10

15

20

25

30

.35

-1 SEM CONDUCTOR STRUCTURE ON AN EXTREMELY ROUGH

SUBSTRATE Field of the invention and prior art The
invention relates to the field of substrates or 5
structures for producing el ectlronic conponents, and to
nmet hods of producing said substrates or structures. It
also relates to techniques for assenbling |layers or
SHBKIFANBECBOR r STYHCT @R/ r QN 0N r BXHREMEDS tRGHES  SURSTRATE
appl i cable to sem conductor structures, in 10

particular silicon on insulator (SO) type structures.
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i pilagen layer resides on a 81llcon 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 ig of the order ¢f several hundred nanometers
thick, for example 400 nm.

That type of structure can be obtained by a “SIMOX”
type process or by a “wafer bonding” technigue 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 procesgsed.

Proper operation of a component produced in layer 4

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

heating, 2 which can substantially [imt the
performance of the conponent. Thus, there is a
problemw th finding a sem cénduct or on insul at or

type structure, and a nethod 5 of producing such a
structure, in which the performance of the conponents
suibbeluert | sulproarietal ln theit ayes wirfammnenduttidre

| Som@bndh#i ted by heating, or is less limted by
heating than in known structures, |In another aspect of
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l'ish h try that
’ﬁo?s%%r%m%é“?%e%réols R Cffglm Srﬂ:‘%/n ]

Ofulb ot botels sote hl By amed evhedh V‘hat\he ardLa_:;&'ﬁTESIf ofS ulxste a:thaan a

t it onp I Wt h
d’%rec%ﬁikl)ona’ﬂt{%? v%c feu% éer Casogrs:ep T oot mean
tW%mehtm@h, 25 |whicH jast Cés@émultt He inndeirsh orpr which
Ph DY d&%erﬁ‘is@ﬁm eI cL o1 St ré&i&ﬁ&vé%@rﬂcﬁ{d&g 153

substrate or base | ayer on a substrate, said
s‘[h‘bjs?‘Flé%%rokPO%d&'rrégbase | ayer having a surface with

T oughnBlSﬁs pfciwre ihah bEcddmsnBl DBy materials

t hat |
SO e Sy S et i aTue, ox at
skedsonouetof wirktlerial &£ facuRy ero tyeslnexh tdwe Heondi ng

l@ﬂ@ﬁié@fﬁlfﬁ%t is 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 a first aspect, the invention provides a
semiconductor structure, comprising:

. a_substrate or a base layer on a substrate,
said substrate or said base layer having a
surface with roughness of more than 0.5 nm rms,
or having chemistry that is incompatible with
molecular bonding;

* & layer of material selected from semiconductor’
materials;

¢ a3 layer termed the bonding layer located
between the substrate or base layer and the

layer of semiconductor material.
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35 between the substrate or base |layer and the |ayer

of sem conductor material. 3 Said |ayer of

sem conductor nmaterial and the bonding | ayer can be
bonded by nol ecul ar bonding e¥en if the substrate or

t he base layer fornmed over it has roughness that is
above the accepted |imting roughness for 5 nol ecul ar
bondi rigpi(dnhliaghe 1 s:ﬁk&nmidhrﬁiuﬂhqms@at(ﬁrﬁafl saidl the borlding
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co 20 hi gh onents or
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ayer

the su strate, whlch acts as a heat sink.

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

An intermediate layer can also be provided between
the substrate and the bonding layer. Such an
intermediate layer has a thermal conductivity coefficient
that is in the range f£rom that of the bonding layer to
that of the substrate or the base layer or is higher than
that of the substrate or the bass layer.

Said intermediate layer is formed from silicon

nitride, for example.
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that of the substrate or the base layer or is higher
than that of the substrate or the base |layer. 35 Said
internediate layer is fornmed fromsilicon nitride,
for exanple. 4 A structure ifh accordance with the

i nvention, as defined above, is conpatible wth

nmol ecul ar bondi ng of the |layer of sem conduct or

mat er i fal stouctierdoinlianrdedaarce Wid: itheentivantbE o as

PEOM{GES BodiRd hods of o A0S NG, 8 1P R GO U RHding of

structure on_ a supstrate or on a base | ayer

on, a
st tarer Qhi iRt DrE Tt Pade (HirelPelify laver.
di fficrd frordralich Orsdaptdigdeughieshcd PErdding a
0.5 nm rcﬁns, or havi chem str tﬂat is i nconpatki bl e laver
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t
base | ayer or is higher than that "of the substrate or
tHeflhse | ayer; snoothing said bonding | ayer; :

bondi ngda | eysafiigg & ubstemtee fordrechd nom@ 2P layer

sem conduct or terial to th ondi ng_ | ayer hy

nol ecul ar bcgjh]a?n%gfyﬁf% ik L%feqﬁ’ ) i ??1%6]%/5}1 ertion is O

an SO st r wot uim;erdietiabeandesr twid-ls e thorhuect or

mat eri al bel Ld § it b ' | ay '
%ﬁé%ﬁ%&aeﬁéﬁﬁ%&@%w 1 QYL B8l NGrie

| ayer of si e 1nvention al so

provi des a Feehothaf $biHhederding sy iy tilpt of the
substrates QiLdeyers SARLY tThyOUANESS hfhd®rnhdhathat

0.5 nm rrrs,%grtbei ng difficult to poli SEJCES‘-F havi ng

chenmistry tPhttRe FHRGMRLT Bt &% PIT &

bondi ng, ssasmbaEh g coidrivcidigig I0ay4or mi ng a | ayer

termed the %EEQ{E éayg§er or substrate formed from a
semiconductor material to the bonding layer by
molecular bonding.

The structure of the invention is an SOI structure,
for example, the semiconductor material being silicon,
and the bonding layer being a layer of silicon dioxide.

The invention also provides a method of joining or
asseﬁbling two substrates or layers each with roughness
of more than 0.5 nm rms, or being difficult to polish or
having chemistry that is incompatible with molecular
bonding, sald method comprising:

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

¢ bonding said bonding layers together by
molecular bonding.

The invention alsc concerns a method of jeining orx
assembling two substrates or layers with one of which has

roughness of more than 0.5 nm rms or is difficult to
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directly on the first substrate on each layer to be
assenbl ed; bondi ng said bonding | ayers together by

nol ecul ar bondi ng. 35 The invention al so concerns a

met hod of joining or assenbl Png two substrates or

| ayers with one of which has roughness of nore than

0.5 nmrns or is difficult to 5 polish, or which has
chebishr yot hahiclk hm@o@@@ti&tEymthit | evudepatible with
QRgﬁé@Qla?ngoﬁgfngthgﬂdh@Wéngt (god sérgﬁ]less

nmrne or 1S to pol |s or has chen1str
i shadnPat i BR TR t AT rrb‘F e2FAr t D ol h¥f %%uleﬁmhﬁmsstry
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FORDT E*HHAN 0.5 nmrms or which is difficult to
pol i sh or whAbechih@sa cheyest tyrhaattid bendingpnipstdbl e

th I d
to the substTATecDr O a7 MAvIRE FouRhroas el
than 0.5 nnreughnesswhf chore Eaxmy @ o5 polisks o@r Wi 1s
has chem S&H’fi@@it' %CQMPx ble whidh @A@%ﬂéﬁé@ry that

bondi ng, by, mol ecul ar bonhdi ng Brief description of

the figurests F%r@fa@répat%%%\smatlkm#@;da%twmm%

Fi gur eﬁ 3ht]QoAd§1|i@V\éélﬂﬂll§kb&$d:Sﬁg§ UT4pE S td e udsicate or
20 with the invention es SAto 5D show v ous
steps in a %%¥ﬁ53h%Ylﬂ%r{ﬁé%#?@F%.%{r%ﬁﬁﬁn ot éﬁéanm TS
i nvention; oFighiels bs asasy thMDbi@brostwhmmhuh&S|n

accor dance niio

description %%$Pn%9g %@%?SE% dﬂﬁé§5E§% f%h mOl?cular

exanpl e of howdiugt ube mﬁlemb@rdlam@wm t he
i nventi on.

Brief description of the figures

¢ Figure 1 shows a known SOOI structure;

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

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

e 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 (SiGe} or III-V semiconductor
components or II-VI gsemiconductor components, and
reference 12 designates a bonding layer located between -

the substrate 10 and the layer or substrate 14.
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In this figure, reference 10 designates a substrate
30 (preferably formed froman electrically insulating
material), reference 14 designates a | ayer or
substrate formed froma nateffial selected from

sem conductors, for exanple silicon or germanium (Ge)
or gallium arsenide (GaAs) or silicon-gernmani um

- (Si Ge)The $hbstiaeai LONDsca osuldSt canpontrh sa aroddh \Burface

ng‘oCQPdﬂg% 0£o&9ﬁ€59@£‘§”5 8P &k €6 eNCe, L2 desi anad &g,

ndi n ayer-l ocat ed between the substrate 10 and
t Hes| ayé\’— @@ns@b%@ rke ea 19urfacahel slypehemi - o fhaty does

sltﬂaﬁta&t:@pw &81&1&%%@1&@{1@@6011%1@1& cfl@ém:[@é:!grﬁhf@ﬁeﬁles

nor e t han al so_be_a
sERRBCRTGi Fﬁcefw%%g}@/ %‘ale fa%nl%m?ﬁ%lf %%Cilp?gm%ﬁﬁl ar
b@n]dsﬂgaeé ht EdsrermeahpbéppleétileStﬁetfmgearBoo

i nco bIe t cul ondi.ng bstrate
SRETREELEE Al R £ PPN g, B B e &

(um tbn29n1m¢1mb¢erhoﬁﬁnwgthycmol¢¢mkﬂrrh@mﬂxng cannot be

begﬁwgdbau{m'&w ry0opdh NEr CARDOt L b2 LA rdgd Qu . a

or I's very dif t to carry out, on a 10 substrate
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rough .
only Bgﬁ%b %?%g%ét%ter sﬁlng EEr&é f%%ﬁrgiﬁé%brlal

of a ver
p@hﬁ@dlsl@l%fh%@l%etotﬁmkﬁsbuch ea:n@@%@h@ﬁsﬁ: nevey than

be. ysed WhihotoplghngssrRE L8SSohdNbe Oolr MHRENBa PFe . 5

nmrmns. 20 The mechani cal strengt of an assenblg
cBﬂ%FF%F%@,f°¥o? %&%ﬁp}%ngsﬁ%ﬁl% subRtPERE TR 4 W%@ersuCh

04 @dbstialecah Olﬁeél‘iﬂélrfbé)nﬂl@eéem*@HHMMemt@f i Bdass than
cul ar_bondi ng, can be neasured by

néa sn%frTﬁeornE iWg WAVe, for exanple by infrared
transnThelmacﬁ&nihabughrsmgthoof an dysemahg perrapcysing,

tPSrcéﬁgmsie, 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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transparent materials, or by acoustic mcroscopy in
the presence of netallic layers. It can al so be
determ ned by neasuring the bonding energy using the
bl ade techni que (described by WP. Maszara et al., J
Appl Phys Vol 64, 30 p 4943, 1988, for exanple): at
anbi ent tenperature and in the hydrophilic case, said
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Oz 21 PHE-{ 8B4 L D3 10h M @Fogé@'ﬁef@;!f&éﬁ'aﬁq@r&fh%“r%ﬁ&e

inert, in partlcular when_usi ng. products such
"BaFed PR FHPRE b%%%ﬁoweSmﬂﬁ%E%&r%r%od%m%gen
pesextde) and Scl (a m xture 10 based on anmoni um

the SuBSTrerdong ey Tt T &0 TaCE o T &
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f 5 ]
FeLedt oy B Ao Yol s
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the Suﬁsiéy?’éﬁ é@ baié.e Ci dheN + have & thi Slnessaal, can
several tens };Hav? or exanple in the range 50 nmto
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has the same properties ag 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 rmg, 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.

Ag an example, diamond cor 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 technique.

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 layex
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0.5 nmrnms, or has a surface with chemstry that is

i nconpatible with or which will not accept nol ecul ar

25 bondi ng, or wherein the chem cal properties are

i nconpati ble with nol ecul ar bénding. As an exanpl e,

di anond or alum numnitride can either be in the form

of the substrate or in the formof a layer on a
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S A8 fotfn | JRERONGE, WAL 470 AQVE Bl Mndiifre cate

Thieebedisr e ef oryldicnael ecpraibsibl yexunnkees eaf t9:qthe

br%‘@éf‘ﬂaiéyﬂe 1§aﬁﬂlxﬁm|§££&@r (Rendi NG1 AR ARG exakRl e,
the | ayer formed from SI licon 5 dioxide. It can

PHe @&Hﬁl@dwfr%zgahat%?ql aYt%‘FllfereOXl"#ﬁ ghtas) -
coef figi et héyp@mls@@{m&stt{@s@@l@scm bJ.&dgllufla the had\Rng
ern

et 002 b Gat
T EETEE AT erocl SRt i hee Gaplos oG when
"‘E‘*m‘—"mmm el‘ﬂ’@ﬂm@m oot deoy HEER)nA Zig ot iDXi dETHED

%&tu?&'& : men{.oijfztg%). %J}{é gﬂ%@%é d% iguY r A.Layer

IS sSNOWMT | N
rb¢ e*]@m@@e@\mw la%weﬁ%l@nﬂl%alpom@lr@m%@@f W@Lﬁ&@ 2

Whehs + fesd D@t | ngnk dend e %n&@éiﬁ@?%ﬂ%é@fﬁi@f@rm Sof
T‘%’je?structur sho in this figure inc

es a furt
HEEQENERt 2F FedfBEe bRt Wk enP® Her B of g™ %ﬁiothe
t]h@ndism@slaiyaéf 46. cdhe dhetial s@]@@@tuﬁévmfyls hlgher than

ff| |ntermsd|atelayer is in the
rgﬁge rom ‘tlbépr%}-ﬁ bondi ng |l ayer to that of the

subst rag ea@rexsmhlghefor hanbondiEng ofayde Soubmed af eom
silicon dioxide (8i10;), with a thermal conductivity

coefficient of 0.01 W/em/K, and for a diamond substrate
with thermal conductivity of 20 W/em/¥X, an intermediate
layer of silicon nitride (SiiNy) 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 SisNy; can also be used as
the intermediate layer.

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
pelishing such as mechanical and chemical polishing.
However, for the material of the layer 16, it 1is

preferable to select a material with properties as

- regards bonding by molecular bonding that are similar to
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.20 As an exanple, for a bonding |layer formed from

silicon dioxide (SIQ2), with a thermal conductivity
coefficient of 0.01 Wcnm K, and for a di anond
substrate wth thermal conduétivity of 20 Wcnl K, an
internediate layer of silicon nitride (Si3N4) is
sufficient, as this 25 material has a thernal
concueto¥i tlye comfértalentf ofhe QL 3yaM cid K whWtthea fayer

124080 eh [ £ 0 3, DAAH K6 00T A CLEN - Lyfiga 1By o7 al

can also e use
i nt er Nglare tAyehowsr Piefertabty , s ikl amattey iHlatofod he

|E’-‘!‘:Y?Hrc:163' Sbﬁ@rtﬁ@rﬁouélﬁ%ﬁ al e S.?% 'é&.@réeﬂ%‘ dihathe

he layer 12 as regards physico-chem cal
tFERF ERES of %%S rReER FFHT TRy such as nechani cal
aﬂd l(lthclabn@DﬂlgSmy@r 22—quwf eulseeri %olhﬁlé‘fﬁtt&flsﬂln()fthe
e layer refer e to.sgl ect arraterl
R RIS a8 R S Ty T e R A,
Uﬂm@bagoeed{ﬂass areatse nheéar ctcmcmcttimse:kmnndfﬂss metierh adill

y% %%ﬂéﬁg &% ¥$§ ﬁ%% g%ﬂ%%?E&iA 5 OWaner 24 and

sthectretsi®e |30 t o t hat of Figure 3, but the
rOUghnﬁSm*!ﬁaﬁf‘&ti&E’ersMﬁaﬁ@ Piqgihe 45, sibstdatncd0 25

ha erated. The bo er 22 has bee

%*'FS @h‘% %gg‘%?nf%“er WppEt ﬁ%sﬁé’ %g C 35 ppxiHE of 10 nm
Sf,ht‘cﬁraCteh@fmiiﬁﬁnm bhsd slad eoBoumgddest fieaksulosteadtes eat

C uct | nn e u eat
R et P e R EPESSEIRGE en by che
s%ﬂhisstmieew In a variation, shown in Figure 4B, the
sur f acg, 29 a%him@@y%@%iwasc@%éﬁ Jocpiathala e any

maxi mum of 10 nm fromthe maxi num peaks or bunps
t RENG UbEPF aBatBLe oY | A LEP FRMRE¥Y arRfer WLk %et}b%d'w"&ndlng

OL aPdtPSs t Beinyy ié}@aré@ substrate. Such a thickness

or distance can asur ed any . tinme, fpr ex airoplted “o
by el %%%nem SHRTRRHT | €8 (TS DO fgte 1o S5

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 trangfer between the
upper layer of silicon and the diamond 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 components can thus be
power components, 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 is in the range 5 nm to 50 nm, for
example, and the thickness of the intermediate layer 16,

26 1s in the range 5 nm to 20 nm.
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| ayer is being prepared. Thus, the roughness of the
substrate is exploited so 20 as to encourage heat
transfer between the upper layers of the structure,

whi ch contain el ectronic conpbhents, and the base of
the substrate. In the case of dianond, heat transfer

bet ween the upper layer of silicon and the di anond
subst r at metbo@50f nprovdedihy a facpoanewf abotite 6lnvdieion

rﬁé“{iés!:ﬁ%%ét b&fSwa[‘E% Pc'-“é £Q eﬁc‘?é'p@é‘eé“% £ oL % £d ”5D

ayer 1S 1 rove onen can
power Eéﬁﬁ@ﬁeﬁBsSh9h$cﬁ $@b%@§@tg l%rget%n@@m@h@¢8%éﬁ%s

epeLqy §H§Bl§l5ek5]§§é§$.€§dgat Subh PO ind# ADSd SELE Snot
(IGBTS? 30 a nmetal oxide on silicon field effect

t FRASFIPBF sPO% NE%’F‘E?S) OB NAPIRORAPE orpbhERES: (3 #Yh

saeegacepeasfaghﬁea;s Jygpﬁ@fc{:yroaéﬁlgésgoimmlm gr;]féwter than
t CKNEess the .Dbo | , t

skt 52880 ha, im0 o5er Handll BhrefetBaf il o
t beainpler aediaf act ayergliBes 60t smiore heougmyes$ i the
29aﬂggi§0nmﬁr@§tb89 2% §£°§&0h89 As £ OERONEHt R Die

invention iIs scri bed bel OMIMAt reference to Figures
5A to %D.1nF?§@?@1§¢@sh%%%razéubkﬁr%ﬁ%ﬁ]%ﬁs¢t%9rmed from

reughness fasmebeen @neathywsexaggerated. Such a
substrate has not _5 ﬁnder one polj shing,_or. cannot be

pol | ShOALE ahaY RBsEOLLP YR cEAT GHOAFRRSS prof the upber
nsardaceughness shasttrstgrealeris hdepos heeddseptbasma

lfpmt f b I f I
|LBkinLes bonding: by gml egulgc, bond ctor ofamle @
npressuger C¥0 6RPSUDhm fos) exampd®- nm rms. 10 An

'nternﬁdba%gﬁﬁgnyYgP ikNg %@éé ﬁ@ﬁ@lfofgﬁﬂe&roﬁ%r example

S13M, is he su str |s [ayer fol | ows
t AelPUEEhAESSL b CPORedippEie %H@i ac@qun?évléubsttheat@ltlal

I Ehhékﬂ@@@sbf ednby phpshaiseshancedschem calmyapeie value
goshélgﬂr gggvg'ugﬂnégglé? Qﬂgsgu strate(§gcxmg orger to
obtaln 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 pm.

Said bonding layer then undexrgoes 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 pm Shallow Trench Isolation”,
IEDM 97- p 661), have high selectivity between the
nitride 26 and the oxide layer 22. Said selectivity
enables the layer 22 to be smoothed until the layer 26 is
reached, which layer then acts as the stop layer for the
smoothing process.

A gilicon layer or substrate 24 can then be attached

or bonded to the layer 22 by mclecular bonding, using
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A bondi ng layer is subsequently forned, for exanple a -
| ayer of silicon dioxide SiQ2. Preferably, the initia

- thickness of this layer is over 2.8 to 3 tines the

value of the surface roughness of the substrate 30,
in order to 20 obtain a flat |layer after polishing.
As an exanple, said layer initially has a thickness
i hnohe traclgei Ques M Coonekanslé uthos®d deanmiled iby tTmg and

r ggglg o u g%lg%&g um Sai d bondlng | ayer then

ergoes ing, for 25 exanple by nmechani cal and
chen1cét p@l@%&ﬁh@lermtb¢md ProLe! st 1zt e Heen to

S o C e i T ed,
hebon eI R STy < prepmaes e,

HEGRE ST ABRUF AE L 6P aBFR EBF ne $WX%u§;| gt%%?m&q% 3%r

0de1§cﬁﬂb§ila| lf@ﬂv é&m@hi | soh alt}.h@h nart B6l4 BIM D75 . p%ﬁﬁi:c)ton—
ve | S e i vit tween_t he nitride n
03¢5l P A0 sl] i SEREFTUred endhigd (8 ke 1OF,
tm1becsh®©ttmmhcwﬂ7Ipmhb1$hgér1ﬁ6ths Jmm%mﬂkxbfvﬁnghrspeed
'Ei&ét%@ﬁggécéﬁdaé% &]nét 0p-1 aygr ﬁé’rltf‘foozs)”ogé hﬂhi‘lg-me

a

process er or substrate 24 ca
be attdehedlt droPerEecteeaniwes| al@FnPPiey Kol 2 RPEFUS

boggeAgs £ Usi NOedid fdfﬂ{i’il\%%té%méﬂéleéf Jl@ak@@@pi_@ those
descri bed_by_Tong and sele ¢

i t.ed.apov i s
pB3Ri Bt et o %%o%argﬂ?c%% Jdeperied thheﬁi? oar%?]rﬁ FY
thi nsheygrchy éhiani ng“andrmlbﬁhs;mﬁthmdj Bty at e,

h "S
Stalr " s s T hach A phard8igl, Bollolfle on
Sﬁylcgm §MHlmS@b@t@haﬂ§@hth@de¢W1@eof99 3, The
%8@%8&1&&99&&?""0@&'@@5 heds i o1& he, Jpiy D%i 1 Of 191 99.

g El ectroni cs” and Systens, vol
(2002) hiys 133 - 4%BUCHWEE nSYER anotet Wi tuefigure 5D is

f gppBihea, O&hﬂc]QOIQU§1miE¥§r tof tBat i 0N {Qlire nga a

pLane, SLaSSSEIEss Le, £xml 6Ll Sl ol Ly XRMBLE £2,r 2s, n
"fhtthoubyr Spbwéti og PBrouspdhents, and the substrate 10
can eliminate the heat produced by them durlng their
operation.

A further implementation of the invention is shown
in Figure 6.

It concerns connecting a substrate 40 or a layer 40
with high rbughness {more than 0.4 nm rme 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 moclecular bonding, to a
substrate 50 or a layer 50 with the same properties. As
an example, the substrate 40 is formed from diamond while
the substrate 50 is formed from diamond or AIN (aluminum
nitride).

A bonding layer 42, 52 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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Layers", Proceedings of the 9th International

Synposium on 15 Silicon-on-1nsul ator Tech and Devi ce,
99-3, The Electrochem cal Society, Seattle, p

117-121, 1999. Thus, a structuimre such as that shown in
Figure 5D is obtained, which is simlar to that of

Figure 4A. Conponents can then be produced in the

| By ethed, pd:sﬂsﬂﬁl@alfd |t 5L ipavet ndRby amleneillay; bamdiing

t.he substrat can. el i Wte t he heat produced by

ey Tt i $y ‘i?h‘_e"i’? b%rbdejrrégf S further inplementation

of t hé[‘hmemuhmi i 53 shbwm t dgedRisgurleer.at2bl das tcomeeafs the
t

joelig n i anie R Loy i g,

eleaipt e i e semeR Jlnchﬁartrﬁsﬂ taP® nm rns), or

whi ch 18 dféfég&i t&e@@}iﬁﬂd}{ mmmﬁgr%m@ iifS the
i nconpat | bl e with bondi ng nmol ecul ar bondi ng, Cﬁ. db
3P %Dt o B EOPRrOh f‘r%@%@%% e R 16 replated by
P4 OpRlidh eSub#Sra tan- lexedine, 1 dher sudhsdnisitye. 40 i s fornmed
from dj anond_ whi | the, s trat 5 i 0 dfr

di am)(ri\hoO or %ﬁrf\‘l:’]fa n%smﬁnllfStrc?% é)&%of'tnoé%e Ié\ Q:'He
mvaztlwf@&mdr@amrt@umrr@@ngsa a%l@qjq‘%ﬁméd) or a

ve, M rasid Vi 9ra v f @ vy gidedihat & | Ay ferAlSign

as descrl bed above. Each of the bonding |ayers’is
f%?lﬂ’%’l#ﬁ?om%mﬁl%:%nl%@iﬁo@sq ok dmpte. 0 4] 1y gy for

SenPRSs Sih| €nd or@sdabl i:sh @ndaryl 1yo ik e arobandd ng

sel g sard tus DO akers LS BB
|Isomiﬂirﬁg,cuttd> 4 osyiod t sd@ndl i s chelmoat | §0 5M1trterctherm1rstry
L06q SE038h Qé caled 2POVEngd Do LAl SOALNG Hehid B ON

remail ns |ca a er of silicon
s@ql@@mmmmnm@rﬂameusou@mmcbwg Peluyh -5 rm rms.

subst r atigs bengi Ngai &y el ass efblyed oK e gENSERd d Yar 810,
illustrated in Figure 7, the_ 10 i nvent| on al so, rel a&es

t BLERFRESt PRV AE R BBt ke Rty layer as explaine

above. The bonding layer is silicon dioxide, for
example. It is then possible to establish a bond by
molecular bonding between this bonding layer and the
layer or substrate 60.

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

In the last two cases, the material of each
substrate that i1s 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
selected from the materials mentioned above (diamond,

aluminum nitride AlIN), for example.
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“layer 40 that is difficult to polish or has very high

roughness, and is in any case nore than 0.5 nmrns,

for exanple in the range 1 nmrns to 100 nmrnms, or

has chem stry that is inconpkiible with bonding by

nol ecul ar 15 bonding, to a substrate 60 or a |ayer 60
with chem stry and roughness that are conpatible with
bobdimg by nol ecul ar bondi ng, the roughness being

bel ow 0. . opdj.ng. | ayer ' med on the
Sfibet rai SoH0e e o E L MBS Tl T oy or

as expl ai*ned spbstbave. (The Dohddngr |lg=e laver! ikwning a

di oxi de, foL,exampl & chtrbSghhehs POBSHDLE £102:85d aDl s hrms
a bond by nolecular bondi ng between this bondin

| | ng .
| ayer and tRE DRUYRY SRCBLBETY atRAB0lS THEPHREUr Y With
defpri pti Onmbﬁaﬁhnﬁr%cﬂﬁa@l eaﬂulﬂ Ipming&ﬂx@yﬁbl of )
SIi1con or sem.Co uct or teri | S acC . Yy t he
L yver o ot heSTE T R b ite meni el WUTBEY e
mat eri al eof aehehersibst rad e chatatsrihl fselictad Lrom

polish or h n han 0.5 nmrns or
has chenist$§m§ﬁggg?§§§ﬁo%%%%ﬁ%§%%bIe wi t h_bondi ng by

mol ecul ar* bendangr €thd be2) seeEre@dtie opridFat ®r¢El s

mentioned abgugédi BEDREen EhaMbd Pitd i &e KN 14@dr and
exanple. 13 CLAIMS 1. _A sem co ducior g%rggture,
S

conpri si ng: *P8 LaBEFrat 3248 130) S0t G- pAsk Payer ,
having a spehaeendiitbor ovgbeesslof nore than 0.5 nm
rms 5 or having chem stry that is inconpatible with
nol ecul ar bondi ng, and having thermal conductivity of
ndre thaasttuWtuntKaccardayert¢ 1alabm)l of whexets athe

sel r ' c} or [ : yEr
) T et o The  Bbad ho Tapar™ [oon S B2t bets the
sabeniav® Bitpade:|ayer and the layer of material

sel ected from

3. A structure according to claim 1 or claim 2, further
comprising an intermediate layer (16, 26) between the
substrate or base layer and the bonding layer, having
thermal conductivity in the range between that of the
bonding layer and that of the substrate or base layer, or

higher than that of the substrate or base layer.

T4, A structure according to claim 3, wherein the

intermediate layer is silicon nitride.

5. A gtructure according to any one of claims 1 to 4,
wherein the bonding layer (12, 22) and the layer (14, 24)
of semiconductor material are bonded by molecular

bonding.

6. A structure according to any one of claims 1 to 5,
wherein the thickness of the bonding layer is in the

range 5 nm to 20 nm.
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sem conductor materials. 15 2. A structure accordi ng
to claiml, wherein the substrate or base layer is
fornmed fromdianond or alumnumnitride. 3. A
structure according to claimi4or claim2, further 20
conprising an internedi ate | ayer (16, 26) between the
substrate or base |ayer and the bonding | ayer, having

- ther maf sbndottividagcondihe rangey beteveeh ¢hmimofl the 6,

b&?ﬂgkégﬁ' @M@rbéﬂéhﬁgai % the %&;‘Bﬁéé af:?orQrsPPf'c[eoA Wdxide

han t e substrate or base
25S#0;) A Firlicay evigadsiadi (i o) ol aaknBum vprefds n ztm:omum

| Bkeqaedhatgi hadyebriprotiigOBchdride. 5. A structure
accordlng to any one of clainms 1 to 4, 30 wherein the
bondi ng | ayer (12, 22) and the |ayer (14, 24) of

sen condsctoct b e&&@rbr@il@gbﬁdﬂd&ﬂywnéT%EC&liﬁms 1 to 7,

DONGLDG, BuoAShIMCLULE. BEGRLELG. | 0; Ny Dne of ggcﬁlraraamum
erein i Ckness of ™ n ayer

i gal hithearsamyde 5 anil@oﬁﬂg@nmauﬂumy 0¢\%t$aqunmﬂuctor
agggrglg? FP-RhYe &%dclalns 1 to 6, wherein the
a

bondi ng yer 1s fromsilicon dioxide (S ),
silicon nitride (S|3hM), haf ni um oxi de, zirconi um

oxi de, pabtfldBurOF a ¥ddF 4Ry Oxb 81adm 83, ArledFeiat Wiee
accor dj to_an 5 clains 1 to 7, wherein the
s%ﬁ?%%%ﬁg%t%? %%tg? $ ts*¥PFicon, germanium gal lium
arseni de, silicon-germanium or a sem conductor [I11-V
o4nl -V A stru ccor

1% m B, SCAIPOEE pfodaiddte A Sl toE e . o o
1@he¥\eytlr‘elé@ uier bredref nghe ccargiemel BfcE| ﬁchasna ttlbe 9,
18emhesRbnct be wardacs: of sthec-bondi 89 4 ayescdaed ner the

most 10 nm from the surface or the maximum peaks or bumps

of the substrate or base layer.

11. A structure according to any one of c¢laims 1 to 10,
wherein at least one power component and/or at least one
RF component is formed in the layer of material selected

from semiconductor materials.

12. A structure according to any one of claims 1 to 11,
comprising at least one IGBT oxr MOSFET type component in
the layer of material selected from semiconductor

materials.

13. A structure comprising two substrates or layers (40,
50, 60) wherein the first substrate (40) or f£irst 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 sald structure
comprising a layer (42, 52} termed the bonding layer

located between the first substrate (40} or first layer

~ and the second substrate (50, 60) or second layer.
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sem conductor material is |located at a distance of at
nmost 10 nm fromthe surface or the maxi num peaks or
bunps of the substrate or base layer. 20 11. A
structure according to any origsof clainms 1 to 10,
wherein at | east one power conponent and/or at | east
one RF conponent is formed in the |ayer of material
selected from sem conductor materials. 25 12 A

structyr one
c%%pr|%|§%§§§€?eas C%%% Ttorg%%E%gF ype conponent

|ﬁub$heat@y©r birsmt baver belaetboriednd sen doanded o

%@ﬁiﬁuﬁ nivgP;d3. A structure conprising two
strates or layers (40, 50, 60) wherein the first

substrate (40) or first layer has roughness of nore
than OA5sﬂﬁﬂ1tﬁmr@ra(E@§r&ﬁ@;m &b rylaihata |c§5r lcfmaomoam ble

W th I I d h
CEREETR E S heRelre Piedl 1 e d T kg Sipxide,

coirpt ¢sh ngiarldy erhd #2 ub2)xids mei tdmen hondixnigid ayerumina,
I8§a¥§gr9§%m§gpdéhe first substrate (40) or first
an

€ second substrate (50, 60) or second
Iayer 15 14. A structure according to claim13, the

fiESt asuPsStedlfe Okcddfdind AVEra eI e fOF reth fhPM3 to 15,
di anond or. alum numnitride. n? 5. A struc

aAFRBF B RGEED %?%?%41%“Qﬁt%ﬂ%ﬁ 2% OXRRE tiﬁ?er has
bosdihgesaySE hSré orime ¢ ronusi trheorosliloxd dehemisét i arhat
nttrtdﬁ$%&$%gbfn1OX|dq%?flrc r%ngéglde al um na, or

yterit ructure accd?dlng to any one
of .clains 13 to 15 wherein the second substrate (50)

01756‘3}32 e LRYE' rocﬁ&ﬁ&lﬂé]eéss&hé%&ué Qtélém:ce on a

rns, ascemsr |S|ncon'pat| e wth
nﬁub@‘ar%ﬁe b&hei P! 1f5r 17asa hatebd af1py oeRieghress of more

SERLRONdECLAr rgt M UBIWERI 89 @hemistry that is incompatible
with molecular bonding, and having thermal conductivity
of more than 1 W/cm/K, comprising the following steps:

e forming a layer (12, 22) termed the bonding
layer directly on the substrate or base layer
or on an intermediate layer (16, 26} 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;

e smoothing said bonding layer;

¢ bonding a laver or substrate (14, 24) formed
from a semiconductor material to the bonding

laver by molecular bonding.

18 method according to claim 17, wherein the substrate or

base layer is formed from diamond or aluminum nitride.

19. A method according to claim 17 or claim 18, wherein

the intermediate layer is formed from silicon nitride.
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substrate (10, 30) or base |ayer having roughness of
nmore than 0.5 nmrns or having chemstry that is

~inconpatible wth nolecular bonding, and having

thermal conductivity 20 of noxe than 1 Wcm K,
conprising the follow ng steps: formng a | ayer (12,
22) ternmed the bonding Ilayer directly on the
substrate or base layer or on an internediate |ayer

2 h h d ffi
1251 Rl tA% SeetTo i R e dorct it drd oY
thiatroin the lsmtm@t bayer bbsef dayed forom ssiligtrer dilvagide,
té‘f‘h gﬂ‘ #ﬁ’ét rak :95 t%@@seziﬁéfcﬁ{lum ST NG umina

said on ing a layer or substrat'e (14,
ay Y%?%@“ @91 ?om a seni conductor material to the
bondi ng | ayer by nol ecul ar bondi ng. 18 nethod

accordln to claiml wherei n the substrate or_ base

| ayer % |s R PSR RANTR P Hurf 1T i e t%519
1®heﬁemtﬂsnoﬁbﬁcmrgtn@@t1tmgj atie Ithiorkiod s & he bonding

e ein, the |nterme %tte Iaé/eg |sf r med- f.r.om |I|h%oer]ss

l?](’Jlels r%O:'CPZOU‘L% net accor %e a%f tol}}ee Cf g

cd)él pige 1Fubot1@te whetled ncase lﬁjmiwng Iayer is formed
fromsilicon dioxide, silicon nitride, hafni um oxi de,
zirconiumoxide, alumna 5 or yttrium OXI de.

A
et hodP FER R RCTVFEHYE oFe BEY @ng Rt 197 atﬂdﬂﬁig” ‘to 21,
V\ﬂ.@ftﬁhé\r pcfcbr@gsri@lﬁgm@t@té@ fdifl%:ﬁcm@d( Satofidd one

di ng e val ue of, t
RS Tr T ML TS dth T HhdP TR it e
ne¢thocomdcoror ngulb ot manye ome dyet ai ns 17 to 21,

further conprising a step for producing at | east one
power conponent and/or at | east one RF conponent in

thed. 157 semileohdeet HPiRigteatas vy hifeg  Cw3 sybsiatafp or

Oiajr@iré" o OF 6 @F S et + &0 T MR SEHIS ¢ &l 8SstOFatd AYAT)S or
(f‘rgrst iayg\:@el[laels nréx?gehzgtlesrgtofun?ggé aglr?arg 40)5 Or[m 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 (60) or second layer having
roughness of less than 0.5 nm rms, said method
comprising:

e forming a layer (42) 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 to sald second
substrate (60) or second layer having roughness

of less than 0.5 am rms, by molecular bonding.

24. A method of joining or assembling two substrates
(40, 50) or layers having roughness of more than
0.5 nm rms or having chemistry that is incompatible with

molecular bonding, said method comprising:
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first layer has roughness of nore than 0.5 nmrns or
has 20 chem stry that is inconpatible with nol ecul ar
bondi ng, and having thermal conductivity of nore than
1 Wcm K, and the second subistrate (60) or second

| ayer having roughness of less than 0.5 nmrns, said
met hod conprising: 25 formng a |layer (42) terned
the bondisngtbaybtg 4iTLedt y(am, t4w) fidsied wisd rkﬂireilng

the first aV| rou hne than
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substrate (B@;}enrtcsd@@rmb&@gkekemaw ng roughness 30 of
| ess thag | gt bondi N 24

met hod of %‘?1?1@{?1 orgrsa%gg%%# % W0 SubstT at es b(63\740
50) or |ayereleavlag houdiess of more than 0.5 nmrms
or havi ng chem stry that is inconpatible with 35

nol ecul ar i ng, id nethod co risin
o7 mi My B 9<§ a%f@ﬂ? QR r Pttt o‘rglﬁg“W dfer wherein
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odl@h@:ncmqn,ammrm nitmwidmt erial of each of the
substrates or layers with roughness of nore than O. 5
nmrns is selected from 10 diamond or al um num
n| tride.




