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material on the surface qf .a support ) nprising a second material -
The i nventeed material”’, including a polycryst e face, depoSing an amorphous

material layer (6) upon the polycrystalline face of said support substrate;
polishing the amorphous material layer (6) to facilitate bonding; and bonding
the polished amorphous material layer (6) to another substrate or source
substrate (8, 12, 13, 18) of a mono-crystalline material (10), said “first
material”, wherein no bonding defects are observable by infra-red
transmission.

In a second aspect, the present invention provides a substrate, in
particular for use in optics, electronics or optoelectronics, including stacked
in succession a support substrate (2) comprising a polycrystalline material on
one face, covered with a deposited and planarized amorphous material layer
(6), itself covered on its entire face with an active monocrystalline material
layer (10).

One object of the invention is to combine reducing the unit cost of such
substrates with obtaining a good bond between the support and the active
material element.

Also disclosed herein is a method of fabricating substrates, in
particular for use in optics, electronics or opto-electronics, including an
operation of bonding an active element of a first material onto one face of a

support including a second material, characterized in that:
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UA, UG US, Uz, VN, YU ZA ZW 7 March 2002 (84) Designated states
(regional): ARIPO Patent (GH, GV KE, LS, MN M, SD, 8 De&inberZ2000G ZW,
Eurasian Patent (AM AZ, BY, KG Kz, MD, RU, TJ, TM, European Patent (AT,
BE, CH, CY, DE, DK, ES, FI, FR For an explanation of the two-letter codes
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parameters are moxe important, the choice will apply to a
monocrystalline material, but not if others are more
important. :

For example, in the case of transferring a layer of

25 silicon carbide, and as in many other applications, some
parameters of the second material, i.e. that of the
support, wmust be equivalent to those of the first
material, which in this case is monocrystalline silicon
carbide.

30 : Also, in the case of transferring a layer of
monocrystalline silicon carbide, whether obtained from a
massive substrate or from a layer grown epitaxially, an
advantageous candidate for the 1less noble material
support is a silicon substrate, even monocrystalline

35 silicon, whose cost 1is undoubtedly highly competitive
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have a sufficiently high melting point, a suitable
coefficient of thermal expansion, and possibly a suitable

15 thermal conductivity. Similarly, if atoms are implanted
in the silicon carbide to dope it, the second material
may be required to undergo annealing at high temperature,
which is equally exacting in respect of the coefficient
of thermal expansion.

20 Moreover, the ideal candidate material for the
second material must be able to replace the first
material with minimum modificationé and maximum
transparency for the user in processes generally employed
for treating substrates. The second material ideally

25 satisfies as many as possible of the specifications
defined by standards such as the SEMI standards
corresponding to the specifications for a silicon
substrate.

Over and above this transparency for the'user, and

30 over and above their low cost, according to such
specifications, supports including or consisting of the
second material must be compatible with existing plant
for shaping and treating (polishing, cleaning, beveling,
etc.) the substrates. 'In the case of transferring a

35 silicon layer, it must ideally be possible to treat this



covered with a polycrystalline layer. A less noble material is usually |ess
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a micro-electronics production line, they must meet very

15 demanding conditions {purity in terms of contamination
and particulate purity), and satisfy various constraints
imposed by the various process steps (flatness for
photolithography steps, mechanical strength for fast
annealing, a particular reflectivity so as not to disrupt

20 the photolithdgraphic process or affect the operation of
the various s5ensors for detecting substrates or
alignments included in many types of equipment), etc.

Furthermore, supports including or consisting of
the second material must advantageously be compatible

25 with layer transfer operations, preferably including a
direct bonding step, and most importantly must be
compatible with the material of the element that they are
intended to support (in this document, the expression
"direct bonding" also refers to techniques known to the

30 skilled person as "wafer bonding"}.

One aspect of this compatibility concerns the
coefficients of thermal expansion in particular. Too
great a difference renders the stack of the two materials
unusable because it is likely to break as soon as the

35 usual heat treatments are applied to it.



have -a sufficiently high nelting point, a suitable coefficient of thernal
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substrate obtained by draw ng, such as ochral sky drawing,” with few
def ect gb onto a support of noderat eAifi? ‘%glf’?e%ﬁ‘@éﬁlﬂed ?‘\fqﬂﬁ)‘é‘?i“’r%l &~ Sy
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ianeter silicon substrates’to” be acceptedn
monocrystalline layer(s) and the polycrystalline support
can be made of the same material, for example.

15 ' Also disclosed herein, substrates are
advantageously made with oné or more meonocrystalline
layers on a monocrystalline support itself covered with a
layer of polycrystalline material. This configuration has
at least the -following two advantages:

20 - the layer of polycrystalline material can
constitute a layer for trapping metallic impurities,
which is known to the skilled person as "gettering” and
is very beneficial in some applications, and

- the layer of ©polycrystalline material can

25 constitute an area for trapping degassed speciés during
annealing operations, for example.

Having now considered the question of the choice of
the less noble material, consider the choice of the
amorphous material.

30 This is also a wide and varied choice.

The interface between the two is advantageously
electrically conductive, in order to obtain better
electrical conductivity between the active laver and its
support, and/or thermally conductive. For many

35 applications it is not essential for the interface to be



a mcro-electronics production line, they nmust neet very 15 demandi ng
conditions (purity in terns of contam nation and parti tubPatanrnd00¢), and
satisfy various constraints inposed by the various process steps (flatness
for photolithography steps, nechanical strength for fast annealing, a
particular reflectivity so as not to disrupt 20 the photolithographic

process or g 73y operation of the various sensors f%ﬁh%g{dég%
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Furthernore, supports including or consbsting of the second material nust
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di ameter substearesechyened mbtds@arDPOSTYStR ddTEy Sbdh@@Fciwyer, or in
the case of substrates covered with a silicon carbide |ayer, another 5

choice which is judi i qus omthe point of view . of 10 transparency in the

processing |ine %ﬁ& Cﬁﬁﬁﬂ%ﬁ %?Iieﬁlbsa t&eéﬁnmd%&%@ﬂ"%ﬁt? | ayer is to
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or

is then conpared to ingot drawi ng and/or epitaxy). Al so disclosed herein,
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layers on awpehycfysi®l |4 gL suppQsds i t Hi%reA%8 eckth@nifRNOCLYR LA i ne
layer (s) a%ﬁééfkoﬁfégc5%@“%££Jf%f%¥¥¥g§ic3, the most suitable are
direct bonding techniques in which no adhesive is used.
15 These techniques are relatively exacting in terms of the
roughness and flatness of the surfaces to be brought into
contact.
They generally necessitate polishing of the
surfaces just before bonding or at an earlier stage in
20 the fabrication of the substrates. When the aim is
transfer to a monocrystalline support, for example a
monocrystalline silicon support, the polishing techniques
currently employed by all substrate manufacturers are
sufficient, provided that they are accompanied by
. 25 sufficiently stringent cleaning and that dperations
subsequent to cleaning are carried out in a sufficiently
clean environment, to prevent contamination of the
surfaces to be bonded by particles, hydrocarbons, etc.
On the other hand, if one of the bending surfaces
300 is that of a ©polycrystalline material, and most
importantly if direct bonding is to be used, i.e. no
adhesive, these direct bonding techniques become very
difficult or even ineffective. )
The above direct bonding problems arise whether the

35 polycrystalline material is obtained by deposition
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resulting from the ©polishing of the surface are

15 accentuated i1f the polishing techniques have a chemical
component. This is also the case during various etching,
cleaning, etc. steps involved in forming the substrates
or preparing the surface of a polycrystalline material
for bonding.

20 The skilled person is very familiar with the
problems to be mastered in polishing polycrystalline
materials for direct bonding. They are described, for
example, in Philips Journal of Research, Vol. 49, 1995
( for example, pages 13 to 15 and 26 to 38). The authors

25 of the above paper explain the various classifications of
polishing techniques and their impact on the quality of
direct bonding. The problems have also been reported by
researchers for whom the problem was not so much direct
bonding onto a. polycrystalline substrate as joining two

30 silicon substrates wusing an intermediate layer of

| polycrystalline silicon deposited on one of the
‘substrates. These difficulties are described in the
following documents, for example:

- J. Jiao et al., Proc. SPIE - Int. Soc. Opt. Eng.,

35 3223 {1997) 245 Micromachining and Microfabrication



15 These techniques are relatively exacting in ternms of the roughness and
flatness of the surfaces to be brought into contact. Thepeganiesrsd00y
necessitate polishing of the surfaces just before bonding or at an earlier
stage in 20 the fabrication of the substrates. When the aimis transfer to
a nonocrystalline support, for exanple a nonocrystalline silicon support,
t he poli shi i.ques currently enployed by all substrate nmanufacturers
are suffiéﬁg%bﬁgg i ded that they are acconpani ed by 25 14H§V9
stringent cleaning and that operations gubsequent to cleaning are carried
out in a sufficiently clean environnent, to prevent contam nation of the
surfaces to_be bonded by particles, hydrocarbons, etc. On the other hand,

if one of tREOKERF H§C 80¥s 1130 PAsistaa Taf USApol2PcPPsBalpti A8 materi al ,

and most i nportant by iy didrects AN ek Aint 0 phgasedidn 1119 oaghesi ve,
t hese dlrec% bondln% ée;@nhgﬁfs becone very _difficult or even ineffective.
The above dPFEEPTHOREFnd > Privti¥ms WariksdAthet REEE heNews Yok cMYst BFRi ne

mat eri al i s16B0ai nesh bys-ekPpos it i eonlbicdBer endein@004cWORY PAR28%  June
PCT/FRO%{Olg%?_ 7 techni ques, such as chem cal vapor deposition (CVD), or
from an 1 ngdf " 0f polycrystalline material that is then sliced and
converted i nto subsHrat@es. Efhésy pebbladns &rbseeitingar teftultde i fitde

pol ycrystal ki | i cryst i i.Licon p e are
due to irrehEng??Fggh?%Iﬁkfékéﬁﬁﬂogﬁld%é#%gggég%%époﬁmﬁggip%?%%%y talline

material . PRLENFS: becdGSENCROIST i ettt | orPRPL ¢t ipnE ns (Ble¢hpechent, the

mat eri al feabuﬁ@syﬂnr%@{iﬂm,exmnsmyg@ ,10.@; ai@_a,bg)ggydar( ip@lgengg{c.Ail"hys .
when t@g)suE%gfﬁsooi E?[ycrystalllne materials are polished, the polishing
fotRnd it o6& 2

speed i Sotropic in the various grains, over the grain

boundaries, etc. Fh¥se imsegul &rBRE eTramesul Eilegtit omieheces! i shdaw) of the
surface are3g§;agﬁgntuated if the polishing techniques have a chem cal

- K. N. Vinod, Transducers 97, 1997 International
Conference on Solid State Sensors and Actuators (IEEE,

15 New York NY USA, 1997), wvol. [sic}, pp 653-656 ( Chicago,
IL, UsSA, 16-19 June 97).

Another objéct of the invention is to propose a
method of fabricating substrates, in particular for use
in optics, electronics or opto-electronics, including an

20 operation of bonding an active material element onto a
face of a support when at least one of these two elements
is polycrystalline, at least at the surface of its face
intended to be bonded, solving the problems described
above and in particular those associated with control of

25 polishing. ' |

Also disclosed herein is a method of fabricating substrates, in
particular for use in optics, electronics or opto-
electronics, including an operation of bonding an active

30 element of a first material to one face of a support
including a second material, characterized in that the
active element or the support includes a polycrystalline
material at least on its face intended to be bonded and
in that it further includes, prior to bonding, forming an

35 amorphous material layer on the face or faces including



component. This is also the case during various etching, cleaning, etc.
steps icnvolved in form ng the substrates or preparing 1hBesamba@804f a

pol ycrystalline material for bonding. 20 The skilled person is very
famliar with the problenms to be mastered in polishing polycrystalline
materials for direct bonding. They are described, for exanple, in Philips
Jour nal of e h, Vol. 49, 1995 ( for exanple, pages 13 to 15 and 26 to
38). The aut g’r&rlg'ézsgf t he above paper explain the vari ousPETHERPIOESTG ons
of polishing techniques and their inpact on the quality of direct

bondi ng. The probl ens have al so been reported by researchers for whomthe
probl em was not so nuch direct bonding onto a polycrystalline substrate as
joining two Bbespplrerystpsiineematsrhglan i nternediate | ayer of

pol ycrystal l'i ne sithLeon) depasi igdngn one of the -substrates. These
difficulties are described in the follow ng docunents, for example: - J.
Jiao et al.,SPt88S SPIE - PRRF1cEdEr optheengrobleys 3298 ( pyornroidsng

M cr ormachi ni pglasHi Mycr ahabmagsian Lfatecenbes s 200heYOn@149 42872 RGHFROL
/01576 Pr cegsqte Q}réolo y L1l. Austin TX USA, .29-30 t g7; - M Salleh

| sanmi |, Techf. “Di'gest TEEE" Sol'i glgteatjerreééﬁf&rl *Act Mt 6P PR REF R | EEE,
New York NY ¢3A, thegdefpreppbé6<c8riildd tont Hdadebslgndn Sthe USAno2dhdmslune
592): - W G Basker elndlper Ripreqdings gb theofirste ljernati onal
synmposi um on sem conduct or waf er bondi ng, ci ence,” Technol ogy "and

Appl i cat i onsOPEREREH 0 &l rfie By ek gn Pén%Yng@wpm@sﬂgr;- pHoRege229:1if

(Phoeni x AZ, polOsA8nd8 Ot Qlko - necddus;, | Bfetians.  Ebecibyedevisges
(1995), ., 356; and - K N._Vinod, Transducérs 97, 1997 International
Conf erende of™IHPRAUZ atr@?e'?fs%]rs drid APPHatBre (1 REE, deRPaNed Vor k ORY USA,

1997) , vol .amprphiiatiom 65heb560(ishinggds hhifoSA ablr 19rJu@e97h.
Anot her Ob]egﬁrfgcéhqjkﬂyeﬁglOguffiéfég{fyo%ﬁa%. for direct bonding.

Depositing amorphous material also makes good topology

irregularities.
15 The polycrystalline material and the amorphous
material  are advantageously deposited virtually

simultaneously without stopping deposition, by varying
only the temperature, for example by reducing the
temperature at which the amorphous material is obtained
20 relative to that at which the polycrystalline material is
deposited.
The method g
particularly advantageous in the context of making low-
cost substrates when a polycrystalline material is used
25 for the substrate that is less noble than the material
used for the active layer, for example.
Polycrystalline material substrates are generally
~less costly than monocrystalline material substrates. It
is then ©possible to use a polycrystalline material
30 substrate to support a layer or a stack of layers of one
' or more materials of better quality, for example of
monocrystalline guality. The layer or stack of layers
constitutes the active part of the substrate, i.e. it is
this part that will be used, because of its physical

35 properties, to produce structures for use in optics,



met hod of fabricating substrates, in particular for use in optics,

el ectronics or opto-electronics, including an 20 oper at 1DReesmip?®OAg an
active material elenent onto a face of a support when at | east one of
these two elenents is polycrystalline, at least at the surface of its face
I ntended to be bonded, solving the problens described above and in

parti cul ar ociated with control of 25 polishing | Scl osed
herein is a‘&%‘?ﬁ%ﬁf fabricating substrates, in parti ch’éﬁlfﬁﬁp?)&igﬁn _
optics, electronics or opto- electronicdd] including an operation of bonding
an active 30 elenent of a first material to one face of a support

I ncl uding a second material, characterized in that the active elenent or
t he support® fﬁ%FEBEéC% 6’6I9EF9S‘F%1‘P‘FFF@T11%1 erial at least on its face

i ntended to be bomlﬁd @ik kgpehadfi taﬁpll‘ltdﬁrlc:cd’leﬁgeS]{eapéf Ortxtafhmpd [ 22
form ng an 35 Qus mat er.i a on the face or I ncl udi n
Decenbgr 2063t6§30§?57 2u§%$/§kﬁk/éT§%8ys OPHénBoP§CF$§tjPWFﬁétﬁhﬁhrlaI
This | att ersubshodatsol Vs i rSnpa:ttt—Cmm armehleo@rodtﬁyenbeofctﬁéﬁr(ﬂé | Rthe
pol i shi &g. @gagg[)%a?ﬁ;%errﬁgg @% lc@lhe%gnt&eysé eraopll% %%aggzz{tre of

graln size irr ing step can erefore out
directly onfRhé & %rbﬁ%usfftnmserpaailthmétrﬁeﬂr adrantgaows anompkoushe

material i sSnRt-@viethdiiod eR @eidHiRA with @I8diBRb3&d hidfhodiovnever, i f _
polishing is also necessary, whether the |ayer of 10 anor phous material is

obt ai ned by deposition l?‘ftcaué“‘r‘?or%l 2418 ohact hétBolthadi ndti sotde¥dr fhoand

provi des a rsayéhitegt b&lbslt&ait@%if i a1 ys f lbatalge, FldﬁQ{ g bendi l@!ihartt— 15
Deposi tj.ng ph terial_also ogy Irregularities.

The poﬁycrys al |1 %gﬁﬁag?e al tAn&°PRe i 'g% g§an BEri%t%rd é&\?@ﬂr&geousl y
deposi ted ubsiaraye enhul taari@qu?sd ythat hbat tst dppimngtldepastiven paliyt,varyi ng
only the teﬂR@EatFéferfOéoffégp$ﬁdpﬁgregHC'891§hepa£€np8%atgres%Mr%QJCh the

anor phous mat eri a s ob
substrate, so that the remainder of the source substrate

can be recycled, for example by taking off a new active
15 layer, etec.

‘Being able to use a relatively low cost support in
combination with multiple recycling of a source
substrate, as offered by a Smart-Cut® method, is
particularly advantageocus in some applications. Such

20 applications include, for example, the production of
300 mm diameter monocrystalline silicon substrates and
monocrystalline silicon carbide substrates.
Monocrystalline silicon substrates with large dimensions
and monocrystalline ' silicon carbide substrates are

25 characterized by the high cost of ingot growthq The cost
is all the higher if an extreme crystalline quality is
demanded, because it is these active layers that will
support the active areas of future components. In the
‘case of producing 300 mm diameter monocrystalline silicon

30 substrates, for example, the silicon growth conditions
must be optimized to minimize certain crystal defects.

Accordingly, in the particular case of drawing
ingots, the ingots must be drawn particularly slowly,
which is costly. For the two materials cited by way of

35 example above, it 1is therefore a question of making



20 relative to that at which the polycrystalline material is deposited.
The method is particularly advantageous in the context ©f Dasknley 2004~ cost
substrates when a polycrystalline material is used 25 for the substrate
that is | ess noble than the material used for the active |layer, for
exanpl e. Polycrystalline material substrates are generally I|ess costly

t han mnocwérpaléj&gg material substrates. It 1is then possible to use a
pol ycryst al rial 30 substrate to support a |ayer BETAFBROHBKSTHS

| ayers of one or nore materials. of betiter quality, for exanple of
nonocrystalline quality. The layer or stack of layers constitutes the
active part of the substrate, i. e. it is this part that will be used,
because of |qléa§)hyf’s¢1@$ﬁr§3@%)"r opesembdingo meroduuys tstlrligteur eslioonuse i n

optics, 16 rﬁ&%ﬁ%tiﬁpﬂné@ﬁwﬁ%a?@%g@y&% Qesl . & EEEE?T#C%

opt o- el ectroni CSy,, For this type of application any layer trans

can be used¥FtPkipl BYs HordtiHguHt 49+l ayer to a substrate. The
CSjmart gné (r) Lretjhod am@y-hbe Cpietias]one imsaxaray eofﬁnﬁ?aﬁedﬁs Wle@hh s
escri | a 81 472. It is particular advant a eous to
use theg Srﬁgierstcﬂjkﬁ?#re %%Ee’l ngggnﬁFﬁéFFor}a\Melrh e Wi ?BFB%@ tRYET- because
of the faciThis typt of bdyersid oknomc'yol hageselaeémteﬁs c’flylsaalllanl&ecause

using the SpBItre AQ  Gk(r)e et [ﬂ%‘é %58 %Osﬁ]é?kfc{“o— par Ontfﬁ‘gt | ayer

support substrate only a layer e act
cor r espondiSRi t3%ichl y paverof @@Bourkse §aﬂl§@ﬁdte m@@ytha:tlmdfe r éfrdiender  of

the source ;&Lmtmaitlecy cadr berdopyel ey, {07 sxe8m) e byt aking okf aspew
active., .15 I%%/ ,.etc . Being able to usearelatlveylowcogt Support in

combi nafi orf qrﬁﬂge re&yel | n% toRingsour ROLisiHNi % at e, Ca8a0iNGred by a
Smart- Cut @Emnawtiag, | smopahlingul aihy ay@RéHGEOUS dif.SOME APP! b&akLi ons.

Such 20 ap@éd@ﬁéngiéﬁK%Pdghef%%i é%ggieiafg%[%§mg £ggrogpitaxial

growth on the same substrate).

t hod

The method also applies
15 with advantage to any material when it is fabricated with
a new, greater diameter than has previously been
obtained. There is a period of time in which the
availability of  high-quality material in the new
diameter, which is associated with state of the art
20 technologies “and high investment, is limited, and the
material is therefore costly.
The method is also used
with advantage to transfer silicon layers of high
crystalline quality supporting an oxide layer onto a
25 support incorporating the polycrystalline material at
least on the face onto which the transfer'is made, to

form S80I structures.

The disclosed methods aclvantagéously further inéludg Thé
30 following features, in isolation or in combination:

—- they further include polishing the amorphous
material deposited on the substrate before bonding the
active material element; polishing removes from 200 to
5 000 A, and preferably 1 000 A, of amorphous material;

35 - a film of amorphous material from 1 000 té



300 nm di aneter nonocrystalline silicon substrates and nonocrystalline
silicon carbide substrates. Mnocrystalline silicon subsbPeegrakend008 | ar ge
di mrensi ons and nonocrystalline silicon carbide substrates are 25
characterized by the high cost of ingot growh. The cost is all the higher
if an extreme crystalline quality is denmanded, because it is these active

| ayers tha ] pport the active areas of future conponents. In the
case of prM#cé#%n}éo nm di anet er rmonocrystal line siliconP$d/ERBLOL8T 6k

for exanple, the silicon growth conditizgns nust be optimzed to mnimze
certain crystal defects. Accordingly, in the particular case of draw ng
i ngots, the in[gots must be drawn particularly slowy, which is costly. For

the two naterP@f sAcittddkoy ang dired®erabdopl 3 Adovd, titidks ther dlcomed
question of gapkihggadfoLecesher 2004 WO 01/97282 PCT/ FROL/ 01876

"quasi - substrates" resenpli ng nmonocrystalline silicon or nonocrystalline
silicon carbide subkh?¥tL8ChEdR| BeatytE8atpBesthre Copinatigpnicduheost. In

anot her pargsiuppbet anst aftee abttikat rhashean eemEascr i bedcabaRietite active
layer is an i s known to have excell ent

pitaxial_layer. This type of |ayer
crystal I nebﬁqutat i 8 %?ehcf'fss uWFe%gg} i § U8&r ¢ iRSRtar | frRRGASNFhe 1S
epi taxi al |ageantcagedessunpoaducimay 41 mes (uiifd cipossi behpéyabfiré eaycl i ng
i s based, f 1 i tioni y...etching, i shing,
cl eani ng, g%%%g?ﬁjfes%%t%%gﬁﬁﬁg%yﬁ%%%i)e %.f%sr’r}gel\)/ag%iﬁégener ation of
the epitaxial |ayerthgyfimehedeeppfbsrabongtout hdehachéngamelayist ot e) The

met hod al sca@pplé e8addr Vi1 Ne BONMaNt B9 1R @O Yo MBS L@étﬂ’@%&ﬂeﬂ%ﬂabf I cated

W th new, greater dianeter -than has previouysly been obtalne There is
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a period of tine Tn-RfY cAPCH&Iay PPERFE | OPIGE DEr ghl BREADEANFReEOTRIC i n t he
new di anetspecids chnderasgeci atedankt A ndkaidedoftd heearonded eehnelhegi es

and i gh | NYESLAENL o Sehd Thed: A LPe ot SLLAL e Sakigiehorg, cgstly.
implantation depth distributed around a particular depth,
the layer of the active material then being detached at a
15 detachment depth in the vicinity of the implantation
depth.

Also disclosed herein is a sui)strate, in'particula.r for use in
optics, electronics or opto-electronics, including:

20 — an active element,
- a support having a face made of a polycrystalline
material, A
characterized in that it further includes an electrically
conductive amorphous material or a material obtained from
25 an amorphous material between the active element and the
face made of the polycrystalline material.

_ Also disclosed herein is.a substi‘ate, in particular for use in
optics, electronics or opto-electronics, including:
30 - an element made of a first material,

- a support made of a second material,
characterized in that the second material is less noble
than the first and in that it further includes an
electrically conductive amorphous material or a material

35 obtained from an amorphous material between the element



The nmethod is al so used with advantage to transfer silicon |ayers of high
crystalline quality supporting an oxide |ayer onto a 25 Begguarer 2004

i ncorporating the polycrystalline material at |east on the face onto which
the transfer is made, to form SO structures. The disclosed nethods
advant ageoudVQ gien282r i nclude the 30 foll ow ng features, pPCT/FR®I/GL876N O
in conbination: - they further include ﬁ | i shing the anorphous nmateri al
deposited on the substrate before bondi S’the active material elenent;
polishing removes from200 to 5 000 A, and preferably 1 000 A, of

amor phous mehgdé aby Ihe -rarfi | mhebraHDr RhRUSE KAt g&bgbﬁr%dle 000 1p16
Decenber 2004 V\Dgl/ 97282 _ PCT/ FROL/ 01876 12 5 000 thick, and preferably
3 000 A thi cXECPRA B R 2 uri ng deposition; -- they include heat treating

t he conbi nati on ofAphie cstippos t @hd Mdiicait | Ve makebrdbnekemanthj okped

together 5 . r us_material (;tthe heat treatnent is _advantageously
conduct ed atp%v(ésﬂﬁ(lgg?e(g t erperatur &%d SV al F?‘ﬁe”‘?ﬁ%’réﬁﬁgbﬂf}usog

mat eri al Sat $ekbtopareny)insutaeyri nghddethaf t Babbbndthgn defachumgia | ayer
of active ritgdtAdedd OFhge PAkL HRAS Al hite @Fthye ML eLlials o Qs - L ey

i ncl'ude, before ponding, Inplanting atom c speci es under € surface
i ntended t o BREBHHHRE t'BL E e sifporte dfatiehd sarliatiage 1@yethe acti ve

material at an i ngdlent atoBfedept h dbpbethut adhaar QA A Rl | Cof ar rgdgpt h,
the | ayer of,the active.mterial then bei ng detached at a 15 det achnent
depth in the" WMy &t hgjeicr?b‘learﬁ%?‘_i‘%‘?f‘ dePt Feafdreg dila| bstdondnrgin is

a subst iét e,detraipbed i ded @riftaroruse in  optics, electronics or

opt o- el ectroni cs, hel uding,. - - tjve, el nt, -_a.support having a
face made of a po.lﬁlﬂigggg?&tﬁég i iaagé,o oR&r g)c%?greirzelg‘q(ﬂfstqﬁoa?&i P Er Eher
i ncl udes an Erec¥ | he chrakigidsie ignortpindus material or a naterial

obt ai ned from - figures la to 1d are diagrammatic sectional views
of four examples of support substrates for use in a

15 transfer operation in accordance with the present
invention;

- figure 2 is a diagrammatic sectional view showing
the use of a polycrystalline material support substrate
like that shown in figqure 1la to implement a first

20 embodiment of a method according-to the invention;

- figure 3 is a diagrammatic sectional view showing
the use of a support substrate like that shown in figures
la and 2 to implement a second embodiment of a method
according to the invention:

25 - figure 4 is a diagrammatic sectional view showing
the use of a support substrate like that shown in figures
la, 2 and 3 to implement a third embodiment of a method
according to the invention;

- figure 5 is a diagrammatic sectional view showing

30 the use of a support substrate like that shown in figures
lc and 1d to implement a fourth embodiment of a method
according to the invention;

- figure 6 is a diagrammatic sectional view showing
the use of a support substrate like that shown in figures

35 1la and 1b to implement a fifth embodiment of a method



25 an anor phous material between the active el enent and the face. made of
the polycrystalline material. Also disclosed herein is t Babstisaat2®p4i n
particular for use in optics, electronics or opto-electronics, including:
30 - an elenment nade of a first material, - a support nmade of a second

material, ®WerEgmsezed in that the second nmaterial is |epeTmEROBOISARAN
the first and in that it further includes an electrically conductive

anor phous material or a material 35 obt ifned from an anor phous nmateri al
bet ween the el enment 16 Decenber 2004 WO 01/97282 PCT/ FR01/01875 13 nmde

of the fIrStaéggﬁﬁiﬁﬁ e fde; SHRordn megde; of the second material

Applications of nethods in accordance With the invention can equal Iy wel |
cover the fabricatidnt®ire &/ si§izoRldarpnsataeopeahdonad Vabr cROWRJof

quasi subst rigiiesusdadt as esegpbyel §ﬂbsi:9aff@5§il{§ sHBSt EAbLRS, 1 hnflgﬁrrte'sw' ar

w th no internedi at ul at i e Ia Q.her ects, aspects an

advant ages (:tﬁgg %ﬁ%eﬁ c%nﬁlﬁgﬁh h?o $adPhg § h&8PFowi ng
10 det ai bed &Eﬁmrdxng(ﬂn ﬁﬁuamnn&ﬂumdnl\ml | also be better understood with
the aid of the drawids,,bRyhhols - alloblB8a! 3eho,) d, 18 dhagrammtic

sectional views our exanpl es of “suppor 55trat s for Use 1h
transfer opé%%ﬁ|Eﬁrﬁ#FQkﬁﬁwbkﬁuR?Wmk%mlﬂanNthﬂﬂlmanﬂﬁant|on figure 2 is a

di agrammatic sectimgpal siew shewdgd,t he Hi$& ohind p@hf%YSE%BaQﬁemege“ al
support substrate |ike tha f shown in fi gure |a to I1nplenent a first

enbodi nent  SFOREGHR h%dbaeébPau P&OFSSPhé“h%n%IFWVQSf’FﬁﬁF%f%r%n‘a an
di agr antrat i casteictd cﬂnﬁ}ex\/lcﬁWcSlepdlq/cﬁﬁﬁalS_ﬁr(H @Wrstutﬁslttl%ttreat e |ike

that shown in figures nd_2.to.i cond enbodi nept of a
net hod accordinglﬁ{lﬁle %P?ﬁ%eﬁ??oﬁ x5 %ﬁp 5 A AT Yranm@lfens
sectional vimewectssn wgich hénugbves arsupmemtlﬂngMWﬂatﬂﬁdelahet shaon in

figures a support substrate having a layer of polycrystalline
material on the face that receives the active layer.

15 The first embodiment of the invention is used for
direct bonding of a monocrystalline silicon element onto
a polycrystalline silicon support.

The support 2 is a disc, for example, with a
diameter of 200 mm and a thickness of 725 microns.

20 The support 2 1is shown diagrammatically and in
section in figures la and 1b. It features monocrystalline
grains 4. The monocrystalline grains 4 «can extend
throughout the thickness of the support 2, as in a
column—-grown substrate, for example (figure la). However,

25 the support 2 can equally well consist of grains 4
stacked in a disordered manner one on another and/or one
beside another.

It is entirely equivalent to use instead of the
supports 2 described above with reference to figures 1la

30 and 1b supports 2 including a wafer 3 covered with a
layer of polycrystalline material. Suppbrts 2 of this
kind are shown in figures 1c and 1d. The supports 2 shown
in figures 1lc and 1ld also feature a polycrystalline
silicon layer 5 consisting of monocrystalline grains 4

35 that can extend throughout the thickness of the



la, 2 and 3 to inplenent a third enbodi nent of a nethod according to the

invention; - figure 5is a diagrammatic sectional view shDatdrgber3@0the use
of a support substrate |like that shown in figures Ic and |d to inplenent a
fourth enbodi ment of a nmethod according to the invention; - figure 6 is a

di agrammat i eyeqa9eel vi ew showing the use of a support el e
that shown in figures 35 |la and Ib to inplenent a fifth enbodr%g%@l%#d(

net hod 16 December 2004 WO 01/97282 PCHFR01/01876 14 according to the
invention; and - figure 7 is a diagrammatic sectional view showi ng the use

f t | | d.t | t
i xth: enbodi RERCHELALLINE ATELCORCNEALE § PEIGRre TRl Bt drls ™ Relhe on
i s descri bede®ed bl winel 1t hee aisdagkedsi kn partfiil:@tbadeb@d rmmmlelrm ¢hagon
enbodi ment s. g Jbend # réﬁd/@ﬁc&@@' bé@ic‘iéi &Wtﬁéft hf I{ggnts concern a

bondi ng process which invol ves trans erring a active layer onto a
pol ycrystal |i ne suppRRE Stbst4 at € ThéHisurt Hﬂaﬁh sideh emFddilferEs Idoncer n

a bondi ng pEdeRsSaYdDdEH rf@\tol ¥Bsotbangf ergddigAn paetiuvedl ad@fu@@tQhea

support substrate havi er of pol stalli.ne te en the face
that' recei ve(ée%tema% |\gga 5? "fﬁ d%ﬁi‘? e‘fﬁ)%]u‘?%”?ri?f‘lt ?nvélﬁ’tdi onis
used for drt@ctp.bo’_ndcngaof athmmdrys,tradaumtsst,l i cof ethaenmtmsttcrat& .
polycerystal ldige, shdd Ct :PPeELns F0Er PHBPANe 2t 130l $hyel OfofAMLR, Wi th

a dianeter of 200 nm an ness 0 m crons e support 21s
shown di agra’%ﬁ%@?’é%l?y and in section in figures la and Ib. It features

monocrysbal line grains dqudhey "pHST et akbi N8eIEAPPS r#sC2N KR i ng
t hroughout the thickpness of t e su port 2, as in a.  colum-grown substrate

for exanple Tfi Gurétd). SHo'tke 0Pﬁ8t§upptb?€t ¥hodf RERY y SRS eonsi st
of grains 4 wsrttacdxe;boitycaydtamndaeeélttanaar 1en@ 106 ,anet hebnamd/cehgow

besi de anoth;ﬁ amorphous material wafer 3 also covered with a
polycrystalline silicon layer 5, or consisting of a wafer
15 3 of a material chosen for its very good thermal
conductivity and/or its transparency to light and/or some
other physical property, also covered with a
polycrystalline silicon layer 5.
In each case the polycrystalline silicon layer 5 is
20 advantageously‘from 500 to a few thousand angstroms thick
for use in microelectronics and a few tens of microns
thick for photovoltaic applications.

Note that although the support 2 is polished, the

surface 1is generally irregular, as it is in all the
25 situations shown in figure 1.

When the support 2 is of massive polycrystalline
silicon (figures 1la and 1b), it typically has, after
polishing, a surface topology with irregularities whose
height can, in the worse case scenario, vary within a

30 range of 500 A

However, less than a few tens of angstronB are
sufficient to spoil direct bonding.

In the method according to the invention, a 3 000 A
thick amorphous silicon layer 6 is then deposited on the

35 polished support 2 using a technique known in the art, as



It is entirely equivalent to use instead of the supports 2 described above
with reference to figures la 30 and | b supports 2 incliglDegmbaraDoa 3
covered with a layer of polycrystalline material. Supports 2 of this kind
are shown in figures 1c and | d. The supports 2 shown in figures 1c and Id
al so featurave @mwseystalline silicon |ayer 5 consistingpefr/FR01/01876
nonocrystalline grains 4 35 that can exéeéd t hroughout the thickness of the
16 Decenber 2004 WD 01/97282 PCT/ FROL1 76 15 polycrystalline silicon

| ayer 5 ( figure 1c) but which can equally well be stacked in a disordered

manner one Ofles &POLAEr andior gugnpesi de Jpot hey (f&gé%ﬁe&@)-."%ma% 5 2 of

this kind are particularly 5 advantageous for absorbing speci es produced
during the RITIRP that Bhm ¥Eehr E8ar i ndodar toud rocessnemahinodsgy:i n
particul ar ther mdld reaidrent s, Nof thebsupstiateicobigided afdipter ¢
transferri ng(uttshe act%v)e | ayer onto the support 2. 10 It is equally
possible to Jeg‘%ﬂ%p Pt's 2 consi sti ng of a wafer 3 wth conponents, the
whol e bebng cover éthe wstilifacpol gCr ytdteal bimoephohscaniliayar Bayet o®ngissti ng
of an anorphous ngt gL r I r j t | ycrystal | i ne
silicon | ayer b5, gﬁ?lgggﬂnl _s\t,i?cynlgso}fécg %%%%1\34 r:Etljﬁra}r]}att %ﬁ%ﬂl%a& enor its
very good t eemRYe appReimatialy andlMt A taf tamespleehci icdn.ght and/ or

sone ot her physi cal rﬁtﬂ&nﬁeﬁ%alallﬁ&)ecoyﬂf@omtQuﬁstPQ£¥Cryst§§'iQ%e%”icon
| ayer 5 l'icon layer 5 1s 0

In each case thedpol%gﬁ/stal | i ne si (
advant ageous?sPY9m 586°t &P t WohBarfd'eanget +ahgdt Hircle s$werface iof
mi croel @0t r arie s aamd phofuew & eDscoh Myanse tBockidan phobeMal ti} C the
appl i cations,. e .al t hough.the s ort 2 is.polished,.the face is
general ly i rc%lel‘l;étj far Egggsjlﬁ itseci%ﬁugiulest OWE it ?rrgtei ght s&%mufﬁ %i%é)ure 1.
Wien the supgport m@ries d¢taebsi ve pbhgseystaidime tehnigneéfi guses floa and
I'b), it typigaldyn dag, -gf t &onPOoLhdni i, R4kl acesd APOL OOV - W I N pafer

irregularities whose

Bonding, Science and Technology™, The Electrochemical

New-York 1999.
Table 1 below sets out the results of bonding a

15 Society Series, Wiley Inter-Science,

support 2 and a monocrystalline silicon substrate 8 with
and without an amorphous silicon layer 6 between them

Table 1
20
WITHOUT WITH
amorphous amorphous silicon deposit
silicon
deposit
Without With
polishing of | polishing of
amoxrphous amorphous
silicon silicon
layer 6 layer 6
Poly-crystalline - + ++

silicon already
polished with
some degree of

quality




hei ght can, in the worse case scenario, vary within a 30 range of 500 k

However ,
bondi ng.

| ess than a few tens of angstrom are
In the nmethod according to the invention,
anor phous silicon layer 6 is then deposited on the

t hi ck

usi ng a tecWiOdu#Red>WN in the art,

as 16 Decenber 2004 WOpQir/PReH61876

PCT/ FRO1/ 01876 16 descri bed, for exanple? I n the docunent "Silicon
Processing for the VLSl Era", Vol. 1, Pricess technol ogy; S. Wl f and.
N. Tauber, lLattice press, chapter 6 (figure 2a). 5 The surface of the
anor phous sfili cofohayely6 is| then_Lightly polished mechpnical Ly and

chemcally to renobve approxi
monocr yst al | | Ael 53 R¢< oRCSYibst
pol i shed free sufkacgiahe 10
by the direct bondi,ng technid

details on SHSAER

hocn ot oacH
st ey

mately 1 000
rate 8 is the
t he anor phoug
ues known in

N aHas coa f
See—

A of anor phous

the art (figur

n brought int

silicon |ayer

silicon. A
D contact with

e 2b). For

or
A=l

CGosel e, "Sem conduct or \Waf er
El ect r ochem cal

LIRS A=A~

Bondi ng,

avaml e O
exahp+-e—-

The

Tabl'e 1 bel ow sets out
monocr yst al | Perding | akm aubsekares:8 with

| ayer 6 between thempiladl &1k 200
silicon gepqsgéageposit W t hout W't

10

15

20

25

30

%éoééﬁéé/ §§é%&e§n WhSY

e results of bonding a “Su a

pol i shing of polishing o

- Partial bonding, with a few non-bonded areas.

+ Total _ with bonding defects
observable by infra-red transmission,

++ Total with

bonding, few

bonding, no bonding defects .
observable by infra-red transmission.

Table 1 shows that the bond is really satisfactory
only if an amorphous silicon layer 6 is deposited on the
The bond

better if the amorphous silicon layer 6 is polished,

polycrystalline silicon support 2. is even
as
in the embodiment described with reference to figure 2.

In the second embodiment of the invention, shown in
3, 10
transferred from a monocrystélline source substrate 12.

As the

polycrystalline silicon support 2 is polished.

figure a monocrystalline silicon layer is

in embodiment described above, a

A 3 000 A

thick amorphous silicon layer 6 is then deposited on the

The free
then

support 2. silicon
6

chemically to remove approximately 500 A of amorphous

surface of the amorphous

layer is lightly polished mechanically and

silicon (figure 3a).

A monocrystalline source substrate 12 is implanted
with atoms of hydrogen, for example, using the methods
described in the document FR 2 681 472 or a variant of
those methods. A

The expression "implanted with atoms" refers to any

bombardment with atomic, molecular or ionic species in

suf fi ci et8 Decersipei2004di r ect
a 3 000 A
35 polished support 2

R.

t he

6 to forma bpnd
nor e
Y—Jlongand U
Sci ence and Technol ogy",
l.nt.er - SCi e,.New York 1999
el é@ﬁ%%%thi gHaglty o)

and wi t hout an anorphous silicon

JEOUD BBRERAGUS Wk RHrabl! CfboRRIPNOUS



amor phousanor phous siliconsilicon layer 6l ayer 6 Poly-crystalline-+++
silicon already polished with sone degree of quality l66Reamier 20004 WO
01/97282 PCTIFRO /01876 17 Coarsely polished poly crystalline silicon ++
The codes used in table 1 to denote the quality of bonding are as follows:,
-- Difficul WOoO1fR282al bondi ng, with many unbonded 5 ar eaBCT/FIRG#/018¥6
bondi ng, with a few non-bonded areas. +1‘got al bonding, with few bonding
defects observable by infra-red transm'ssion. ++ Total bonding, with no
bondi ng defects. 10 observable by infra-red transm ssion. Table 1 shows
that the bonskder real | ynsettstaedgy yspesl¥si fidio andr phedsigl! iwam | ayer 6
I s deposited on the olycrystalli n)g s!jél i con suggort 2. The bond is even
better ©f t HECRHBVBHGUC STt 1R oron aybr CBOTS PBPFLRGAnabhesmRRerhal at
enbodi nent desparbieculdt hdepter eatetivef tgut Be2bohbaklledsecendcenbedienent

of the invention, . sh | I gur - rystalline silicon layer 10 is
transferredrbftﬂrd;rﬁn%% n@%\%%égls?%l gfqngog%ﬁr gfry%g&ﬁ%ss%/raa e 31125.?5%8? n*FhR ¥he
enbodi neAt dexkeTifld whblyeanaengggpoltyeitystsaldisre disicbhuseppaboul is

poli shed. A':000h AbbGK: agRERRAYS cSi! Ixfeomrhﬁyaﬁ{te%!fntbﬁg ﬁseggiéid on
the " support 2. The free surface of the anorphqus _silicon ayer I'S then
lightly pol i%heé¥ n@ehétﬁqrbaMe?maﬁdnplanter, an implanter operating by

immersion in a plasma, etc.
The implantation generates a fragile area 14.

10 The source substrate 12 made fragile in this way is
then brought into contact with the polished free surface
of the amorphous silicon layer 6 to form a bond by direct
bonding ( figure 3b). The whole or part of the combination
of the support 2 and the source substrate 12 is then

15 subjected to an action that detaches the monocrystalline
silicon layer 10 from the source substrate 12 in the
fragile area 14.

Generally speaking, the action just referred to can
consist of applying mechanical stresses (shear, traction,

20 compression, ultrasound, etc. ), stresses preduced
elecﬁrically (application of an electrostatic or
electromagnefic field), stresses produced by means of
thermal energy ( radiation, convection, conduction,
increase of pressure in microcavities, etc.), and so on.

25 It can also consist of directing a continuous or varying
jet of fluid (liquid or gas) onto the interface at which
the active layer 10 and the source substrate 12 separate.
In particular, stresses of thermal origin can result from
the application of an electromagnetic field, an electron

30 beam, thermo-electric heating, a c¢ryogenic fluid, a
supercooled liquid, etc.

The monocrystalline silicon layer 10 is therefore
transferred onto the support 2 by direct bonding via the
ambrphous silicon layer 6.

35 Variants of the above embodiment can use other



chemcally to renove approxi mtely 500 A of anorphous 25 silicon (figure
3a). A nonocrystalline source substrate 12 is inplant edi6 Detdmiadr@is4 of
hydr ogen, for exanple, using the nethods described in the docunment FR 2
681 472 or a variant of those nethods. 30 The expression "inplanted with
atons" ref engOton/eg282 bonbardnent with atom c, nol ecul ar opCTHIREI/E61% €S
in 16 Decenber 2004 WO 01/97282 PCT/ FRO/01876 18 order to insert those
species into a material with a nmaxi num oncentration of those species in
t he rraterlal at a particular depth relative to the bonbarded surface. The

atoni c, %P&n@éti&@'Geéﬁﬁfdﬁésa{éofné%hﬁﬂe 5&9351961 Eggh%'t%nwth an

energythat is also distributed a nmaximum Atomc s I es can
i npl ant ed i rPRKeC el t%h%bq%ﬁléﬁrbe%i“ﬁﬁﬁ%ﬁtfé} aart Wil dAver-

operating bﬂmplﬁﬁ&lﬁéﬁﬂﬁh'@a@ PlasnBe etfecflbe iAPhaANhAELORaEENELALES e

fragile area]D Thefource s#gstrat made fragile in this way is

then brought 2Y nfo 2t et Wedhex Olbo?’fastilége & FESWMF 882 0of t he anor phous

silicon Bayer 6 toldotheatbbnd bynbd»idrlaeht ledndiing {hvepiriso3b) shdhe whol e or

part of ‘the gontiayion, of1§ e, SURPOILs &1 AL { DELSOULEE SUDSLIALe 3 19
ron that de es

t hen 15 subjec ed to’an ac he “nmonocrystal I'ine I con
| ayer 10 froerihe eBerdieraniibst rat @@Zﬁﬁwﬁaiélff@r agllllecézmeasmmmneﬁal |y

speaking, the,actd®nwi bht ahehabkefol %%ﬂlc(iﬁlnsﬂa%fterOfG appl yhAg fRchagi cal
stresses (shear, traction, 20 conpression, ultrasqund, ettC.), stresses

produced el g yilapis GATONIBRNGR &FedsSiidad BttheFEERFBREGNeEL i

field), 18t r esseshoriodscatbdyi m@mans difsclidmideibenargy (radiation,
convection, conduc

crease, of essu rocavities, etc.), and
so on. 25 It can az%sgcrhcgﬁns% st O&‘fl% %5%’ %gcojh?l n{}rﬁf PO RE Pet of
fluid (liquisulostgalsg drt o ushiag naertachnaquahllcttpwm he cacttihee bayﬂefﬁo and

the source %@%&ﬁte;\? SRR A & £bR PAd | GULBha SddissBigRe, thEbRRE
origin can result from .
species are implanted in the source monocrystalline

15 silicon substrate 12 to create a fragile area 14.

The substrate 12 is then brought into contact with
the support 2 so that the silicon oxide layer 16 lies
against the amorphous silicon layer 6 (figure 4b).

The oxide layer 16 and the monocrystalline silicon

20 layer 10 are then detached from the source substrate 12
in a similar manner to that described for the second
embodiment, to form a silicon on insulator substrate. The
silicon on insulator substrate is made'up of a stack of
successive layers: a polycrystalline silicon support 2,

25 an amorphous silicon layer 6, a silicon oxide layer 16
and a monocrystalline silicon layer 10.

In the fourth embodiment of the invention, shown in
figure 5, a silicon on insulator substrate is also made.
To this end, a silicoﬁ wafer 3 is assembled with a

30 silicon substrate 12 incorporating a silicon oxide layer
16 and implanted as described above to form a fragile
area 14. However, in this case, the silicon oxide layer
16 is too thin (typically less than 1 000 A thick) to
absorb degassed species during subsequent operation and

35 which degrade the bond. To prevent bubbles forming at the



the application of an electromagnetic field, an electron 30 beam

thernpb-el ectric heating, a cryogenic fluid, a supercool®detarspard00¢tc. The
nonocrystalline silicon layer 10 is therefore transferred onto the support
2 by direct bonding via the anorphous silicon |layer 6. 35 Variants of the
above enbodiWwenrdl/2m82use ot her 16 Decenber 2004 WO 01/ 9728PCTATOFRE7601876
19 inplantation techniques ( for exanplqﬁplasna I npl antation) and/or other
techniques for transferring a thin layer.” Inplantation can also be
effected in an area nmade fragile by nmechanical neans, for exanple a porous

area. 5 In thendbhgd enbedigest af the bBYlQ@E;[U@ﬂceSh@!m HegakkgHge 4a @
strate.Ls na

silicon on insulator t.his. enbodi nenf, a
polycrystalIPﬂgy§F¥?E%#P§ﬁ%p8?}l§°n g@@?@d VM%W1EﬂF35ﬁgﬁﬁth§esWPF€6n3layer
6 (figure 4ajoi abprdduddet | deghessdnes panineyr. aBSedaseri belle e t hgeef apence
10 to the t nt e bo r 0Xl QL1116 s al so
formed on ameegﬁg?g%§§ {%ﬁﬁ%ﬂi geghn §%%£¥ @nqﬁg §§EE§¥ 65?son

As indi c& edmaberiak §@é@hén@nﬁo@@¢é@iaqmgiwidxnsbe@¢ebeapbtanpednte9 in

the source npnosyystal ldne dddwisidi£oBeSUlRt r abeyd2yt 2Ll £ en@ebh-aghl e
area 14. The,substrate_12 is then brought into contact wth the support 2

so that the 59| FeBRSoRfd&8UFLpEr {8u9P8§SSa6&|ﬁ§PrPﬁ8u§nﬂFEﬁ6E§15ﬂPV@6n

| ayer 6 (fi géreidb)thdhe @e(pcﬁlﬁ_ﬁ@cyerorﬂﬁt&mj tﬁmy&%&b}l&&@bl I ﬂﬁtékhlﬂon 20
| ayer 10 are %hen etacg g soquqﬁgubstrat t gﬁn

manner to t hat*%ese? ved°F§r ¢ g §<u)?f E ?QPf ?ﬂ?ﬁ? Yl&Bn on

i nsul at subherﬁUEurQhede$pbn¢@nn0@ﬁlﬁhﬁzﬂnwrphmusrszerBahaﬂayep 6f a
stack of —sucgepq p%cb%erospu%ri%qcy%ftghg' USRI ERE HPPORL fotfiBadn

anor phous silicon [ayer a si on OxXi | ayer a nonocrystalline
silicon Iaye@CQQrd4%gthet¢ourﬁhﬁeﬂﬁkRNQﬁ§#0Qﬁ tQﬁ§qrﬁ¢€ﬁt|oher§homnthﬁ

figure 5 a §d>ijr@@j}|s@emlﬁ§él| atom&@mbaate iss al sps mdeadviachhesusny, 2
silicon wafer fycrystaffbne smﬁlcon and the amorphous material 6 is
15 advantageously amorphous silicon.

The support 2, consisting of the wafer 3 and the
polycrystalline 3111con layer 5 and the amorphous layer
6, and the silicon substrate 12 incorporating the silicon
oxide layer 16 are brought into contact and assembled by

20 direct bonding (fig. 5Db).

The oxide layer 16 and the monocrystalline silicon
layer 10 are then detachéd from the source substrate 12
in a similar manner to that described for the second and
third embodiments to form a silicon on insulator

25 substrate (fig. 5c).

The. fourth embodiment of a method in accordance
with the invention produces a silicon on insulator
substrate including, stacked in succession, a
monocrystalline silicon wafer 3 covered with a

30 polycryétalline silicon layer 5 itself covefed with an
amorphous silicon layer 6 and then a silicon oxide layer
10 [ sic] and a monocrystalline silicon layer 10.

In a different embodiment, the polycrystalline

'silicon layer 5 can be deposited on the oxide 16 before

35 forming an amorphous silicon layexr, rather than on the



30 silicon substrate 12 incorporating a silicon oxide |layer 16 and

i npl anted as descri bed above to forma fragile area 1416 Boyentsar 2004 this
case, the silicon oxide layer 16 is too thin (typically less than 1 000 A
thick) to absorb degassed species during subsequent operation and 35 which
degr ade t he WOL/9T282pr event bubbl es fornm ng at the 16 DecBRGHAFRAD0ISAEO
01/97282 PCT/FROL/ 01876 20 bonding intgrface as a consequence of
degassing, a polycrystalline silicon layer 5 is formed on the wafer 3 to
absorb the degassed speci es. Because there are no techniques avail able for
pol i shing theuppbyer pst alt i ¢en Seqabeliyakegnaltel Nk poSiatd ST BSERr YynbamE t o be
obt ai ned, to aIIeV|§te éhe d mbackg o{ the:ﬁglycrystalllne material in
terns of sur?aggorough%%ssogn a%n?ﬁh Us™ FhT er | ayer 6 is then deposited
on the polycrystallnne netrdrg] of f khe Sd)irdNodredt hatrth teedioddiregy s,

devel ops fav %abiyidé‘5ﬁ% Eghurge ticgn pfet hgﬁég%%?hgys At terial

| ayer 6 cou becone optional. For the e odi‘ment  of hod according
to the i fventradfbdesct bblcherror phus paryeryal allayre nft erThis 5oxgde

advant ageousiayeﬁol &sﬁyskabhaae Sthikcopxand tmsyagmr pROUgRREERAl thd S 15
advant ageous| % annrg Oﬁi l'i con. 33 %gﬁgﬁr{ con5|st|ng of . the wafer 3
and the pol JePYSTHFIE l%?lﬂ@'ﬁrF Qhe P¥forgbugdralky wsllang
the silicon babsiroatieled? imcaddbtadbhngd hehsi bikéas lexicte 1@yebvb@1@@e
br ought int0' an d|re t. bondi n fig. 5b). The

9 %ﬁ%%ﬂ?gtgffﬁqg lﬁ?if_g])_{lafolr Clq g (fig )

oxi de Iayer € Nonocryst i'ne si ayer 10 are then detached
fron1thé050urce sub@tﬂaﬂ@rmanhrp%.thﬁlw@nIMBﬁnEi foutrhht eddescliimpadsf or t he

second and r i t8at i, | or 25 substrate
(fig. 5c). T%Eé %%ﬁ??ﬁgeﬁ%gdgﬁeﬁ?ﬁg£@é@'§¥ éfp?ﬁﬂgé%or é%%e with the

i nvention produces®™s%i | IRBATIRLY nSBEAKHRI, stb_t Pridei havadi Ay, Lavaeked in
successi on, @an rmus@crn@glaaldedwe by | keenhvef ef nSutHver ed it h Xadble a

polycrystalllne sd ;con | ayer 5 itself covered mnth an

15 In the fifth embodiment of the invention, shown in
figure 6, a substrate is made including an active layer 9
of monocrystalline silicon carbide on polycrystalline
silicon carbide. To this end a polycrystalline silicon
carbide support 7 and a monocrystalline silicon carbide

20 source substrate 13 1incorporating a fragile area 14
obtained as described above are prepared. As there are as
yet no techniques for polishing the polycrystalline
material capable of achieving a satisfactory bond, to
alleviate the drawbacks of the polycrystalline material

25 in terms of surface roughness an amorphous material layer
6 1s then deposited on the polycrystalline silicon
carbide support 7 (fig. 6a). Note that polycrystalline
silicon carbide can advantageously absorb the degassed
species, as explained above. Note again that if

30 technology evolves favorably in the future, deposition of
the amorphous material layer 6 may become optional. For
the embodiment of the method according to the invention
described here, the amorphous material 6 is
advantageously amorphous silicon.

35 The support 7 and the substrate 13 are brought into



anmor phous silicon layer 6 and then a silicon oxide layer 10 [sic] and a
nonocrystalline silicon layer 10. In a different enbodi tebDecerbiimy 2004
polycrystalline silicon |layer 5 can be deposited on the oxide 16 before
35 form ng an anorphous silicon |ayer, rather than on the 16 Decenber 2004

WO 01/97282 wBdJ1/o7%2/ 01876 21 support 2. It can equally wehrReidepRsi t ed
both on the support 2 and on the oxide J.ayer 16. In a variant of the third

and fourth enbodi nments, an oxide Iayer:%%n be formed on the support 2, for
‘5 exanpl e on the anorphous material |ayer 6. This oxide |ayer can repl ace

the oxide |la o ri 0, L ine: mategd al "d.ayer 10, but can
¥8ht 46t CON8 éQQeltaneci:l MBpos! Yl ﬂ;éﬁ&drg@l(gi;ieq% 4B

equally well be provided in addition to the oxi 16 coverin t he
monocrystal | i ne maf@ri A°tefer £6. 18PPR a ¥BPHAAE ofCe he d9fiach andMeourth
enbodi nent s, mohbergstaTtdInganibecbapkageddby 19drcan £26R1 €8e AliSQ.con

eneral |y speaking, the oxide |layer or_layers can, be replaced by another
?nsulato? (FS?ré&gﬁpﬁgugcenﬁPPFgé?Felg3Fnthéaf?* ThbBalheht tef tRe

i nventi orh, sHesnrihedf withe réfeaeaubstioatichd ssevasied,] nchidd ngnan facirtte

| ayer 9 of | i silican i de cry LLin silicon
carbide. To ?ﬂpgaéﬁghgg’pggbr%%tgﬁlﬁ%%ﬁgigiéﬁﬁxgggreidgﬁgﬂﬁ %f?tﬁn%né a
monocr yst al | MABOSEY§ Edhl Eae bi el DOor orardisithstacitieral 3 liavsor pér atdinng aa

fragile areapéﬂyc@?é@érfﬂné5s£E¥%6ﬁt@%&@%ﬂ&“%é? _ﬁEePQH%Q;_ jLhere are as
yet no techniques for poljshing the polycrystalline material capable of
achi eving a sati sftRt &r ySo, SPBodifeRyi stfe the drammidies. ofshewn in

pol ycrydtoal | fhgupat eri,al 25 i Bubetratel susfaced®ughinrRes poramIPhous

Support 7 (TTRroga SERbEEE nE T bBr DAy St AR MALCE o DRPRI Beodaky
advant ageousiyeabgordualié ydeyasssporspes] elso as lewpl@veld abodefelake again
that if S0 teghnol quvoeyolyas 1ERUOrab ¥odi hEGIAIUr gy d5POSIdd PN (Bhg the
anor phous material layer 6 may becone oEtlona - For

quality, - Tor exanple a quality that corresponds to that

15 of a material obtained by epitaxial growth, a so-called
"perfect crystal" material or any other material that may
in the future correspond to a quality optimized relative
to what can be achieved at the time of filing this
application. This quality corresponds to a material that

20 is used for its electronic and/or optical, etc.
properties and has been optimized accordingly. A silicon
source substrate 18 of good quality is prepared with a
fragile area 14 formed in a similar manner to that
described above.

25 : To alleviate the drawbacks of bubbles forming
because of degassing products, a polycrystalline silicon
layer 5 1is advantageously formed on the monocrystalline
silicon support 17 of less good quality to absorb the
degassed species. Because there are not as vyet any

30 techniques for polishing the polycrystalline material
enabling a satisfactory bond to be obtained, to alleviate
the drawbacks of the polycrystalline material in terms of
surface roughness an amorphous material layer 6 is then
‘deposited on the polycrystalline material (fig. 7a). Note

35 that if technology evolves favorably in the future,



t he enbodi nent of the nethod according to the invention described here,

t he anorphous nmaterial 6 is advantageously anorphous sid Deambes20The
support 7 and the substrate 13 are brought into 16 Decenber 2004 WO
01/97282 PCT/FRO /01876 22 contact and assenbl ed by direct bonding (fig.

6b). An act WO 0197282n applied to detach the nonocrystal lpoerdi/eR7s
carbide layer 9 fromthe silicon carbi 23 source substrate 13, in a simlar
manner to that 5 described with referen to the second, third and fourth
enbodi ments, so as to forma substrate incorporating a nonocrystalline

silicon carhy i I | 4 Pdi ay.hj
support 7 (ﬁ%%ﬁi&?ndgyﬁiﬁ%%%gmﬁi%ﬁﬁeil ?/in%igﬁ{,}lgh%%%gﬁ% 10

figure 7, a e Fernmkle isRRGdeati mf atheomsehpst AFcemdisid i €on
active |ayertHé Divgaoibiuiddddibed -hére, atliahindYplkohd eapeagi og §0ia | ow
| evel of defaeé:vtrs on a.monocr ﬁ}t al li ngjisi | i con support 17 of |ess good
quality,, for SXamiew c}'uzflnllcfré3 Wt *dor&honds to that 15 of a materi al

obt ai nedSby epitaXitel guppbht dsoaovdl |Ee Spesteatecryst alre natengnt or
any ot her far i dat: My 4 fut .CQrJ.e to,a.quakity
optimzed re rg%c% \a/éeorEto what cajas%eglgﬁ.aec ibg{/gi&%%tcrtt ?\jg)%[&gﬁlg (S?l%“ il7r}?§)'t hi s

appl i cati on. Thi s T\l imgneerydspdhide t oshlheeeri dbyehat 120 isf usgdodflor its

el ectroni c ap@{1rtpptigal tnBhC. ddULRARYY | eBrafnd has besn QRi{ M 266y ce
accordingly. A silicon source substrate 18 of good quality Is prepared

with a fradltSEHAEE 2P 1¥F nBeefndYsi kY| &P RadRemearo sifmhlan e thal
above. 286 Talsddmeibeat e fide dtlawbasksondl, bubblied, f oraguigh besauser Pfeh

formed on ietesrde el e EENL i Con sboiat of Pestrgbahibaa i1y 1o
absorb the megassEtadddsicessiBevausactheee layemols asfyefoahyq8dlity
a1 of act orybond FonpeR e B AT SR FRe T aifiackeo re
pol ycryst al [94fd it 618 ©F terns of

15 Many variants of the embodiments of the invention
described above can be envisaged.

Thus the supports 2, 7, 17 provided with an
amorphous material layer 6 can, before bonding them to
the substrate 8 or a source substrate 12, 13, 18, undergo

20 various conventional treatments known in the amorphous
silicon art, in particular hydrogenation or degassing,
and various heat treatments, such as a densification heat
treatment, for example.

The amorphous silicon layer can advantageously be

25 doped to improve its electrical performance.

The combination of the active layer and its support
can also be annealed after assembly, during which process
at least partial crystallization of the amorphous
material layer & can occur.

30 Moreover, in the embodiments described above, the
amorphous material layer 6 is a layer of amorphous
silicon, but many other amorphous materials can be
envisaged for use in methods according to the present
invention. Silicides may be cited by way of example, such

35 as titanium silicide TiSi, or palladium silicide Pd,Si.



surface roughness an anorphous material layer 6 is then deposited on the
polycrystalline material (fig. 7a). Note 35 that if tectthDecayber\20Ddes
favorably in the future, 16 Decenber 2004 WO 01/97282 PCT/FROL/ 01876 23
deposition of the anorphous material |ayer 6 could becone optional. For

t he enbodi n¥vO 0af972B2 nmet hod according to the invention destrredoisyee.

t he anorphous nmaterial 6 is advant ageOé | y amor phous silicon. 5 The
support 17 and the substrate 18 are bro 3 into contact and assenbl ed by
direct bonding (fig. 7b). The nonocryst al I ine silicon layer 15 of good

quality is then defaehed-ify,om/hhe sid '&@é‘c§9ﬂé&eab%‘&€5tx5j?€‘r? }éfgzeag
quality in a nmanne S|mlar to that 10 described for the secon

fourth and fi%tAPBIBGATHEAEs TOF f SRt CRFENT af P HEBE DO dticHging a
nmonocr yst al Isire cai | taﬁb.laét |a\t€zllv@yela3iér obrycod %hkﬁ'cﬂia/me@ék dsilicon
nonocrystal | con_support 17 of..les ood

Many vari antgs&g tItsénééS rrggcri‘i rré%t sged}eﬁ%elzierf?/e%ﬂ o‘ﬁa M%ed“‘gﬁﬁ g(1:§n be .
envi sagel. THUshaute damppdriey Zrohy thie prappadext Witteh merﬁlmphous mat eri al

| ayer 6 can, beforg, | Rgyatem ¢, fr?x?erﬁ‘[‘jpﬁ efv% €8 é’x‘i&@% SHL Cfxtasgﬁt rate

12, ‘13, 18, undergo vari ous ‘conventi o h
anor phous §iq91€i?0nw%ﬁ3fe }h par ppéulvat Wm‘rﬁgefm|m1 B@rﬁl@glass’pihgshlagd

vari olus h_EIE_ﬁttd rcﬂﬁdﬁaﬂté,sfm&@f @alﬂ@@sbfhgab?ﬂ?c{‘ﬁ@f:al%{ﬁét HEBEHBQ[
exanpl e. e s siligcon | ayer can advant ageously be doped to

i mprove its %t <$1|etr§| f;s? F&%é onfid% onbi nati on of the active |ayer and
its support can alismalie, annehl edtakt erfcagsady v, oﬂurltlﬂg V\hheﬁihcm OCﬁﬁS at

| east parti g on t hou ma.ter occur.
30 Mor eover |n T errb%%}tllr;len Rgdejé}g‘rr&lt;)@dgabo e c %oug Hat Fi al

| ayer 6 is éiakﬁfbr igdepemdsinddy o i don, CDme.nanyoot hED agef pheusnew
material s cmln%hwss%@eqzﬁé)rl%ﬂlr&get hods according to the present



invention. Silicides may be cited by way of exanple, such 35 as titanium
silicide TiSi2 or palladiumsilicide Pd2Si. 16 Decenb&s P2g8dben2004/ 97282
PCT/ FROL/ 01876 24 Simlarly, what is described above with reference to
applications for fabricating substrates including a silicon carbide active
| ayer or 300 mmdianmeter silicon substrates can be generalized to many
other materials 5 without departing fromthe scope of the invention. In
particular, the invention is advantageous in all cases where it is not yet
known how to performpolishing to ob2ain a surface quality of a
polycrystalline material sufficient for direct bonding. 10 Finally, all
the features of the nethod in ac with the invention described
above can be taken independently or 1n conbination to define new

enbodi nents of the invention. 16 Decenber 2004 25 CLAIM5S 1. A nethod of
fabricating sishsldrat Iﬁﬁmcdtxﬂg Rabdtiabdd] BY pdrAEulMSRr ufk ARG SelecBbRE] &:QPICS OF
opto- electronics, which conprises: - providing a support substrate (2, 7)
of a mat@ @thmcssg[h@h'cgg@@ﬁ@s mat er| al", including a poI ycryst alline face; -
deposi ng_ I al o] stalli f ace of
sai d suppg&tm@%%g@ pg?rg%&wﬁ%l (rca\)g trﬁgte};%b?%{%gges‘:%ﬁ% i a[l | Eylélﬁ €6) to
facilit apedydrgstdiling facend - bondi ng t he poli shed am)rphous mat er| al l|ayer (6)
to anot her substrate or source  substrate 13, 18) of

mono- cr ysESRCSIMBenAREphoys mateyial layer{6) upgng erp&b@mséalhne fﬂﬁ%ﬁéﬁfﬁd SABP®oNndi ng
defects ghgQpservable by infra-red transmssion. 2. The nethod of claiml,
whi ch further conprises inplanting atomic species into the source

subst ratepc(lismnglﬂe, arh8jphpud matetiol b (6md’amtgta&tlmmdm’g, ankhe net hod of claim1,

wherein t e hou erial |ayer i S phous silicon. 4. The

met hod o DRGE (e Rilishe) ArpRRboy %ﬁB%tPl{[agdlaﬁ% HBUEIHaA SFIDRITE e Fore) | s
bet ween su%Q@ME (@0@0@\3'[ I%)%Qg%ﬁdjéﬁ&alhﬁc m-lél?&lamdgoﬁﬁ)‘f‘ !ﬁl'aféhl]a” WhElRl N the
pol i shi ng ste g renoves between about 200A to 00A o anmor phols nmateri al

(6). 6. thdafews axs|ohiservable i enfed-red tiaesthission. naterial and the second
mat eri al are silicon.

2. The method of claim 1, which further comprises implanting atomic species into the

source substrate (12, 13, 18) prior to the bonding step.
3. The method of claim 1, wherein the amorphous material layer (6) is amorphous silicon.

4. The method of claim 1, wherein the deposited amorphous material layer (6) is between
about 10004 to 50004 thick.

5. The method of claim 1, wherein the polishing step removes between about 2004 to

50004 of amorphous material (6).
6. The method of claim 1, wherein the first material and the second material are silicon.

7. The method of claim 1, further comprising interposing an insulator material layer (16}

between the two substrates before the bonding step.



7. The nethod of claim11, further conprising interposing an insul ator
material |ayer (16) between the two substrates before thietsoretir 2§04t ep. 1
6 Decenber 2004 26 8. The method of claim?7, wherein the insulator nmateri al
(16) is at |east one of an oxide and a nitride. 9. The method of claim 6,
wherein the insulator material (16) i26an oxide that is |less than about
1000A thick. 10. The nethod of claim1l, wherein the first material and the
second ma i al ar ilic carbide. 11. Th d of,claim1l, wherein
the_cuppobt TR ep o chicl R ieinmdaion Y 514916 Bhiche g Ran S £ o
12. A subgid ahigidd.n particular for use in optics, electronics or

opt oel ectronics, including stacked in succession a support substrate (2)
conprising a polycrystalline material on one face, covered with a

deposi ted r ' )ome AL sELT yered on
its entirg' ac@k@@?ﬁkgﬁﬂgﬁpﬁéggﬁgﬁgg&%%@%ﬁ%ﬁ%ﬁmﬁg§£gfgﬂnéé§%?t%ﬁﬁ%ﬁﬁﬁh. The
subst r at eatafut ¢0@0Athid. wherein an insulator material l|ayer (16) is

i nterposed between said anorphous nmaterial |ayer (6) and the

nonocrystalline material (10). 14. The substrate of clainms 12 or 13,

wherei n t g BDLORGYSE eﬁ&grﬂ, Wh%%ﬁy% ﬁr@mﬁt@ﬁal%ﬁcthé 'h&,%hma@ém 4ed %iﬁ@on 15.

The substrate of clainms 12 or erei n the anorphous materi ayer (6)
is anorptwbelesilicon. 16. The substrate of claim 12, wherein the
nonocrystalline material and the polycrystalline material are silicon. 17.
The substrate of claim 12, wherein the nonocrystalline material and the

pol ycryst i | THmEMb& bt Slaink | EwhéreinCAB sGfoll ¥Bstrate is a bulk polycrystalline silicon

carbide substrate.

12. A substrate, in particular for use in optics, electronics or optoelectronics, including
stacked in succession a support substrate (2) comprising a polycrystalline material on one
face, covered with a deposited and planarized amorphous material layer (6), itself covered

on its enfire face with an active monocrystalline material layer (10).

13. The substrate of claim 12, wherein an insulator material layer (16) is interposed

" between said amorphous material layer (6) and the monocrystalline material (10).

14. The substrate of claims 12 or 13, wherein the amorphous material layer (6) is

electrically conductive.

15. The substrate of claims 12 or 13, wherein the amorphous material layer (6) is

amorphous silicon.

16. The substrate of claim 12, wherein the monocrystalline material and the

polycrystalline material are silicon.

17. The substrate of claim 12, wherein the monocrystalline material and the

polycrystalline material are silicon carbide.





