1 PROCESS FOR FABRI CATI NG A SUBSTRATE OF THE

SI LI CON- ON- | NSULATOR TYPE Background of the invention
The present invention relates to the field of

processes for fabricating what are called SO (silicon
WD Joossivb@y or ) substrates. Such anp8fAB2008/000132
substrate conprises a silicon dioxide (Si02) |ayer

buri ed between a bulk silicon substrate and an active
silicon | ayer. 10These substrates are intended to be
used in the fields of electronics, optics or
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nano e 15 Description of the prior art
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sSJbstrate is already known from docunment US

2003/ 0181001. 180 l@%t BVEHEBA %lét&vtglt%et%l@bfﬂ%&sses for fabncatmg
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t enpeptiss or @gockretrovdesn 400C and 6OOC so as to detach

said surface Zfe ﬁwaﬁfohv&atéﬁﬁ&@ pameaibltmtosthe kAR Sths of 2
substrate a% tra

o rBBLLT AU HE LS LSHET HedhaEiery e e lison agive layer of
fi ni which g les theal156 garopeteat (18hminy t hen carried out in
~ an atnosphere containing hydrogen, an inert gas or a

m xtyre . of t WO ses, at a tenperature between
1100]%555%90%%1%5?“% above docunent specifies that the
af orenenti oned heat treatnent 30 may be carried out by
a techni que cahlegsnpll SNOpBORE ) EMicatlin@lan O siBtrhCisvBRAdy

10 m nut a technique knovvn to
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sec ovlsirate This ﬁutnu-@te is th@l ppsded to a support and then an annealing operation
is carried out at temperatures between 400°C and 600°C so as to detach said surface
25 \ active layer from this implanted substrate and transfer it onto the support.
To reduce the roughness of this active layer, a finishing annealing
operation is theﬁ carried out in an atmosphere containing hydrogen, an inert gas or a
mixture of the two gases, at a temperature between 1100°C and 1350°C. '
A The above document specifies that the aforementioned heat treatment
30 may be carrted out by a technique called "long annealinig” for a time-between 10
minutes and 8 hours, or by a technique known to those skilled in the art by the name-
 RTA (rapid thermal annealing). In the latter case, this process is carried out in an
RTA anncaling apparai'us that allows rates of temperature rise of greater than
10°C/s and relatively short annealing times, of around 30 seconds to 1 minute, to be
35  achieved.
Finally, this annealing step is followed by a sacrificial oxidation step.



35achi eved. However, the process

descri bed in that docunment has several drawbacks,

which will be expl ai ned bel ow. Annealing for severa
hours fromthe proposed tenperature ranges, which may
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the results obiRk B&fplahéRiry aR0RAdre mn@d mttﬁdmeﬂeu Figfre 2,
1100C, 1 respectl
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operealnc:ajmg this btngad silicon dioxide layer and on the x-axis the thickness Eg; of the
silicon active layer before annealing, expressed in nanometers.
Curves d, e and f represent the results obtained after annealing at
temperatures of 1100°C, 1150°C and 1200°C, respectively.

30 An annealing operation at 1200°C for example is an operation during
which the temperature gradually rises over several hours and is then held for 5
minutes at 1200°C. | -

As may be seen in figure 1, the higher the annealing temperature the
smaller the thickness of the SiO, for a given thickness of the silicon active layer.

35  Moreover, the smaller the thickness of the silicon active layer the greater is this
efféct, especially for annealing above 1100°C.



whi ch the tenperature gradually rises over severa
hours and is then held for 5 mnutes at 1200C.

As may be seen in figure 1, the higher the annealing
tenperature the snmaller the thickness of the Si02 for
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Finally, the Applicant has found that such smoothing annealing

carried out on a surface directly after it has been debonded is much less effective
than annealing carried out after a prior thinning step. This constitutes a second
drawback of the aforementioned process,

30 : Also known, from document US 6 372 609, is a process for
fabricating an SOI substrate that comprises steps of detaching and transferring a
silicon layer that has been formed by the implantation of hydrogen ions.

According to the above process, the steps of ﬁrﬁshing this substrate
consist in carrying out, in succession, sacrificial oxidation, deoxidation of the

35  sacrificial silicon layer and then heat treatment in a reducing atmosphere.



Finally, the Applicant has found that such snoothing
annealing carried out on a surface directly after it

has been debonded is nuch | ess effective than

anneal ing carried out after a prior thinning step.
Wwhize08me3181 i t ut es a second drawback of the  PCT/IB2008/000132
af orenenti oned process. 30Al so known, from docunent US
6 372 609, is a process for fabricating an

SO .substrate that conprises steps of detaching and
transferring a silicon |ayer that has been formed by
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ich the silicon surface |ayer has a thickness of at

east 230 nanoneters, Wth such a relatively |arge
th1ékﬁ§§§¥0§ﬁﬂu%§ﬁ§@|alIy greater than 200 nanoneters,
the oxide dissol ution problen1does not arise. 10
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~ For this purpose, the invention relates to a process for fabricating a
20 substrate of the SOI (silicon on insulator) type, comprising a silicon substrate
covered with a silicon dioxide layer which is itself covered with what is called an
"ultrathin" silicon layer, the thickness of said silicon layer being 150 nm or less, this
process comprising the following steps:
" . formation of a weakened zone within what is called a "donor" silicon
25  substrate, this weakened zone ‘fonninf-z_; therein the boundary between what is called
a "thick" layer, the thickness of which is greater than 150 nm, and the remainder of
the substrate"
- bondmg of this donor substrate to what is called a "receiver”
substrate, a silicon dioxide layer being interposed between the two;
30 - detachment from said remainder of the donor substrate, along the
weakened zone, éo as to obtain a semifinished SOI substrate comprisirng said silicon
receiver substrate covered with said silicon dioxide layer, which is itself covered

with said thick layer; and



For this purpose, the invention relates to a process

for fabricating a 20substrate of the SO (silicon on

i nsul ator) type, conprising a silicon substrate

covered with a silicon dioxide |layer which is itself
woeosdssyth what is called an "ultrathin" spCT/mms/000132
| ayer, the thickness of said silicon |ayer being 150
rimor |ess, this process conpsising the foll ow ng
steps: - formation of a weakened zone within what is
called a "donor" silicon 25 substrate, this weakened
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t hi nefi thgySOF (sBigprion switodityiecon | ayer so as to obtain
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_ at atemperature between 700°C and 1100°C ;
25 - said weakened zone is formed by implantation of atomic or ionic

species into said donor substrate;

Y process consists in forming the silicon dioxide layer by thermal
oxidation of the donor substrate and/or of the receiver substrate and in bonding the
two substrates to each other so that said silicon dioxide layer lies at the iﬁtcrface;

) " _ said ultrathin silicon layer has, over its entire extent, an RMS
surface roughness of less than 3 &ngstréms over a scanning area of 30 um x 30 pm;
- the thickness of the buriéd silicon dioxide Si0O; layer is 50
30 nanometers or less; ' .
- the uniformity of the thickness of the buried silicon didxide Si10,
layer is equal to 1.8 nm or better; and



the thinning of said thick silicon layer is carried

out by sacrificial oxidation foll owed by deoxidation;
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description that
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fig 1l is a. rahshovvln thet ofth
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in accordance
of two batches of SOI substrates obtained by a process of the prior art (A) and by

the process according to the invention (B), respectively;’
25" - figure 5 is a graph showing a parameter called "haze , meaning
- the "background noise", on the surface of two batches of SOI substrates obtained by
a process of the prior art (A) and by the process according to the invention (B),
respectively; and '
- figure 6 is a graph showing the change in thickness uniformity |
30  Asigz for two batches of SOI substrates obtained by a process of thc prior art (A)
and by the process according to the invention (B), respectively.

Description of the preferred embodiments

35 This process will now be described in greater detail,



figure 2 is a graph show ng the change in thickness
uniformty ASi02 as a result of the annealing of the
silicon dioxide |ager of an SOT substrate as a

function of the thickness E51 of the silicon active
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The weakened zone 10 forms the boundary between a layer 11 and
the remamdcr 12 of the donor substrate 1.
The implantation of atomic or ionic species may be a single
30  implantation, that is to say implantation of a single atomic species, such as”for
example an implantation of hydrogen, helium or another rare gas.

' The implantation may also be a co-implantation of atomic or ionic
species, that is to say successive implantation of at least two different species, such
as for example co-implantation of hydrogen and helium. !

35 The following implantation conditions may be used as an example:



In this case, the donor substrate 1 is subjected to

i nplantation of atom c or ionic species through the

oxi de |l ayer 2. The expression "inplantation
of atom c or ionic species"” is understood to nmean any
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Although this has not been shown in the figures, it would also be

conceivable to form or deposit the 5i0; layer 2 on the recéiver substrate 3 and then

to bond the assembly to a donor substrate 1 that has already undergone the

implantation for forming the weakened zone 10. However, in this case, it would be

30  preferable to form or deposit a protective insulation layer on the donor substrate 1

" before carrying out the implantation, it being possible, optionally, for this protective
layei to be removed before the bonding.

Figure 3D shows that the process then continues with the detachment

of the remainder 12 of the donor substrate, along the weakened zone 10, so as to

35  transfer the thick layer 11 onto the support substrate 3, more precisely onto the

oxide layer 2. ‘



In the rest of the description and the clains, and for
the purpose of sinplification, this layer 11 is chosen
to be referred to as "thick |ayer” even though 15 it

is sinmply of a thickness greater than 150 nm as
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It would al so be possible to produce the weakened zone
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25 The optional heat treatment second step that follows may be carried
out by increasing the temperature at a constant or varying rate until a temperature of
above about 1000°C, and preferably between about 1100°C and 1200°C, is reached,
in a nonoxidizing gaseous atmosphere. The gaseous atmosphere contains for
example argon, nitrogen or other nonoxidizing gases, or a mixture of these gases.

30  The heat treatment may: also be carried out under a vacuum.

The duration of this heat treatment is typically about 2 hours. -

It should be noted that this heat treatment may be carried out up to a
temperature of 1200°C without any risk of the buried Si0; layer 2 dissolving, since
the upper layer 110 of the silicon layer 11 is oxidized (reference 111), thereby

35 preventing the phenomenon of transport to the surface and evaporation thereat.



10- long annealing in a gaseous atnosphere conpri sing
hydr ogen and/ or argon; and - thinning of the anneal ed
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treatment and then a deoxidati®n step shown in figure
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35 camrying out the finishing steps according to the invention it is possible,



| ayer bearing the nunerical reference 112. is called
hereafter "thin layer", as it is thinner than the

thick l|ayer 11. O her techni ques for
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According to the invention, the thinning of the thick

| ayer 11 is carried out so thatt said thin | ayer 112
still has a thickness of greater than 150 nm before

the next step, thernal annealing, is carried out, this
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The measurements were carried out with batches A and B prepared
as described above. .

25 : . This haze value, measured in ppm, is obtained by a method using the
optical reflectivity properties of the surface to be characterized, and corresponds to
an .optical "backgmund noise" scattered by the surface, owing to its
microroughness. A

The haze value is correlated in particular with the roughness and the :

30  defectuosity of a surface. A low haze value H corresponds to a good surface finish.

The haze measurement is preferably carried out using an instrument
of the Surfscan SP2 (registered trademark) type as sold by the company KLA
TENCOR.

It may be seen in figure 5 that there is a substantial reduction in the

35  average haze value H for the substrates of batch B.



5 expressed in angstrons for a scanning area of 30 mx

30 m . The af orenenti oned roughness is
expressed by an RVB (Root Mean Square) value. It is
nmeasured by AFM (Atom c Force M croscopy), the tip of
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" The RMS roughness of the surface of the thin silicon layer obtained
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i Finally, an additional thinning step was carried out.
35 The thickness of the buried oxide (Si02) layer was around 50 nm and

remained almost uniform over its entire surface. The measured thickness uniformity



The results obtained for batch B show that, unlike

batch A, the Si02 10 thickness uniformty on the

product after annealing is close to the value of this
uniformty before annealing. In addition, these good
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This time it was found that the buried silicon dioxide (Si0,) layer

20 was no longer of uniform thickness. The measured thickness variations (i.e. the
uniformity) reached 2.2 nm, which means that they were more than 50% higher than
the aforementioned acceptable and commonplace thickness uniformity,
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Suﬁ%ﬂ“é%% i"PPdIBR: di oxi de (Si 02) layer 20 was no | onger
of UpidcAm® & hbakingSSof THE dHRASHLEFatk HIGHEN 8RS weakened zone to
variations (i.e. the uniformty) reached 2.2 nm which
obiia psemifitished SOMwbelrate cemphising S89teh¢iyeremubstiate thtyexide layer

maftﬁ%%g&n%iegp&% accept abl e and comonpl ace thi ckness
unif orm {/

finishing the semifinished SOI substrate by:

thinning the thick layer to obtain a thin layer having an exposed
surface and a thickness is less than that of the thick layer but greater than 150 nm;

long annealing the exposed surface of the thin layer of the semifinished
SOI substrate in a gaseous atmosphere comprising hydrogen, argon or a mixture
thereof, wherein the long anneal is conducted after thinning the thick layer; and

thinning the thin layer to obtain an ultrathin layer having a thickness of
150 nm or less after long annealing the thin layer, thus obtaining the finished

substrate.

2. A process for fabricating a silicon on insulator (SOI) substrate which
COMPIises:

forming a weakened zone within a semiconductor donor substrate to define a
thick layer having a thickness of greater than 150 nm and form a boundary between
the thick layer and a remainder of the donor substrate;

bonding the donor substrate to a semiconductor receiver substrate, with one of
the substrates including an oxide layer having a thickness of 50 nanometers or less
and a thickness uniformity of 1.8 nm or less, with the oxide layer present between the

donor and receiver substrate after bonding;



14 CLAIMS What is clainmed is: 1. A process for
fabricating a silicon on insulator (501) substrate
whi ch conpri ses: form ng a weakened zone within
a sem conduct or donor substiate to define a thick

| ayer having a thickness of greater than 150 nm and

f or ifeteching ri serpaipdarnele thet danor HubKratekmzathg weakened zone to
emai_nder . of . . : . '
oo 08 iy S 050k RSB B sy JOSPAL  Oe ver
anWiHdhthizReayek; dde substrates including an oxide | ayer

that_i s _present_ between the donor and receiver
subdinishirg the sepifpusier F§1 substrate Bt achi ng a r emai nder

of the d . SURSt d
obe o B8R HEL R P10 W SR Rl . e
sutfeceindear thlthes isless thamh éhaowf the thialy &ryenimd gréwgerttharc k50 nm;

l ayer; and finishing the semfinished SQ su rate. .

pyr - *long anhedlig Wrienen R VAR TGP QoG spgrished
SAhibstrA%Gh D@Yidds AMmBYReRCHAPIJIRE ByaRfdeR AdbE KIS Snixture

I's less than that of the thick |ayer but greater than
ther56f, wirprein the long anneallis pepdunisd afffenthintieg b posk thysurehdce

of the thin |ayer _of the sen.finisghe Q rag.e |
a gaseoughlgf‘ﬁ@)é'ﬁ%g}l% l%fSHSJr?%%n}iﬂﬂaﬂ y rL%B j?‘?fer girg‘glgl% agféllglénegs of
1501 Xhube [dshedfreflonphenedlihgt R tiendaghndals bita@dpduet Gdished
after thinning the thick | ayer; and
subfiathi ng the thin layer to obtain an ultrathin |ayer
havi ng a thi ckness of 150 nmor |ess after |ong
annealing the thin |ayer, thus obtaining the finished
3. subsTHegirecess 8f clainpr oshsein ohg faabealiagts cgried st 4t agamperature
i nsul at or (S(]@d90 substrate which conpri ses:
rangsroh9Ry @ tWdaREked zone within a seni conductor donor
substrate to define a thick layer having a thickness
of greater than 150 nmand form a boundary between the
4.t hi ckhel myegss afictlamr krelianeierlond antealidpmoecarsebout treyf least 10
bopdi ng the donor substrate to a sem conduct or
MNYCSi ver substrate, with one of the substrates
i ncl udi ng an oxide |layer having a thickness of 50
nanoneters or |less and a _thickness uniformty of 1 8  _ .
5.nm ofhe rreesss wi elpimne virede thingiap thy Budnlayereqomuises prsrificial
b Ver i trate after bonding; 15
Oxgé(;a?%%r@%gvé\deﬁ%)ﬁddgﬁggf t he donor substrate al ong the
weakened zone to obtain a sem finished SO substrate
conprising the receiver substrate, _ the oxide | ayer and,
6.t he Yl RIRCEsAy¥ Clailh b VRGPEHDHE e G H i ¥ eicgomprises
i : s ohi thinning the thick layer to
ch%@?%{i %%tgﬁ%rﬁ?ar%plogilhé?g'havi ng an exposed surface and a
thickness is less than that of the thick [ayer but

7.gr ea{,h%r p%or(]:éasg éllgi(l)n I’Y,nwherein thinning the thin layer comprises sacrificial

oxidation followed by deoxidization.

8. The process of claim 1, wherein forming the weakened zone comprises

implanting atomic or ionic species in the donor substrate.

9. The process of claim 1, further comprising forming the oxide layer by thermal

oxidation of the donor substrate, thermal oxidation of the receiver substrate, or both



| ong anneal i ng the exposed surface of the thin |ayer
of the semfinished SO substrate in a gaseous
at nrosphere conpri sing hydrogen, argon or a mxture
thereof, wherein the | ong arheal is conducted after
thinning the thick |ayer; .and thinnin% t he .
prioith, bpnglyag thedwgtoaphatgregriv srayukptrate s sachh glien go ghat the oxide
[ : O nmor less after long annealing the
Ia’%{%illﬁgﬁﬁt@g%@éﬁfﬁs obtai ning the finished substrate. 3.
The process of claim1, wherein [ong annealing is
carrjed out a .temperature range of 950C. ta 1350C
105" P b 88 i BICHD asulaen [a5r Bt RS TR oxtent,
anORIAS] 89208 FogRhesdlof |l&§§ﬁan_19éﬁ%s%hﬁ%ver 2 scahifhgPir&L 8630 ym x
of claim 1, wherein thinning the thick |ayer conprises
30semri ficial oxidation followed by deoxidization 6.
The process of claim1l, wherein thinning of the thin
silicon | ayer conprises chem cal - mechani cal polishing.
117. TR PrRe&s sf Wlamm 1 whthen ahe dfiddmiyeg Habea tihickness of 50
| ayer conprises sacrificial oxidation followed by
nage@ricti ¢tdesson. 8. The process of claim 1, wherein
form ng the weakened zone conprises inplanting atom c
or ionic species in the donor substrate 9. The
12pr oCH&Sprotess loflichirh, 1, fnhetdhe theConiy lagemigasfzothinkngsstunéformity of
oxi de layer by thermal oxidation of the donor
1.8 opserrletSe, thermal oxidation of the receiver
substrate, or both 16 prior to bonding the two donor
and receiver substrates to each other, so that the
130xi dehd gyaess ifs chimt he whttenf thee semitOndubhe proeDes ssubftrate
claim1. wherein the ultrathin [ayer has, over its
COmMISFESIHSRent , an RVB surface roughness of |ess than 3
angstrons over a scanning area of 3ONmx 30 m 11.
The process of claim1, wherein the oxide |ayer has a
14 hi ckiireprecest ofolafrarfo b loge anaealing 19 parrigh eubiigclegwerature
f clai tein the oxide layer has a thickness
gl ?éoﬁ%métoo%.§' nmor less. 13. The process of
claim1l1l, wherein the sem conductor receiver substrate
conprises silicon. _14. The process of cl.aim 3,
15sher Brnpuogerg ofrhmy 3-nghsreinsgefiay udation is cpsivg euhbpdes dry
r : %gég . of claimb5,
Or\/\ﬁéeigg?(ﬁﬁgé%gfﬁe%&ae oXi g{egegr? Oigi@cagﬁl??g%%éut under dry
or wet conditions, at a tenperature between 700C. and

100C. 16. The,progcess of claim.,7, .wherein .
16 acr T BiORFss ol By b e sy dioh g aisd gt yager dry
orGRAEbhdiARSs, a4 tetrpeRiRR RIS Motavesn 1700€. and 1100C.

17.  The process of claim 11, wherein the oxide layer has a difference in thickness

uniformity of less than 20%, before versus after the long smoothing annealing.

18.  The process of claim 11, wherein the oxide layer has a difference in thickness
uniformity of preferably less than 10%, before versus after the long smoothing

annealing.

19. The process of claim 13, wherein the donor substrate comprises silicon, so that

the thick, thin, and ultrathin layers also comprise silicon.



17. The process of claim1l, wherein the oxide |ayer

has a difference in thickness uniformty of |ess than

20% before versus after thF7Iong snoot hi ng anneal i ng.

18. The process of claim1l;" wherein the oxide |ayer

has a difference in thickness uniformty of preferably

| ess than 10% before versus after the | ong snoot hi ng

nn [

205 noPiyffcess R clal 1o PRABES i Ploiid L BREck Bfsilicon
divtide ,e1the'rd3yuﬂknaalmmdeltmylerfsthaIdsnorcmbptrratts,ethsmlal amxdanon f the

20. The oces f ¢l a rther ri.si ng, formn
refqhicTRp el Ropming: 5% 0T AP AHET<Ivsy F R (0 tach
otﬂéi" SPihhORe Qlfthllf' 8xi‘39 er ﬁé@.ﬁtah@ﬁt@rfaéerk%hﬂ@én tH& blﬁﬁfrht‘ég' of

the recei ver substrate, or both prior to bonding the

donor and receiver substrates to each other, so that

the silicon oxide layer lies at an interface between

t he substrates.



