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1 SEMICONDUCTOR STRUCTURE ON AN EXTREMELY ROUGH
SUBSTRATE Field of the invention and prior art The invention relates to
the field of substrates or 5 structures fof producing electronic
components, and to methods of producing said substrates or structures. It
also relates to techniques for assembling layers or substrates on rough
|ayBMI CORIGHTS D SHAREC TUB PP cableRE SBRNETNH LIREFIE I KYRSERMT E
10 patrticular silicon on insulator (SOI) type structures. As illustrated in
Figure 1 Q a Ia)éer 4 of sigcon in which the
SrOper-AreToente e Bha-Bercath-which a buried oxide layer 2
is forméthT hiswxité layer constittes nstilkioh Ik 18tEyRIrcHts S ©F
anRd shargesLderving lemdanized pasislasollalseprgvidemgeqd and to
insulaion betueen neiaiboring eamponents Jaaued in the,sarme siigon
layeér, and in paﬁlcu ar it substantially reduces stray capacitance between
said neigibGHkCCorRBG e s CPh& 20MMicon g8y drtesiies 9rrd Lo avers
suhsteate Sowhich acts: asaugtechanicat sopparbdipically sthessuperficial
siicon 1aygr 4.5 28gy; AQANOMeleEs (UBLEAAA0NB bick bl (he o
oxide layer 2 is of the order of several hundred nanometers 25 thick, for
eREMPRAITHMS ThAF e Bt strdthd < b S&Emtem?y & -Shbx-~
type prodessidilisatwafet bondifigiueehdiqueial relics orneRRcofErPrise
bandilger 4 of silicon in which the components proper are

located, and beneath which a buried oxide layer 2 is
formed. This oxide layer constitutes insulation from
stray currents and charges deriving from ionized
particles. It also provides good insulation between
neighboring components formed in the same silicon layer,
and in particular it substantially reduces stray
capacitance between said neighboring components. The
silicon layexr resides on a silicon substrate 6 which acts
as a mechanical support.

Typically, the superficial silicon layer 4 is about
10 nanometers (nm)} to 1000 nm thick, while the oxide
layer 2 is of the order of several hundred nanometers
thick, for example 400 nm.

That type of structure can be cobtained by a “SIMOX”
type process or by a “wafer bonding” technigque that
relies on molecular bonding.

After producing an assembly such as that shown in
Figure 1, electronic components can be produced in the
superficial silicon layer 4. It thus constitutes the
active layer; the oxide layer 2 is an insulation layer;
the substrate 6 acts as a mechanical support and allows
the assembly to be processed.

Proper operation of a component produced in layer 4

ig linked to various parameters, one of which is heating,



After producing an assembly such as that shown in 30 Figure 1,
electronic components can be prod&ced in the superficial silicon layer 4.

It thus constitutes the active layer; the oxide layer 2 is an insulation layer;
whicihe sustrate, § acts,as;a meghanical;support.and allows, the.assemblto the
be processe_d. 35 Proper operation of a component produced in layer 4 is

COMPYIRBE to various parameters, one of which is heating, 2 which can

stbstantiaiheimit e perforatahes of #é: chApORBAL. ThESTherFBurter on
1 nsu preblemwith-finding & semicondugior onrigsulator type structure;amd auch 2

st rudiefped of produeing sych a, structure.-in whigh the performance of e nent s
components subsequently produced in the layer of semiconductor is not

subs fifiRa by heaifg 61e lesd limitéd by nEdting thar U kAOWA Shtidtures® ot
1imitrdandtiyer aspedtraf thedmvention] kmewnitechhigtiesfor Asserblingthan in
knowinaterals.do-nat allow bonding of substrates or layers which have

rQqughness of more than a certain limiting value of the order of 0.5 nm root

&éanaé?q%%ﬁﬁrn?sﬁ?&c&vhi% ikt to-polish, ot which GoEPIdLes” fox
assegheémistry WHieH is2d6t condueive t6 boRHING Y fiokscular boHdiTg: ThusS  ©F
laye Hereisiam ogcasionalieathiodiond Matetials eaetn having:roughnessini ting
valu%b%\fe %%'Q “g}ﬁl v%%e,oorSatIg%s];ggg %e?’&@cgéﬁl%'ﬁl@uu%%@‘}’”srb@ which

as chemistry that is not _conducive to bonding by molecular bon

S chemistry . ! ding, o
are fifdrd shéh 4 matetiaPRith Aayer'orsubstfate ‘of Enatetial f'ﬁ%%%?la;gs not

conducive to bonding by molecular bonding.

Thus, there is an occasional need to bond materials each
having roughness above said limiting value, or at least one of
which is difficult to polish or has chemistry that 1s not
conducive to bonding by molecular bonding, or to bond such a
material with a layer or substrate of a material that may

itself be compatible with direct bonding or molecular bonding.

Description of the invention

In accordance with a first aspect of the invention, there
is provided a semiconductor structure, comprising:

« a substrate or a base layer, having a surface with
roughness of more than 0.5 nm rtns or having
chemistry that is incompatible with molecular
boﬁding, and having thermal conductivity of more
than 1 W/cm/K;

« a layer of material selected from semiconductor

materials;



itself be compatible with direct bonding or molecular bonding. Description
of the invention In accordance with &irst aspect of the invention, there is
provided a semiconductor structure, comprising: a substrate or a base

layer, having a syrface with roughness, of more than 0.5 NMyins oshaying;een
chemistry that is'incompatible with molecular _bonding, and having

thermal condBctiiPSFmare” that 1 WAdH/K:* 8¥&er 6Fateriaf sefedt&f  ©F
fromsemicoridicicrl meterials;s2h fa tay et terhratthetfonding fegetals,
located betwesn.the subgtratershasedayer apdithe layer of materialyer  of
selected frogm%ecrg;?gng%%tgr mag%riq_jﬁbgvhererin thg(poggi g I%;er and .-
the layer of semlconéluc 6f matérial aré bonded by molecular bonding. 3

said layer 6f$ehhiednductor material and the bonding layer can be bonded

by molecular bonding even if the substrate or the base layer formed over

it has roughness that is above the accepted limiting roughness for

molecular bonding (which is about 0.5 nm rms) or if said substrate or

base layer formed over it is difficult to polish or has chemistry that is
incompatible with bonding by molecular bonding. Thus, it is possible to

use a substrate or a base layer formed from a material such as diamond

or aluminum nitride



(AIN), for example, which is chemically inert, very difficult to polish and
which, even after mechanical and chemical treatment, has roughness that
is much higher than the accepted limit for bonding by molecular bonding.
Further, said materials have high thermal conductivity of more than 1

watts percentimetge pet kelvin, W/ or, 10 WienvK. Gompenentsicans i ng
thus be gro uced in the Ia%er of simlcc%?du tor material, in_particular

LavehoRl compBREAE high POwEFEdmpohehts brfadiofrequéncy (RF) 15e “2 ¢
or tbemperrents,zittce fechest released arbe evatusied by tHd :Giibsirateabove
the WhieBpaets as adeat-sinky Breferably, thessuriacgafthe bonding laygr (which
is a}]:;aockilng H‘e S%Ir{l I%%]sd )UCEJOLI ”%%te@%'ﬂa I%Cﬁg%%%g%glsé?,n% g]:éatl@g%gaformed

nm from the maximum peaks or bumps on the surface of the substrate or |
over ihd baseTayért ihidi optimizes BxioRatior 6f the hedttfdhsférpfopeitis 13
inconptheljperdayer dfcsilitong towards the:substratenAnriatermediate layer

can @lso be-provided befween the substrateandsthehonding layerssuch ayer
formag in %rmediate Iagarr hafna_ther al con%u%iv% goeﬁricieni _{tlQnatZ%% in tpﬁ fride

Fahge fr8im thal"6fthe onding fayerto tiator the substrate of the baseé
(A1NlayeF oris highar than tHat of thessubbiafecerlthe bagerTayervSaid difficult
to piermediatenlayetisifermed droam Siligen aitride for-exaraple. 3adn chemical
trea@ﬁ%%@?”%%@m@éHEW%¥§§p€ﬁ5%“@§“mﬁ%ﬁoﬂigﬁ%% than tThe accepted
limit for bonding by mclecular bonding.

Further, said materials have high thermal conductivity of
more than 1 watts per centimeter per kelvin (W/cwm/K) or 10
W/cm/K.

Components can thus Dbe produced in the layer of
semiconductor material, in particular power components, high
power components or radiofreguency (RF) type components, since
the heat released can be evacuated by the substrate, which
acts as a heat sink.

Preferably, the surface of the bonding layer facing the
semiconductor material 1s located at z distance of at most 10
nm from the maximum peaks or bumps on the surface of the
substrate or the base layer, which optimizes expleoitation of
the heat transfer properties of the upper layer of silicon
towards the substrate.

An intermediate lavyer can alsc be provided between the
substrate and the bonding layer. Such an intermediate layer
has a thermal conductivity ceefficient that is in the range
from that of the bonding layer to that of the substrate or the
base layer or is higher than that of the substrate or the base
laver.

Said intermediate lavyer is formed from siliceon nitride,

for example.



is provided a structure comprising two substrates or layers wherein the

first substrate or first layer has roughness of more than 0.5 nm rms or has
chemistry that is incompatible with Tolecular bonding, and having

thermal conductivity of more than 1 W/cm/K said structure comprising a

layer termad; dhe bopding layerdaecated betweenthedirst subsinate orfirsthere
layer. nd the second substrate or secon layer, 4 A I

is pél:ccorgiance With embodiments of the inve tlogl as e?gned}: égé\%e r%%y lgyers

wheredmpatisle With Hiolécthat PoRBING of tﬁé%?;fer oPSShicHRduCTon HateRSE ©F
more tothebonding tayetris accordance withranother aspect ofithe inventipg,tible
mththﬁfc?léscwpﬂde%m%&d of preducing a gemigendictor éHH%'&% Qel@y of

substrate or on a base Iayer hameg roug hness of more than 0

more o Hieing chdidty thafisIncomp \?nthc?ﬂ%ié&ﬁépgondmgagna "MRermed
the havidgtherhaleondactivigyofresres tranthw/chi/kssaid whathegte or first
1 aye sompHsingdhe deliowing steps: afesming adayer dermegkthe bonding layer

directly on the substrate or base layer or on an intermediate layer with a

thermal conductivity coefficient that is in the range from that of the

bonding layer to that of the substrate or base layer or is higher than that

of the substrate or the base layer; smoothing said bonding layer; bonding

a layer or substrate formed from a semiconductor material to the bonding

layer



by molecular bonding. The structure according to embodiments of the

invention may be an SOI structure, for example, the semiconductor

material being silicon, and the bonding layer being a layer of silicon

dioxide. In accordance with another aspect of the invention, there is

provided-amethed of joinieg or assemblingtworsubstratesivefdyers each the
i nve Mt roughness.af mare than 0.5 NMFMSQr having chemisty:that isclecular
bonclJncomp tlglge[m h mé)lecgﬁarsbé)ﬂrlld}:ncq,} %aé% mretpnochorf Eisigg: {%rmi 24in

Jrg%r? medth %%naing ayer direc ﬁl/ G- the first stbstrate 6n each ?a%/er 9
Layexo be assembled; bonding said bonding layers together by molecular

bonding: 4adkraccordanceswith aaether aspect of theninventiem there isthere

is pP%%%x%%aAﬂ%@eﬂ@éi%@ng%@&m ling two,subsirates Qr layerser ure on

wherein the first substrate or first layer’has roughness_of more than 0.5
a SUBftAASS GFhaYCHemiEns that S hcompaibId with imolctfar bonding? =22"
0.5 and having thermal @ondyctiviteofimbre tham W/chy K, jandthieasesdid with
moleéeﬁétfgt%gh%@,d |?é/§a_ h%\.’ﬁ}ﬁi’i@ﬁ’@l@@é&%ﬁ less-tham. 0:5 pAMS csaidrore
enanfT Sl FATELCIS oIS et I O i e gl on

+ forming a layer termed the bonding layer

directly on the substrate or base layer or on
an intermediate laver with a thermal
conductivity coefficient that is in the range
from that of the bonding layer to that of the
substrate or base layer or is higher than
that of the substrate or the base layer;

* smoothing sald bonding layer;

+ bonding a layer or substrate formed from a
semiconductor material to the bonding layer
by molecular bonding.

The structure according to embodiments of the invention
may be an S0I structure, for example, the semiconductor
material being silicon, and the bonding layer being a layer of
silicon dicxide.

In accordance with another aspect of the invention, there
is provided a method of joining or assembling two substrates
or layers each with roughness of more than (0.5 nm rms or
having chemistry that is incompatible with molecular bonding,
said methoed comprising:

« forming a layer termed the bonding layer
directly on the first substrate on each layer
to be assembled;

« bonding said Dbonding layers together Dby
molecular bonding.



rms; bonding said bonding layer directly to said second substrate or
second layer having roughness of lgss than 0.5 nm rms by molecular
bonding. Brief description of the figures Figure 1 shows a known SOI
structure; Figures 2 to 4 show various structures in accordance with the
ihventiom Fghres 51 id'5BIsHelEVarfsiikestépSih & hfetHad 8P broducing 7€
is plostiuatureof thednyention; Figures and T=shoswrbthenstruetaresupstrates
or lg%%gancghvg@ejt&e IQ%@II?}g%aIIQQ%SQQ@n gtembodimentsyer nas
tire 2 shows afirst example of a structure in accordance with the
roughpgetich’ IR fiGh” réferent® 16'designates a substrate * (preferably
formed from an electrically insulating material), reference 14 designates a
layer or substrate formed from a material selected from semiconductors,
for example silicon or germanium (Ge) or gallium arsenide (GaAs) or
silicon-germanium (SiGe) or 1ll-V semiconductor components or 1l-VI
semiconductor components, and reference 12 designates a bonding layer
located between the substrate 10 and the layer or substrate 14. 6 The
substrate 10 is a substrate with a rough surface 15, or has roughness of
more than 0.4 nm rms or 0.5 nm



rms. It can also be a surface with chgmistry that does not accept
molecular bonding or with chemical properties 5 that are incompatible with
molecular bonding. Said substrate can, for example, be in the range 100
or hmicromatarst(Pym)itb 20millimetersofnpm) fhiclke Invptihciple lbondiag byonding,
and Mplecilarbonding cannotbe: catried Qut, gfds verydifficuliio-canty odba the
on a 10 substrate or a surfac% ith such [ou,%tlness see in_particular Q.Y,
SeCORY N SUGRG2 GHs8lk, SEMICShdUMISH MoTectlat bondiny: Stiente and © o
0.5 mMechnslogyaWileypeedciepioerp 8673999). The substrate 10 can also
be formed from a matefiahdl5 thatis difficult torpelish, 1 Be ronghaessof layer
jess than 0.4 nm e, ol .9 Am.fms 8N pLbvche ghpnalallerNolishing e ; -

for a very long period: in pra(\{tice, then, such a material can never be

used with roughness'8Fies thah" 6.4 1 FME 7 B.5%m Ang 20 fRe 0-° o
mechanical strengthrof an assembly comprising, for example, such a
substrate and @ |ayS69Ei%lﬂ%5”§£e.Léor1@%§Qﬁ%@ a sgnisopductermaterial, s 51 d
assembled by molecular gonding, can Ee measured b mean of the hay ]
bonding wave, for Eample by infrared transniission QZ%iHroug %ificon, or 19
by transparency in Hel64see6f trafdparéftMatelafl or By acoudtic rms by
microscopy in the presence of metallic tayers. It can also be determined

by measuring the bonding energy using the blade technique (described

by W.P. Maszara et al., J Appl Phys Vol 64, 30 p 4943, 1988, for

exarmple)-8 Bient température dndiin

« Figure 1 shows a known SO0I structure;

aMpie) -8 Sbient temBbé

» Figures 2 to 4 show various structures in accordance
with the invention;

« Figures 5A to 5D show various steps in a method of
producing a structure of the invention;

« Figures 6 and 7 show other structures in accordance with

the invention.

Detailed description of embodiments

Figure 2 shows a first example of a structure in
accordance with the invention.

In this figure, reference 10 designates a substrate
(preferably formed from an electrically insulating material),
reference 14 designates a layer or substrate formed from a
material selected from semiconductors, for example silicon or
germanium {Ge) or gallium arsenide (GaAs) or silicon-germanium
(S1iGe) or I1I-V semiconductor components or TI-VI
semiconductor components, and reference 12 designates a
bonding layer located between the substrate 10 and the layer

or substrate 14,
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the hydrophilic case, said energy is greater than 60 millijoules per square
meter (mJ/m2), for example greater than 70 mJ/m2 or 100 mJ/mz2, if

bonding is effective. 35 Thus, the achieyement or otherwise of bonding by
molecular bonding can be determined by measuring the mechanical

strength. 7 Diamond or aluminum nitride (A1N) are examples of materials

that can baaisedder thetsubstraies 18: thels rotghaesd thwell abowe theirface
value 00050 s e, Jauohnesg okdiamendds in e rangecio mma,
to'5 100 nm rms; that of aluminum nitride is of the order of 1 nm rms, or in

th&T8nge b5 ffFmAd RPLE Bnfrid rEaidsmEeidisHrethehfidal erie s
partitulacaepen usihg pudductbsndias "carol {amixhre basédwroperties

sulfric agid.and hygrogenieroyide),apd Sok(a mxtyre, 40 hgsed oy q
ammonjum h%/dromde, %drogcen gﬁromdbe and v#ter)fgrrlefgrail?é%, the
suBSHakE 76 s ftthed trom & Miateral with %irhig therfar con uctivity,
fomegaPPRE eicre than 10%/émd, bsiigehe casel fordidmend or 15
aluminummitideAddY (&2 Wisri koA dayeiol vase dayesoitselhon annot be

substrate, can also be used in Ijola e g%the L{__bsérate %gr cgﬁéhelg) h%ve
a thic lﬁ}é%é:o %%\’/e%]ftelnss of nm , %} exé?n%ﬁre in ?hecrang% 50 nMm ton300

N HPRE Fidt8rigtfof sEATART2 0V A ES TS 84 E PHIHEITES astRGse ™
deseribed@bavedn the Tong and U. Gésele, Semiconductor

Molecular bonding: Science and Technology, Wiley-
Interscience, p 86, 1999).

The substrate 10 can also be formed from a material
that ig difficult to polish, i.e., roughness of less than
0.4 nm rms or 0.5 nm rms can only be obtained after
polishing for a very long period: in practice, then, such
a material can never be used with roughness of less than
0.4 nmm rus or 0.5 nm rms.

The mechanical strength of an assembly comprising,
for example, such a substrate and a layer or substrate
formed from a semiconductor material, assembled by
molecular bonding, can be measured by means of the
bonding wave, for example by infrared transmission
through silicon, or by transparency in the case of
transparent materials, or by acoustic microscopy in the
presence of metallic layers. It can also be determined
by measuring the bonding energy using the blade technique
(described by W.P. Maszara et al., J Appl Phys Vol 64,

p 4943, 1988, for example): at ambient temperature and in
the hydrophilic case, said energy is greater than

60 millijoules per square meter (mJ/m?), for example
greater than 70 mJ/m® or 100 mJ/m®, if bonding is
effective.

Thus, the achievement or otherwise of bonding by
molecular bonding can be determined by measuring the

mechanical strength.
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case of a substrate alone: this material is difficult to polish, or has
roughness of more than 0.4 nm rms or 0.5 nm rms, or has a surface with
chemistry that is incompatible with or which will not accept molecular 25
bonding, or wherein the chemical properties are incompatible with
molecular bonding. As an example, diamond or aluminum nitride can
either b&iatherfdrmnf Heimibstrate b 1 dve fOMANOf atgyerorples of

3%@5&@%@%@{%@5&@3 isdformed fropy 30mdiconnior example .Theeir
iamond or aluminum,hitride can deposited by a.CVD type technigue.
ThE'® pfleesss?onlﬁsu %%tegbvﬁﬁﬁegeglﬁa%?f%gsia%s?e't%ers}g{tv%ﬂs' e
alFsraatives sTie lage r T2 ebmedthé o nafRAIay el aRE dffef 3%

mecbanital-ard chreicas freatruenton palishingehass rodghnessdhatkis of
'efsé{l:ha'}rﬁﬁltmhé Sii[hl?heé“?]z_bé the, matgrial of the subgiralg 10,0 be

bonded with the layer 8 or the substrate 14 formed form a semiconductor

material St Sidstriaté k§er 12 iS P&t Rbly orimtied to-thePBBRAING: =~
layee 42 byimgleoutaibondinguirnone example, the layerti@4de fbmsegl on
framsiligon S.dioxidgnly Cﬁ%@ﬂ%@% farmed fram a material of the niighire
K. coefficient" twh a?_it %e d{e%%:rlbgd Erthee I\/!R§a Pou}lclegré Mag;h
25’@2 127, f athe s Dlslectics 16 Mid68REronice™
exahples of such materials are hafnium oxide (HfO2), zirconium oxide 10
(Z2r02), alvaiing 1203k radyltsisipraxidelY208). formed from a
material with a high thermal conductivity, for example
more than 1 W/cem/X, as is the case for diamond or
aluminum nitride AIN (3.2 W/ cw/K).

A layer or base layer, itself on a substrate, can
also be used in place of the subsgtrate 10. It can then
have a thickness of several teng of nm, for example in
the range 50 nm to 300 nm. The material for said layer
hag the same properties as those described above in the
case of a substrate alone: this material is difficult to
polish, or has roughness of more than 0.4 nm rms Or
0.5 nm rms, or has a surface with chemistry that is
incompatible with or which will not accept molecular
bonding, or wherein the chemical properties are
incompatible with molecular bonding.

As an example, diamond or aluminum nitride can
either be in the form of the substrate or in the form of
a layer on a substrate, which substrate is formed from
silicon, for example. The diamond or aluminum nitride can
be deposited by a CVD type technigque.

The expression “substrate” will hereinafter
designate these two alternatives.

The layer 12 is termed the bonding layer, and after
mechanical and chemical treatment, or polishing, has
roughness that is less than 5 nm rms. This enables the
material of the substrate 10 to be bonded with the layer
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A further embodiment is shown in Figure 3, having references which are
identical to those of Figure 2 when designating identical or corresponding
elements. The structure shown in this figure includes a further layer 15 16
intermediate between the bonding layer and the substrate 10. The

thermal conductivity coefficient of this intermediate layer is in the range

from thheofthesboading ydragmisst dfake sabsrate orisnijier thaterial .
thah ef t(f\@t&&&ir@ée.l%%& anexpiplesios adwndinglayee fermetirame
silicon.dioxi i1Q2), with a ther dyctivj efficient of 0.01

V\%gmﬁ%, a%ngf%g?%?digr%vo% s&i’gﬁlef%\%thgt%gﬁ%a conductivity of 20 | _
Wiem/K, Hh fsmisthae ! fyef 8Esifidsi Ritrlde @3&%‘?&8&%@%,%&110%
thisi 2 ngderialThasca therinad cbed detivity Coéfficrent abel.8MAMAKE Wille

a layer 12, formed frp) a,high Kooeflicient ypednateriahliconjuliden che
Si3N4can also be used as the intermediate layer. 30 Preferably, the
misidP Ot iR er 18 FERr o ré&idtafit’or SblectivethaR thHATof tRe ©2 -
laPerel? as rmegardephisicochémital treataéntseorarpregardst pelishing
f#gk@q%gag% ﬁ%@ﬁ*ﬂﬁmi@w?@Sh@ﬁ@oboy\/l%\&?{]c&ﬁihl& mgtedal of
ayer 16, it is referable to select a material with properties as
regé%)sz bond %%“Bynr%olgeséfﬂ%? bond f}]é: t%F are simnar 'Egeg Qt%%t)bge of the
material &f fieleher1 2rbretieefsy 1s shown in Figure 3, having

references which are identical to those of Figure 2 when
designating identical or corresponding elements. The
structure shown in this figure includes a further layer
16 intermediate between the bonding layer and the
substrate 10. The thermal conductivity coefficient of
this intermediate layer is in the range from that of the
bonding layer to that of the substrate or is higher than
that of the substrate.

As an example, for a bonding layer formed from
silicon dioxide (Si0;), with a thermal conductivity
coefficient of 0.01 W/em/K, and for a diamond substrate
with thermal conductivity of 20 W/cwm/K, an intermediate
layer of silicon nitride (Si,N;) is sufficient, as this
material has a thermal conductivity coefficient of
0.3 W/ em/K.

With a layer 12 formed from a high K coefficient
type material, silicon nitride Si;N, can also be used as
the intermediate lavyer.

Preferably, the material of the layer 16 is far more
resistant or selective than that of the layer 12 as
regards physico-chemical treatments or as regards
polighing such as mechanical and chemical polishing.
However, for the material of the laver 16, it is
preferable to select a material with properties as

regards bonding by molecular bonding that are similar to
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hydrophilic or hydrophobic molecular bonding. Figure 4A shows a
structure similar to that of Figure 3, but the roughness in the upper
surface of the 5 substrate 30 has been gxaggerated. The bonding layer
22 has been polished to skim the upper peaks 32, 36 of the surface of the
substrate 30. These peaks create heat conduction channels which will
encoiage heahansiee bebneertthersilicomtayeri24 apt <10 ée sdhstrate

39,J8.Ayariation, 8@0‘9{%@5&?%3%&3’?}@% é%@%%%?%o?f&?ﬁ%’ondmg layer

22 is located at a maximum of 10 nm from the maximum peaks or bumps

of the subFHES 0 BpifPEhBattFiFeriFihe bk orBunkpéthentoy
theig&sabstrateuSucha thickyiess o distante=cairbe measuredat afiythe

timenior £xampie by, ellinsometey, £yga while she bonding layer is being
prepared. Thus, the roughness of the substrate is e Ioiéed so 20 %i/to N
encouragE ReRPRAHLTer BEertthe ibber Byere of 1R Stk WFich™®
comamelpatrdific Eampdnepfs, e Beriiasesoithe SubsHais Iy diiecase

ofidiagengdeheat tans{esbeneendbaqupprer dayerefslicos andithe will

diamond_substrate is 25 improved by a factor of abaut 60. T resultés
4
el B E ER NP AL A (ol WA an

cSrhporferts eamttius Be power components, which release a large
amount afrtheatvenergy stich ashinstilated gatenbipolaBtransistoss HGRES)2 5

of the bonrding layer 22 is located at a maximum of 10 nm
from the maximum peaks or bumps of the substrate to
optimize heat transfer by the peaks or bumps then by the
substrate.

Such a thickness or distance ¢an be measured at any
time, for example by ellipsometry, even while the bonding
layver is being prepared.

Thus, the roughness of the substrate is exploited so
as to encourage heat transfer between the upper layers of
the structure, which contain electronic components, and
the base of the substrate.

In the case of diamond, heat transfer between the
upper laver of silicon and the diawmond substrate is
improved by a factor of about &60.

The result is that the function of components formed
in the layer 24 is improved. Such componentg can thus be
power compcenents, which release a large amount of heat
energy such as insulated gate bipolar transistors (IGBTs)
and/or metal oxide on gilicon field effect transistors
{MOSFETs) and/or RF components (for high speed
operation) .

Typically, after polishing, the thickness of the
bonding layer 12, 22 1s in the range 5 nm to 50 nm, for
example, and the thickness of the intermediate layesr 16,

26 is in the range 5 nm to 20 nm.
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30 and/or metal oxide on silicon field effect transistors (MOSFETS) and/or
RF components (for high speed operation). Typically, after polishing, the
thickness of the bonding layer 12, 22 is4ig the range 5 nm to 50 nm, for

35 example, and the thickness of the intermediate layer 16, 26 is in the
range 5 nm to 20 nm. 10 A method of producing a component of the
inventiorpiswiesetbed betove with rateranestopkigaras bA tebd. ikigare- ion

5A shaws a,sybstyate 10,15, 5Quahpess hag een,greatly exaggeratgd.s o

Such a substrate has not 5 undergone polishir;i,otor cannot be polished

and has SSHIRES rfig e oPmitrbFougH T st that s ra gy iRG T Théas
adeeptedsiimi fdrvbending byaneldculaf bohdiag sfor séxarhpletasurfade
r%ﬁﬁ@%@%@x@%@i@ﬂ&ﬂ@‘?sﬁ:@ téan@@geéemadmss_(%ép Q30 REk

rms‘yift 100 nm rn'g,hlg SAn |Qtermced|qt§ layer 26é In t Is case forlr:neea fromthan
SI3NZ: - formedHn the substrate. This ?aliér fifotustha roughﬁess of the
uppt? SWtiietsidhé Wubstrary Itiseépositéy b plearid aanHameedng, for
chemirahvapor siepesiien {BEENR)er lew 15 pressure.Ghi:d £ GVD Her
E)EEEIEF . ding layer issubseqyently for. , er of
silicon (%o%ct@%igggs Prﬁ%éra%ﬁ{jége ?nsltia thlrc?ﬂﬁgsg) éfﬁg}%ﬁéﬁ:ﬁg\ier

2.8 to 3 led HEFAIRE 161 tRe ke 76ugHTb st ThE 2BBSFRETRS if rom
orderli , 206 obfairacftat day ertaftes wolishiag e .

This layer follows the roughness of the upper
surface of the substrate. It is deposited by plasma
enhanced chemical vapor deposition (PECVD) or low-
presgsure CVD (LPCVD), for example.

A bonding layer is subsequently formed, for example
a layer of gilicon dioxide $i0,;. Preferably, the initial
thickness of this layer is over 2.8 to 3 times the wvalue
of the surface roughness of the substrate 30, in order to
obtain a flat layer after polishing.

As an example, said laver initially has a thickness
in the range 0.5 micrometers (um) to 1 um, or in the
range 0.5 um to 10 um.

Said bonding layer then undergoces polishing, for
example by mechanical and chemical polishing. Certain
processes such as the shallow trench isolation (STI)
process {described, for example, in the article by
C.P. Chang et al, “A Highly Manufacturable Corner
Rounding Solution for 0.18 um Shallow Trench Isclation”,
IEDM 97- p 661), have high selectivity between the
nitride 26 and the oxide layer 22. Said selectivity
enableg the layver 22 to be smoothed until the layer 26 is
reached, which layer then acts as the stop layver for the
smoothing process.

A silicon layer or substrate 24 can then be attached

or bonded to the layer 22 by molecular bonding, using
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As an example, said layer initially has a thickness in the range 0.5
micrometers (um) to 1 um, or in the range 0.5 um to 10 um. Said bonding
layer then undergoes polishing, for 25 ¢xample by mechanical and

chemical polishing. Certain processes such as the shallow trench

isolation (STI) process (described, for example, in the article by C.P.
Changret e ArH ighbslyaputaciiahiel Cores fRodrding Soddtian foréhif and
quég@jeov%ﬂeéQf '1§8L%'°n 30 IEDM 97- p 661), have high selectivity

between the nltrlde 26 and the oxide layer 22. Said selectivity enables
the layer 32 16 bBSHOGRNED bRtPHRIaferblil criacheBsSwhtHIabEe ©
thesracts asithe sigp/tayebforthe rsmaogthingdpnocéss8sna sifoon layer
OLsyhstiale 24 G3p lben he-attachedsarRendestio hedaye2 b

é?se ecular bo dlr%g u5| 11 _known techlqalLJes foI am e o(s},lt rton-

§5n8 GB8& MR citdd ABbve: ﬁrrs poSsible {6 Bond a $hicon

s@rl@streae@ltem&), forfia thirtlageehy tHiwdingaagpolishinghne sre of
Suﬁ%@%,lwi@ﬁ&eﬂbg "S%BIbQ%” atechnigye asodesenbes: farigh-Speed
exam elnteartlc A.J. Auberto rve et al, " n Smart.Cut
c%ngge tjfwer?ﬁf:ure ol? m\{oglgctrénlcs ;?L?bllsﬁedalln tv%:-!%{o%ﬁna?7 f? Frhas.
High-Spé&d yatecﬁtéﬁaéé%dtwé%é\m@u@m TOFETR o) 9F 131P2%6°419
Inlyetanotiterdethnrigue formation of a poteuss fayes0f:sdiconferming a

p@Qﬁfgygﬁgpe§%F5example ag described in the article by
K. Sataguchi et al., “Eltran by Splitting Porous Si
Layers”, Proceedings of the 9" International Symposium on
Silicon-on-Insulator Tech and Device, 9%9-3, The
Electrochemical Society, Seattle, p 117-121, 1999. _

Thus, a structure such as that shown in Figure 5D 1is
obtained, which is similar to that of Figure 44.

Components can then be produced in the layer 24, in
particular power or RF components, and the subsgtrate 10
can eliminate the heat produced by them during their
operaticn.

A further implementation of the invention is shown
in Figure &.

It concerns connecting a substrate 40 or a layexr 40
with high roughness (more than 0.4 nm rmsg or 0.5 nm rms,
for example in the range 1 nm rms to 100 nm rms), or
which is difficult to polish or has chemistry that is
incompatible with bonding by molecular bonding, to a
substrate 50 or a layer 50 with the same properties. As
an example, the substrate 40 ig formed from diamond while
the substrate 50 is formed from diamond or ALN (aluminum
nitride) .

A bonding layer 42, 532 is formed on each substrate
as explained above, directly or with an intermediate
layer, also as described above. Each of the bonding

layers is formed from silicon dioxide, for example. It
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exploited, for example as described in the article by K. Sataguchi et al.,
"Eltran by Splitting Porous Si Layers", Proceedings of the 9th

International Symposium on 15 Silicon-pp-Insulator Tech and Device,

99-3, The Electrochemical Society, Seattle, p 117-121, 1999. Thus, a
structure such as that shown in Figure 5D is obtained, which is similar to

thiag of kiguredds iCamponentstearni theln ke proddced imthibdayén?24 bonding
20, pagicylarpower.Qr Ris components, and the substrate 10 can

eliminate the heat produced by them during their operation. A further
implemetitatol 6 thethvehtidh 1§ ShadAC Herigh 6.5 htdfterfs of the
cémrectinger saldstrate 40107 Al kyet 40owitkr hightroagtiness ghereithmhly

O A-rmamsi or QRN EMse fonexampledndBesange 1 nm rms to 100 nm
rms), or?ﬂgicgcijsr giff(ijcijlt to .:Peos"s? iorthlag chemistE that is 'ricoarggatibl@ the
with bonding by motecular boncﬁng,pto 2 30 Stbstrate s0Fer a Fayer Bo'With
theddie Properiie S As @h EvahhprRIIC serstid a0 i forafedrhaced by
diamencswhideidbe substraterk() isformed frogs diaarang. or AIN (aluminum

nitride). A handing layer 4. 52 s formed,qn,each subsyate, 35 35 11,

explained above, directly or with an intermediate layer, also as described

aW&%ﬁﬂ@%oﬁﬁ%@a@e??@fb‘?ﬁ%ﬂ?ﬁdﬁg shicSHRfgGGE Fof© ©F 2
example. 401 2 lisithehepabsifie toBstabtishaliosid yrmintecutanhoritiog

roughness, and is in any case more than 0.5 nm rmg, for
example in the range 1 nm rmz to 100 nm rms, or has
chemistry that is incompatible with bonding by molecular
bonding, to a substrate 60 or a layer 60 with chemistry
and roughness that are compatible with bonding by
molecular bonding, the roughness being below 0.5 nm rme.

A bonding layer 42 is formed on the substrate 40,
directly or with an intermediate layer as explained
above. The bonding layer is silicon dioxide, for
example. It ig then possible to establisgh a bond by
molecular bonding between this bonding layer and the
layer or substrate 60.

The foregoing description remains applicable if the
layer of silicon or semiconductor material is replaced by
the layer or the substrate 60.

In the last twoe cases, the material of each
substrate that is difficult to polish or has roughness of
more than 0.5 nm rms or has chemistry that is
incompatible with bonding by molecular bonding, can be
gselected from the materials mentioned above (diamond,

aluminum nitride ALIN), for example.



between said two bonding layers. This method is advantageous when at
least one of the two materials is difficult to polish and is chemically 5 inert,
in the sense indicated above. The foregoing description remains
applicable if the layer of silicon or semiconductor material is replaced by
a rough substrate-bonding layer assembly. More generally, as illustrated
in Figure 7, the 10 invention also relates to connecting a substrate 40 or a
layer 40 that is difficult to polish or hasvery high roughness, and is in any
case more than 0.5 nm rms, for example in the range 1 nm rms to 100
nm rms, or has chemistry that is incompatible with bonding by molecular
15 doadirag, to a substrate 60 or a layer 60 with chemistry and roughness

that are 0@”&%@%8&%‘&*&@8@%9&%%@ ?:?’991 ng, .the roughness

being below O 5 nm rms. A bonding Iayer 42 is formed on the substrate

40, directly or with°4% T’r%t%?ﬁﬁao‘f’ateala?/%?%slg%ﬁarné@%gbﬁve The
bonding layer is Siifdoirdioxdde, forasiampte. Afisiien possible loestallish
a bond by moleeulat boncinghetweenthisbendinglayerpatiibes layerror

substrate 60. The foregeing deseription temains applicablef fhe 25 layer

of silicon or semiconductor material is replaced b%r/ "?T la er or the

substrate 60. In HTE ALt o cases. theThatetil bstrate that is
difficult to polishéoriifesfogghméds bt arhove 58l ©5 fﬁﬁfﬁms or has
chemistry that iSsemiconductor materials;

* a laver termed the bonding laver
located between tThe substrate or base layer and
the layer of material selected from semiconductor
materials,
wherein the bonding layer and the layer of semiconductor

material are bonded by molecular bonding.

2. A structure according to claim 1, wherein the substrate

or bhase layer i1s formed from diamond or aluminum nitride.

3. A structure according to <¢laim 1 or claim 2, further
cemprising an intermediate layver between the

substrate or base layer and the bonding layer, having
thermal conductivity in the range betwesen that of the
bonding layer and that of the substrate cr base layer, or
higher than that cof the substrate or base laver.

4. A structure according to c¢laim 3, wherein the

intermediate layer is gilicon nitride.

5. A structure according to any one of claims 1 to 4, wherein
the thickness of the bonding layer is in the rangs 5 nm to 20

nm.



30 incompatible with bonding by molecular bonding, can be selected from
the materials mentioned above (diamond, aluminum nitride AIN), for
example. 13 CLAIMS 1. A semiconductor structure, comprising: a
substrate or a base layer, having a surface with roughness of more than
0.5 nm rms or having chemistry that is incompatible with molecular
bonding, and having thermal conductivity of more than 1 W/cm/K; a layer
of material selected from semiconductor materials; a layer termed the
bonding layer located between the substrate or base layer and the layer
of material selected from semiconductor materials, wherein the bonding

lt?yer. andithe: layer etsemicand %@t%ﬁnm?r@har@@%@_%bwmg{e@uIanherein
ondin .structure according t im 1, wherein t trate, .

basr%gI Fail%grf}gﬁf%éng%}%%o% ldgi) a(r%lnct))%moig 8(; % um ir_ﬁf%L ln‘lé"[c_r)i eﬁéggas?ruﬁﬁ? X
accorting o SIaim e of Hait 2, FirtHer CombRing S inermatiatSayer
betaieen tire substrateconbaseigyger and the bonding layer, having

thermal conductivity in the range between that of the bonding layer and

tha; pf thg szébsté te or base | yer, or h}&her tharﬁtgﬁg of gh? sycpsé[at or

SLI Uure dCCcor To any. o C 1 wherein
base Iayer. structure accord?n?cfo C |mr§, whnerein {I}He

the semiconductor material is silicon, germanium, gallium
arsenide, silicon-germanium, or a semiconductor III-V or II-VI
compound.

8. A structure according to claim 7, wherein the structure is of
the 301 type.

9. A structure according to any one of claims 1 to 8, whersin
the surface of the bonding layer facing the semiconductor
material ig located at a distance of at most 10 nm from the
surface or the maximum peaks or bumps of the substrate or base
lavyer.

16, A structure according to any one of claims 1 to 9, wherein
at least one power component and/or at least one RF component is
formed in the layer of material selected from semiconductor
materials.

11. A structure according to any one of claims 1 to 10,
comprising at least one IGBT or MOSFET type component in the

layer of material selected from semiconductor materials.

12, A structurs comprising twoe substrates or layers wherein
the first substrate or first layer has roughness of mcre than
0.5 nm rms or has chemistry that is incompatible with molecular
bonding, and having thermal conductivity of more than 1 W/ cm/K
saild structure comprising a layer termed the bonding laver
located between the first substrate or first layer and the

second substrate or second layer.



intermediate layer is silicon nitride. 5. A structure according to any one of
claims 1 to 4, wherein the thickness of the bonding layer is in the range 5
nm to 20 nm. 14 6. A structure according to any one of claims 1 to 5,
wherein the bonding layer is formed from silicon dioxide (Si02), silicon
nitride (Si3N4), hafnium oxide, zirconium oxide, alumina, or yttrium oxide.
7. A structure according to any one of claims 1 to 6, wherein the
semiconductor material is silicon, germanium, gallium arsenide,
silicon-germanium, or a semiconductor I11-V or II-VI compound. 8. A
structure according to claim 7, wherein the structure is of the SOI type. 9.

A stricture maceorditg: te amy-ene Biclamshton8] hetein fthessufacefate
thepondingdayey [acing {hg seguicepducion mAlRIAlSIocaledaln nicride,

distance of at mgst 10 nm from the surface or the maximum peaks

bumps of & EGb8tr & oPBRsE 1yer> 187 A%tfuchile a?cec%?&lﬂg%%% ate or
oneofclaims Avior9 awherkineatiedsbond pdwer compondrant/ocany -

least one RF component is formed in the layer of material selected from

Se”ﬂLPO”dHCEQJnE'&%F?f@'éc%%rél B&#@W%%ﬁ?r%’%@ any gne of Clﬁlgkse%n

to 10, comprising at least one I1G ET type component in the
IayEP‘c:‘)f RRARAT skidERdfont SBRTcORdcTor Th%‘f’élrlgljso?’tﬁd%( strdciire™
compfisindetwd slibstrates: bitayers wisereim oxide, alumina, or yttrium

oxlde.

15, A structure acceording to any one of claims 12 to 14,
wherein the second substrate or second layer has roughness of
more than 0.5 nm rms, or has chemistry that is incompatible

with molecular bonding.

16. A method of producing a semiconductor structure on a
substrate or base layer having roughness of more than 0.5 nm
rms or having chemistry that is incompatible with molecular
bonding, and having thermal conductivity of more than 1
W/ cm/K, comprising the following steps:
» forming a layer termed the bonding
layer directly on the sukstrate or base layer
or on an intermediate layer with a thermal
conductivity coefficient that is in the
range from that of the bonding layer to that of the
substrate or base layer or is higher than that of
the substrate or the base layer;
« smoothing said bonding laver:
* bonding a layer or substrate formed from a
semiconductor material directly to the bonding
layer by mclecular bonding.
17. A method according to claim 16, wherein the substrate
or base layer is formed from diamond cr aluminum

nitride.



the first substrate or first layer has roughness of more than 0.5 nm rms or
has chemistry that is incompatible with molecular bonding, and having
thermal conductivity of more than 1 W/cm/K said structure comprising a
layer termed the bonding layer located between the first substrate or first
layer and the second substrate or second layer. 15 13. A structure
according to claim 12, the first substrate or first layer being formed from
diamond or aluminum nitride, whe eﬁg the bonding layer and the second
substrate or second layer are direcily bonded by molecular bonding. 14.
A structure according to claim 12 or claim 13, wherein the bonding layer
is foemed fremnstiican dioxidengiticonl aitride; hafritsrokite yieceniumhe
oxidg alumina, or itrim oxides 1p.A strdaiuts acearding-de;aiy, one of
claims 12 to 14, wherein the second substrate or second layer has
roughness of more than 0.5 nm rms, or has chemistry that is incompatible
with molecular bonding. 16. A method of producing a semiconductor
structure on a substrate or base layer having roughness of more than 0.5
nm rms or having chemistry that is incompatible with molecular bonding,
and having thermal conductivity of more than 1 W/cm/K, comprising the
following steps: forming a layer termed the bonding layer directly on the
substrate or base layer or on an intermediate layer with a thermal
conductivity coefficient that is in the



range from that of the bonding layer to that of the substrate or base layer
or is higher than that of the substrate or the base layer; smoothing said
bonding layer; bonding a layer or substrate formed from a semiconductor
material directly to the bonding layer by molecular bonding. 17. A method
according to claim 16, wherein the substrate or base layer is formed from
diamond or aluminum nitride. 15a 18. A method according to claim 16 or
claim 17, wherein the intermediate layer is formed from silicon nitride. 16
19. A method according to any one of claims 16 to 18, wherein the
bonding layer is formed from silicon diéxide, silicon nitride, hafnium oxide,
zirconium oxide, alumina or yttrium oxide. 20. A method according to any

fcl 1 t thi he thick th
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n layer 1Is more

@ﬁ?ﬁ@ar te Baseiayerreq. /f-\r%tﬁbalé‘c%rﬁWi&%ny%%@ﬁl&?ﬁ%ﬂdef
16 e 20} farther domprisingna step fodproduting at leastyorie powerxide .
component and/or at least one RF component in the semiconductor

su%trate orl Iager dzzccAO :@gﬁhog of j ajoml Or ass arglggn%two ilébstr%%ese%
layers, wherein tﬁ first substrate or firs ayer has “roughness of more
thaﬁﬁré%rnﬁPrrﬁ@Qﬁtﬁé@%heWﬁ%trWﬁ%%SS of the bondmg layer is

more than 2.8 times the value of the roughness of the

substrate or the base layer.

21. A method according to any one of claims 16 to 20, further
comprising a step for producing at least one power componant
and/or at least one RF component in the semiconducter

substrate or layer.

22. A method of jeoining or assembling two substrates or
layers, wherein the first substrate or first layer has
roughness of more than 0.5 nm rms or has chemistry that is
incompatible with molecular bonding, and having thermal
conductivity of more than 1 W/cm/K, and the second substrate
or second layer having roughness of less than 0.5 nm rms,
said method comprising:

« forming a laver termed the bonding layer
directly on the first substrate or the first
layer having roughness of more than 0.5 nm rms;

*+ bonding said bonding layer directly to said
second substrate or second layer having
roughness of less than 0.5 nm rms, by molecular
bonding.

23. A method of joining or assembling twe substrates or
layers having roughness of more than 0.5 nm rms or
having chemistry that is incompatible with molecular

beonding, sald method comprising:



incompatible with molecular bonding; and having thermal conductivity of
more than 1 W/cm/K, and the second substrate or second layer having
roughness of less than 0.5 nm rms, said method comprising: forming a
layer termed the bonding layer directly on the first substrate or the first
layer having roughness of more than 0.5 nm rms; bonding said bonding
layer directly to said second substrate or second layer having roughness
of less than 0.5 nm rms, by molecular b{(/)nding. 23. A method of joining or
assembling two substrates or layers al ing roughness of more than 0.5
nm rms or having chemistry that is incompatible with molecular bonding,
said method cornptiging; 1 1foratingalayer teeneddbedponding layer
directly on each substraje o101 gagh Lyt 1a be.assemblod:. ponding

said bonding layers together by "'molecular bonding. 24. A method

according to clamf ¥ ol Qidih 285fHat&Rthe material of each of the
substrates orlayersdgitly reaghnessddfmote tirars OB oot ners iswselected

from diamond or.aluainien BiFde ng .

24. A method according to claim 22 or claim 23, wherein the
material of each of the substrates or lavers with roughness
of more than 0.5 nm rms is selected from diamond or aluminum

nitride.



