iaghg&gagﬁstrﬁ]wg'%g ?(()e(l;r;asl
' is implemented. Before bonding, the oxide .
formotlon HE o VG L8 artlof 2 S0 the ubsFAE 35, 16V B Bk

cinstibeton dinginteface aftés bbldingdissipate more heat than a bulk single
crystal substraie having the same dimensions. This material is further made of a
iow cost material, like a material with low crystaliine quality. it can be formed of
a poiycrystalline SIC, polycrystalline Diamond, or other, or of at least two of
these materials stacked one onto the other.

The top layer 10 is of at least one crystaliine material,

The top layer 10 may be of SIiC, Si<111>, or another crystalline material,
An advantage of the Si <111> material is that match with GaN lattice and then
could be used for future GaN growth .

The top layer 10 may aiternatively be of a combination or a superposition

of at least two of these materials and/or a superposition of several sub-layers.

The top layer 10 may be adapted for receiving electronic or
optoelectronic components or for being a substrate for the subsequent growth
of a useful layer, like a useful layer for high-frequency applications.

According to the invention, the top layar 10 is advantageously thin. is
thickness is advantageously less than about 1000 nm. For example, the top
fayer 10 may have a thickness between around 25 nm and 1000 nm, preferably
around 100nm.

The insulating tayer 30 is an oxide layer, buried in the structure 50,

located between the support substrate 20 and the top fayer 10.
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The oxide layer 30 may be formed by oxidation of the top layer 10 and / or
of the substrate 20. For example, if the top layer 10 is of Si (111) or
SiGe (111), S102 layer 30 may be formed at the surface by deposition or
thermal oxidation. 30Alternatively, the oxide layer 30 may be formed by
WEFSLHIBAEF aggregates constituted of the oxide material. P&TERAMHPIB0950
SiO2 aggregates may be deposited." WO
2008/096194PCT/1B2007/000950 7 Alternatively, both surfaces of the top

layer 19andthe substrate 20,may alégeh@@h%*i&%@fﬁ{ef%g%%gﬂ%@e&% top

(esither b delplosition or by oxidation. The pararmeters of the formation

P¥fk el dherdiRastehtirtireskrd e has a
predetémminethibickiiess fos keingia tbermaldoariae sheweenthe 19Br si0.,.
layer 1Qsaﬂf|l the ggbstéat% ezg) e ﬁ%esrrinﬂﬁ:g '%ure 2_B, Elge SLerstrartt% i%(a) fy
and the wafer 70 are bonded tog&tieriich thathe Bkidl fafdt so™R
loeatedratthendrite riacends Pheviously explained. Optionally, at
least opgslep OfheRlipGiAddBionaYly dBPIRTRRLRH. Rl Sriniwing:he so
bonds at the interface. ‘ _
can be done by a wafer bonding technique.

Especially, referring to figure 2A, the manufacturing can be firstly
implemenied by providing a wafer 70 with the said top layer 10 therein, the top
layer 10 lying at the surface of the wafer 70 defining 2 front layer on a rear
portion 60 of the wafer 70.

A second step consists of bonding the wafer 70 to the support substrate
20 such that the top layer 10 is adjacent io the bonding interface.

Advantageously, the bonding is firstly implemented by well-known
bonding technigques (see, for example, “Semiconducior Wafer Bonding Science
and Technology” by Q.-Y.Tong and U. Gosele — a Wiley Interscience
publication, Johnson Wiley & Sons, Inc — for more details). Thus, for example,
molecular bonding of hydrophilic surfaces or surfaces rendered hydrophilic may
be done.,

Weli-known cleaning steps may be implementad just before bonding.

Optionally, a plasma treatment of one and/or the other of the two
surfaces to be bonded, followed by canventional annealing or RTA treatment
(rapid thermal annealing), is implemented.

Before bonding, the oxide layer 30 was formed on the top layer 10 and/or
on the substrate 20, for being burled at the bonding interface after bonding.

The oxide layer 30 may be formed by oxidation of the top layer 10 and /
or of the substrate 20.

For example, if the top layer 10 is of 8i (111) or SiGe (111), SiO4 laver 30
may be formed at the surface by deposition or thermal oxidation.

Alternatively, the oxide layer 30 may be formed by deposition of
aggregates constituted of the oxide material.

For exarnple, Si0O; aggregates may be deposited.
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Referring to figure 2C, the wafer 70 is then reduced such that the whole
rear portion 60 is removed. Only the top layer 10 is kept. Any
technique of wafer reduction may be used, such as chemical etching
technique, lapping then polishing, Smart Cut(r) technology which is known
BEHECEHS the skilled person (see for example " Silicon-OFFH{EiA4gpo0950
Technology : Materials to VLSI, 2nd Edition " from Jean-Pierre Colinge in "
Kluwer Academic Publishers ", p.50 et 51), taken alone or in combination.
In particular, if using the Smart Cut(r) technology, the wafer 70 is
implanted prior to bonding, with atomic species (such as hydrogen, helium
or a 90 cohsirtien obthe twdecedidtithendtonaiciSpecies)atienergy 20 may
andidasmoeisrins o el e Ag0us Al oaltiean ! A AR0 UL elassi o

1
the thickness of the top layer 10. The implantation may be car

before or HRPRIAMAGHETHE SareliapetIbemmiaiysneentreipdrgidly that the
hasbeenieperiesoih Smastaetnrie s Ao RANBHSESSUPRYIRGrmal barrier

-Suitable ene like thermal /or 25mechanical energy) for rupturing
5 E%%Vr%%sﬂa Fv?—%/ t(gg) By 10 By s’;%t?%rmﬁ ?

the e Zone oOf Weakness %Ietaching the rear portion 60
from the topftayieg 10. ligurdRBptionalbtepeid ftishimg tay pelishiiy 2R nded

cleapip@R Ianr)imavemplemented ?sfﬁ%ﬂ%sg &g ‘éﬁé@%%%c%” %rsdelgeft\%ousiy

have a smooth and homogeneous top layer 10 but also to cure poten
defEREHEE to the 30implantation step. Other steps may also be

provided Gitiomallimifatieiagaerding tor thedavgntomdally impiemented for
209@/{98?(:11:?4%%Tk%§§007{ O(:)n 5 The obtained structure 50
comprises ccesswefygfheef\opia 7110, the oxide layer 30 and the

support sﬁb&fﬁt@ZQ.figu@A’Zﬁea&ﬁ&rwﬁﬂ@miissthmnimplmmrstedwimanthmntrhole
or regdusaABHeSO et R ike é;Fﬁ?ﬂwBrtE‘sé{e‘?é%?fi@m? here or a mixture

of them. 5The heat treatment is proces such that the oxide layer 30

reduces MHIGHBELL B P OXFRITRAHGERN IO BGH 87 topdayisr d®MRel etching

tertenaiture, angiiing dsatiosicdite BaaltrealmeRiAR AN whrser iown per

el T STl e St e R AR R B
Materials to VLS8!, 2nd Edition » from Jean-Pierre Colinge in « Kluwer Academic
Publishers », p.50 et 51), taken alone or in combination,

in particufar, if using the Smart Cut® technology, the wafer 70 is
implanted prior to bonding, with atomic species (such as hydrogen, helium or a
combination of the two, and/or other atomic species) at energy and dose
selected to form therein a zone of weakness at a depth close to the thickness of
the top layer 10. The implantation may be carried out before or after forming
the thin oxide layer 30. Finally, once the bonding has been carried out, Smart
Cut® technology comprises supplying suitable energy (like thermal and/or
mechanical energy) for rupturing the bonds at the zone of weakness, and thus
detaching the rear portion 60 from the top layer 10.

An optional step of finishing (by polishing, CMP, cleaning, RTA...) may
be implemented afier the reduction step, in order to have a2 smooth and
homogeneous fop layer 10 but also to cure potential defects due to the
implantation step.

Other steps may also be provided, with no limitation according to the

invention.
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10Additionally, the thickness of the top layer 10 may also have been
chosen, when forming it, for inciting the said diffusion. Indeed, the thinner
the top layer 10, the faster the diffusion. This diffusion may also be
accelerated by the fact that the atmosphere is chosen inert, as it can be

WEREK $iSt the boundary conditions. 15In particular, the fAIGRARY7/000950

reaction occurs at the surface of thesemiconductor layer 10 if the inert
atmosphere contains argon and the top layer 10 is of silicon: Si +OI ?

SiO? For increasing the efficiency of this diffusion, a previous
deoxidation of 20the surface of the semiconductor layer 10 may be done.

But the main parameters affecting the time of diffusion is the anneal
temperatire S A TS tRIRkHGe B (R 1B San T ECRRTLIGR Al r 96, ver 10, the
Fexidgagsies therdhihientimrannedisigeso aditions to dissolve 2 nm of
interfacial iRy Wit A0 OMAT foRiSishidr ilPNE T F &%ﬂaﬁé%ﬁsghere,

a mosEhere, 25are: 1100C for 2hr, or 1 200C for 10 min, or 1 2
nf'ﬁef Ao Oy oe L RIFRCS R BRIReCl dr Ao 5t & REAL treatment are

then cha$ent3efioirécitiog: an smaisbal axygempitbe auslelaver3iQ:ces in

dlﬁ%%%é@é?%ﬁ&?:,‘?g%’ﬁ diffusion through the top layer 10. The temperature and
the duration of the heat treatment are then chosen for inciting an amount of
oxygen of the oxide fayer 30 to diffuse through the top layer 10 rather than in
the bulk substrate 20.

Additionally, the thickness of the top layer 10 may aiso have been
chesen, when forming i, for inciting the said diffusion. Indeed, the thinner the
top layer 10, the faster the diffusion.

This diffusion may also be accelerated by the fact that the atmosphere is
chosen inert, as it can be deduced from the boundary conditions.

In particular, the following reaction occurs at the surface of the
semiconductor layer 10 if the inert atmosphere contains argon and the fop iayer
10 is of silicon:

Si+ Q-+ SioT

For increasing the efficiency of this diffusion, a previous deoxidation of
the surface of the semiconductor iayer 10 may be done.

But the main parameters affecting the time of diffusion is the anneal
temperature and the thickness of the top semiconductor layer 10.

For example, the minimum annealing conditions io dissolve 2 nm of
interfacial Si0;, with 100 nim of top Si <111> layer 10, in a Ar or Hy atmosphers,
are:

— 1 100°C for Zhr, or
- 1 200°C for 10 min, or
- 1 250°C for 4 min.

The temperature and the duration of the heat treatment are then chosen
for inciting an amount of oxygen of the oxide layer 30 io diffuse through the fop
layer 10.



10

f—
tn

layer 10. WO 2008/096194PCT/1132007/000950 9 Then, the thickness of
the oxide layer 30 decreases by a predetermined value. Additionally,
the thickness of the top layer 10 may also have been chosen, when

forming it, for inciting the said diffusion. 5Particularly, the thickness of the
‘t‘é%ﬁ%‘ﬁ?%ﬂfﬁ%“iand the temperature of the heat treatment detéfniifer 095
mean reduction rate of the oxide layer 30. More the thickness less the
rate. More the temperature more the rate. For example, said
thickness and temperature may be predetermined such that at least about

0.5 angsHoms pRIKAIRYIEreh@ddR: iR 3aMMaaneduction talerls mineg
reached. To this purpose, for a temperature of about 1200c, a thickness of

Vae{L@i“ single crystal layer 10 is chosen less than 2500 angstroms. Only
the dératitomelifheérkedtitiestnentfisiitbetvmeegasary tenegntiebidfave been

g R R B RS of v top layer 10 has

beencHserHyr ferltivmyése okide lnpelegerbltaapeetisdamipedvatuef iiye
héaplementingdbeneattieatment with apiedstersingd dywiatienansha viore
thgrﬁx(ajg&%re@si, ggstt rgegtrgtﬁgée the temperature more the rate.

For example, said thickness and temperature may be predetermined
such that at least about 0.5 angstroms per minute of oxide layer 30 mean
reduction raie is reached. To this purpose, for a temperature of about 1200°C, a
thickness of a 5i single crystal layer 10 is chosen less than 2500 angstroms.

Only the duration of the heat treatment is then necessary to control for
acourately reducing the thickness of the oxide laver 30 by a predetermined
value, |

Alternatively, the thickness of the top layer 10 has been chosen for
reducing the oxide layer 30 by a predetermined value by implementing the heat
treatment with a predstermined duration and a predetermined temperature.

The predetermined temperature may be chosen about 1000°C — 1300°C,
and especially around 1200°C and/or 1300°C.

The thickness of the top tayer 10 may be between around 25 and around
1000 nanometers, the predetermined temperature is about 1200°C and the
predetermined duration is between around 5 minutes and 5 hours.

The heat treatment may be processed for removing the whole oxide layer
30 or a part of it.

The final structure 50 after this heat treatment does not comprise some
oxide layer 20 any longer or comprises a thinner oxide layer 20 between the top
layer 10 and the substrate 20. Due to the low heat dissipation of an oxide
material, the heat dissipation of the whole structure 50 is improved after having
removed at least a part of the oxide iayer 30. |

Another advantage of the diffusion of oxygen under hydrogen
atmosphere is the diffusion of contaminated particles, like boron atoms, trapped
at the bonding interface. Indesd, the heat treatment under hydrogen
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The predetermined temperature may be chosen about 1000C - 1300C,
and especially around 1200C and/or 1300C. The thickness of the top
layer 10 may be between around 25 and around 1000 nanometers, the

redetermined temperature is about 1200C and the predetermined )
%ﬁ’ré??é’rﬁ'%@%‘etween around 5 minutes and 5 hours.  Th&RE&B2007/000954
treatment may be processed for rerﬂ%ving the whole oxide layer 30 or a
part of it. 25The final structure 50 after this heat treatment does not.
comprise some oxide layer 20 any longer or comprises a thinner oxide
layer 20 between the top layer 10 and the substrate 20. Due to the low

heatdissipation=9f sacddednairiab e haahdissinatian Qi sharwhale aver 10

50 is impr: fter havi oved at least a part of the oxidé
f;é%‘%tg}%%Eé8&%&%)%%?%2%%?%%{%%98%ir?nﬁjg?Brjlaé’%i)ggen under hydrogen
atmosphere is the diffusion of cort@mniriated-paatieles, like boron atoms,

d at the bending int Indeed, the heat freatment er ,
hytogen- W 2008k 008 Lo C 1300000650 auGsphbrs 4y 1ol 167
thE S E R N dit dtoffe tRfERsh eh @ ebiprlayering antl thefroved electrical

evapeeatien at the surface of the top layer 10. 2 B + 3 H2 ? B2H6?

As the boron decreases the resistivity of the HR Silicon, the final ,
SstrUCtUF S0 Fra Ve BrinlBrrac bt BeReH By iy niBfovetycrystaline

eleetiécl propertiesport fuirthetmnae, aueito itberipaarorystalliBevayalifg final
0 stalli ri upport substrate 20 and to it .

tk%?rﬁpagl%%&nrgugv@y% ?ﬁ%%ng{e%tﬁgg?a%ﬁé 0 thgéeﬁigéefq%e % ér?tgéénr%@ps for
réSEMRRI NS Fapisasmps deerease) without leading to siip lines formation with a

final temperature that could be up to 1300°C. The manufacturing costs are
conseguently reduced, thanks to the decrease of the time of manufacturing and
to the choice of the bulk substrate, while the heat dissipation properties of the
final structure 50 are increased.

Finally, the silicon HR (for “High Resistivity"} is not necessary. There
could also be applications requiring electrical conductance at the substrates and
therefore inducing the use of other materals.

Description of a particular embodiment

Referring fo figure 3, a polySiC substrate 20 is bonded to a Si (11h
wafer 70,

The oxide layer 30 is formed on the silicon wafer 70 andfor on the
polySIiC substrate 20. The oxide layer 30 on the wafer 70 is formed thermally or
by deposition, while the oxide tayver 30 on the polySiC is formed by deposition
by PECVD (Plasma-Enhanced Chemical Vapor Deposition) or LPCVD {Low
Pressure Chemical Vapor Deposition). The thickness of the giobal oxide laver,
which is here SiQO;, is betwaen around 25 nm and around 50 nm.

The Smart Cut® implantation of the donor substrate 20 prior 1o the
bonding leads to the formation of & weakness zone 15. Then, the transfer of a
thin Si (111) layer 10 fo the substrate 20 is obiained afier application of
mechanical forces and/or by heating in order to break the mechanical bonds at

the weakness zona 15.
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10 temperature increase (or decrease) without leading to slip lines
formation with a final temperature that could be up to 1300C. The
manufacturing costs are consequently reduced, thanks to the decrease of
the time of manufacturing and to the choice of the bulk substrate, while
Yt 1e84t°6i¢4ipation properties of the final structure 50 are iRErEHERET/000950
15Finally, the silicon HR (for "High Resistivity") is not necessary. There
could also be applications requiring electrical conductance at the
substrates and therefore inducing the use of other materials. Description

of a pagl ' Referring to figure 3, a polySiC
substrat%cg%ﬁf I?:)nd élB tgor}gusc’lh(ﬁrl? {){\)/gi‘eglr1 ei(&kgg\&r%l oi%é: RapErisgrbly
RAShREd DR BIRGH R TeRarioro heiie jolySic sulistraie (201 Therter
oxide layer 30 on the wafer 70 is formed thermally or by deposition, while
the oxide layer 30 on the polySiC is formed by deposition by PECVD
(Rlasmlgﬁ ﬁ%%‘r?%%% &fhé%}%ﬁyfa@a%r ‘BlsediabmBnscH (tesy interface is
DRFASSEUr & \C e thivahdl apeaDepositing) Hdheticleassef the globalsed for
gxige) ich , il een around 25.nm and around 50
nm, %ﬁ%ﬁ%ﬁ %ﬁ(@%{%éﬂ%&@(ﬁ% t?lé)aftr:i%)f’yé;regu lﬂ}‘tsa?g SO BriBEaRyment
thégdirathgicadetietsenramsarised webkeess 260801 5TheasME, more

transfer ofzmohio Shikld)iayerdle o the mra&%qgﬁé@%&r{m%&?ﬁég;,

ion of 30mechanical forces and/or by heating in ord
LRI & e BB DBRE AN O 2 e of oot
2008/6963 94PRC THER2007 /600930 kleAs¢olySiSimay be rough for
bonding, the LPCVD oxide 30 is preferably polished to reduce such
roughness before being bonded to the Si (111) wafer 70.



The bonding is obtained by molecular bonding and the interface is 5
reinforced by a thermal treatment. This thermal treatment is also used for
dissolving the insulating layer 30 by diffusion of oxygen. This thermal
treatment is realized at a temperature comprised between 1150C and
1250C, more precisely 1200 C, for around five minutes to five hours
(preferably, for 2 hours), under an atmaqsphere comprising hydrogen or
argon: or a mixture of both. 10As a ~the oxide layer 30 is entirely
dissolved. 12 Claims 1. Method for increasing the high heat dissipation
propert ompasite structure, said structure comprising: a )
sEp%%%i%ﬁ%ra%ec?ﬁe%%g%ﬁ&ep%@cryse a‘ili(rj?'éLS %Paét{é?fél%ggﬁ]'éeg Helaf composite
didgipationspre sétidsrgreatmrritian:a bulk single crystal silicon substrate
e S e R R RS TAT s neat

and  an oxide layer between the sup strate an top layer,
cRaPRAdnz RIqRariseiTEoRpTides & Stelk Gl orviig ailsast supalieds theving
oxisl e dayeH Py=sdRinitting the structure to a heat treatment in an inert or
reducin atmosghere at a temperature and during a duration both

determm &Pl GroRIER ehacEv§ia trr kit gt aoxide layer by oxygen

diffusionrthucughstie tepiayearing sMethadascotdingde ¢laimpLiayberein
péjgrrg% tceliﬁség) u”'g!cma?tﬁp the oxide Ia%c%r i? formtijj_ on the substrate and/or
of e topiayer. HAH RS TN Tie? RidomackPIie fidabanars Qidhe oxide
theatethbsozidenidijey($)ds situbeiintésfacee 8t Methodraceoedingde: anyreBgeing
of the precedin ' omprising,providi donor substrate
havinagsaif toip%a%@ t e%?ﬁw,saﬁn%%@qu@iﬁgj&rgt{ ic nghssdc% {ﬁrgr%:h&ordes o
Jepsrat& R ibpy keesih§thexbielagee bbnded te theiBupisortisuhsihates top
4g)ethod according to claim 3, further comprising a step of implanting
atomic species in the donor substrate for forming a weakness zone

beneath the top layer, and wherein said reduction of the donor substrate

Compsises suRphIRg apeseion detashing e top layaifiemntheLonaratyiqe

the Weaknessﬁz]one. 5. Method according to any one of the preceding .
RS SWREPETh tRetEnTHosHiarR RBEEBNHS (o 'anar1 808 prisreria is
wetveerd 200 ChantiSONE sUkd that the oxide layer(s) is at the interface.

3. Method according to any one of the preceding claims, further comprising
providing a donor substrate having said top layer therein, and reducing the
thickness of the donor substrate for only keeping the top layer bonded to the

support substrate.

4. Method according to claim 3, further comprising a step of implanting atomic
species in the donor substrate for forming a weaknass zone beneath the top
layer, and wherein said reduction of the donor substrate comprises supplying

energy for detaching the top layer from the donor at the weakness zone.

5. Method according to any one of the preceding claims, wherein the
temperature is between 1100°C and 1300°C, preferably between 1200°C ang
1300°C.



6. Method according to any one of the preceding claims, wherein the
duration is about two hours. 7. Method according to any one of the

preceding claims, wherein the oxide layer after bonding has a thickness
between 10nm and 1000nm, preferablysbetween 25nm and 50nm. 8.
Method according any one of the preceding claims, wherein the top layer
after transfer has a thickness between 25nm and 1000nm, preferably
afolfiRiYOARTOINgdtndiay e Riilg toress bitecbtithe. preeeding eldinasion is
whesgindbentopdayer is made of silicon carbide, and/or silicon <111>. 10.
Method according to any one of the preceding claims, wherein the heat
treatment is under hydrogen atmosphere, argon atmosphere or a mixture
cPboikihdd. ddsemfray stsuaturerabtaingd hydhednethoddecaifingitp @ReBide

th e ing claims,as a suhstrate far the crystal growth of at least one

1S, BF dé‘ 4 eer{-'? 4
layer m%f er%%pg Hhistelliat f%r%h@%{}f'r%sq?? ¢y a pﬁ%ﬁ?oﬁgg 1000nm, preferably
between 25nm and 50nm.

8. Method according any one of the preceding claims, wherein the iop layer
after transfer has a thickness between 25nm and 1000nm, preferably around
100nm.

9. Method according to any one of the preceding claims, wherein the top layer

is made of silicon carbide, and/or silicon <111>.

10. Method according to any one of the preceding claims, wherein the heat

treatment is under hydrogen atmosphere, argon atmosphere or a mixture of
both.

11. Use of a structure obtained by the method according to one of the
preceding claims as a substrate for the crysial growth of at least one layer

made of a material for high-frequency applications.



