Method for detecting surface defects on a substrate and device using said method This invention
relates to a method for detecting surface defects on a 5 substrate and a device using said method,
particularly adapted for detecting and positioning surface defects in a semiconducting substrate,
particularly crystatlisa wicro-defects in a mono-crystalline substrate. RGOS WREderSeeAsthat surface
defects appear during manufacturing of semiconducting substrates such as SOI " Silicon On
Insulator)) substrates 10intended specifically for micro-electronic, optoelectronic application, etc.
Said substrates are usually obtained by Smart-CutTM and by a succession of heat treatments.

During these heajugalmENadhe AHEAE (s subingicaia Al s A adioris ferlg plastic

deformation that causes the appearance 15 of § rfac&d fects called Slip lines on the active layer that
reduce the substrate quality. SOl substrat%%‘aafg%e In place by supports during heat treatments,
for example annular supports or supports with three or four bearing points, etc. During high
temperature heat trearhaninstegyrfoeztesiple ah et 260téon priaittegezodedindel€U8@nthze retaining

support exefts highfprees i dhessidastate anthRaricuarbapRess Biregaprd ResRfererg can deform
the substrate an(;:i1 éhgcsjscl{ftu'%e thguf,?rmat %peof fracture H%g%s in,which gé(fr éiQ/Sta”'E‘& %tqucture is offset
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by sliding after Fr'acture, WhICH can P& obServed in the form o Lf:%frrr] s%%n Ing élﬁ)alnes. he shift

amplitude may B&/SRHREIBIGREEHGHE RMORREY AR R Beidigite steps of the same dimension
on the surface. The fréctaireadhkraresstifatotigifraepeafettthanhizkndsyng ersidbstuatty @hd can

sometimes crossetisstaiuding ehskrirdsosndts Aaddneesindsn fontiRceabos exayspiedigh quality
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Ceppor hoting the sURAR RS BAERo B UM AR ST FRRL L, Y adopon ypical
shows up slip ligescassipriahbaséifisieénedfthe substrate, while a support with three bearing points will
make During fhese heat treatments, the substrate is subjected to
temperature gradients and a plastic deformation that causes the appearance
15 of surface defects called Slip lines on the active layer that reduce the
substrate quality.
SOIi substrates are held in place by supports during heat treatments,
for example annular supports or supports with three or four bearing points,
etc. During high temperature heat treatment steps, for example at a
20 temperature exceeding 1000°C, the retaining support exerts high forces on
the substrate and particularly shear stresses. These forces can deform the
substrate and thus cause the formation of fracture planes in which the
crystalline structure is offset by sliding after fracture, which can be observed
in the form of corresponding slip lines. The shift amplitude may be of the
25 order of one nanometer and thus generate steps of the same dimension on
the surface. The fracture can cross through a part of the thickness of the
substrate, and can sometimes cross through the substrate from its back face
to its front face. '
For example, high quality SOI type substrates require heat treatments
30 at atemperature of 1100°C or even more than 1200°C, causing the formation
of slip lines, particularly close to contact zones between the substrate and the
support holding the substrate in position during heat treatments.
Thus, an annular support typically shows up slip lines around the
periphery of the substrate, while a support with three bearing points will make
35 them appear in substrate bearing zones arranged facing the bearing points.
The slip lines will deteriorate the quality of the monocrystalline silicon on
insulator layer and consequently electronic components that are made later.



35 them appear in substrate bearing zones arranged facing the bearing points. The slip lines will
deteriorate the quality of the monocrystalline silicon on insulator layer and consequently electronic
components that are made later. WO 2008/116917PCT/EP2008/053663 2 Such defects are not
observed onlWore®®1igpe hetero-structures, they also occur on other ty €5 gfP2eiisdiF3aes, for example
homogenous monocrystalline silicon substrates. 2 In order to maintain a good quality of marketed
substrates, the usual 5practice is to examine the surface of these substrates to determine any slip
lines that occur during manufacturing. Fast and reliable detection of all slip lines using a single

detection technique isggundigees vary Hificiisdhray @il taphaian a5 o MEgBlL e dgsindustry are
used and the 1 resu’ts are com nar&gtﬁg,t can be eerbthat therg. is no tec nih ue céslé)able of identifying
a

all slip lines anc; |%yp§rﬁgu?a(1_:rc gﬁp lines t Ocur Gt the Sgrearfg?nbry? of e SUBstrats, Q&%}ﬁiques based
on detection of BAREYHFAMERAGAUNBIBSEER R red light at the surface of the substrate cannot be used
around the edge of thésurdstraterpdiciasthe goaitghakia dfrowardet ¢ dgbstsies, that lighel15 cannot be

collected anrd thatefigre HepnReasurRMLatcaRRet Heatasd subbeitier et isHbsiatmis ipt analysed

over several mil|| ' i .. Therefore, an attempt is made to find a detection tool
capable of iden'tlllf{ygiﬁg'% %%?Hﬁggéﬁgﬁ,gi%?%uggp%ﬁefect , that can be detected bé/ 200ptical
tc.,

methods such as holes35fe¥dt i RS HRIES § U dRemh &g mingle detection

technique is found to be very difficult.
if several techniques commonly used in industry are used and the
10 results are compared, it can be seen that there is no technique capable of
identifying all slip lines and in particular slip lines that occur at the periphery
of the substrate. Techniques based on detection of beams of reflected and/or
scattered light at the surface of the substrate cannot be used around the
edge of the substrate where the wafer has a « rounded edge » such that light
15 cannot be collected and therefore the measurement cannot be made.
Therefore the substrate is not analysed over several millimetres around its
periphery.

Therefore, an attempt is made to find a detection tool capable of
identifying all slip lines and other types of defects that can be delected by

20  optical methods such as holes present in the surface, etc., in a single
measurement.

There are powerful and complex laboratory devices that admittedly are
capable of detecting practically all defects that can be detected optically,
such as slip lines or holes present at the surface, etc.

25 However, these devices are very expensive and substrates can only
be analyzed at a rate of about 7 substrates per hour.

A rate of 50 or even 100 substrates per hour would be necessary to be
compatible with industrial production.

Most methods for the detection of slip lines on such substrates consist

30 of projecting polarized coherent light emitted by a laser source onto the
substrate, and using a photo-detector to detect light reflected by the
substrate. When the incident beam is reflected on the surface of the
substrate, light is scatiered by the defects. The photo detector detects and
guantifies this light scattered in this way.

35 Such methods are described for example in Japanese patents
JP4042945 and JP60122358.



There are powerful and complex laboratory devices that admittedly are capable of detecting practically
all defects that can be detected optically, such as slip lines or holes present at the surface, etc.
25However, these devices are very expensive and substrates can only be analyzed at a rate of about
7 substrates pep hpan16917A rate of 50 or even 100 substrates per hour wdGdEB2wREEEssary to be
compatible with industrial production. Most methodssfor the detection of slip lines on such substrates
consist 30 of projecting polarized coherent light emitted by a laser source onto the substrate, and
using a photo-detector to detect light reflected by the substrate. When the incident beam is reflected
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microscope cenire line, so as to,check the entjre substrate surface . .
P fIrom rt1hé camera info t%e Esrm 011 an elech%a current that is compared with a

limiting defect detection current. The substrate is displaced along at least two
directions orthogonal to the microscope cenire line, so0 as to check the entire
substrate surface.

15 This method has the disadvantage firstly that it can only be used to
detect large slip lines, and secondly, that the processing time for a substrate
according to this method is long and results in a limited supply rate of
analysed substrates.

Japanese patent application JP 2001/124538 discloses a method and

20 a device for detecting defect which occurs in the surface of a semiconductor
wafer, such as slip lines. The method includes a step of projecting a pattern
composed of an alternation of light fringes and dark bands on the substrate,
so as to generate fringes reflected by the surface of the substrate.
Subsequently, images of the pattern reflected by the substrate are captured

25 by a CCD sensor and defects are visually detected on a display screen.

This method presents the disadvantage to be inefficient to detect small
defects and to be prone to human error.

Prior art US 2001/0033386 discloses an optical system for detecting
surface defects on an object including a step of projecting a pattern

30 composed of an aiternation of light fringes and dark bands on the substrate,
so as to generate fringes reflected by the surface of the object, a step of
relative displacement of the pattern and the object, a step of acquisition of a
sequence of three images of the pattern reflected by the object, and a step of
determination of the height as a function of the imaging according to US

35 6,750,899. The height is determined for each pixel of the images in function
of the variation of the relative phase of the fringes.




15This method has the disadvantage firstly that it can only be used to detect large slip lines, and
secondly, that the processing time for a substrate according to this method is long and results in a
limited supply rate of analysed substrates. Japanege patent application JP 2001/124538 discloses a
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very effective at defecting ZNT zones. E diment IS Invention seek to overcome all these
disadvantages®Y %Bﬁﬂﬁsa“fggﬁh%ﬁ% 1RRRORRERAGS of surface defects in a semiconducting
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designed to be used in electronics, optoelecironics or analogue; the

method comprising at least the following steps:

- projection of a pattern composed of an alternation of light fringes and
dark bands onto a substrate, so as to generate fringes reflected by the
substirate surface,

- relative displacement of the pattern and the substrate along at least
one direction, so as to displace the fringes of the pattern on the substrate,

- acquisition of a sequence of at least three images of the pattern
reflected by the subsirate by a sensor, the images corresponding to
displacement of the fringes of the patiern,

- determination of the gradient of the surface of the subsirate using
displacements of fringes of the pattern, and

- determination of the presence of a surface defect on the substrate
using variations in the gradient of the surface of the substrate.

Preferably, fringes of the pattern are parallel to each other and extend
parallel to a first principal crystalline axis of the substrate and/or paraliel to a
second principal crystalline axis of the substrate.



In accordance with a first aspect of the invention, there is provided a method of detecting surface
defects such as " slip lines ", on a substrate designed to be used in electronics, optoelectronics or
analogue; the method comprising at least the folloing steps: - projection of a pattern composed of
an alternation of light fringes and dark bands onto a substrate, so as to generate fringes reflected by
the substrate surfacebdvantagidiveydisitat setprncbthbipagemiandahiredubspaiediona at least one
difreftlion,tstﬁ aﬁéﬁé}ﬁ,pdﬁéggﬁh@ekiegaﬁie@ta%%ﬁgnalqa hesdIsieind exteRdPafiliensf a sequence
of at least threg es. r t rate. by
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reference point oq the s%b trate. o achieve this, the substrate consists of a flat disk comprising a
radial notch arSUnH?’[?% ?FTB% ry, forming the reference point. Furthermore, the method according

to embodiments of thédrR@ichtaigy i sybstiale rrMsEs of 3l ddetempriinge ik of the

detected surfaceiéfectaind its periphery, forming the reference point.

Furthermore, the method according to embodiments of the invention
advantageously includes a step to determine the nature of the detected
surface defects.

The nature of surface defects is determined by determining the
amplitude and/or the length and/or shape and/or orientation of each detected
surface defect.

Furthermore, the pattern and/or the subsfrate is moved along two
orthogonal directions.

In accordance with a second aspect of the invention, there is provided
a device for the detection of surface defects such as « slip line » type
defects, on a substrate designed io be used in electronics, optoelectronics
or analogue; the device comprising means of projecting a pattern on said
substrate composed of an aiternation of continuous light fringes and dark
bands, means of introducing relative displacement of the pattern and the
substrate along at least one direction, at least one sensor capable of
recording displacements of fringes reflected by the substrate, means of
determining the gradient and/or curvature of the surface of the substrate
using displacements of pattern fringes, and means of determining the
presence of a surface defect on the substrate using variations in the gradient
of the substrate surface.




The nature of surface defects is determined by determining the amplitude and/or the length and/or
shape and/or orientation of each detected surface defect. Furthermore, the pattern and/or the
substrate is moved along two orthogonal directiong In accordance with a second aspect of the
invention, there is provided a device for the detection of surface defects such as " slip line " type
defects, on a substraBxaidesigaps ¢ hejestubithel @atenicsoositiatat sunéen amanaliolu#) the device
comprising megRgJef BTQISHHRHE-BRIPENE L RifURH S BHRPPMAgSs Ay aarrierpgion of continuous
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sequence of light.frin bands. Furthermore, said means of creating a relative
dlsplacement ;ﬁ&ﬁ n and the substrate consist of an algorithm for processm%the video signal

transmitted to the scréaifl sensptmfsaecrgRisiE i as diatph spnssn 8 MRE & ey between half
a pixel and sevasakpixels, at regular time intervals or irregular time intervals, the screen, substrate and

the sensor being fixedaid rﬁ%%}saé&r wg@&eﬁa gigirat C@mﬁ;@f@rﬁprﬂﬁ@g a CCD
sensor. Sald g}s(%ans of féu %]%P’Q%h eé%?}&%d!}%) E%BL %{f Beagéjrface consist
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of an algorlthm ca ab r|n ch pomt on the surface of
the substrate, ?ﬁf} eoéﬁ?ﬁ! F@H?ﬁlﬁfe%aﬁ ﬂférgé?{ég?e su E(Fél A& MY the presence
of a surface dd@@t%@m@ﬁt@iméedrwélybﬁmapable of calculating varlatlons in the gradient

and/or curvature at egeliipaiirndhesefaci @tiberehsitrieusingfabasikfeiisethenrlcofated by the
first algorithm. s&&ﬁfé@&%ﬁ%ec%%‘é‘ﬁr% HOUNGHIRCARRASHE TP AL PR UafpMPTiSes

means of determini osition in s fects strate sur d means of
determining thglﬂf(‘@ 88858 F’&§@ c&iagf}o?P{P]%lﬁ%ﬁ %cgﬁﬁﬁﬁ?cal ﬁs |ng the abscissa
and the ordinaebfa@d finbefitpleagrrile of said substrate with a radius of curvature greater than
or equal to a determireddbsesholtheatievieadioconting dpataibdidimento ok thgstivadytidifferent from the

average of the Mﬁi«"@é@ rﬁ@}%e 4P adRiFRNGS PRINHEAHAS Mkpkae of defBcEdSH ttherevent any

deposition of dush Eg f@érate the device advantageously comprises means of generating a
ara

laminar flow of a 0 the surface of the substrate and/or mZ% ? sgég‘)ortm said substrate
vertically.  Other addShiAGRRSAlLERIINEGHIE RIAHRIL ShRPRAEPL ASIRAT SXISUAE following

description given aégaritbmicaiaile ekaapiabng thetabadssacedithg sidinsteddfeason a substrate
and the devicesorkiog the i ohetiodunsrstingito shediveoficnvaitra efessaeehiarthe attached

drawings on whicly sfiguge 1 atiRaEmmatitolp VaRidhsrerrcRito e kP REnbution
statistically different from the average of the substrate, relative to a reference
point on the substrate.

In order to prevent any deposition of dust on the substrate, the device
advantageously comprises means of generating a laminar flow of a fiuid
parallel to the surface of the substrate and/or means of supporting said
substrate vertically.

Other advantages and characteristics will become clearer after reading

the following description given as a non-limitative example of a method for
detecting surface defects on a substrate and the device making use of said
method according to the invention, with reference to the attached drawings
on which: _

- figure 1 is a diagrammatic view of the device for detection of
surface defects in a substrate according to the invention,



surface defects in a substrate according to the invention, WO 2008/116917PCT/EP2008/053663 7
-figure 2 is a diagrammatic representation of the pattern for the device according to the invention,
-figure 3 is a top view of the substrate provided with a reference  point for determination of the
position of defeatmigietasted according to the Sinvention, -figure 4 is a graptigheRgsgsesdistribution of
the intensity of light in the pattern represented in figare 2 -figure 5 is a graph representing a variant of
the distribution of light intensity in the pattern of the device according to the invention, 10-figure 6 is a
graph showing a second variant of the distribution of light intensity in the pattern in the device

according to the invention fiqre 2 is a diagrammatic representation of the pattern for the
device according to the invention,

- figure 3 is a top view of the substrate provided with a reference
point for determination of the position of defects detected according to the

5 invention,

- figure 4 is a graph showing the distribution of the intensity of light
in the pattern represented in figure 2 '

- figure 5 is a graph representing a variant of the distribution of
light intensity in the pattern of the device according to the invention,

10 - figure 6 is a graph showing a second variant of the distribution of
light intensity in the pattern in the device according to the invention

- figure 7 is a diagram showing steps in the method of detecting
defects in a substrate according to the invention.

With reference to figures 1 and 2, the device according to the invention

15 comprises means of projecting 1 a pattern 3 composed of an alternation of
fringes 4 of continuous light and dark bands 5, onto a substrate 2, said
pattern 3 being shown in figure 2.

The substrate 2 is positioned on an annular type support not shown in

the figures, or of the type consisting of three or four bearing points for
20 example for a substrate with a diameter of 300 mm.

In this special example embodiment of the invention, it can be seen
that the light fringes 4 and the dark bands 5 are approximately equal in width;
however, it is quiet obvious that the light fringes 4 and the dark bands 5 could
have arbitrary corresponding width, without going outside the framework of

25 the invention.

These projection means 1 are composed of a screen 6, for example
such as a plasma or LCD « Liquid Crystal Display » screen, positioned above
said substrate 2 close to the normal to said substrate 2, connected {o means
of emitting a visual signal, for example such as a computer 7, and receiving a

30 visual signal comprising a sequence of light fringes 4 and dark bands 5.

Preferably, a 50 inch LCD screen will be used. The homogeneity of
pixels on LCD screens is more suitable for the detection of slip lines than is
possible with plasma screens. The distance between such a screen 6 and
the substrate 2 with a diameter of 300 mm may for exampie be 60 cm.

35 The screen 6 may aiso be replaced by a projection screen onto which
a pattern is projected with a projector. In all cases, the screen 6 is preferably



-figure 7 is a diagram showing steps in the method of detecting defects in a substrate according to the
invention. With reference to figures 1 and 2, the device according to the invention 15 comprises means
of projecting 1 a pattern 3 composed of an alternation of fringes 4 of continuous light and dark bands

5, onto a sub¥tfated@iEdid pattern 3 being shown in figure 2. The sUulsskEk@IBBIESpgsitioned on an
annular type support not shown in the figures, or of 8he type consisting of three or four bearing points
for 20 example for a substrate with a diameter of 300 mm. In this special example embodiment of

the invention, it can be seen that the light fringes 4 and the dark bands 5 are approximately equal in

width; however git-is, geieb o \dRgR ihatEhe HBBHENRE4PBeHNE SabrRrpds Bsaedlsdidve arbitrary

corresponding Wld Hevglt ouéL%m{}g gutS|de the framework of 25the invention. These projection
means 1 are com osed1 o screan 6, for examPIe such as a plasma or LCD " Liquid Crystal Display))

screen, positioned abEW@ RAHPEN BPITESPRNGSA 1S WEsh AR BAfedeipas Akihe s6tRcted to means

of emitting a visual signal, for example such as a computer 7, and receiving a 30visual signal
comprising s sequencg @iﬁéjgé}ta‘fm@%@mrd@m bamsls patterrPEEEHARY iR ﬁ@m@clz L&D screen will
be used. The hORRRREINLPANTIR LhERAGIERTS IR S Isﬁgr% RILAL Sl lines than
is possible with asma screens. distance between suc rate 2 with a
diameter of 300°rniA FIAS PSS EREY Bﬁ{’%ﬁﬁé %@?&9 drél§éi ed by a projection
screen onto which a pteéeraR)priijedtedani? aspﬁéfé@ﬁﬁ%drpélpéﬁ%,f[m%%rééW’G‘@é Hreéferably WO
2008/116917P@HIER2QOBEIIBE6GRtENsIty (X) perpendicular to the fringes is approximately
10 sinusoidal (figure 4).
It will be observed that when the period of this sine curve corresponds
to about 10 pixels of the screen 6, the shape of the intensity distribution will
be similar to that shown in figure 5.
In this example embodiment, it is preferable to use very thin fringes 4,
15  for example corresponding to about ten pixels of the screen 6. With a screen
6 comprising 1000 pixels, this corresponds to about a hundred light fringes 4
reflected by the substrate 2.
It is obvious that said projection means 1 may be substituted by any
other equivalent projection means capable of projecting a pattern 3 onto the
20  substrate, the pattern being composed of an alternation of continuous light
fringes 4 and dark bands 5. For example, these means could consist of a
continuous and sinuscidal light source, i.e. non-coherent light, and a grid
positioned between said light source and the substrate, or a coherent light
source comprising two spherical waves providing sinusoidal fringes by
25 interference between said waves.
The device also comprises means of relative displacement of the
pattern 3 and the substrate 2 along at least one direction. In this particular
embodiment, said displacement means advantageously consist of an
algorithm for processing the video signal transmitted to the screen 6 so as to
30 offset the light fringes 4 and dark bands 5 by a half, or one or several pixels
at regular or irregular time intervals. The period of the fringes is not
necessarily consistent with the pixels.
Preferably, the pattern 3 is displaced by a single pixel. Ten different
images are thus recorded in the case of light fringes 4 with a sinusoidal
35 intensity with a pitch of ten pixels on the screen.
Said pattern 3 may be displaced either step by step, in other words by
a discrete displacement, or continuously along one or several directions.



arranged perpendicular to the optical axis to obtain a homogenous resolution on the entire substrate.
The pattern 3 corresponds to structured light in the plane of the screen 6. 5In the example
embodiment of the pattern 3 shown in figure 2, the distribution of light 1(x) perpendicular to the fringes
is globally notwexioffiise’6), in other words the intensity periodically cha@g@&&pasedn® and 100% .
Preferably, the pattern 3 is composed of parallel frirges, in which the distribution of the intensity 1(x)
perpendicular to the fringes is approximately 10sinusoidal (figure 4). It will be observed that when
the period of this sine curve corresponds to about 10 pixels of the screen 6, the shape of the intensity

distribution will be simijarfo. taatshew indigidre . H@t@g@g@r@g& qi_mﬁ@t, itJeqysterable to use
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possible to process two or even three substrates per minute, and thus more

than a hundred substrates per hour.
This sensor 8 is connected to the computer 7 that receives information
15  about the images reflected by the substrate 2, so as to process them.

It will be observed that as the resolution of the sensor 8 increases, the
device according to the invention is capable of detecting increasingly small
surface defects in the substrate.

Furthermore, it should be noted that in this particular embodiment, the

20 screen 6, the substrate 2 and the sensor 8 are fixed such that the device
does not generate any vibration, is not a source of contamination due to
friction between parts, and it does not become unregulated. Moreover, the
device is not very sensitive to vibrations.

This information is processed by means of determining the curvature

25 of the surface of the substrate 2 using displacements of fringes 4 of the
pattern 3.

These means of determining the curvature of the surface of the
substrate 2 consist of an algorithm recorded on a support of the computer 7
and capable of calculating the phase offset of the fringes 4 of the pattern 3 at

30 each point on the surface of the substrate 2 using the signal transmitted by
the sensor 8 and then deducing the radius of curvature at said point on the
surface of the substrate 2.

The device also comprises means of determining the presence of a
surface defect on the substrate 2 using variations in the gradient of the

35 substrate surface. These means of determining the presence of a surface
defect consist of a second algorithm recorded on a medium in the computer 7



Preferably, the pattern 3 is displaced by a single pixel. Ten different images are thus recorded in the
case of light fringes 4 with a sinusoidal 35intensity with a pitch of ten pixels on the screen. Said pattern
3 may be displaced either step by step, in other words by a discrete displacement, or continuously
along one or &wepes/disettions. WO 2008/116917PCT/EP2008/053663 FCT/ERAMBIBI@bence to figure
1, the device according to the invention comprises atsensor 8 particularly so as to record images of
fringes 4 reflected by the substrate 2 and their displacements. This sensor 8 advantageously consists
of a digital camera comprising a CCD " Charge- 5 Coupled Device >> type sensor with 11 million

pixels. The camgig 'éa%wénmp@atﬁqaqrﬂ@h%aﬂuE§tr@ftea?eaaqaa%@naih%éeﬂr%tmaeﬁ qhhe screen
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ac using hEEa & or;thm
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duration for a seguaenteEsfrraannagfeddbstsiabgutitencesdmnd$ IsEttuepdesists torptbeess two or

even three subsiiiptesensr A disstARe tzhl@am%m@madmaﬂﬁedr@b@rpé%&;@ﬁw@@re&l@is sensor 8 is
connected to the, g Eé”&!n% gf%tf ﬁ’%eérgegserve EB% r 898[:! Oﬁ}%'% grileciagiby dhe substrate

2, SO as to process em at as the res sensor 8 Increases, the

device accordln%r%’ﬁ{@ ﬂ(/@ﬂﬁ%rpf%’rbtaﬁﬁﬁféeo?ﬂé?gétlﬂgSlﬂlfire%’stiﬁiﬁﬂ}% a‘ﬁ' Ao WEr&ets in the
substrate. Furth@sfvidiereigseaigiithenotedunhidra tiRigiarnad Ahiesivddivaiur, triatederéen 6, the
substrate 2 andriiersgospothesa thxeduigiathal the device does not generate any vibration, is not a

source of %mam'nat'%e%%f{%ﬂa DERUREBMBEHNAIM, IE5R6% SANPEFaBIE IR Ied. Moreover,
the device is not v&¥0§e8§ Itcli\é e%)tsy ! nrgatsggge could consist of an salgorithm capabie of
calculating the abscissa and the ordinate of each point of the surface of said
substrate 2 with a local gradient distribution statistically different from the
gradient distribution in the rest of the substrate 2, relative to a reference point
15 on the substrate 2.

In the example embodiment according to the invention as shown in
figure 3, the substrate 2 consists of an SOI « Silicon On Insulator » type
semiconducting substrate, in the form of a disk in which a radial notch 9 is
formed at its periphery. This notch 9 acts as the reference point for an

20 orthogonal coordinate system in which defects 10 detected at the surface of
said substrate 2 can be located.

Accessorily, the device according to the invention comprises means of
determining the nature of surface defects consisting of an algorithm recorded
on a medium of the computer 7 and capable of calculating the amplitude

25 and/or the length and/or shape and/or orientation of each detected surface
defect 10, and then comparing these vaiues with the values in a database.

Thus, the device can be used to detect and make a distinction
between several types of surface defects, and particularly micro-defects for
example crystalline defects such as slip lines at the periphery of the substrate

30 or impacts of the support in zones at mid-distance between the centre and
the edge of the substrate, the dimensions of which are of the order of several
hundred micrometers for the length and the order of one nanometer for the
depth. The device is also capable of detecting so-called « non-transferred »
zones (ZNT) appearing during a manufacturing process consisting of a step

35 to transfer a layer and then a detachment step using the SmartCut™
process.



This information is processed by means of determining the curvature 25 of the surface of the substrate
2 using displacements of fringes 4 of the pattern 3. These means of determining the curvature of
the surface of the substrate 2 consist of an algorithm recorded on a support of the computer 7 and
capable of caleglatiag wva’phase offset of the fringes 4 of the pattern 3 at PR3O /EaeM§sHHGEdN the surface
of the substrate 2 using the signal transmitted by thetsensor 8 and then deducing the radius of
curvature at said point on the surface of the substrate 2. The device also comprises means of
determining the presence of a surface defect on the substrate 2 using variations in the gradient of the

35 substrate surface. Fhesgdpegnak deleradypgdbs RresrRseH anbiriasrpiafecs capgist of a
second algorithm re.<t:orded1 on a me ium ip the computer 7 W .200§/t:lhl691b7PCT/ P2%O8/053663 10
| g%l%% at ¢ h{ substrat :
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invention compisesositamsiofetatatimimiran theppositice mepacend idefests orthhee Sidlethce of the
substrate 25 Saig faears of determining the position of defects in space consist of an algorithm
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h rate 2.
the substrate with reference to figures 1 to 4.

A pattern 3, composed of fringes 4 for which the light intensity has a
sinusoidal distribution along the axis perpendicular to the fringes (figure 4) is
projected onto the substrate 2 in a step 100 (figure 7), so as to generate

15 fringes reflected by the surface of said substrate.

The intensity of the image reflected by the substrate can be written in
the following form:

I=1I,(1+ 4 cos{o+x))

where lg, Ag, @ and x are unknowns and represent the average

20 intensity of the image reflected by the substrate 2, the contrast of the fringes
4, the phase angte and a spatial coordinate of a first predetermined direction,
respectively.

In order to determine these values at each point of the reflected
image, a relative displacement of the pattern 3 and the substrate 2 is made

25 along at least one direction in a step 105, so as to displace the fringes 4 of
the pattern 3 on the substrate 2, and then in a step 110, displacements of the
fringes 4 reflected by the substrate 2 are recorded using the sensor 8, so as
to determine the average intensity lp, the contrast Ag and the phase © of the
image reflected at each point on the image. A sequence of images has to be

30 acquired to be able to determine the average intensity o, the contrast Ay and
the phase © of the image reflected at each point on the image. The
sequence of images preferably comprises between three and ten images.

Preferably, two sequences of images are acquired, the first sequence
of images being acquired using a pattern 3 comprising parallel fringes 4

35 extending along a first direction, said fringes 4 being displaced orthogonally
to the direction of said fringes 4, and the second sequence of images being
acquired using a pattern 3 comprising parallel fringes 4 extending along a



In the example embodiment according to the invention as shown in figure 3, the substrate 2 consists of
an SO! " Silicon On Insulator >> type semiconducting substrate, in the form of a disk in which a radial
notch 9 is formed at its periphery. This notch 9 acts as the reference point for an 20 orthogonal
coordinate systertin/ witith defects 10 detected at the surface of said subRtrERP @I l0cated.
Accessorily, the device according to the invention comprises means of determining the nature of
surface defects consisting of an algorithm recorded on a medium of the computer 7 and capable of
calculating the amplitude 25 and/or the length and/or shape and/or orientation of each detected
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one sequence of three images is sufficient to precisely determine the
displacements of fringes 4, then the presence and position of defects 10 on
the substrate as will be seen later.

The curvature of the surface of the substrate 2 is then determined in a

20 step 115 using the displacements of fringes 4 of the pattern 3. It should be
noted that the curvature at each point on the surface of the substrate 2 is
calculated by determining the field of local gradients using measurements of
the phase of reflected images from displacements of fringes 4 of the patiern
3 then by differentiating said field of local gradients.

25 The local gradient is the local tangent to the surface, and the curvature
is the local radius of curvature.

In step 120, at least one surface defect is detected on the substraie 2
using variations in the curvature of the surface of the substrate 2 calculated
above.

30 Advantageously, this step 120 to detect at least one defect is broken
down into a first step 125 to determine points on the surface of the substrate
2 with a radius of curvature greater than or equal to a determined threshold
value andfor a local distribution of the curvature statistically different from the
distribution of the curvature of the rest of the substrate 2, and a second step

35 130 to determine the position in space of defects 10 using variations in the
gradient and/or curvature of the surface of the substrate 2.



15fringes reflected by the surface of said substrate. The intensity of the image reflected by the
substrate can be written in the following forrn: 1 =i,(1+ A. c 0 s(0 + 4) where lo, Ao, (1) and x are
unknowns and represent the average 20 intensity of the image reflected by the substrate 2, the
contrast of thevfriges149the phase angle and a spatial coordinate of a firS8CErERRStSH#R#Ed direction,
respectively. In order to determine these valueszat each point of the reflected image, a relative
displacement of the pattern 3 and the substrate 2 is made 25 along at least one direction in a step
105, so as to displace the fringes 4 of the pattern 3 on the substrate 2, and then in a step 110,
displacements of the ffinges,difgfieniegd e Be surasieaie AR iGeRriRAusHRIdheRelIsY 8, so as to
determine the averetlgjg? tl%eg%tg/trlg, tBea g%rétrgrsltt) Adoa%nd éh?nqggtse &h)r(é; tpee gggg% re gegted at each
point on the im<*§féj)ér.I sequeunce orimages has t% be %a‘qured Y6 bea e'to ete]qmine’the average
intensity lo, the B8RSR haRRISIH RS 8dtahE §h S5 B PERNG R "RCBA AR IS8iIM OMINY i&ge. The
sequence of imegjesepoeferahlyatanpeasesdgtween three and ten images. Preferably, two
sequences Hf images ArpcaHiedhéhadiricaassang abimadesdretio maguiaddsingtgppattern 3
comprising pargey fingesfyi Sxiendingalone.a steliasian-aldioiages & s displaced
orthogonally to the direction of said fringes 4, and th{aﬂzecond sequence of Images being acquired

; e \
using a pattern SELHRBHEMAPRYLIRS AIHYES'ANSHARY SBARESNRE" orentation of eac
2008/116917PGUyiepegiedrobgesmted in a step 140 and then by comparing the ampiitude

and/for length and/or shape and/or orientation of each detected surface defect
10 with a database so as to determine the nature of surface defects detected in
a step 145.
The relative displacement of the pattern 3 and the substrate 2 may be
made along 2 orthogonal directions.
It will be observed that the method according to the invention and the
15  device using said method are particularly suitable for the detection of micro-
defects on monocrystalline substrates, particularly by using paralle! fringes
aligned on the crystalline network of the substrate.
Furthermore, the slip lines thus stand out better than the surface
scratches on the substrate 2 that are obviously independent of the crystalline
20  axes of this substrate.
Preferably, the method according to the invention comprises an
analysis of the entire surface of the substrate 2 as far as its periphery, in a
single sequence of « solid wafer » type images, particularly at a rate of the
order of 100 substrates per hour. Under these conditions, the method
25 according to the invention is capable of obtaining high resolution during
detection of shallow defects, in other words defects with a depth of the order
of a few nanometers.
Accessorily, it will be noted that the back face of the substrate may
also be analysed. To achieve this, the device may comprise a second screen
30 projecting a pattern onto the back face of said substrate and a second
sensor, the two faces of said substrate being analysed simultaneously.
According to one execution variant, the device may comprise means of
turning the substrate over, for example such as a robotized clamp gripping
said substrate at its periphery, the two faces of the substrate being then
35 analysed one after the other.



direction perpendicular to the direction of the fringes 4 in the first sequence of images, said fringes 4
being displaced orthogonally to the direction of said fringes 4. In one particularly advantageous
manner, the image sequence(s) is 5 (are) acquired by projecting a pattern 3 for which the fringes 4
extend parallaéyanelfeeserpendicular to a principal crystalline axis of the sefstextw@:0S&id crystalline
axis of the substrate may be materialized by a radial4notch 9 at the periphery of said substrate 2. it is
thus possible to use several sequences of images, each sequence using a pattern 3 for which the
fringes 4 are parallel 10 to one of the principal crystalline axes of the substrate 2. Preferably, a

sequence of ten images,is(eGOofded iRy RaRRAXIE- SURLAR aHANGSMES NLMRkes dlRassihle to more
efficiently detect s’ga |In?,S that .ﬂccg_r ton a monocrystalline su str??je i%ld %Igo lineés Eﬁaﬁqhave a length
of the order of S%Q/ rQ?ﬁt‘ﬁ‘f’ Ed' MO S alht ﬁ’y“lvz%éw arFRISE Vit CBHARE &omft 15 scale,
usually being ali@¥&d'@fth the crystalline axis of the substrate 2. Thus, one sequence of three images
is sufficient to precisely determine the displacements of fringes 4, then the presence and position of
defects 10 on the substrate as will be seen later. The curvature of the surface of the substrate 2 is then
determined in a 20 step 115 using the displacements of fringes 4 of the pattern 3. It should be noted
that the curvature at each point on the surface of the substrate 2 is calculated by determining the field
of local gradients using measurements of the phase of reflected images from displacements of fringes
4 of the pattern 3 then by differentiating said field of local gradients. 25The local gradient is the local
tangent to the surface, and the curvature is the local radius of curvature. In step 120, at least one
surface defect is detected on the substrate 2 using variations in the curvature of the surface of the
substrate 2 calculated above. 30Advantageously, this step 120 to detect at least one defect is broken
down into a first step 125 to determine points on the surface of the substrate 2 with a radius of
curvature greater than or equal to a determined threshold value and/or a local distribution of the
curvature statistically different from the distribution of the curvature of the rest of the substrate 2, and a
second step 35130 to determine the position in space of defects 10 using variations in the gradient
and/or curvature of the surface of the substrate 2.



WO 2008/116917PCT/EP2008/053663 13 This position in space of defects 10 is determined using
a reference point of the substrate 2 as described above. In fact, with reference to figure 3, the
substrate 2 consists of a flat disk comprising a radigl notch 9 forming the reference point, at its
periphery. 5Accessorily, the method according to the invention may include a step 135 to determine
the nature of the detected surface defects obtained by determining amplitude and/or length and/or
shape and/or orientation of each surface defec&téd&%ed in a step 140 and then by comparing the
amplitude and/or length and/or shape and/or orientation of each detected surface defect to with a
database so as to determine the nature of surface defects detected in a step 145. The relative
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simultaneondl@fJ grerding to one execution variant, the device may comprise means of turning the
substrate over, for example such as a robotized clamp gripping said substrate at its periphery, the two

faces of the substrafieissmgatien MatyEadisrt afferltife stigce of the substrate using

displacements of fringes of the patiern, and
- determination of the presence of a surface defect on the substrate using

variations in the gradient of the surface of the substrate.

2. The method of claim 1, wherein the fringes of the pattern are paraliel to

each other and extend parallel to a first principal crystalline axis of the substrate.

3. The method of claim 2, wherein the fringes of the pattern are parallel to

each other and extend parallel to a second principal crystalline axis of the substrate.

4. The method of claim 3, wherein a first sequence of images is acquired
by projecting a pattern for which the fringes are parallel to each other and extend
parallel to the first principal crystalline axis of the substrate, said fringes being
displaced along a direction perpendicular to the direction of the fringes, and a second
sequence of images is acquired by projecting a pattern for which the fringes are
parallel to each other and extend paralle! to the second principal crystaliine axis of the

substrate, said fringes being displaced orthogonally to the direction of said fringes.



WO 2008/116917PCT/EP2008/053663 14 Finally, it is obvious that the examples that have just
been given are only particular illustrations and in no way limit application domains of the invention. 15
CLAIMS 1. A method for detecting surface defects such as " slip line " type defects, on a
substrate designed to be used in electronics, opto@ectronics or analogue, the method comprising at
least the following steps: - projection of a pattern composed of an alternation of light fringes and
dark bands on thébsubstiate neiizestef geeracedritlgasréfiectew sy e ePraBESSStAS SUStrate, -

relative disglasemeni-ef ibsRatiars,and dhasubairir Mg dideasianrcirpaierysaidst & displace

the fringes of the pattern on the substrate, - acquisition of a sequence of at least three images of
the patterntPEfH{aERRS the LiRRe by a sensor, the images corresponding to displacement of the
fringes of the pattern, - determination of the gradient of the surface of the substrate using

displacements of §inges GlyGRCER A 5, whdRIRRINBBANGY e piEseRdrPlaeuface defect on

the substrate using variations in the gradient of the surface of the substrate. 2. The method of

claim 1, wiisrmiRe i Risminn g dhe peire parlirFiiase it supriralatithrarafis st first
principal crystadiine axisaeétthsulkstiedeal to B.ghen ethodial cirim 2nd/bereiththe frages of the

pattern are ARl SaHh AP ARL IR ARSI AaSre U pulngipal crystalline axis of the
7. The method of claim 6, wherein the position in space of defects is

determined using a reference point on the substrate.

8. The method of claim 7, wherein the subsirate consists of a flat disk

comprising a radial notch around its periphery, forming the reference point.

8. The method of any one of claims 1 to 8, wherein it includes a step to

determine the nature of the detected surface defects.

10. The method of claim 9, wherein the nature of surface defecis is
determined by determining the amplitude and/or the length and/or shape and/or

orientation of each detected surface defect.

11.  The method of any one of claims 1 to 10, wherein the pattem and/or the

substrate is moved along two orthogonal directions.

12. A device for the detection of surface defects such as « slip line » type
defects, on a substrate designed to be used in electronics, optoelectronics or
analogue, the device comprising means of projecting a pattern on said substrate
composed of an alternation of continuous light fringes and dark bands, means of
introducing relative displacement of the pattern and the substrate along at least one

direction, at least one sensor capable of recording displacements of



4. The method of claim 3, wherein a first sequence of images is acquired by projecting a pattern for
which the fringes are parallel to each other and extend parallel to the first principal crystalline axis of
the substrate, said fringes being displaced along a direction perpendicular to the direction of the
fringes, and a second sequence of images is acql}i?ed by projecting a pattern for which the fringes are
parallel to each other and extend parallel to the second principal crystalline axis of the substrate, said
fringes beifdngisprabedietthy domanysbaise mrabicn oeteadiTinggbs. grglient agdoReyR@IeR of any one

of claims 14pfleWharRD # eoiniingsR SisRdaudpistatingtbe nesitionjssspase phdefacimdetermined
from variations in thg radient of the surface of the subs%}ate. 6. Thﬁ}metq{o(ﬁl of claim 5, wherein

the position 1% SPIREURS.H'%s BERFAMRY bY FHERRintei flePointe SHARERKHSSof the
substrate withiaticadiirstoé goaditurefgreatebdtraie sudgeml to a given threshold value and/or with a
spatial distribution statistically different from the average for the substrate. 7. The method of claim
6, wherein the position in space of defects is determined using a reference point on the substrate.

8. The method of ¢Bim 7TheherNiFeRE Stairdte WERSRRSIBE LR QRipiEiadghe raaliE Rotch around
its peripheryohersnisidheraiarencenidingn imad® Ehéisplathedohamisiegezoéaiaignsel ¢d Ighwherein it
includes a ?tl% etg adrc‘ac}%{n&rbe F@% nature of the detected surface defects. 10. The method of claim
9, wherein he R5(re 6F SUFACe defects is determined by determining the amplitude and/or the length
and/or shape and/or orientation of each detected surface defect. 11. The method of any one of

claims 1 to 10, whegein thepaligte ap¢iamhessubairaie deemauad dorg:tve arbreepddisections.

12. A device for the detection of surface defects such as " slip line " type defects, on a substrate
designed t&%eqﬁt(?g‘iﬁ%‘?e%ﬁoﬁﬂ@tf% 88'%%??0?1%@5’8?%%’!00 ‘é’;ﬂlﬁ%' é\?ﬁ:oer%%gmar?rié!%%”ﬁﬁénans of

projecting douattecassmgaidisubistignel compesadiobdn tiltepatitontefinsonitiad duightrédngss and dark
bands, meais SLRAHCIAGH LS diplasRraniof thedle R AR bURSUPRURLE Alangal loast one

direction, at least one sensor capable of recording displacements of 17 fringes reflected by the
substrate, FR4HE tlte AhIRHYIhEr JrasieRt SHdREnRisng seiRe s URE U FIRE aNYsPste using
displacemesdrgel: theirftifiges. of the pattern, and means of determining the presence of a surface defect
on the substrate using variations in the gradient of the substrate surface. 13. The device of claim
12, wherein the means of projecting the pattern consist of a screen on which an image is displayed
Comprising a Sequ&]ce OT%@%@&W%@Mﬁw 12 to 14, wherein the sensor consists

of a digital camera comprising a CCD sensor.

16. The device of any one of claims 12 to 15, wherein the means of
determining the gradient and/or curvature of the surface of the substrate consist of a
medium on which is recorded a first algorithm capable of calculating the phase offset
of the fringes of the pattern at each point on the surface of the substrate using the

signal transmitted by the sensor.

17. The device of claim 18, wherein the means of determining the presence
of a surface defect consist of a medium on which is recorded a second algorithm
capable of calculating variations in the gradient and/or curvature at each point on the

surface of the substrate using phase offsets calculated by the first algorithm.

18. The device of any one of claims 12 to 17, wherein it comprises means

of determining the position in space of defects on the surface of the substrate.



14. The device of claim 13, wherein the means of relative displacement of the pattern and the
substrate consist of a medium on which is recorded an algorithm for processing a visual signal
corresponding to the pattern transmitted to the screen so as to offset the light fringes and dark bands,
the offset being between half a pixel and several ﬂ&els, at regular or irregular time intervals, the
screen, the substrate and the sensor being fixed. 15. The device of any one of claims 12 to 14,

wherein the sensdfconslde eedcgighaldaniSrabensbtisad Beachoiariymining ¥ nertigavice of any
one of claifiss3aco Fidiesainidis: Hreanseafuaeieintgithe @iadie RhangiptiaHyataegsodithe surface

~of the substrate consist of a medium qn which is recorded a_ first algorithm capahle of calculating the
phase offs@?%f’ﬁ@ﬁiﬁ&e b(?fsﬁlséa 65‘&3 & 'Qéhepog?ﬁ}eo%u ér%%r%cea% ﬁ\%ng 3‘?&8“&%&% the signal
transmittechbygahke sdsdaie with k7 ratesdeviceaitutairrd@iewtiereinnttgwabins ofeletaringding the
presence qfastufacRAsferkransia! af damariiorR0nuRichinfesnrderkAsesond @lerlm capable of

calculating variations in the gradient and/or curvature at each point on the surface of the substrate
using phastistitedisrndurtest Bl issHrsiaiGorRiGive to 2 fgemieqroiekosrtaRy Rt 8eclaims 12 to 17,

wherein it comprises means of determining the position in space of defects on the surface of the

substrate. 18 519 The.dguice of daym A8 wierelo A meapsolisierpiping lpaasiion in
space of defects consist of a medium or which is recorded an algorithm capable of calculating the

abscissa aptiogfetngaadastines dowskatBult pacigidmiherstiaes Abibs spREi@Substrate with a radius

of curvature greater than or equal to a determined threshold value and/or with a spatial distribution
statistically differeéi fromrhhe é%patial istributionfini the rq?t of%Be sgbstratteé relative t% a reference
point on the substrate. & 55 VRS8N 6 3n§:/ € o cigi i %eTQ', WHEFREIRSR coerﬁB?ises means
of generatinfsapanttivar ftodvsobatfalidvpdiedii. to the surface of the substrate. 21. The device of
any one of claims 12 to 20, wherein it comprises means of supporting said substrate vertically.



