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c} cleaving/fracturing the donor substrate at the
implanted zone in order to transfer onto the receiving
25 substrate the portion of the substrate that is located
between the surface that undergoes implantation and the
implantation zone in order to obtain a S80I type structure
resulting from transfer of the layer from the donor
gsubstrate onto the receiving substrate.
30 However, after such a transfer, both the transferred
layer and the donor substrate exhibit surface roughness.
Document US-A-6 150 239 describes a method of
fabricating a S0OI type substrate which, in a variation,
comprises the following steps:
35 * implanting a source substrate, carried out at a
temperature that is higher than the later fracture

temperature of the substrate;
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positioned and implanted individually and in succession.
The support (termed a “chuck” in a single wafer
implanter) typically has projecting elements (islets) on
which the wafers rest locally. The wafers are held on

25 the chuck by electrostatic force - whence the term
telectrostatic chuck" (ESC).

During implantation, the stream of the implanted
gpecieg tends to heat up the wafer. In known manner, the
wafer wmay be cocoled during implantation by circulating a

30 cooling liquid in the wafer support. Further, in a
single wafer implanter, a gas may be introduced between
the wafer and the chuck to provide optimum thermal
conductivity between those two elements and thereby
further improve coocling of the wafer.

35 However, even with cooling of the wafer during
implantation thereof, the improvement in the surface

roughness and the uniformity of thickness of the



further inprove cooling of the wafer. 35 However, even
with cooling of the wafer during inplantation
t hereof, the inprovenent in the surface roughness and
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substrate, a layer of microcavities or platelets defining
the layer to be transferred in the upper portion of the
substrate;

b) a step of bonding the front face of the donor
substrate with one face of the receiving substrate; and

c) a step of detachment by splitting at the layer of
microcavities or platelets formed in the donor substrate
in order to transfer the layer detached from the donor
substrate onto the receiving substrate;

the method being characterized in that during step
a), the donor substrate is maintained at a mean
temperature in the range 20°C to 150°C with a maximum
temperature variation of less than 30°C.

Thus, as is explained below in detail, by
maintaining the temperature of the donor substrate within

these values, both the degree of roughness and the



tenperature variation of less than 30C. Thus, as is
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during step a), the support may also comprise a circuit
in which a cooling liguid is circulated at a temperature
in the range 8°C to 45°C.

25 In accordance with yet another aspect of the
invention, the surface of the support facing the backside
of the donor substrate between which surfaces the cooling
gas c¢irculates ig planar, i.e. it does not comprise any
channel, groove, track or cther shape that might modify

30  the uniformity of cooling obtained by the gas. 1In this
manner, spatial variations in the temperature of the
substrate during implantation are reduced.

The donor substrate is a semiconductor material such
as silicon, germanium, or silicon-germanium.

35
Brief description of the figures

The characteristics and advantages of the present



substrate during inplantation are reduced. The donor
substrate is a sem conductor material such as
silicon, germanium or silicon-germanium 35 Bri ef
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treatment (splitting anneal) and/or a mechanical
detachment stress such as inserting a blade at the layer
at which the implanted ions are concentrated and/or
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The donor substrate or wafer ig in the form of a
thin section of a semiconductor material such as silicon,
for example.

Ton implantation is carried out with equipment or
implantation apparatus that are well known and that
principally comprise an ion beam generator and an
implantation chamber in which the semiconductor wafer is
bombarded with the ion beam emitted from a fixed posgition
in the chamber. In general, the wafer is mounted on a

mobile support in order to allow the whole surface
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uniformity of thickness of the transferred layer. The
Applicant has observed that:

25 ¢ the thickness of the transferred layer is
dependent on the temperature of the wafer during
implantation. Thug, a lack of homogeneity in the
temperature of the implanted wafer results in a lack of
homogeneity {spatial fluctuations} in the thickness of

30 the transferred layer;

¢ the roughness after a first finishing step (RTA)
of the transferred surface is also dependent on the
temperature of the implanted wafer. Thus, a lack of
homogeneity in the temperature of the implanted wafer

35  also results in a lack of homogeneity (spatial
fluctuations) in the roughness of the transferred layer.



honogeneity (spatial fluctuations) in the thickness of
30 the transferred |ayer; the roughness after a first
finishing step (RTA) of the transferred surface is
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SUPSA M@ £n is reduced, the heating in the wafer caused by
the ion beam is moderated. In accordance with the
present invention, the power of the ion beam may be
limited to 500 W, which avoids heating the implanted
substrate beyond a mean temperature of 150°C. 1In order
to further reduce the mean temperature of the substrate
during implantation, in particular to a mean temperature
in the range 20°C to 150°C, the power of the ion beam
needs to be reduced to a value below the limiting value
indicated above, for example to a limiting value of
300 W.

There i1s a relationship between the value of the
power of the ion beam and the temperature to which the
wafer is heated that may in particular be expressed by

the following simplified formula:
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volt age. gener at or 41 5 The urrent of .the g on
issﬁ%gngE%g SITY & cﬁg bt 0] %antﬁara&gﬁpﬁeasu%FggmeaHS
appar aressehEd | tsheg ehwrrdnty ofc st itont bdably aRgraphi be

di§geéoiﬁhﬁﬁgﬁf%xﬂ}“ﬁhﬂﬂﬁgifﬂblantation, the face 30a of a
wafer 30 of semiconductor material is subjected to ion

20 bombardment by displacing the wafer 30 along a
displacement axis 31 past a fixed ion beam 40. In known
manner, the ion beam 40 is generated from an ion source
(not shown in Figure 1) supplied by a high voltage
generator 41.

25 The current of the ion beam is measured using a
beamstop or Faraday measuring apparatus that is generally
constituted by a graphite disk 50 that receives the ion
beam 40, the disk 50 being connected to an ammeter 51.
Since the ilon beam 40 is constituted by electrically

30 charged ions (for example H' ions), the electric flux
flowing via the graphite disk 50 to ground iz equal to
the flow of ions supplied by the beam 40. As a result,
the ammeter 51 directly measures the current of the ion
bzam 40. An implanter provided with such a beam current

3% measuring means ig described in particular in document
Us-2007/0259511.



beam 40, the disk 50 being connected to an anmeter 51.
Since the ion beam40 is constituted by electrically
30 charged ions (for exanple H ions) , the electric
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equal to the flow of ions supplied by the beam 40. As
aresult, the ammeter 51 directly neasures the
current of the ion beam 40. An inplanter provided

wi t h subh acdmatamiy menth Iharpasdenng iBansibs, the
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accel eration vo]1,t age and the value of thé curren

t H'§ orPTh &A™ i tih dspeesisiid et §ocgréanrbtbet bee pomerr of f

t hehd Cilrbrb&mﬁnﬁtag:_arahﬁ !Umgddbirﬁ_ﬁgi ﬂiﬁb@ﬁ%@&tﬂ@na&‘i’dt% 10
caontr.ol .it, or adjust it acting on the ion heam

clf et (B 2 dﬁ elﬁo%é'r agFlgﬁeoPoﬁh%e%\?ﬁ‘ FAHecurrent
coi® rolUd by using a regulation |oop that delivers a

vol t ag :CON Lgn .
gencr at e FPNGaCE She ieh 2bay SaAIB Eihbified by peing

prredBHATHAT Lers dheé Fodéieafdat Helt pgwepnd/or current
deieiuidled iginadlhe DihleyeBrbherbasi shaf 1dHecaboanstap as

current .neasurenent _and of .the acceleration volt

] e e I B A0 el 90 PSRN S PP s e
t hrowe20 ddsinmgghede ptth t@fe théleppbantae i lons peakt ttia
d%e%fn{giﬂﬁ:s cﬁrli%nh@e%_a%ﬁ'r%%gﬁﬁsaﬂfi 5ﬁ echLansterded s on

| ayer. Under. suc cl rcunst ances, the power 1S
r G TRESd Viddivsg only the inplantation current. The
pr esentrheNeiiciraft cdl $01pEgROTESuEt ey BEaANGIOEd BP the

% LIR30, LEShe U I SRl el e

t Wdreofean thickness of the transferred layer. Under such
circumstances, the power is regulated using only the
implantation current.

The present invention also proposes other means for
reducing the mean temperature and the temperature
differences in the substrate during implantation thereof.
These other means that are described below may in
particular be used in combination with reducing the power
of the ion beam, in particular to prevent the
implantation period from increasing too much. The
implantation dose is defined by the fluence “f” and
corresponds to the total number of ions implanted pex

unit surface area in accordance with the formula:
I xt

f =
g x A

in which:

I: the current of the ion beam;



These ot her nmeans that are described below may in
particul ar be used in conbination wth reducing the

0 the ion beam in particular to pre ﬁ"ﬂ
V@b)ﬁﬁéfﬂs ation period fromincreasing too nu%f%E @"053579-
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i npl ant ation dose is defined By the fluence "f" and
corresponds to the total nunber of ions inpl ant ed per
unit surface area in accordance with the fornula: | x

t f = §:xthe BBplantiien geriddy current of the ion
bea:rn :/\%2@98/&&&35& Wdﬁ?&@%ﬁ,z%ltnﬁlo lti :he

i antation peri e 0 e el ectron;

agg A: £} h%h?nb‘l‘%ﬂ?%‘ifﬂb%%ﬁ‘f%&g%ﬁéga ‘1f the power is
reducedIﬁytlnedpmwafug iveraiugeahtbyofredndimeg ithre keament of
th@hé”?&ﬁ”ﬁ@éﬁontﬂ§ri antegﬁl5Qﬁﬁgﬁi%ﬂsttgekgﬁerghged

sane total nunber of

cohSelE@pcehe b‘?/arﬂélt%@tghpé“@ifb%r@ rEEdantest ieas. 2As a
r eddﬁ@eqﬁ@l@ceﬂ?&ﬁyt@éﬁlﬁ il kbl acherPehakutan reduce

subst e r [ ant.at.i on,
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at values that do not _cause to0 great an crease I n
t NESTNpI ARt IR P& dde M?ﬂjrlaﬁ&ewéﬂ:ﬁthéoéfBFHbt that
meghss dlnerénmy ety e nkRiriadpesestusangea enaki ag gas.

Fi o) n enbodl nent of vvafer su
de%g%ge %bé eal2tan Terarn and pi p03| i § H‘P%amggg%%??ﬁ@od
ion i rphend ditere dives wogdringdeeRros  10heohprestion

Cippdhddes | Mﬂ al S MY sa wafer 18 to be
processed IS IS osed mafer 18 is held by an

el ectr %Hec ddmsptt RE Bl HRERT 13UPHAEL
pI @¢ehcd 34 ndladesara reﬂ:larlmulaajki pasketoh3d eafehi 8birihe ion

bet‘ﬁ%en e émrgf erarrgeg%%f@or]@%e(zh%% b8 BgnRLO¥ELY circular
platen 13 on which a wafer 18 to be processed is
disposed. The wafer 18 1s held by an electrostatic force
generated by the platen 13. The platen 13 includes a
circular gasket 131 on which the wafer 18 rests, a recess
130 thus being provided between the wafer 18 and the
platen 13. The center of the platen 13 includes an inlet
132 connected to a line 110 for introducing cooling gas
14. The support may also include small islets or gpacers
133 disposed on the planar surface of said support facing
the backside of the wafer 18. The islets 133, however,
are as small as possible so that they do not disturb the
circulation of the cooling gas and, as a result, the
uniformity of temperature of the wafer.

The gas is introduced to the center of the platen
and evacuated partially via the edges due to the partial
seal between the wafer 18 and the platen 13. This
partial seal may in particular be attained using a porous
circular gasket 131, i.e. a gasket that has a certain

degree of permeability to the cooling gas 14.



platen 13. The center of the platen 13 includes an
inlet 25 132 connected to a line 110 for introducing
cooling gas 14. The support may al so include snal

WO0YH8HH spacers 133 di sposed on the pl anarPEER2EAS3ST
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of said support facing the badkside of the wafer 18.
The islets 133, however, are as snmall as possible so
that they do not disturb the 30 circulation of the
co@&tnglgasoandf @ss al g esetl tacthd 1wridanably bht is

t enp 59& {:ht?ec‘%{c?f Jhe gas is introduced to the

cent aten evacuated partially via the
edges d@é %%C%“éa%%@t‘vﬂaqh Fenlagpeakeef the daventign, the

ana?bbﬁn§|§é§nléfprgf'%§ak3@ Qsargtaismha‘iz@.@zb BBYiibA heatk :
pa CuLar al ne usil or.Qus aske
DOEELREESE OSBLISIARS NP A B g O&eéwégoaleg which
pernggadi thay bettdme hood Itrl@r@&erléis Wot2008411088Wden the

PCl4 EE20094 0&%@;%.1 %érto "Gy ald an g%b uﬂﬁsﬁhé BOLra1

actually desira | mpose technol o

| ntEBRSFHaAMER 1F t HoWsie aa?pé&reoﬂlmlﬁ@mn%ﬁm ghtht hetrogen,
copbi ngxgasles preferably a gas having a high heat 5

t ransf e[ foeffl cient, such

h
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keep thei gt eSS iGRN$E@Nkhat is directed onto the center

of the backside of the wafer, the Applicant has observed
that during implantation the wafer may have a radial
temperature gradient between the center (coldest =zone)
and the edge of the wafer (hottest zone). The Applicant
has also measured the roughness and thickness of the
wafer and has observed that the roughness and uniformity
of the thickness of the transferred layer also varies
from the center to the edge of the wafer, which thus
demonstrates the influence of radial temperature
variation on the roughness and thickness of the layer.
In order to reduce the radial temperature gradient,
the support is heated to a temperature that is preferably
higher than that normally used (typically by
approximately 8°C) to cool the wafers during

implantation. To this end, and as shown in Figure 2, the



Wth a cooling gas that is directed onto the center of
t he backside of the wafer, the Applicant has observed

N9 i mpl ant ation the waf er may have
%%{ngg‘ﬁgfature gradi ent between the center (co 12%%2?4’9”053579
zone) and the edge of the wafer (hottest zone). The

Applicant has al so neasured the roughness and
thi ckness of the _wafer and has observed that the
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permeable to cooling gas) being disposed between the
wafer and the platen to produce a recess 230 that allows

25  a cooling gas 24 to be introduced and circulated between
the backside of the wafer 28 and the platen 23. In order
to allow diffusion of the cooling gas, inlet orifices 232
for the cooling gas 24 are disposed in an annular manner
close to the internal periphery of the gasket 231. The

30 inlet orifices 232 are connected to lines 210 for
introducing cooling gas. The support may also inciude
small islets or spacers 233 disposed on the planar
surface of said support facing the backside of the wafer
28.

35 Thus, as shown in Figure 3, the cooling gas 24 is
diffused inside the recess 230 via the inlet orifices
232, i.e. close to the edge of the wafer 28. As with the



20 Li ke the support device of Figure 2, the device 20
conprises a circular platen 23 holding a wafer 28 by
el ectrostatic force, a circular gasket 231 (slightly

WOR0REHBI™ t 0 cool i ng gas) being di sposed bet ViREGHER2PE/053579
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waf er and the platen to produae a recess 230 that

allows 25 a cooling gas 24 to be introduced and

circul ated between the backside of the wafer 28 and
theapﬂ:atenoﬂ?ﬂlc_lm:@rziera dartdldrowfdichkugiaenegtapbe at the
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bet ween t he wafer "an e support to inprove
cdtit ridle JrEMRFE VS °§nc§h@nf’“ﬁ§?ﬁ1 @9 6?1%%0% e el ur e
Ofuniﬂtﬁrwﬁﬁbf hel roaetoedanafdWwhl yeiceResdest the

ect [ nvent t he gl i cant _has observed
A HE AT O rUPE of e VAF &r SoTRROTT Hag i o1n0 gas
|rﬁinﬁuﬁﬁ;xmm1qh§mmﬂlborﬁpmyexample, it has been cbserved
that the zones of the wafer located above those channels
are at a lower temperature than the remainder of the
wafer. As a consequence, the roughness and uniformity of
thickness of the transgferred laver differ in those zones.
Thug, in addition, in accordance with the invention,
the wafer is held on a support device compriging a platen
that is free of any channel, groove, track, etc., for
circulation of gas and in which the surface facing the
backside of the wafer is planar. With such a planar
surface, the stream of cooling gas circulating between
the backside of the wafer and the support is more
homogeneous, which means that temperature differences can
be minimized. In this manner, the recessg in which the
cooling gas circulates between the wafer and the support
can ensure substantially constant heat transfer between

the wafer and the support.
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its post-fracture surface roughness. As is well known,



ion inplantation nmay be carried out with a single
species or with a plurality of species
(co-inplantation). Controlling the mean tenperature

WOrRMWE3WAf er during inplantation in accor darR(a/ER2p$9/053579
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the invention provides 20 addiiti onal advant ages when
the wafer or the donor substrate is weakened by

co-i nplantation of species such as, for exanple,
cd-kapiant ati on of hydrogen and helium WO 2009/ 118374
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2. A method according to claim 1, characterized in that
during step a), the power of the ion beam is at a value
of 500 W or less.

3. A method according to claim 1 or claim 2,
characterized in that during step a), the donor substrate
is held by a support (10) that is capable of diffusing a
cooling gas (14} over the backside of the donor substrate
{18), said cocling gas being maintained at a

predetermined pressure.

4. A method according to c¢laim 3, characterized in that
the cooling gas (14} is selected from at least helium and
bydrogen.



30 (18), said cooling gas being maintained at a
predeterntned pressure. 4. A nmethod according to claim

Lerized in that the cooling gas (1
c/?{e from at | east heliumand 35 hydroggl%tcf 009/033579

2009/118374 PCT/ EP2009/ 053579 1496 5. A net hod

according to claim3 or claim4, characterized in

that the cooljng gas (14) is diffused towards the
cemer® JEHNE FECREPdBIof ot Réad®ndrosupkeimte (18). 5
6. dhareidied iaeeordi ngat:omeyceael@@ @é@l BaB 1D Piffused
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carried out.
8. A method according to claim 7, characterized in that
the support (10) comprises a circulating circuit (120)
and in that a cooling liquid (121) is circulated in said

circuit at a temperature in the range 8°C to 45°C.

9. A method according to any one of claims 1 to 8,
characterized in that the donor substrate (18) is a
semiconductor material selected from at least gilicon,

germanium, and silicon-germanium.

10. A method according to any one of claimg 1 to 9,
characterized in that during step a), co-implantation of

two species is carried out.



