WD 2010/ 091972PCT/ EP2010/ 051197 1 A METHOD OF PRODUCI NG A LAYER OF CAVI TI ES
Technical field and prior art The present invention relates to a nethod of
5 producing cavities disposed in an insulating | ayer of oxide or nitride.
During the fabrication of nmultilayer structures such as Se0Ol (sem conduct or
on i nsul at owp 201me1931 r uct ures for el ectronic, m croel eBCTEREIH/05HPM

optoel ectronic 10 applications, it is roytine to interpose insulating

| ayers between wafers of sem conductor materials such as silicon wafers,
for exanpl e. Further, it nay be necessary to formmcrocavities or

m crobubbl es in the i nswuEaton s ERoDUELRG A MAYERS oRpEAVESIESN particul ar
when the structure is to be capable of being taken apart at the insulating
| ayer, as described in the docunment W-A-2005/034218. The docunent
"Structural artPeipdradr Erkt 200 Pr3aFi ¥Fs of defects created by noble gas

20 i nplantation inThel peesertxiit@enbyodl rAssat eb almedMee] e@r | nstrunents
and Met hod %%ﬁ 200 . 222~ 3 I ' hod of
formng m c%ro%ﬁ_ géalgn(?%lvﬁ%%r %gfpé%??ﬁ%x?ﬁ%gfi‘?’dg%?ﬁgﬁp%%r to reduce
the val ue of tHe-H @FeBtFfd%onstant k of the oxide |ayer and, as a 25

result, its perm tDuvibty.chdeabethadiceset mhedilayséhatcrdecumeatsweansi sts in
mplanting a 18y Qecdf (SLRPodhulRlrO8n A:tiatRR) SUASL IR ap ks hegvy rare
gas ions such as xenon. Said I nplantatl an%el ows m crobybbles to be forned
in the 8i02 Ia%ﬁ‘.trﬁﬁ%mé@’éﬁo Ratr Rt Trod e §REPRESTHE Se of heavy rare
gas ions, Mhi dpglivekyesst hid userohtpae ticcihéerpose siomudesingd of nore

expensive equiprRl LLPR-&NLRFbrs! 5B A0tiRlonABc¥bE nAlRaMYK15083cH eQui T es
hi gher i npl ant atli.on enef aﬁi% genera%es nore damage in the I nplanted 35
material conpated St W %'a &t FOA™aTri ed out with hydrogen or helium

i ons, for exanpl e. FEuthérer itwmal bachkedessaryi toi Soxi fifiiceukavioieont rol the
i npl antation deptdl cr¥ELRBEY Q19KRAPGTLHERAGHE 961d&fure. This

15 applies in particular when the structure is to be capable
of being taken apart at the insulating layer, as
described in the document WO-A-2005/034218.

The document *Structural and nuclear
characterizations of defects created by noble gas

20 implantation in silicon oxide" by H. Assaf et al, Nuclear
Instruments and Methods, B 253 (2006), 222-26, for
example, describes a method of forming microbubbles in a
layer of silicon oxide (Si0;) in order to reduce the value
of the dielectric constant k of the oxide layer and, as a

25 result, its permittivity. The method described in that
document consists in implanting a layer of 8$i0, formed on
a silicon substrate with heavy rare gas ions such as
xenon. Said implantation allows microbubbles to be
formed in the $i0; laver.

30 However, that method requires the use of heavy rare
gas ions, which involwves the use of particular ion
sources and of more expensive equipment (implanter).
Implantation with heavy ilons requires higher implantation
energy and generates more damage in the implanted

35 material compared with implantation carried out with
hyvdrogen or helium ions, for example. Further, with such
ions, it is difficult to control the implantation depth



2 of the ions in the oxide |ayer and, as a result, the zone over which the

m cr obubbl es ext end. There now exists a need to be able to form
insulating layers conprising cavities in substrates in a 5 manner that is
accurate and econom cal. Summary of the invention The ai m of the

present invgnt.l S, L0 propose a solution that enable "@E’ﬂ/ I 0 be
produced i nwg)nio%@gilgzzsul ating layer wthout the above- rrg(ﬁ |ozh%}é?gﬁg-}

di sadvant ages. To this end, the infention proposes a mnet hod of
producing a |l ayer of cavities in a structure conprising at |east one

substrate for rre)ﬁ tr{agma mat er.i al tgat can be 15 oxi di zed or Irllitri ded, the
met hod conpri stnd FhéPdI Howitty °&t8pst Y S mafant FRd i Tetitnt BPE aF Wsubst rat e
in order to forvarawhinpl bime addrobubbheemxtanidon zone at a predeterm ned

nean depth; 20 heatrhbieahdhGxiR@si APhady adb subsbiates toforma |ayer of
cavities at the | rIpItant ed_ion concentration %one; .and_ formng, an

i nsul ati ng | ay@tP 43 387 ot S FEFRE BY Ih SATOCAER TaISTEERRERL T rdm one
surface of Saip@Brstbatris ecogpge adlemonegirayer that is fornmed
extending at least partially into the |ayer of cavities. Thus, by

producing a | ¥ Efma ggvj:ﬁ% %iv%%gggof ormng the insulating layer, it is

possi ble to accurately contro rmation of the |ayer of cavities 30
since inplantationThg 3R refedheuPrEatRr & YeRbEencbts-S PoPPat e wi t hout

havi ng to use sqegish tBMS &l edsSchemied abebgasrédited @n &Apl antation.
Further, the (LahakcehqPALILALL HSEE S Dyl chaliic layer of cavilties

over | aps tlhe i nsul at’i n% zg/er nmay al sO be accura eJ[y control | ed since
all that is re&HAd¥a"L39¢%- stop the insulating |layer formation front at the
desired regi on in trbetBidséndgt €ehe invention proposes a method of

producing a layer of cavities in a structure comprising
at least one substrate formed from a material that can be

15  oxidized or nitrided, the method comprising the following
steps:

+ implanting icns into said substrate in order to
form an implanted ion concentration zone at a
predetermined mean depih;

20 = heat treating the implanted gsubstrate to form a
laver of cavities at the implanted ion concentration
zone; and

e forming an insulating layer in said substrate by
thermochemical treatment from one surface of said

25 substrate, said insulating layer that is formed extending
at least partially into the layver of cavities.

Thus, by producing a layer of cavities before
forming the insulating layer, it is possible to
accurately control the formation of the layer of cavities

30 since implantation is carried out into a homogeneous
substrate without having to use special ions such as
heavy rare gas ionsg for implantation. Further, the
(total or partial) degree by which the layer of cavities
overlaps the insulating layer may also be accurately

35 controlled since all that is required is to stop the
insulating layer formation front at the degsired region in
the substrate.



WO 2010/ 091972PCT1/ EP2010/ 051197 3 I n one aspect of the invention,
the insulating |layer fornmed by thernochem cal treatnent extends over the
entire layer of cavities. In one inplenentation of the invention, the 5

t hermochem cal treatnment of the surface substrate is carried out in an

oxi di zi ng aweowpierd2 in order to forman insulating | ageVERRI@sIGE. | n

anot her inplenentation of the invention,3the thernochem cal treatnent of
the substrate surface is 10 carried out in a nitriding atnosphere in order
to forman insulating |ayer of nitride. In a particul ar aspect of the
i nvention, one or marendopaRic: afethatimdutddni ntive tigwQuhshgal®y«tir i ng

t her mocheni cal £RA BEMneddichelt cLICSALIARART 5 0BYad 1515 paL!i cul ar

i ntroduce positive or negatlve ¢ Into the cavities of the insulating
| ayer . TRy dAYE rP%Ic’?BlfSF%%oses a nethod of producing a multilayer
structure, conprisiingoa¢ irgdsmeboadioy & fuhestinsémiuiciryr ehento a second

structure, éh%maﬁeﬁiéwteﬁe&%@ngwpre@ B0 r2aSUNSIHALGcLNgs uding a |ayer
ormed i n, accordance wth_the nethod of

of cavities and an i.nsul atin

Che Tt on S el mith ot M o8t 8L e HiinasBnets L Sl kb LS8 Lt ur o
may in particumrinsoiprine levieayef ofidmni conductor material such as a

| ayer of 25 silicorn Jﬂé@xex& 1%&%&1@&@510?@% EM@el&;e&itfiToHr eche formed with

a buried insul clu i nvention al so
o ovi des o connpeheifiat Freathid 8 S Suhntrate EUESRER it od by a
material thfat ¢arrdgpapie ot abeilngidlagiatewsphent it dediert he Sexmcrure 30
further conpr |§1gmc—,1amng NEdifeat bEgnk eyRde f or med by thernochem cal treatnment

of the material of %aﬁ varticular aspect of the invention, one or more
dopants are introduced into the substrate during
thermochemical treatment. This or these dopants may in

15 particular introduce positive or negative charges into
the cavities of the ingulating laver.

The invention also proposes a method of producing a
multilayer structure, comprising at least bonding a first
structure onto a second structure, the gecond structure

20 comprising a substrate including a layer of cavities and
an insulating layer formed in accordance with the method
of the invention for forming a layer of cavities.

The first structure may in particular comprise a
layer of semiconductor material such as a layer of

25 silicon. Thus, a multilayer Se0l type structure is
formed with a buried insulating layer including cavities.

The invention alsoc provides a composite structure
comprising a substrate constituted by a material that is
capable of being oxidized or nitrided, the structure

30 further comprising an insulating layer formed by
thermochemical treatment of the material of said
substrate, the imnsulating layer including a layer of
cavities, the structure being characterized in that the
cavities of sald laver are oblong in shape and in that

35 said cavities are oriented in the same direction.

The insulating layer may be a layer of oxide or
nitride.



substrate, the insulating layer including a | ayer of cavities, the
structure being characterized in that the cavities of said | ayer are obl ong
in shape and in that 35 said cavities are oriented in the sane direction.
The insulating | ayer may be a |layer of oxide or nitride. WO

2010/ 091972PCTh lRefed0/ 051197 4 In one aspect of ﬁ@ﬁEﬂ:ﬂfﬁ%E‘ﬁ%P”, t he

cavities of the layer of cavities contain one or nore dopants selected from
at | east: nitrogen, boron, arsenic, phosphorus, antinony, alum num
gallium iron, nickel, and cobalt. 5 Brief description of the figures

The characteristics,_and advantages pf the present, inventi.on become apparent
from the fol | owi ngﬁaeg%er"i&ﬁ) RSiT gﬁgdéﬁ%yl%?&& nho%}-l?i?ﬁ‘?itﬁﬁsi A% % i on wi th
reference to HEVHe CAcERYiPEIBA HHNERAN PTR dth M@kEcfepants selppgrdes | A to 1C

are di agranmatir@saet Lesst . V‘ii@t@%g&hQV\bcﬁhfg:ﬂ,h%rfséﬁﬂ@l i;ﬂfbslﬂharaﬁi l'i con ;
substrate, of . o) .tie an.in in | h accordance
with one inpl eaqngﬁﬁé?%émg% %%I%A'i ﬁegg??g'n;”%???g%’?éei 'Z%ngaég%?%’\:/v‘ chart of
the steps Carried out in Figures 1A to 1C, Figures 3 to 5 are

m cr ophot ogr afBrSieiffaliescidpdicm bfaBRE1 Sdiesel ect ron m croscope and show ng

a layer of m cr ocaypbl e8aflUldok0c8 Sq |FRASHDSL ' GmoBi-Ghef0 Subst rat e

is then being oxidized I'n accordance with one | ementaton_of the nethod
of the inventildiyention beqqny,EprgreRt fxam fhes Aot S ih deSFEEPBIRE t he
di stribution ofads byoeayidi emnf-aimbting Amiexidozad & Hefepestdsid ate in

accor dancq_OWi tﬁ&@%cbﬂﬁéw %E:ia(}@ngs in which:

+ Figures 1A to 1C are diagrammatic sectional views
showing the formation, in a silicon substrate, of a layer
of cavities and of an insulating layer in accordance with
one implementation of the invention;

15 » Figure 2 is a flow chart of the steps carried out
in Figures 1A to 1C;

» Figures 3 to 5 are microphotographs taken with a
transmission electron microscope and showing a layer of
microcavities formed in a silicon substrate, which

20 substrate is then being oxidized in accordance with one
implementation of the method of the invention;

= Figure 6 is a graph showing the size and the
distribution of microcavities formed in an oxidized
silicon substrate in accordance with one implementation

25 of the method of the invention;

» Figure 7 igs a diagrammatic view of a composite
structure in accordance with one implementation of the
invention.

30 Detailed description of implementations of the invention
The present invention is of general application to
any material that can be implanted with ionic species and
that is capable of being oxidized and/or nitrided. By
way of non-limiting example, the following materials may
35 Dbe used to carry out the method of the invention:



25 of the method of the invention; Figure 7 is a diagrammtic view
of a conposite structure in accordance with one inplenentation of the

i nvention. 30 Detailed description of inplenentations of the invention

The present invention is of general application to any material that can be
i mpl ant ed wwior010919¢2 speci es and that i s capabl e of beP¢mERRIOYsALT and/ or
nitrided. By way of non-limting exanples the following materials may 35 be
used to carry out the nmethod of the invention: WO

20101091972PCT/ EP2010/ 051197 5 oxi di zabl e and/or nitridable netals and
netal alloys (irons zkigizadepend/st aeeltridabaai ttald e@dnngtal et c) ;

crystalline s d ri c 5 erials
(Gahs, GaN, §§§§J%ﬁ?um%%d Bt biBRr? Eltarkh ribdn i,

silicon carbi i O) One inmplenentation of the method of the
invention is descrisbetdydedidvine shmiedeienoe matériplesukcA &0 1C and 2, 10

applied to sf ordmti Bg, aziﬁ)/i?&na‘%tar%i/ét{c%%s' \NaBR, oxide lR¥RLnPin & |1 CON

substrat e. art cul a t he, net hod the i'nvéntion conpri ses t he
steps of ion iTS &ﬁf“ FrE: aFr%Ja‘%E?rent to devel op the cavities, and
t her nochem cal treat ﬂBhiCQID dagbida (Sid)ayer of oxide or nitride. The ion

i npl antation of a @Hgsirﬁﬁ&nenftahgﬁad@lt@leUﬁbego@ycs#_r Qgen i fidddy)s andior hel i um

(He) ions, arri. ant a doselnthera e 1 x 1015
tooh X 1on0 actimerihse e Msaref s o ot &5 ant ati on
ener gy i n40he anplded2oo 1prmaripfi & obdwart p@ncwitsqs tig Z-QOOJKE@E The heat

treatment to deyehkoprtiesigawohi 8shéi-ddte i npl anted substrate is generally
carried out in the ran%e%70q00t 130QC(I;l dprgfgkrlablrﬁr in.the range 9000 to
(10

1200C, for a period”i e rafige M nuteStt $ON PARIESCy i n
the steps of ion 1mp1antatlon, heat treatment to develop

the cavities, and thermochemical treatment to form a

15 layer of oxide or nitride. The ion implantation of a
substrate, for example using hydrogen (H') and/or helium
(He} ions, is carried out with an implantation dose in
the range 1 X 10" to 1 x 10 atoms/cm® [atoms/square
centimeter] and with an implantation energy in the range

20 10 kev {kilcoelectron wvolts] to 200 keV. The heat
treatment to develop the cavitles in the implanted
substrate is generally carried out in the range 700°C to
1300°C, preferably in the range 900°C to 1200°C, for a
period in the range 10 minutes to 20 hours, preferably in

25 the range 1 hour to 10 hours. The oxidation/nitriding
thermochemical treatment is generally carried out in the
range 700°C to 1300°C for oxidation and in the range
900°C teo 1300°C for nitriding, the treatment period
generally being several hours.

30 As illustrated in Figure 1A, the method commences by
implanting a silicon substrate 101 in the form of a wafer
having, for example, a thickness of 0.7 mm [millimeter]
and a diameter in the range 50 mm to 300 mm (step S1).
During implantation, the silicon substrate 101 undergoes

35 bombardment with ions 10, for example He ions. The ions
10 penetrate into the substrate 101 and are brought to a
halt at a predetermined depth therein, creating an



25 the range 1 hour to 10 hours. The oxidation/nitriding thernochem cal
treatnent is generally carried out in the range 700C to 1300C for oxidation
and in the range 900C to 1300C for nitriding, the treatnent period

generally being several hours. 30As illustrated in Figure 1A the nethod
comences i ing a silicon substrate 101 in th fer
havi ng, fowg;ggrr)gﬁg?z a thickness of 0.7 mm[mllinet eﬁé@g}ﬂgh@foaﬁ%ﬁt er in

the range 50 mmto 300 nm (step Si) Duri§1g i npl antation, the silicon
substrate 101 undergoes 35 bonbardnent with ions 10, for exanple He ions.
The ions 10 penetrate.into the substrate 101 and are brqught to halt at a
pr edet er ni ned “HRBPEHTTherH r?,onf?ﬂg???fgmaﬁonﬁolgglﬁ‘ (?9?5?%5%‘7 0/ 051197 6
i npl ant ed i onMesncdepiatitorheomebldOrata. aTheetetrmr Wissaddapal” depth in the
substrate. Thegkar fibr NEan eRbAtrksi dsebnkobelt Hs £ WM Rhp BhAQEH ZONe because
t he i npl ant edibggsllgseﬁt@arl r.eneragy, via a successi .Of |€£ac.tt§_lsvm th 5 the
atons of the crysta? ?alﬁ ce “of " Phe 1 15 ESNCSRE-ThSr d8PRGE® alt top at
exactly theé s&ne depnh.ofl (Fhet keyswk daattilse pPhptiatsed icon awhddwtr ation
Zﬁne ext egds amehoah.@ﬂ_f tsticp bRl @J%@t_s@ ithel BEmS UASIHIAL € InASthsr \r/]vel | Enown,

t he nean dept t 4 t ion _concentration zone in the substrate
is determ nedaggg?he%érrp _fﬁlt%zﬁl?fqg‘nl%%ecroélﬁenﬁg %%%rllIZyonteal?f{ﬁ%n€%t°(¥e§ccount t he
nature of the? BAStaSRCHSICHE {Mpimisedsiaeei al . The degree of
concentration of the iOR&IINkhbws, zEHe reandabpeidrednby iipheaitgd ant ati on
dose enpl gyed.. _Ln escrihe i npl ion js.carried
out with E% i E)Lﬁls:L %‘?\ g%mrg%ha%%%%rg?gn%gtqr%nggﬁgﬁg?/t%oﬁ%zggkg%/ﬁ%n%i 3’%

i npl ant ati on d88elBRLIFHATGONELETPY SXXEFIGALBnEF Y AP ha¢HREY

i npl ant ati on chedrétwens,ofathenpbantettd andcehe eltiglanted @eobte-ikl2 is forned
at a mean dephllef 400 % 20oRUEhAES: Ol e LAUPELIALG ¢hi8 L hundr ed

nanoneters, the zone exten | nNg,_ over t.hi ckness o apprOX|nater one

a
hundr ed nanomgEEfEmined by Sheqipplantatiog, deggsFiiovedo1 Fastieen
i mpl ant ediSheakanpeatdestiridedaheeal ingliestedion ek @utrriad oswewitth 25 use

the defects cpgalgfs bhd HAthoBs iMbidiftiBhashéedy) Uk §8ncantyaf lgn zone 102
to forma | aye risi nggén crocavi ti efyo rgﬁgrobubbl es 104 (Figure
c y ot

r 103 col
18, step S2). lfnﬁ}?ﬁﬂ‘éa APE S dBE FRHEF 1HErE eft* IS rent™ 8 carri ed
out at a tenp&hasariupfargs@tohorordigaiongd of B@wlapwedxiomtely 8 hours. The

Iaﬁe[ 1?3 has cantBhEktessh izonbheos angeolR@angt [Hanoreheptn t@-A2@nki m  For
supstra eﬁo

surface of the substrate of a few hundred nanometers, the
zone extending over a thickness of approximately one
hundred nanometers.

Once the silicon substrate 101 has been implanted,
heat treatment or annealing is carried out in order to
25 use the defects created by the ions in the implanted ion

concentration zone 102 to form a layer 103 comprising

microcavities or microbubbles 104 (Figure 1B, step S2).
In the example described here, the heat treatment is
carried out at a temperature of 950°C for a period of
30 approximately 8 hours. The layer 103 has a thickness in
the range 190 nm [nanometer] to 220 nm. For substrates
formed f£rom different materials and/or for different
implantation gpecies, the temperature and period for the
heat treatment to develop microcavities should be

35  adjusted.

The method is then continued by forming a layer 105
of silicon oxide (Si0;) {(Figure 1C, step S3). More



formed fromdifferent materials and/or for different inplantation species,
the tenperature and period for the heat treatnment to develop mcrocavities
shoul d be 35 adj ust ed. The nethod is then continued by formng a
| ayer 105 of silicon oxide (Si02)(Figure 1C, step S3). More WO
2010/ 091972ROERABID/ 051197 7 precisely, the substratecl®ioiegsont di zed
fromone of its surfaces, here the inplanted surface of the substrate. To
this end, the substrate undergoes a thernochem cal treatnent that consists
in placing the substrate in a 5 chanber mmintained at a predeterm ned
t enper at ur e a@kédis\atnychtmé\@wsrtﬁ:aee oL tﬂ&o&ubﬁiéciﬁtﬂdnﬁoﬁép@ﬁgﬂ:slo an
oxi di zi ng atno A t a i zing

[Rs, BM?A‘? t:é’l%f &ﬁ?a&éﬁ éd?:%a‘éé 6‘P %’5 TuBSFQ

at nosphere may const | aseous oxy |ona1ly W th

hydr ogen, and/%t W&r 85en 9t @NFD&FF%e (%@Brgosm? ot%hm@he@msql The

oxi di zi ng atnnsmhﬂmenﬁayhaﬁSﬂxh&scsnnmqﬂdmﬂhgmah@rmﬂﬁﬂﬁﬁtékﬁﬂ)a optionally

Wi th hydro i r | gr ahe
ydrogen cafiled’ miySio0aly 6h! 0 b8 ddth 88 Qo 25080 (4hd 5

duration of th ernDc treatment depends 1CKness of the

Si 02 | ayer 105"’@% the F%’:’T?é:eoﬁﬂfaFH%oF‘é%sqﬁéltle 3% FPANRE Fat@?of advance of
t he oxidation dxxﬂumlngtatmdupharblcoaysmhskﬁahenalmm1£Mm@ duampien) of the

ther”DChe”‘CaJtﬁE“oQ@BkQﬂnéré%ﬂ&@ﬁﬂ&r@ﬂy Héﬁf%ﬁ#é& erdgr ééhéﬁQDD the
oxidation front within the 20 | uch _ci rcunst ances,
mi crocavi ti es TEEE B8t PREEAR2 EanﬁﬁFhe&ngﬁﬂrl?V4¥99ﬂﬁ acent

portion oﬂikheﬂﬂmkudan(@mugtm@ﬁéorkbmaneﬂﬁxﬂhe The abiididzimy be prol onged in

order to stop idRspx legétxh flrsgnbeb@arﬁﬂ%édh%flaa@ér%% osueh,dyhat all
m crocavities are |n the 25 oxi

e exa descri bed
m crocavi i es S8 oRai iAol hubiea2e, OIS AYSl oo A, CHaLG descri be
order to have and/logagrgen f (2gdt-i on of the microcavities 104 included in the
Si 02 layer 105. TorhBi gueiMiort BE 8héi@M¥mochemical treatment depends

15 on the thickness of the Si0; layer 105 that ig to be
ocbtained as well as on the rate of advance of the
oxidation fromt into the silicon substrate 101. The
duration of the thermochemical oxidation treatment may be
adjusted in order to stop the oxidation front within the

20 layer 103. Under such circumstances, microcavities exist
both in the oxide layer formed and in a subjacent portion
of the silicon substrate. However, the duration may be
prolonged in order to stop the oxidation front beyvond the
layer 103 such that all microcavities are included in the

25  oxide layer.

In the example described here, the formed oxide
layer at least partially overlaps the layer 103 in order
to have at least a fraction of the microcavities 104
included in the Si0; layer 105. To this end, the silicon

30 substrate 101 is treated in an atmosphere principally
containing gaseous oxygen at a temperature of 950°C for a
period of 3 hours. These treatment conditions mean that
an 810z layer 105 with a thickness e of 690 nm [nanometer]
is formed. The technigues and conditions for carrying

35 out said thermochemical oxidation treatment are well
known to the skilled person and are not described in
further detail, for the purposes of simplification.



30 substrate 101 is treated in an atnosphere principally containing gaseous
oxygen at a tenperature of 950C for a period of 3 hours. These treat nent
conditions mean that an S102 | ayer 105 with a thickness e of 690 nm

[ nanoneter] is forned. The techni ques and conditions for carrying 35 out

sai d ther B%@oﬁ)?l' oxi dation treatnment are well knomn‘gl,élqm;zgﬁ,o;llg.,l | ed

i

person and aré no escribed in further detail, for the purposes
sinplification. WO 2010/ 091972PCT/ EP201%/ 051197 a As can be seen in
Figure 1C, a structure 100 is obtained conprising an Si02 |ayer 105 on a

| ayer of silicon 106 correspondl ng to the_ portion of silicon substrate 101
that has not been B%i di2&¥ %’? %)éﬁfree £ Art Het© (’:‘5%?5 a buried

m crocavity | ®pseined erllssnprese‘-ﬁn()zl habert WQSh@nSBOQaY@WerE 105 and in the
silicon I?yer sélfif@con 106 dﬂ&'i‘%@f:ohﬁn@&% ¢aac o:‘!\&:icfh toffseshmigcml 03 cgvi ties

are transferred.froma ymteti t hat capa g oxi di zed or
gk?a@r ecl’hl’—;l% hﬁft?‘?%zjelegyg?u&]ezse&ecﬁhﬁeFV 5 55ar ti cul ar,

nitrided to af oxFﬁ .
sur pri si ngby, féhenveensising sobseretedidupran tvheé aviker BT hemitcdls

oxi dation or mirdskedtngn thRH wEBt sidXidyakngod RRAPRt tRE Hif1 iFohi con

substrate 101 'aﬁ;%k“?bé‘g the mcrocavities 104 does not 15 cause themto
di sappear, means’ that an insulating |layer can be forned, here an
oxi de | ayer, Whl chEFBSRr i EraaEdans e mic va?e@l‘{%loﬁav@a\aWJé%ﬁdy been

formed in the agiel eans Sl drem Howeeatialt BRat)i ity @apubl best Ma;gpr esent in
L oty LPrelop R IANIT LA YOI AR FhANINE CAIPALES MR | 1O

m crocavities resen non-o zéd SI I con SU sfrate

portion. Duri ﬁ&SBQFEIhY?th tIHePﬁ?F‘E:%‘B%,Jé\F t FESPEIFiaalyd bhetPrvidiiegat i on
front tend todre oxhskred durthyr tited Hemacheeiodar o&lidhESGIQFoxeXt ent as a

function of thg . sxehdldidendres %gd&ﬁzny Lﬂetglfft%w Eeémsct& bei ng

present after the treat asurenents e, and
density of théu??FEF‘?)E%\/“loﬁ égcﬁ’é@%n%e@r? E‘éFF?‘é%F”di}tesoﬁoé @‘PGF% 6’6’& substrate
whi ch hadltndergerethap|tantdtappean, hddrh3fedneatr@ntnt bnsielad iop

m crocavi ti es,la@ael &dn ud %’:ﬂn@& UL SN B, SaLE RRGT Al thﬂﬂﬁié lons as

t hose descri bed t hi ckness of the
m crocavities J\ﬂ&gugﬁirr@ﬁrﬁﬁﬁglﬂil%ot aggﬁgl]f%ﬁiybé’eg’ée Oli"“i“iadFll@‘ur es 3 to

5, the mcrocdhet eésicon substrate. However, the microcavities 104a

present in the Si0; layer 105 may change in volume and

20 shape compared with the microcavities 104b still present
in the non-oxidized silicon substrate portion. During
oxidation, the microcavities affected by the oxidation
front tend to be oxidized or nitrided to a greater or
lesser extent as a function of the crystalline axes, but

25 with the cavities, still being present after the
treatment.

Measurements of the shape, size, and density of the
microcavities have been carried out on a silicon
substrate which had undergone implantation, a heat

30 treatment to develop microcavities, and an oxidation
under the same operating conditions as those described
above.

The mean thickness of the layer of microcavities was
approximately 200 nm.

35 As can be seen in PFigures 3 to 5, the microcavities
present in the oxide layver are oblong or ellipsoidal in
shape, i.e. they have an elongate shape principally



present in the oxide |ayer are oblong or ellipsoidal in shape, i.e. they
have an el ongate shape principally WD 2010/091972PCT/ EP2010/ 051197 9
characterized by a length and a width. These cavities have a width mainly
intherange 1 rimto 30 rimand a length mainly in the range 10 rimto 60
rim The newoxd®gisty of the mcrocavities in the oxi deCl/ER2ero/5895 1. 2x1015
cavities.cm 3. The m crocavities pgesent in the silicon |ayer

(non- oxi di zed substrate portion) have a truncated pol yhedral shape and a
diameter that is principally in the range 25 rimto 35 rim (Figures 3 to
5). The nean dengiakyeolzédicod G Meagonanmid iesikdnht herisddd eanitbyer i s

3. 7x1015 cavity 83y CHEgen mainieiQVEREIL ] Hﬁnt?%tz)’o thg ficrocavities
in the two | ayers omae an_dl silicon [Tayers) is 2.5x1015 cavities.cm 3.
15Fi gure 6 il Baiphe 4 ABedrargs bl i'¥h 61 6P et i dP6cES* i es in the
oxi de | ayer antensitvhefsthe cdicricageitids icamhbeosibdan layeki gsre 6, the

di aneter ofs t he cawid ig$ipPLesent-3in the silicon layer is distributed in

accordance with a Ggussl an distribution. 2Qlon,inplantation nmay be carri ed
out with different "8FeBtEFH HEFt PETFHT tﬁﬁgg’o]e“'(?é‘r LEESE ol RO t h
hydr ogen and/ crxilddizednsilosisratienpbanieni drevef aheluuea thesls pohehedrdd cul ar

advant age of idnhRi BAGPYSH Mt O thP! BN torankapae1 HOSE Bk LOAS W thout the
risk of fract g’n Qe 5 su trat(:ae.3 5.In not her nI nt%i_n of the
i nventi on, tht:H oﬁ%d | Ay P | $OUERPRg® aF9 2dr sgﬁ% BFT ﬁ%ngf‘gﬁ{o Vit es may
be repl acdd bynigroggwitbes rint tibgesilher level &#r3uhgihces, in order to
forma layer cavities.cm™.
The overall mean density of the microcavities in the
two layers (oxide and silicon layers) is 2.5x10%°
cavities.cm™.
15 Figure 6 illustrates the size distribution of the
microcavities in the oxide layer and in the silicon
layer. As can be geen in PFigure 6, the diameter of the
cavities present in the sgilicon layer is distributed in
accordance with a Gaussian distribution.
20 ITon implantation may be carried out with different
species. In particular, it may be carried out with
hydrogen and/or helium ions. Implantation of helium has
the particular advantage of it being possible to implant
a large dose of ilons without the risk of fracturing the
25 substrate.
In another implantation of the invention, the oxide
layer including all or some of the microcavities may be
replaced by a laver of nitride.
Under such circumstances, in order to form a layer
30 of nitride with microcavitieg, the above-described steps
of implantation and heat treatment to develop
microcavities are carried out on a substrate that is
capable of bheing implanted and nitrided. In order to
form a layer of nitride instead of a layer of oxide,
35 during the thermochemical treatment, the oxidizing
atmosphere used in the above-described thermochemical
treatment needs to be replaced by a nitriding atmosphere.



30 of nitride with mcrocavities, the above-described steps of inplantation
and heat treatnent to develop mcrocavities are carried out on a substrate
that is capable of being inplanted and nitrided. In order to fokma | ayer
of nitride instead of a |layer of oxide, 35 during the thernochem cal
treatment, Lhe, 1@?658?22' ng at nosphere used in the above- bRk 197
therm)chem cal treatnent needs to be replaced by a nitriding atnosphere.

WO 2010/ 091972PCT/ EP2010/ 051197 10 Parti’Cul ar non-1i miti ng exanples of a
nitriding atnosphere are those conpri si ng nitrogen, anmmonia (NH3), silane

(51H4), etc. | i.m lLar Q_t he thernoc emcal 0xi dation treatnent,
the nitriding éjrst S Y rhplﬁg‘ - 3x %8 dBpth- Jijﬁﬁtnﬁe substrate, i.e.

Font 5o1s o
wi thin the | aydimoFPhgirer @EaVioses Cripm simac avitrpesn aremdasar €Dt h in t he

nitrided | ayersianghd nsthg, n@@c nljﬁlgqglagrﬁlgﬂquoftosgggtrate or beyond the

| ayer of m crogavit] | | t e mcroca es are.to be_ 10 included in
the nitrided | ay\é‘clrTn C\?/\??hé%ﬁ C?Xﬁ'l attmftrl o h%ﬂ’ltfﬁﬁln?oﬁr%‘}%rml e,

after inplantatS GrorRadhehata tqeéatfﬁ@n@eﬁt@ davshepsuwrsagiter ota®iti es of the
substrate, it w&mmsnblfaﬁeﬁc for i arberaiit itk Skl hLobdavikide 4.8 3N4)

i ncl udes all [ ties_b xposing the substrate to a
nitrogen atnos %%%é%rrg%% il h% nbg{-'%f d l 0 urén(i?njp %e raﬁ%e 900C to 1300C.

The structure rb‘ﬁtrécidﬁédp?ﬁt%bé’lfdé%%twtt% ChebrEebdhef lewerieiention, i.e.
a substrate caonprrioshnithed ayenlef o20:HE crietavbtietsedangdeatbaysr of oxi de or

nitride exten I I: the |l ayer of mcrocavities, may
Xl Q_Iﬁauﬁ%d E?S{hé)%:ttt'r@héa iaﬂ}eq: . oo

be used for a variet a I.catrons. In particular, with an initial
ﬁ‘ ppl P

substrate formed fFohfaPReMicoRduETRT iAo Pfafit st cSRT GEaMER UM etc),
sai d 25 structafitermiypbentrdridadandtioest seeantlesubst rdetvelbp eigler to forma

Se0l (sem conguclBtafiel &S WAkAE) si¥PSate, it is possible to form a
layer of silicon nitride (8SiiMNi) includes all or some of
15 the microcavities by exposing the substrate to a nitrogen
atmosphere maintained at a temperature in the range 900°C
to 1300°cC.
The structure obtained in accordance with the method
of the invention, i.e. a substrate comprising a layer of
20 microcavities and a layer of oxide or nitride extending
at least partially into the layer of microcavities, may
be used for a variety of applications.
In particular, with an initial substrate formed from
a semiconductor material {(silicon, germanium, etc), said
25 structure may be bonded onto a second substrate in order
to form a SeOI (semiconductor on insulator) type
gtructure. The buried insulating layer then includes
cavities.
By bonding the structure of the invention onto
30 another substrate, it is possible to form a releasable
structure. The layer of oxide or nitride including the
microcavities forms a weakened interface that may be
ruptured under the action, for example, of a mechanical
detaching force, for example by introducing a blade into
35 the microcavities and using it to exert a force to
separate the substrates. The risks of unwanted fracture
during the heat treatments are very low since



structure. The buried insulating |layer then includes cavities. By bonding
the structure of the invention onto 30 another substrate, it is possible to
forma releasable structure. The |layer of oxide or nitride including the

m crocavities forns a weakened interface that nay be ruptured under the
action, forwexamppe7z of a nmechani cal detaching force, POVERRAWOBIIE by
introducing a blade into 35 the mcrocawviities and using it to exert a force
to separate the substrates. The risks of unwanted fracture during the heat
treatments are very |low since WD 2010/091972PCT/ EP2010/ 051197 11

m crocavi ti es mixroetvileled e not develap ol Yetolap Slnlghtoextehighti n an

oxi de or a nittjds t, 'ﬂntcl&& %}3&@ $a£|19{10ntdg__,e ﬁr%wabbgﬁbﬁforpreferabl y

entirely contalne in the, oxi d of nit
rel easabl e sub<t& %ErPga‘ffr‘b‘\ﬁsdé‘Het Hﬁ?f?@%ygﬁmjl’f%]rlér‘é’ﬁttaﬁﬁe%ﬁh
t enper at ures argh lasea oEsadilde o dhenftabidecati on of el ectroni c conponents,

for examplg of thexequp) ereiiansafet aluidees el ARMUEOELEME)  type

requiring terrﬁ%r{ﬂ’%éures of the o (;Iefl 900C. The 1 strate nay then be
fractured mec ¥l Folorath&mn BAPRyESmReTAPTER RRdARF PSPty

rel easabl e | aydre dhbokiagiof of ekaoptenigraprpheente rforpesdmie a:p“pl y| ng a
sol ution of hyHOtLHPL bferdtGrd MEEIL J@&%@ﬁ@@én&ﬁﬁ%}“(@ﬂogﬁﬁ W0 be used

to produce 15 structures i ncludin ensi.t tlng ayers (oxide or
nitride) havi AgH oW oF SRS ugegoﬂgv\%fﬁ °r8?¥e9€r19lﬁ ¥ Functional i zati on as
i ndi cat ed 18boaarbsTiaten mano ddent bestrxariturdadunechaniesdlyi ng t he nean density

of the insul atdmeghikayey, and anjeyifac! s 2es3kABS W¥ele rbaxhsshis | ow 20
el ectric val ue. . Thi thercfby reduces #he cou |enqo bet ween the vvaf ers,
%

limting the parmt PPVt ot PheSTARN %t | r?é’ 352 r0° FEFPRSE P
m crocavities qw}ybégf%lrﬁﬂli‘@ﬁapl o8 duydnpidaerieureid BWFdepi ng. Thus by
i ntroduci ng nitrog@Re present invention may also be used to produce

15 structures including low density insulating layers {oxide
or nitride) having a low dielectric constant, or even a
functionalization as indicated above. The microcavities
contribute to reducing the mean density of the insulating
layer and they enclose an atmosphere having a low

20 electric value. This thereby reduces the coupling
between the wafers, limiting the permittivity of the
insulating layer.

Further, the microcavities may be functionalized, in
particular by doping. Thus, by introducing nitrogen

25 during the thermochemical oxidation treatment, for
example, the nitrogen is caused to migrate to the
interfaces ¢f the cavities and create negative charges
therein.

In general, 1t is possible to introduce different

30 species into the cavities, in particular metals, by
doping during the thermochemical oxidation or nitriding
treatment. By introducing conductive materials into the
cavities, it is possible to produce buried layers of
oxide or nitride that are electrically charged. It is

35 also possible to form lavers comprising isolated
electrodes, for example flcating gates, by



25 during the thernochem cal oxidation treatnment, for exanple, the nitrogen
is caused to migrate to the interfaces of the cavities and create negative
charges therein. In general, it is possible to introduce different 30
species into the cavities, in particular netals, by doping during the

thernnchentﬁﬁhﬁﬁﬁ;gggion or nitriding treatnent. By inﬁgﬁ?#%gmﬁﬂgpnductive

materials into the cavities, it is possible to produce ayers of
oxide or nitride that are electrically ¢ arged. It is 35 also possible to
formlayers conprising isolated el ectrodes, for exanple floating gates, by
Vo, 201010017 AECHLEEONOLRI 0L oy L0l LTah LA AN BRI LS Y
Dopi ng and/ or fayFérpopeldudtiget A eevdeqnsicraye| patsarigiléul ar be carried out
af ter oxi dation/ ni bepohdGard/orPEshe OXonaliPasl- fhé rd0a'th el m&Hrimg
oxi dation/ni tr]dind, Per 1€ c 43,9 8”§ Hedhe.fall Oﬂﬁnq.t%%{‘ﬂéquesz
| rrpl antati on; anneal’i ng alfl er oxidatl onjl ntriding,” 1 n an
at nospher e SconpEOSENE* SpeATStengasedeor B Seai B raxidead onfol tpkdidganyl e,
al | ow di f f usi @erokeachs Mgy SPRCOESthe followingPt&SHiques:  The speci es used
during doping and/Qrf d=qal,.zati on may be selected fromat |east one of
the foll ow ng speci es: nitrogen (charges on the surface of the
cavities); doﬁ%%ﬁ%g%ﬂﬂ:ﬁfg§rb%%%ﬁﬁtlgpééhFE%dﬁﬂﬂbs6ﬁo?ﬁs, ant i mony,
al um num gal latmspkece domppdsthgusmeaciifiicopdees tar Mdichysbhe tand di agram
of a sem g@NduLtObyampie, allow diffusion of active species;
s plasma.
The species used during doping and/or
functionalization may be selected from at least one of
the following species:
15 » nitrogen (charges on the surface of the cavities);
» dopants such as boron, arsenic, phosphorus,
antimony, aluminum, gallium, etc, in particular in order
to modify the band diagram of a semiconductor;
« metals such as iron, nickel, cobalt, etc, which
20 modify the electrical properties by migrating towards the
surface of the cavities.
Any other material that can functionmalize the
cavities may be envisaged.
The cavities present in the oxide or nitride layer
25 may also act as traps for contaminating species that may
cause electrical disturbances. By trapping this type of
species in the cavities in the buried layer of oxide or
nitride, i.e. far from the interfaces with the useaful
layers present above the oxide or nitride catalytic, the
30 guality and the electrical properties of the useful
layers are improved.
The cavities in the layer of oxide or nitride may
also act as traps for hydrogen atoms. Under such
circumstance, the cavities greatly increase the hydrogen
35 storage capacity of the layer of oxide or nitride, in
particular when it is thin. The solubility of hydrogen

in an oxide or a nitride is very low and the presence of



metal s such as iron, nickel, cobalt, etc, which 20 nodify the electrical
properties by mgrating towards the surface of the cavities. Any
other material that can functionalize the cavities nmay be envisaged. The
cavities present in the oxide or nitride |layer 25 may al so act as traps for
cont am nat | W9 WPE819%% t hat nmay cause el ectrical di sturBEWERSL0/0BWIT r appi ng
this type of species in the cavities inaishe buried |ayer of oxide or
nitride, i.e. far fromthe interfaces with the useful |ayers present above
the oxide or nitride catalytic, the 30 quality and the el ectrical
properties of ¢tdenisef nkahaydres ahe tapiowgdto retaifhen@avgehes in the

| ayer of oxi detl%rpp@dt &heﬁeﬁgfylsallaerégéeés Hu2Raq B nchh agep atonms. Under
such circunst ange, he cavities greatl | NCrea se t dro en 35 st orage

capacity of th& S&f@#o?"o’iﬁ%@% cﬁF’E?l‘&fetl"ie 1ﬁ¥1‘?¥?’c‘?ﬂ'artrﬁﬁﬁ%ﬁ$taqu t hi n.
The sol ubi | it ycofsehydrdgerof mydmogrndin drhea laveri dé dxsideepy hibwriakd t he

presence ofs Vﬁc&%%%%@&ﬁ&gvﬂﬁaglﬁéeﬂélJt%ét1§tC?é“ﬂd piBaps that the
capacity to ret Dur1 ng bondi ng of

rogen trapp ere I ncrease
a substrate to ‘f%[e& §¥ J?‘ ﬁB ﬁ!l ﬁﬁéﬁﬁia??alb‘?ﬁ”f‘?@naﬁae%%n@@ vation of
hydrogen in t IRldnepss @lflrma deagr tpeatiadss inchbadiimplercdocivg ti es neans

t hat :t i's posgddd Qrb@tﬁé&ﬂtsﬂ ol eeﬁgémaatt%nbeﬁdtm Bdﬁh%&ﬁcet bft Wefn tpese
two el enents rgatment s rtic eat treatnments
for consol i da?#’%%a@%g@? Sonding ‘?eef‘]f OD%O 3.% '?;L #38%{3?%% formed at the
bondi ng 1G-G nt@%@écan@w;am@epph@@%ﬁ wrder pressumre ugdhaghydmhasgen t hat

di ffuses fromihe StrFocses GEroﬁYth@tﬁtJfﬂd’t@rtehe Bydraganial the | ayer of

oxi de or nltrllg% c I e cavities.pre ent,, at the bondi ng
interface, which t'ﬁ%g %ﬁgmtjreesl% 60d goxad O ntegridy. HsErRYRR 7

il lustrates a X&fPosPeecyicsUPEEST; ;ﬁtoéb@eaommume@rteaﬁ@@ew th the
met hod of the winvanthos. enieegoaposibendnuthtegrid@0 1S a silicon substrate

ol uding 130 | nou! 5irage S G3,3YE0. 205 LALEEN: PY AULLRRELOFHIaL on of the

substrate. The corrgocsll te structure
produ in accordance with the method of the invention.

The composite structure 200 is a silicon substrate
including an insulating SiO; layer 205 formed by surface
oxidation of the substrate. The composite structure 200
20 also includes a layer of silicon 206 corresponding to the
non-oxidized portion of the silicon substrate. The
structure alsc includes a buried layer of microcavities
203 that is present in its entirety in the insulating
layer 205. 1In accordance with the invention, this layer
25 of microcavities is formed by jion implantation and heat
treatment of the substrate before the formation of the
insulating layer under conditions similar to those
described above. As explained above, the formation of
the insulating layer 205 does not cause the disappearance
30 of cavities already formed in the substrate but modifies
their shape. In fact, after the oxidation (or nitriding)
front has passed into the layer of microcavities, the
cavities all have a substantially oblong shape that is
principally due to anisotropy of the rate of growth of
35 the insulating layer during the oxidation/nitriding step.
Further, after the insulating layer has been formed
in the layer of microcavities, the cavities with an



20 also includes a layer of silicon 206 corresponding to the non-oxidized
portion of the silicon substrate. The structure also includes a buried

| ayer of mcrocavities 203 that is present inits entirety in the

insul ating | ayer 205. In accordance with the invention, this |layer 25 of

m crocavi tiy@@z&;ﬁmhghmd by ion inplantation and heat t§ hsi9- t he
substrate before the formation of the i %ul ating layer under conJitions
simlar to those described above. As exgl ai ned above, the formation of the
insul ating | ayer 205 does not cause the di sappearance 30 of cavities

al ready forned,i.n_th bstrate,but. ifi.es. their shape. ln fact, after
the oxi dati on (;“ron%i ?F%‘? ng)- a?rloﬁfl%%?%algsg eisnefﬂclje_t lé:ngiL/%rrl ot

m crocaviti es regRedgavieiesianothnavEr st Ant Fig IBLcoBcangt s2mpPd4 hat i s
principally duge alanbsDémdy waktht beeiBtlenathgr out ti fl .35abkerdAsul ati ng
payer during Lhe ;@xhgall ol Ml LhLg SRR ies wirn FH (dibngaligle L e

insul ating | ayer has _been fornmed 1n the layer o mc.ro.cav?tle , the

cavi ti es wPt h o enier ot (7 S0 P2 PETTF EPED 1 6165139 e tdsFo ke s iR are al |
oriented in thharsameldis etid @laas 6EQHslSubBeratd eRgtfvamingFugure 7, the

m crocavities a .Qrie d_w Lr. ke :pLcal . However, it
is possible tggl%gfa?ﬁe%%‘{'fi%'es%&mgt (ﬁ]\}\%%]&oat)thghl Ogh%}géer%v\é?%%t ed in other

di rections, sEEHPGEPRLLY tFEEICRaPPAFRE [fé-’ryéltfigﬂ-l%% PHEDSRERR  of t he
substrate or frarsengedrowanglee substeatd priblretortient ati on of the cavities

principal hy depends:on/iNe-ifinst akline orientation presented by the
substrate prior to _fhe, 10 oxli ﬁati on/ nitriding aining a |layer

st ep. ot
of cavities of obl BREPERIE & HAYSLr F A3VGHeE5wPt PRIPE%aABRRR 1tHaT an
i nsul ati ng | apere basgped twitill ancadnatriiages. ahemsilee iognpaget ehast ruct ur e of

the inventionda$c4888at OudifriPadest I URldH %htahétt)m%)&sdi]b% @gh&é@@«_ﬁé fo_@y g
udl n e.cavitles, sal

mechani cal fracture at ihe ,nsulgting |ayer inc

al i gnment of the CHVPETHE Hﬁ‘aHEeghté?gft%gyﬁr GERYSMH® {56t tF e can be better
cont r ol | ed5andead easabl & v sreghdnt eyli| fradtuzet ar ethid dasvaat bey flavesd,

neani ng that tike1pashgf fiaetdae i ayghEss ails ghRledtheie ol egbcedts Wien the
cavities are fmléré%'gsl gﬂ%l:l eedprf gresgxg]{rpére Clgﬁrgntégqjuecbn%gel ectrical charges
by dopi ng the cavities, e P4 Irgnnen of The“cavi t1es imsghs that the
overal | el ect coggroptepertd @ contimewusnypad s ddjagsned. 1ingDean

2010/ 091972PCUER30h84 09dkdiing that the post-fracture roughness is

20 thereby reduced. When the cavities are functionalized,

for example by introducing electrical charges by doping
the cavities, the alignment of the cavities means that
the overall electrical properties of the layer can be
adjusted.



15 CLAIM5S 1. A nmethod of producing a | ayer of cavities in a structure (100)
conprising at |east one substrate (101) fornmed froma material that can be
oxidized or nitrided, 5 the nmethod conprising the foll ow ng steps:
inplanting ions (10) into said substrate (101) in order to forman

i npl ant ed | &9 20888 r at i on zone (102) at a predet er m HEUERBHASHEDL h;

heat treating the inplanted substrate tasforma 10 |ayer of cavities (103)
at the inplanted ion concentration zone (102); and form ng an
insulating layer (105) in said substrate by thernochem cal treatnent from
one surface ofcigaimMg substrate, said insulating layer that is formed 15

extending at | cast nBerbd Ad YooBhohhes INRE OF cAMLiesih10d) 2 A method

according to aim1 aracteri ze hat the insulatin Q/er (205)
formed by therfioef&Ht&alioh FP@BFh%Hgé’B&éﬁ%to‘?fé? SHetEater L9 kyer of
cavities (203)formed Aromtahocktactal dilmyr tcancbai oxidigredclai milriddthr acteri zed

in that the myLRS Laknod é%ﬁgl@ﬁ&r@ﬁ@ f_(ollqg)ﬂgg Sl ected from at | east

the following materia i con, ) er mani

11T con- gor mani urm - LRI 047 b1 U, LIR0 BeF R SHAEr TG £8 any one
of clains 1 tePBerl3focharmcrerimpbanier tilvat coheentheriipchemeallddleat nent of
t he substrate 4:s ac géﬁ@@eﬁﬁtneﬁnma&l% irzi ng at m)sphere in order to form an

claime 100 3 35 chﬁéaﬂte%%iﬁg % e Leed S0 boeamy e of
substrat e 1i0s deaverredfotavities 6107 dthghet Appprretad ilenorder to form an
insul ating | ay@mcehtpatideone (102); and
+ forming an insulating layer (105) in said
gsubstrate by thermochemical treatment from one surface of
gaid substrate, said insulating layer that is formed
15 extending at least partially into the layer of cavities
(103} .

2. A method according to claim 1, characterized in that
the insulating layer {205) formed by thermochemical

20 treatment extends over the entire laver of cavities
(203).

3. A method according to claim 1 or claim 2,
characterized in that the material of the substrate (101)

25 is selected from at least the following materials:
silicon, III/V materials, germanium and silicon-

germanium, and silicon carbide.

4. A method according to any one of c¢laims 1 to 3,
30 characterized in that the thermochemical treatment of the
substrate 18 carried out in an oxidizing atmosphere in

order to form an insulating layer (105) of oxide.

5. A method according to any one of claims 1 to 3,

35 characterized in that the thermochemical treatment of the
substrate is carried out in a nitriding atmosphere in
order to form an insulating layer of nitride.



WO 2010/ 091972PCT/ EP2010/ 051197 16 6. A nethod according to claim 4,
characterized in that the insulating oxide |ayer (105) extends into an
upper portion of the layer of cavities (103), the |l ower portion 5 of the

| ayer of cavities being |ocated in the non- oxidized silicon substrate, and

in that thevﬁ%fg{')bﬁ% (104a) present in the insulating g gSoloR¥Rs7 are
Iy o [

substanti a ong in shape with a width in the range approxinately 1 nm
to 30 rimand with a length in the 10 rarnge 10 rimto 60 rimwhile the
cavities (104b) present in the non-oxidized substrate have a dianeter in
the range 25 nmto 35 rim 7. A method according to any one of clains 1
to 6, 15 characterized in that one or nore dopants are introduced into the
substrate durifng?t RECReRraAreeingaro t ¢ lemimrdnt chagacygmigelodn atkst di ng to

claim7, charatiecingatating bk dehtaf@pantosor edopai S e asiehgsd.ed from at

|l east: 20 nitr 2,...b r i har nt.i,no al um num
gal lium i ron,p%%?g%l (?E g%hcf ?3%%?'[ ?f tgg]& lr?%t Kg%g‘f't&eogé@ieﬁgp%r?ﬁﬂnti | ayer
struct ur e, 2cofr tERNGRYRT |1FaSEVHEREF Reiad ilesated rigettiieenont o a 25 second
structure, thexdddead siYiighucebeorPid Siagi anStlst ritee chpetugd ng a | ayer of
cavities and gngiy i l.ayef . f .0 a ce With a nethod
according to g(n gigﬁgﬁt’é%ﬁailﬁsg%e}tgﬁ%ﬁ%%fosgﬁé%;t 095 g¢Cor di ng to claim
9, charact eri ZEFSEARH RN RElPPEsin sthara wiEhcanmprddednathayemnast
seni conduct or apgtrerimdtaind 1i Amt bat30 hen mwkdt i eyed Idngwet Brechs of the SeO
type. 35 13. A 68080981 16 S Ldchyr c LB b g% nstituted
by a materi al iﬁhgt i s capabl e {S#I ‘gl-é#?n%c%ﬁ glggé%f%érqg(r%%ta‘?rdé%é %ecig‘truct ure
further conpritStnHCErCXWD 2561 61B9 0P EAVEP2 09 bR EEO 71 ¥he aNg® i ng | ayer
(205) forned By nheroothem.cal treatnent of the material of said substrate,
said insulating layer including a layer of cavities (203), the structure
bei ng CharaCt%tliegeéﬁbét&@éo&ﬁ?ngaggtég¥;oggog égaf%%lg Lgygf

15 characterized in that one or more dopants are introduced

into the substrate during the thermochemical treatment.

8. A method according to claim 7, characterized in that
the dopant or dopants are selected from at least:

20 nitrogen, boron, arsenic, phosphorus, antimony, aluminum,
gallium, iron, nickel, and cobalt.

9. A method of producing a multilayer structure,
comprising at least bonding a first structure onto a

25 sgecond structure, the second structure comprising a
substrate including a layver of cavities and an insulating
layer formed in accordance with a method according to any
one of claims 1 to 8.

30 10. A method according to claim 9, characterized in that
the first structure comprises a layer of semiconductor
material and in that the multilayer structure is of the
5e0I type.

35 11. A composite structure (200) comprising a substrate
constituted by a material that is capable of being
oxidized or nitrided, the structure further comprising an



5 are oblong in shape and in that said cavities are oriented in the sane
direction. 12. A structure according to claim11l, characterized in that
the substrate is selected fromat |east the 10 followi ng materi al s:
silicon, Il11/V materials, germanium and silicon-germanium and silicon

car bi de. wWORB10/089%% r uct ure according to claim1ll or eCHEFENDD51197
characterized in that the insulating layer (205) is a 15 | ayer of oxide or
nitride. 14. A structure according to any one of clainms 11 to 13,
characterized in that the cavities of said |ayer of cavities contain one or
nore dopants sglsQlaedngr vagat (205) eﬂ@i’:med\iﬁyl’ Qg@ﬂmo&h'&rﬁ%alal‘:ﬁ@é‘irﬁént

phosphorus, a n k and copbalt. 15. A
structure accgcsr dlrE?ll%yé a%yﬁl t]é)erE ogg é%gtfﬂ: %h& gg’tlagl %ﬁ n that
the cavities (Yodrddrosaitpyer ef 6?"32“51%\/&2&3@35 F@@:ﬁtw{éra Bedch in the
range approxi neiealaytérised air3Gham end etierigkh (2out hee wange1dPermto 60 nm
5 are oblong in shape and in that said cavities are
oriented in the same direction.

12. A structure according to claim 11, characterized in
that the substrate is selected from at least the

10 following materials: silicon, III/V materials, germanium
and silicon-germanium, and silicon carbide.

13. A structure according to claim 11 or claim 12,
characterized in that the insulating layer (205) is a
15 layver of oxide or nitride,

14. A structure according Lo any one of claims 11 to 13,
characterized in that the cavities of said layer of
cavities contain one or more dopants selected from at

20 least: mnitrogen, boron, arsenic, phosphorus, antimony,
aluminum, gallium, iron, nickel, and cobalt.

15. A structure according to any one of claims 11 to 14,

characterized in that the cavities (204) of said layer of
25 cavities (203) have a width in the range approximately

1 nmm to 30 nm and a length in the range 10 nm to 60 nm.



