WO 2009/053355PCT/EP2008/064200 METHOD OF SPLITTING A SUBSTRATE FIELD OF THE
INVENTION  The present invention relates to a method of splitting a substrate, in particular one
applicable in the fabrication of an SOI (semiconductor-oninsulator) structure by a film transfer process
of the SmartcutTM type. BACKGROUND OF THE INVENTION In the fabrication of
semiconductots? piétasEEs based on the bonding of a 10thin film followe*6y/E¥énrH#ass of said film
onto a substrate are frequently encountered. In particular, the SmartCutTm process comprises, in a
first step, the formation in what is ¥#HEd@ltEHoBBUBETAIE &f BWRSKBASEZzone defining the

boundary of a thin film intended to be transferred onto what is called a receiver 15substrate.  Then,
after the donor substr %FT%S been bonded._to the receiver substrate, the donor substrate is split so as
to transfer the thin filrﬁi tHe teCellerdtibétite. As a general rule, the splitting is initiated at a
predetermined point Git¢her26eperiphenyi@f the=danan substsatedfaffowsriby propagaties indhe form of

a splitting wave jnto. est.of rate. The splitting is injtiated_faor example by means of
mechanical Torc%&ﬁ%&%{:a%%d%%aﬁ%@% efC. %E\A}Sé%ﬁcsap |trﬁn8]lsﬁgs(1§fagf§es,3\ﬁmﬁ? %?é%?ﬂ?@?orm of
circular wafers, ifRsfPéusHN oarY thitrtherndtca ofess calfee Sntpriabest time. or a "stress ne”

which is initiated around a notch located on the edge of the wafer.  This notch, which is generally
triangular and penetrates about 2 mm aloggsthe diameter of the wafer), enables the orientation of the

wafer to be identified %i‘?ﬁ%@@% st Wﬁﬁmﬁess. The notch, which is made by the wafer
manufacturer before thehwaferisatohftorsthrdngotienabies daesrysial3Qerientatinniqf the;substrate

notoh is dendici By b [QRRTERED Sl 4 B e brotRad Ind <o rrabBeF oy Bgtgauonty
ancountered.
In particular, the SmartCut™ process comprises, in a first step, the
formation in what is cailed a donor substraie of a weakened zone defining the
boundary of & thin film intended to be transferred onio what is called a receiver

substrate.
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Then, after the donor substrate has been bonded lo the receiver substrate,
the donor substrate is split so as to transfer the thin film onto the receiver
substrate.

As a general rule, the splitting is initlated al a predstermined point on the

20 periphery of the donor subsirate, followed by propagation in the form of &
splitting wave into the rest of the substrate. The spiitting is initiated for example
by means of mechanical forces, by localized heating, etc.

When spiitting substrates, which are in the form of circular wafers, it is
frequently found that there is a defect, called a “process line” or a “stress line”

25 which is initiated around a netch located on the edge of the wafer.

This notch, which is generally triangular and penetrates about 2 mm {along
the diameter of the wafer), enables the orientation of the wafer to be identified
during the various steps of the process. The notch, which is made by the wafer
manufacturer before the wafer is cut from the ingot, enables the crystal

30 orientation of the substrate to be identified.

A photograph of such a line associated with the notch is shown in Figure
1. The notch is identified by the reference sign 4 and the process line is
surrounded by dofs.



2  From analyses carried out by the Applicant, this line corresponds to the tearing of the thin
transverse film, initiated around the notch by localized stresses.  This is an elongate defect
characterized by a high roughness over its entire length, generally a through-defect in its most
pronounced central part (the transferred film being torn over its entire thickness), so that a chip
constructed on top of this line would not operate. 5 This line is therefore an unacceptable defect
leading to the wafer being scrapped if it is observed to have a length greater than a few microns.

Embodiments of thelirfretiepesealiastinphdue e priisiotibh iBsurgreare it dfetGructure so
as to prevaghihe famationiehstehasneamiand imateichanthe tinal stiettuks. lodalizeadiments of
the inventi%% ealgg seek to define a method of splitting a substrate that may reduce the appearance of a
line associated with the notch. BRIEF DESCRIPTION OF THE INVENTION  According to a first
aspect of the invetitidh ahelengProdriaat £ipeeeeste0 Prid iyl SeHIRBRAE QBFSBSTALE having an
identificatioamgtchemisperiphgnsuyhidapracessicompeses: thesteps otentrglapentating a
weakened gofeyIn e AP o (APAIUAGING RURELEeling DeMsakead aens,he spilting
comprising tReintaton, ina edetefmined sector on the periphery of the substrate, of a splitting
wave follovﬁ@@i@jﬁi’fe‘iﬁﬁ)wgiﬁﬁfd?%@vave into the substrate, characterized in that: the weakened
zone created in sigp (Meisotairgorby=tha;mplaniatios dbasemis=:iiegias itite thefsulistiate, the

dovieo, m AL ‘E%%E‘A%%@f e e R wave, ntition
I

[ . N is placed in the splitting-wave initiation sector,
and in that duringrstesliete AbIER (8'FIEINBREESIHERIY IHSPERERRS Of RV PERibies) of the

substrate digmetsically eppesiie the secordeviniiiatingitheaplitiing waste arlinstheguaiténof the
periphery OIJ; Otpc%%%b{%téa%ﬁ é;ies%%%?@ said initiation sector. 3
Embodiments of the invention also seek to define a method of splitting a
substrate that may reduce the appearance of a line associated with the notch.

BRIEF DESCRIPTION OF THE INVENTION

According to a first aspect of the invention, there is provided a process for
splitting a semiconductor substrate having an identification notch on its periphery,
which process comprises the steps of:

(a) creating a weakened zone in the substrate;

(b) splitting the substrate along the weakened zone, the splitling
comprising the initiation, in a predetermined sector on the periphery of the
substrate, of a splitting wave followed by the propagation of said wave into the
substrate,
characterized in that:

- the weakened zone created in step (a) is cbtained by the implantation of atomic
species into the substrate, the substrate being held in place on a portion of its
periphery, during the implantation, by a fastening device,

- in that, during the splitting step (b), said portion is placed in the spiitting-wave
initiation sector,

and in that during step (b) the notch is positioned so that it is in the quarter of the
periphery of the substrate diametrically opposite the sector for initiating the
splitting wave or in the quarter of the periphery of the substrate centred on said
initiation sector.



Said sector in which the notch lies may be thus between 135 and 225 or between 315 and 45 to the
bisector of the splitting-wave initiation sector. ~ According to a first embodiment of the invention,
during step (Is) the substrate is placed in a vertical position in a furnace, so that the splitting-wave
initiation sector may be centred on the top of the substrate and the notch may be located in the lower
guarter or in the upper quarter of the substrate. _According to a second embodiment, during step (b)
the splitting wave may be initiated by means of a mechanical stress applied in the initiation sector. The
splitting-wave iniiaifobeséetdn iwpidfdrablyotcbligecnay be Abuerdityeera tiéfeamd 2Pabagiment of the

invention, tRemkGe S SRa BBl CORBISS,1DPIWERD SIFRi(RLARESIRRAB) Astep pf direct bonding of
said substrate to,a reig;geglver subst&%g, so that after step (b) the film defined by the weakened zone may
t

be transferred td HETECEVE? ibdFhEMPORIRERLIY 1818 SENSRHMs paL BetESRVaRtidH there is
provided a déteti Bt siplivuisstrites vealivn) aodtamtificatidn nateh schiractészedimthavsaid batch is

obtained byaifRFesscas defipes inhedirehrarett,andda %&ﬁ&@@ﬁ&%‘éﬂ%&&%&f@é having a
?2%. BRIEF DESCRIPTION OF THE DRAWINGS

process Iir:}a as%cr)?piatgd \%/%ith the notch is.Ieshs than
Other featus€ Sivd AlVAMAGESBF IR FVaHIGHRRPLGHATES ApP58HPHE#Ethe following detailed
description, with/efergiiee itp sheeappdrrivddigurestirwiichsteBidb)aleis@ifiimptogeaphada process
line associgeshmishsthgy\eishis bigvrs-2ilisuates shemmtically snliingdeuss, - Figure 3is a
photograph of th‘F fron i%f a %ttmﬁf-ﬁﬁ/ﬁe initiated in a reglon diametrically opposite the notch; -
Figure 4 is a photB%r%?j BPRE DAL BT WRE RIS FIRS RSTSH: oriented at 90 to the notch:
- Figures 5A and‘SBostiiow $ehemefeatyctrerdristitation of the nivtehiamthievafercetativeato the
splitting-waygriaitiaian8eelWetweshigws Gulllustiates sahematically mﬁ‘e&%%%ﬁaﬁ@&t dayce for
holding the wd%%r g] Qosmon durlngFEg)e rgglantatl né a?d WO 2009/053355PCT/EP2008/064200 4
- Figure 7 shoWwddHe 'GcBuiFEREED esi; eSS IETOR A EHRR BPWaR LT SiRERY RysHitively with a
notch positiseitEnathvouebigypel tfansirably inithaespebtaosiiestpliting-wave initiation sector.
According to a second aspect of the invention, there is provided a batch of

split substrates having an identification notch, characterized in that said batch is

obtained by a process as defined in the first aspect, and in that the proportion of

substrates having a process line associated with the notch is less than 12%.

BRIEF DESCRIPTION OF THE DRAWINGS

Other features and advantages of the invention will again be apparent from
the following detailed description, with reference to the appended figures in
which:

- Figure 1 is a photograph of a process line associated with the notch:

- Figure 2 illustrates schematically a splitting device;

- Figure 3 is a photograph of the front of a splitting-wave initiated in a region
diametrically opposite the notch;

- Figure 4 is a photograph of the front of a splitting-wave initiated in a region
oriented at 90° to the notch;

- Figures 5A and 5B show schematically the orientation of the notch on the
wafer relative to the splitting-wave initiation sector;

- Figure 6 illustrates schematically the fixed restraint device for holding the
wafer in position during the implantation; and



DETAILED DESCRIPTION OF THE INVENTION  Although the -invention relates to a process of
splitting a substrate in general, it will be hereinafter described referring to the case of the fabrication of
a semiconductor structure by transferring a film from a substrate (also called, in this context, "donor
substrate") to a receiver substrate. 20it must be understood, however, that the invention is neither
limited to a SMEHEHE N SFocess nor involves necessgrily a bonding of the?SiBEtetE & 1€ split to
another substrate.  In the SmartCutTM process, prior to splitting, the donor substrate undergoes the
following steps: 15a)crel@ioh 6fANWEakeneasi s el PIaReHNING be haitbra M sisthe

receiver substratgsfigtasabhpdbineakensd #eneis rmen Y anlaRlingAeis sR8GiGs: for

example hydrogen or I]elilig atoms - into the wafer. The definition of the implantation conditions (dose,
energy), accordifg 5 the At iR BF Wid alB L4 An§4He desired implantation depth, is within the

20competence of a person skilled in the art; and b) bonding - for example direct bonding (by

molecular aghesion) D@ﬁ%&@ﬁ%ﬁ%éﬁ%ﬁ@%@@ !E{ﬁffé%‘? ngell known to those skilled in the
t efore bonding, i

art may be carried out on the substrates | nding, in order to increase the bonding energy.
25Next, the splitting iS€3Hed it dibviegiine welgkende zomeoitesachf aowdfrthat thetiefiniis

transferred ontoghgcrecaivel BORERIRING HBaindareofdhe donarsubsuateheing [ecoyergd, for

example to be rec%?cle,d. For this ptﬂtr;pose, an annealing operation may be carried out or a

mechanical forc8 HAY BEAHREFEL A PEiRY iH IR HERRENE ZBP® SotyadEripéastreerbidng
temperature or tiésappliext fatcectheisplitioy is mitataddnsapsedrtermined sector on the periphery of

e e S T s PR e e
splitting operaticrnaN©:PH0ores3356PCTYER2008/084200y & bonding of the substrate to be
split to another substrate.
In the SmartCut™ process, prior to spliting, the donor substrate
undergoes the foliowing steps:

15 a) creation of a weakened zone defining a thin fim o be transferred
onto the receiver subsirale. Preferably, this weakened zone is formed by
implanting atomic species -~ for example hydrogen or helium atoms — into the
wafer. The definition of the implantation conditions (dose, energy), according to
the nature of the substrate and the desired implantation depth, is within the

206 competence of a person skilled in the art: and

b} bonding — for example direct bonding {(by molecuiar adhesion) ~ to
the receiver substrate. Surface treatments well known to those skilled in the art
may be carried out on the substrates before bonding, in order to increase the
bonding energy.

25 Next, the splitling Is carried out along the weakened zone in such a way
that the thin film s transferred onto the receiver subsirate, the remainder of the
donor substrate being recovered, for example to be recycied.

For this purpose, an annealing operation may be carried out or a
mechanical force may be applied at a point in the weakened zone.

30 Under the effect of the temperature or the appiied force, the splitting is
initiated in a predetermined sector on the periphery of the wafer, and then a
splitting wave propagates into the rest of the wafer.

The splitting-wave initiation sector is controlied by a person skilied in the
art depending on the means employed for the splitting operation.



5 Situation in which the splitting is initiated by application of a force A first possibility is to initiate
the splitting by inserting a blade at one point on the periphery of the weakened zone. It is therefore a
person skilled in the art who chooses and therefore directly controls the splitting-wave initiation sector.
Situation in which the spllttlng is initiated by annealing In the case of splitting by annealing, a wafer
1 is placed in & YefticafpioSition in a boat 2 which can.be inserted into a fuPRAEEPBIE54HEWN in Figure

2. The means for keeping the wafer in position are well known to those skilled in the art and will
therefore not be descgbed '.J -b’lu# actevsll e t HiEO 8 DD&B&J‘W ﬁ’lfel’@] a way that the

notch 4 is or ented atQ@rte faeyieitigak (e maé%ltr@,ﬂmm@guﬁg%%%nﬁigt%eb?&?@%‘;Qh)ﬁe':ﬁ%{@ 2 has not
been drawn to scal This orlﬁntatlon f the notch \2 IS not |m%eratlve but it does correaggond to the

position in which® ﬂﬁ?%vg%p%hg% BrR ﬁ%el%é%}% oS5 W PO CESS I8 Bfe@bnding
step. To avoid hwhdlmmesv\mfér%xm&sam@dnematmm ihthepéfone -maistaineddorsthesplitting step.

The furnace: enclosurgial?igmmc %Bﬁ@%{{% %chcjjliynetween 300 and 600C), by

heaters (not shown). These heaters de

f e. 20However, that part of the
wafer 1 in contact with tHee berite ﬁ%@@“ﬁ*i@nﬁb’e%ﬁ%”@@s éaﬁ@f&‘hénlﬁh@ apperipart Fetasise of a

greater mass, whigftishSerSHe beatich cthewalesdthereforehaswhatds calied &, "ppf<one
(indicated by th ow ZC)c Qrres ondln‘g&% roximately to the upper half of the wafer, Tocated 25

away from the boat, §H85H at E5fetd A5 e RATHOA BBy B O W AE D SEot il g‘ﬁoﬁdmg to that
part of the waferiﬂeleoﬁ!ed wilthecbelat 2 ndhis Mesbmds@@eatwme&fature gradient of a few tens of
degrees Celsius. itjate e hottest zone Q waf r 1 therefor a sector R
located near the top of %15%\/ ﬂe%dgggr?re?%o% %& n%b |g%?e PACEL %c?nré% a |on ahd'| %’B%gates in the
form of a wave iBto thdhgafertical {to make it easier 10 understand the assembly, Figure 2 has

not been drawn to scale).

This orientation of the notch 4 is not imperative, but it does correspond to
the position in which the wafers are placed during the previous step of the

15 process, i.e. the bonding step. To avoid handling the wafers, ihis same
orientation is therefore maintained for the splitting step.

The furmace enclosure is brought to the spliting temperature (typically
between 300° and 600°C), by heaters {not shown}. These heaters deliver
uniform heat into the furnace.

Z20 However, that part of the wafer 1 in contact with the boat 2 rises in
iemperature less easily than the upper part because of a greater mass, which
absorb.s the heat.

The wafer 1 therefore has what is calied a "hot” zone (indicated by the
arrow ZC) corresponding approximately to the upper half of the wafer, located

25 away from the boat, and what is called a “cool” zone (indicated by the arrow
ZF}, corresponding to that part of the wafer 1 iocated in the boat 2. This
corresponds to a temperature gradient of a few tens of degrees Celsius.

The splitting is initiaied in the hotlest zone of the wafer 1, therefore in a
sector R located near the top of the wafer (corresponding in Figure 2 fo a 0°

30 orientation) and propagates in the form of a wave into the wafer.

The expression “near the top” is understood in this text to mean an angular
sector R lying between —45° and +45°, more particularly between —20° and
+20° and preferably between —-5° and +5° with respect to the top of the wafer.



The expression "near the top" is understood in this text to mean an angular sector R lying between -45
and +45, more particularly between -20 and +20 and preferably between -5 and +5 with respect to the
top of the wafer. WO 2009/053355PCDEP2008/064200 6 In this case, the splitting-wave initiation
sector R is therefore controlled indirectly by the conditions under which the annealing is carried out.
From statistical Stiés; i initiation of the splitting-wave takes place on &fErEgEtH@%p of the
wafer, that is to say on the bisector of the sector R. 5 The Applicant has conducted splitting trials in
which the orientation '8 #Hé &8s A rerpiEng 1y soatistiassesirdRtrie diinganrayeissing initiated
in the hot zone efdireomptey tHaatdsdeisay unilhr referense 4o fdwre 2 B asesiar R centredona 0

orientation with respect to the vertical, The Applicant has observed that the formation of the process
line 10 associated w?homeg?&%%%ﬁf@%?Q%ﬁg‘d'WH%%%S%&@%FEW&&%@@& et Mesé&tior oriented
at t_;e_twe_en_l?_ﬁ aretZEhaithe _r@gp:s‘dhmm&maﬂmaé ihabisdo mmﬂﬁmmsmﬁeétegﬁerbisector of the
splitting initiation se_ctp[gﬁRA I|Ba%§ﬁ§§°éé§{%§[%g QS@W@?%‘?’&I? Qw@lg% f%ﬁg' é"r?e\r’wvt'gi'i éﬁ%ﬁﬁt to the

bisector of the splitting Initiation sector. 1 eneficial orientation corresponds in‘fact to fwo
preferential sectoP&for pe&itvRIlcy ffeIfRch #as VRiRiTelBA SHBNg #iiveytabsimaiiéipesition of the

notch 4 in a sectpg Sheimeticalyprposiaitheselitingnvave ipititionsectorR {the bigectors of the
sectors Siand R formH‘uﬁ a straight line, dipicted b%/ dot-dash lines), that is to 20say the approximately
straight path of i SpiitiAd Wale TBIAKLTLIESRYT tRéWoteh 48! Figure 5B shows a second

favourable position of tree Aptalrahin aeseatbeS2ecenirad i thersesion Ry{thrdisestets ofitee sectors
e LE S e P LG IR/ i i e 2o

seclor oriented at between 135° and 225° with respect to the vertical, that is to

say with respect to the bisector of the spiitting initiation sector R, or in a sector

oriented bstween 315° (or -45°) and 45° with respect to the bisecior of the

splitfing initiation seclor.

15 This beneficial orientation corresponds in fact to two preferential sectors

for positioning the notch 4.

Figure S5A shows a first favourable position of the notch 4 in a sector S1
diametrically opposite the splitting-wave initiation sector R (the bisectors of the
sectors S1 and R forming a straight line, depicted by dot-dash lines), that is to

20 say the approximately straight path of the splitting wave terminates close fo the
notch 4.

Figurs 5B shows a second favourabie position of the notch 4 in 3 sector
SZ centred on the sector R (the bisectors of the seciors S2 and R being
coincident), that is to say the path of the splitting wave is initiated ciose {o the

25 notch 4.

In the case illustrated in Figure 5B, in which the secior R and the sector 82
each correspond to a quadrant, these two seciors are therefore coincident.

In contrast, when the notch 4 is oriented at 90° to the bisector of the
initiation sector R, in the usual practice, the spiitting wave traverses the wafer,

30 passing over the nofch 4 but without either terminating in or being initiated at
the latter, and causes a process line.

Figure 4 iliustrates this configuration, the visible process line being
surrounded by dots.



each correspond to a quadrant, these two sectors are therefore coincident.  In contrast, when the
notch 4 is oriented at 90 to the bisector of the initiation sector R, in the usual practice, the splitting
wave traverses the wafer, 30passing over the notch 4 but without either terminating in or being
initiated at the latter, and causes a process line.  Figure 4 illustrates this configuration, the visible
process line b&Rg¥dFoEfted by dots. WO 2009/053355PCT/EP2008/06¥X00F 7048/ 0Figever, the
description is not in any way limited to a O orientation of the splitting-wave initiation as described
above.  This is becBQ¥E e hssdaseirgiathit i Bpfitingavaieiieddeyeddinremtiopariphery of the

wafer 1 (for examgleing-the saseAbsittinayimeans ok Sannealing, by locally heating the sector in
which it is desired to initiate the splitti Conse%uently, nor is the position of the notch 4 limited to

ng). . IS ;
the lower quarter or t ﬁezﬁﬁsg?ﬁ?aﬁgg BPHRL\Rdfer et NS SHEfiitdatm & liBRAPBIE HStdhhat the
direction of propagativerofdici@spliting-wéve imaotdaly:contoliestby aspeaison gﬁilkﬁ@dﬁsﬂlﬁ art.
This is because, Ing.fr [nitiati int, it.is observed that the splitting waye may
propagate ?ongagﬁ%%gﬂ%’d%ggﬁgﬁ@mﬁéﬂgﬁ a{ﬁgu %r& a%jrﬁ”lf)rl]itl\f/déc%f grg’uﬁag ‘Qﬂ%e)'{i PG miﬁa‘t\%s i'ngard, the
Applicant has ol5&8Ei8d)that the orientation of the wafer

Consequently, nor is the position of the notch 4 fimited to the lower quarter
or to the upper quarter of the wafer 1.
Furthermore, it can be noted that the direction of propagation of the
10 splitting-wave is not fully controlled by a person skilled in the art.
This is because, starting from the same initiating point, it is observed that
the splitting wave may propagate along different directions (with an angular
amplitude of around 45°).

in this regard, the Applicant has observed that the orientation of the wafer

[
il

in the implantation machine (to form the weakened zone) has an impact on the
control of the splitting-wave initiation.

In the case of a *batch” implantation (i.e. simultaneous impiantation of
several wafers on a wheel), a fastening device 5 is used, as shown in Figure 6,
to keep the wafer in place.

20 The portion of the periphery of the substrate that is held by the fastening
device is typicaily an angular sector of about 90°.
The fastening device is usually located diametrically opposite to the center
of the wheel.
This device constitutes a thermal contact with the substrate and can
25  therefore remove heat therefrom.
it also constitutes an electrical contact and thus allows the electric charges
accumulated by the substrate during implantation to flow away.
The angle o defines the position of the notch 4 relative to the fastening

device 5.

30 That portion of the periphery of the wafer in contact with the fastening
device 5 during implantation must lie in the splitting initiation sector R, for
example in the hot zone of the furnace in the case of thermal splitting.

in this configuration, the direction of propagation of the splitting wave in

the initiation sector is better controlled, and therefore it is possible to ensure that



15in the implantation machine (to form the weakened zone) has an impact on the control of the
splitting-wave initiation.  In the case of a "batch" implantation (i.e. simultaneous implantation of
several wafers on a wheel), a fastening device 5 is used, as shown in Figure 6, to keep the wafer in
place. 20The portion of the periphery of the substrate that is held by the fastening device is typically an
angular sector'dt B3Gt6E°.  The fastening device is usually located diaFeHEEIRFBHEHSIte to the
center of the wheel. This device constitutes a thermal contact with the substrate and can
25therefore rem&FePREACHHERAYS. is infiiaied eoiritite®ar de trielitovite antinesagigws the

electric charges@ecumulaies-hy the stbpsirgtsdugingdmplantation to flow away. The anglg a
defines the position (%f the notch 4ﬁ[elative t?é,the fastening device 5. 30That portion of the periphery of

the wafer in contact withth& Talffig GeFd® Auliify FAPIBMAHRH Rludifie FREHe SRR Mitiation
sector R, for exasmpledménéshoEzorie, ahthpdsitacefinhtheoase of theftaal splitting. fasthnthis

o AR LU MRS O
refative to the splitling initiator sector), the notch must be located either in the
portion of the waler in contact with the fastening device or in a sector
diametrically opposite to that portion.

More precisely, the process comprises the following steps:

20 - fastening the substrate to the implantation wheel such that the noteh is
locatea either in a guarter of the periphery of the substrate diametrically
opposite the fasiening portion or in a guarter of the periphery of the substrate
centred on the fastening portion (in the embodiment illustrated in Fig. 6, the
notch is located at an angle « of, respectivety, either 270°245° or 80° £45°);

15 - carrying out the implantation;

- removing the substrate from the fastening device;

- initiating the splitting wave in the portion of the wafer that was held by the
fastening device.

‘ By complying with the orientation defined above, it is possible to reduce

20 the occurrence of the procsss line by a factor of at least 5, typically 7, compared

with a method in which the notch is not located in the preferential sector 81 or
82 with respect to the splitiing initiator, or even to prevent such a line
appearing. _

The invention therefore significantly increases the yield of the splitting

25 step. Figure 7 shows batches of wafers produced, some with an unfavourabie

orientation of the notch relative to the splitting initiator (series 1) and othars with
a favourable orientation of the notch (series 2.

The graphic in Figure 7 illustrates the minimum, average and maximum
occurrences (expressed as a percentage) of the process line in the two series

30 of batches.

The average occurrence is reduced by a facior of close to 7.

in the most affected batches, close to 75% of the wafers may have &
process line in the case of an unfavourabie orientation, as opposed to 12% at

most inn the case of an orientation in accordance with the invention.



the path of the wave is initiated or terminates in the vicinity of the notch so as to prevent the formation
of the process line. In other words, to achieve the combination of the above-mentioned
requirements (namely, the position of the portion in contact with the fastening 5 device relative to the
splitting initiator sector, and the position of the notch relative to the splitting initiator sector), the notch
must be locat&d &t FHihe portion of the wafer in cqntact with the faste G/ ERAAMIE6I2IN a sector
diametrically opposite to that portion. More precisely, the process comprises the following steps: -
fastening the substrafé"t&tRafpRREIEDP Ve wEeshoibaithe Aetodistocated isithatiin degiarter of

the periphery ofghe\ssibshiaiedigmeligalyRpResitethe fastening portion or in a quarter of the
periphery of the substrate centred on the fastening portion (in the embodiment illustrated in Fig. 6, the

notch is located at an AKgte 4 SAVEE R RAUNA S RIE P A G980 1A8Y; N -ssRmig GU théhe
implantation; - rentolvingzthessudbistratetfromethentastenitg: deyiee; but -tiritatinghe-splitingwave in the
portion _of_ thae wa %IEFQH%%%P%% g){ht&%ff&_set%rgg% de%/ﬂ?(’:s%ﬂ%. complylng with the orientation deflned
above, it is possible to reduce the occurrence of the process line by a factor of at least 5, typically
7, compared with a method in which the notch is not located in the preferential sector Si or S2 with
respect to the splitting initiator, or even to prevent such a line appearing. The invention therefore
significantly increases the yield of the splitting 25 step. Figure 7 shows batches of wafers produced,
some with an unfavourable orientation of the notch relative to the splitting initiator (series 1) and others
with a fav7urable orientation of the notch (series 2). The graphic in Figure 7 illustrates the
minimum, average and maximum occurrences (expressed as a percentage) of the process line in the
two series 300f batches. The average occurrence is reduced by a factor of close to 7. In the most
affected batches, close to 75% of the wafers may have a process line in the case of an unfavourable
orientation, as opposed to 12% at most in the case of an orientation in accordance with the invention.



WO 2009/053355PCT/EP2008/064200 9  On average, a batch of 25 wafers obtained according to
the invention has at most three wafers with a process line. Finally, it should be pointed out that
process lines not associated with the notch may remain on the periphery of the wafer, but these lines
are shorter, 5rarely emergent and therefore less troublesome. 10 CLAIMS 1.Process for splitting a
semiconductor substrate having an identification notch on its periphery, which process comprises the
steps of: (a) creating a weakened zone in the ggbstrate; (b) splitting the substrate along the
weakened zone, the splitting comprising the inittat&dai$h a predetermined sector on the periphery of
the substrate, of a splitting wave followed by the propagation of said wave into the substrate,
characterized in that: - th% weakened zone created in steggé)a) is obtained by the implantation of atomic
species intd the 5(B& e’ thE RIS af BERE AU HOpISL BHEDSREAD AR FepiER@Muring the
implantationgtiyha faiterdnigldeviceidh thatedurimgrthessplittingstep ¢b), said portion is placed in the

splitting-wave inkf@tioﬁr%%%%@%méﬁ%%miﬁtﬁ% @ggﬁ£gtch Is positioned so that it is in the
guarter of the pe %ﬁhery of the substrate diametrically ect?@%osite the sector for initiating the splitting
tit

wave or in the qiiirteSBH & iShetBHAE s s nirERBRNEsid Zeittor. PePreediEgccording to
claim 1, chareaereidigl ivehatiSaitbsedtoranprbiEidheinetchiewnis betweemadbrang 22506 between

315 and 459 Mg kiseetar Hiilaa SRILHROMRVENTHANRR $6E0gation of said wave into the
substrate,
characterized in that:
- the weakened zone created in step (a) is obtained by the implantation of atornic
species into the substrate, the substrate being held in place on a portion of its
periphery, during the implantation, by a fastening device,
- in that, during the spilitting step (b}, said portion is placed in the splitting-wave
initiation sector,
and in that during step (b) the notch is positioned so that it is in the quarter of the
periphery of the substrate diametrically opposite the sector for initiating the
splitting wave or in the quarter of the periphery of the substrate centred on said
sector.

2. Process according to claim 1, characterized in that said sector in which the
notch lies is between 135° and 225° or between 315° and 45° to the bisector of
the splitting-wave initiation sector.

3. Process according to either of claims 1 and 2, characterized in that during
step (b) the substrate is placed in a vertical position in a furnace, so that the
splitiing-wave initiation sector is centred on the top of the substrate and in that
the notch is located in the lower quarter or in the upper quarter of the subsirate.

4. Process according to either of claims 1 and 2, characterized in that during
step (b) the splitting wave is initiated by means of a mechanical stress applied in
the sector.



3.Process according to either of claims 1 and 2, characterized in that during step (b) the substrate is
placed in a vertical position in a furnace, so that the splitting-wave initiation sector is centred on the top
of the substrate and in that the notch is located in the lower quarter or in the upper quarter of the
substrate. 4.Process according to either of claims 1 and 2, characterized in that during step (b) the
splitting wave is initiated by means of a mechanical stress applied in the sector. 11 5. Process
according tg one_of claims 1 to 4, characterized in that the s litting- wave initiation sector is a 90

sector. 6. ProceSESS AP lEBadLpPemfthsiaitss] &ndractarpeariaerdn foal tensstéling) and step

(b) it comprigescdingbitiohanding saidosrhsiraie to a receiver substrate, so that after step (b) the film
defined by the weakened zone is transferred to the receiver substrate. 7. Batch of split substrates
having an identification notch, characterized in that said batch is obtained by a process according to

one of clainiis 1 t6fscand wcthatithe propertioh@aisubstraies ARS-A:REREESS HNe #33Reiated with the
i 0,
notch is lesétgﬁa?a}za{“?d step (b) it comprises directly bonding said substrate to a receiver

substrate, so that after step (b} the film defined by the weakened zone is
transferred o the receiver substrate.

7. Batch of split substrates having an ideniification notch, characterized in that
said batch is obtained by a process according to one of claims 110 5, and in that

the proportion of substrates having a process line associated with the notch is
less than 12%.



