
AZETIDIN COMPOUNDS SUITABLE FOR TREATING DISORDERS
THAT RESPOND TO MODULATION OF THE SEROTONIN 5-HT6
RECEPTOR Background of the Invention The present
invention relates to novel azetidin compounds. The
compounds possess valuable therapeutic properties and
are particularly suitable, for treating diseases that
respond to modulation of the serotonin 5-HT receptor.
Serotonin (5-hydroxytryptamine, 5-HT), a monoamine
neurotransmitter and local hormone, is formed by the
hydroxylation and decarboxylation of tryptophan. The
greatest concentration is found in the
enterochromaffin cells of the gastrointestinal tract,
the remainder being predominantly present in platelets
and in the Central Nervous System (CNS). 5-HT is
implicated in a vast array of physiological and
pathophysiological pathways. In the periphery, it
contracts a number of smooth muscles and induces
endothelium-dependent vasodilation. In the CNS, it is
believed to be involved in a wide range of functions,
including the control of appetite, mood, anxiety,
hallucinations, sleep, vomiting and pain perception.
Neurons that secrete 5-HT are termed serotonergic. The
function of 5-HT is exerted upon its interaction with
specific (serotonergic) neurons. Until now, seven
types of 5-HT receptors have been identified: 5-HTi
(with subtypes 5-HTIA, 5-HTIB, 5-HTID, 5-HTIE and
5-HTIF), 5-HT2 (with subtypes 5-HT2A, 5-HT2 and
5-HT2C) , 5-HT3, 5-HT4, 5-HT5 (with subtypes 5-HT5Aand
5-HT 5B), 5-HT and 5-HT7. Most of these receptors are
coupled to G-proteins that affect the activities of
either adenylate cyclase or phospholipase Cg. The
human 5-HT receptors are positively coupled to
adenylyl cyclase. They are distributed throughout the
limbic, striatal and cortical regions of the brain and
show a high affinity to antipsychotics. The modulation
of the 5-HT receptor by suitable substances is
expected to improve certain disorders including
cognitive dysfunctions, such as a deficit in memory,
cognition and learning, in particular associated with
Alzheimer's disease, age-related cognitive decline and
mild cognitive impairment, attention deficit
disorder/hyperactivity syndrome, personality
disorders, such as schizophrenia, in particular
cognitive deficits related with schizophrenia,
affective disorders such as depression, anxiety and
obsessive compulsive disorders, motion or motor
disorders such as Parkinson's disease and epilepsy,
migraine, sleep disorders (including disturbances of
the Circadian rhythm), feeding disorders, such as
anorexia and bulimia, certain gastrointestinal
disorders such as Irritable Bowl Syndrome, diseases
associated withneurodegeneration, such as stroke,
spinal or head trauma and head injuries, such as
hydrocephalus, drug addiction and obesity. Compounds
having an affinity for the 5-HT receptor have been
described in the prior art, e.g. in WO 2007/006677, WO
2007/004959, WO 2006/081332, WO 2006/062481 ,WO
2005/037834, WO 2005/026125, WO 00/05225 and WO
98/27081 . WO 01/05758 discloses compounds of the
following formula, wherein B, D and W are nitrogen or
CH, Z is nitrogen or a substituted carbon atom, A is a
radical containing an amino moiety or a mono-or
bicyclic heterocyclic moiety, Ri may inter alia be an
arylsulfonyl group and R is selected from H, alkyl,
aryl, halogen, hydroxy, alkoxy, amino, alkylamino and
dialkylamino. Those compounds are used for the
treatment of migraine related to the 5-HTID receptor.
WO 2005/037834 discloses compounds of the following
formula, wherein represents a single or double bond, P
may inter alia be a substituted sulfonyl group, U is C
or CH substituted by a group containing a
nitrogen-containing moiety, which may be a
heterocycle, Wi, W2, W3, Y and Z are each a carbon or
one of said variables is a nitrogen atom and Rm and
Rm' are selected from the group consisting of
hydrogen, halogen, C-i-C -alkyl, hydroxy,
Ci-C6-alkoxy,C2-C6-alkenyl, phenyl, phenoxy,
benzyloxy, benzoyl, -OCF3, -CN, C-i-C -hydroxyalkyl,
C-i-C -haloalkyl, -NR2, -NO2, -CONR 2, -NHSO 2R,
-NRCOR', -SO2NRR', -C(=O)R, d-C b-alkoxycarbonyl,
-S(O) eR, -SCF3, -CHF=CH2, -OCF2H and ethynyl. The
compounds are mentioned to be useful for the treatment
of 5-HT receptor-related disorders.However, there is
still an ongoing need for providing compounds having
high affinity for the 5-H 6 receptor and which show
high selectivity to this receptor. In particular the
compounds should have low affinity to adrenergic
receptors, such as oci-adrenergic receptor, histamine
receptors, such as Hi-receptor, and dopaminergic
receptors , such as D2-receptor, in order to avoid or
reduce considerable side effects associated with 



modulation of these receptors, such as postural
hypotension, reflex tachycardia, potentiation of the
antihypertensive effect of prazosin, terazosin,
doxazosin and labetalol or dizziness associated to the
blockade of the oci-adrenergic receptor, weight gain,
sedation, drowsiness or potentiation of central
depressant drugs associated to the blockade of the
Hi-receptor, or extrapyramidal movement disorder, such
as dystonia, parkinsonism, akathisia, tardive
dyskinesia or rabbit syndrome, or endocrine effects,
such as prolactin elevation (galactorrhea,
gynecomastia, menstruyl changes, sexual dysfunction in
males), associated to the blockade of the D2-receptor.
It is an object of the present invention to provide
compounds which have a high affinity and selectivity
for the 5-H 6 receptor, thus allowing the treatment of
disorders related to or affected by the 5-H 6
receptor. The compounds should also have good
pharmacological profile, e.g. a good brain plasma
ratio, a good bioavailability, good metabolic
stability, or a decreased inhibition of the
mitochondrial respiration. Summary of the Invention It
has now been found that the compounds of the formula
(I) as defined herein, their physiologically tolerated
acid addition salts and the N-oxides thereof exhibit
to a surprising and unexpected degree, selective
binding to the 5-HT6 receptor. Therefore, the present
invention relates to the compounds of formula (I)
wherein A is C-i-Ce-alkyl, d-Ce-haloalkyl,
d-Ce-hydroxyalkyl, C2-C6-alkenyl, C2-C6-haloalkenyl,
Cs-C -cycloalkyl, aryl-Ci-C4-alkyl,
aryl-C2-C4-alkenyl, aryl orhetaryl wherein cycloalkyl
and the aryl or hetaryl moieties in the 5 last
mentioned radicals may be unsubstituted or may carry
1, 2 or 3 substituents Ra, wherein Ra is selected from
the group consisting of halogen, CN, NO2, d-C -alkyl,
d-Ce-haloalkyl, d-Ce-hydroxyalkyl,
Ci-Ce-alkoxy-Ci-d-alkyl, C2-C6-alkenyl,
C2-C6-haloalkenyl, Cs-C -cycloalkyl, Cs-C
-halocycloalkyl, d-C -alkoxy, Ci-C6-hydroxyalkoxy, d-C
-alkoxy-d-d-alkoxy, d-Ce-haloalkoxy, Ci-C 6-alkylthio,
d-Ce-haloalkylthio, Ci-C 6-alkylsulfinyl, d-C
-haloalkylsulfinyl, Ci-C6-alkylsulfonyl,
Ci-C6-haloalkylsulfonyl, Ci-C -alkylcarbonyl, d-C
-haloalkylcarbonyl, d-C -alkylcarbonylamino,
d-Ce-haloalkylcarbonylamino, carboxy, NH-C(O)-NR 3R4,
NR3R4, NR3R4-Ci-C 6-alkylene, 0-NR 3R4, wherein R3 and
R4 in the last 4 mentioned radicals are independently
of each other hydrogen, Ci-C6-alkyl, d-C -haloalkyl,
d-C -alkoxy or together with the nitrogen atom form an
N-bound 5- to 7-membered saturated heterocycle, which
may contain a further heteroatom selected from O, S
and N as ring member, a saturated or unsaturated 3- to
7-membered heterocyclic ring, phenyl, benzyl,
phenylsulfonyl, phenoxy and benzyloxy, wherein the 3-
to 7-membered heterocyclic ring comprises as ring
members 1, 2, 3 or 4 heteroatoms selected from N, O
and S and may carry 1, 2 or 3 substituents selected
from hydroxy, halogen, Ci-C6-alkyl, d-C -haloalkyl and
d-C -alkoxy and wherein the phenyl radical in phenyl,
benzyl, phenylsulfonyl, phenoxy and benzyloxy is
unsubstituted or may carry 1, 2 or 3 substituents
selected from halogen, CN, NO2, d-Ce-alkyl,
d-Ce-haloalkyl, d-Ce-alkoxy, Ci-C 6- haloalkoxy, d-C
-alkylcarbonyl, d-C -haloalkylcarbonyl, C-i-C -
alkylcarbonylamino, d-C -haloalkylcarbonylamino,
carboxy, NH-C(O)- NR5R6, NR5R6, NR5R6-Ci-C 6-alkylene,
0-NR 5R6, wherein R5 and R6 are independently of each
other hydrogen, Ci-C6-alkyl, d-C -haloalkyl, d-C
-alkoxy or together with the nitrogen atom form an
N-bound 5- to 7- membered saturated heterocycle, which
may contain a further heteroatom selected from O, S
and N as ring member; is a single bond or a double
bond; X1 and X2 are independently from each other N or
CRx 1, if is a double bond, or NRx2 or CRx3Rx4 , if -
is a single bond, wherein Rx 1, Rx3 and Rx4 are
independently from each other selected from hydrogen,
halogen, CN, NO2, Ci-C6-alkyl, d-C -alkoxy, d-C
-alkylcarbonyl, d-C -haloalkyl, d-C -haloalkoxy, d-C
-haloalkylcarbonyl, Ci-C -hydroxyalkyl, Cs-C
-cycloalkyl, phenyl, phenoxy and benzyloxy, wherein
the lastfour mentioned radicals may be unsubstituted
or may carry 1, 2 or 3 substituents selected from
halogen, CN, NO2, Ci-C4-alkyl, Ci-C4-fluoroalkyl,
Ci-C4-alkoxy or Ci-C4-fluoroalkoxy, 



or two geminal radicals Rx3 and Rx4 together with the
carbon atom to which they are bound may form a
carbonyl group or a 3- or 6-membered carbocyclic or
heterocyclic spiro-annulated ring, which may be
unsubstituted or may carry 1, 2, 3, 4 or 5
substituents selected from halogen, CN, NO2, Ci-C
4-alkyl, Ci-C 4-fluoroalkyl, Ci-C 4-alkoxy or Ci-C 4-
fluoroalkoxy, and Rx2 is hydrogen, Ci-C -alkyl, C-i-C
-alkylcarbonyl, d-C -haloalkyl, C-i-C
-haloalkylcarbonyl, C-i-C -hydroxyalkyl, Cs-C
-cycloalkyl or phenyl, wherein the last two mentioned
radicals may be unsubstituted or may carry 1, 2 or 3
substituents selected from halogen, CN, NO2,
Ci-C4-alkyl, Ci-C4-fluoroalkyl, Ci-C4-alkoxy or
Ci-C4-fluoroalkoxy, or two vicinal radicals selected
from Rx 1, Rx2, Rx3 and Rx4 together with X1 and X2
form a five- or six-membered carbocyclic or
heterocyclic fused ring, which may be unsubstituted or
may carry 1, 2, 3 or 4 substituents selected from
halogen, CN, NO2, Ci-C4-alkyl, Ci-C4-fluoroalkyl,
Ci-C4-alkoxy or Ci-C4-fluoroalkoxy; Y1, Y2 and Y3 are
independently from each other N or CRy, wherein Ry is
hydrogen, halogen, CN, NO2, d-Ce-alkyl, d-Ce-alkoxy,
d-Ce-alkylcarbonyl, d-C -haloalkyl, d-C -haloalkoxy,
d-C -haloalkylcarbonyl, Ci-C -hydroxyalkyl, Cs-C
-cycloalkyl, phenyl, phenoxy or benzyloxy wherein the
last four mentioned radicals may be unsubstituted or
may carry 1, 2 or 3 substituents selected from
halogen, CN, NO , d-d-alkyl, d-d-fluoroalkyl,
d-d-alkoxy or d-d-fluoroalkoxy; wherein a maximum of
3, i.e. 0, 1, 2 or 3, in particular 0 or 1 of the
moieties X1, X2, Y1, Y2 and Y3 are NRx 1 or N; and
wherein R1 is hydrogen, Ci-C -alkyl, Ci-C
-hydroxyalkyl, d-C -haloalkyl, Ci-C -alkoxyd- d-alkyl,
Ci-C -haloalkoxy-Ci-d-alkyl, Cs-C -cycloalkyl, Cs-C
-halocycloalkyl, Cs-Ce-cycloalkyl-Ci-d-alkyl,
aryl-Ci-C 4-alkyl, hetaryl-Ci-C 4-alkyl,
C3-C6-alkenyl, C3-C6-haloalkenyl, formyl,
d-d-alkylcarbonyl or Ci-C4-alkoxycarbonyl;R2 is Ci-C
4-alkyl or Ci-C 4-haloalkyl; n is O, 1 or 2; and to
the physiologically tolerated acid addition salts and
the N-oxides thereof. The present invention also
relates to a pharmaceutical composition which
comprises at least one compound of the formula (I)
and/or at least one physiologically tolerated acid
addition salt of (I) and/or at least one N-oxide of
(I), where appropriate together with physiologically
acceptable carriers and/or auxiliary substances. The
present invention further relates to the use of a
compound of the formula (I) and/or physiologically
tolerated acid addition salts thereof and/or N-oxides
of (I), for preparing a pharmaceutical composition,
optionally together with at least one physiologically
acceptable carrier or auxiliary substance. The present
invention further relates to the compounds of the
formula (I) and physiologically tolerated acid
addition salts thereof and the N-oxides of (I) for use
as a medicament, in particular for use as a medicament
for the treatment of a medical disorder or disease
which responds to influencing by -HT receptor ligands.
The present invention also relates to a method for
treating disorders or diseases which respond to
influencing by 5-HT receptor ligands, said method
comprising administering an effective amount of at
least one compound of the formula (I) and/or at least
one physiologically tolerated acid addition salt of
(I) and/or at least one N-oxide of (I) to a subject in
need thereof. Said diseases are for instance
diseases/disorders of the central nervous system,
addiction diseases or obesity. Detailed Description of
the Invention The diseases which respond to the
influence of -HT receptor ligands include, in
particular, disorders and diseases of the central
nervous system, in particular cognitive dysfunctions,
such as a deficit in memory, cognition and learning,
in particular associated with Alzheimer's disease,
age-related cognitive decline and mild cognitive
impairment, attention deficit disorder/hyperactivity
syndrome (ADHD), personality disorders, such as
schizophrenia, in particular cognitive deficits
related with schizophrenia, affective disorders such
as depression, anxiety and obsessive compulsive
disorders, motion or motor disorders such as
Parkinson's disease and epilepsy, migraine, sleep
disorders (including disturbances of the Circadian
rhythm), 



feeding disorders, such as anorexia and bulimia,
certain gastrointestinal disorders such as Irritable
Bowl Syndrome, diseases associated with
neurodegeneration, such asstroke, spinal or head
trauma and head injuries, such as hydrocephalus, drug
addiction and obesity. In this context a
disease/disorder responding to influencing by 5-H 6
receptor ligands is understood as a disease/disorder
which is influenced by the modulation of the 5-H 6
receptor function. Such a modulation is achieved by
5-H 6 receptor ligands, i.e. compounds which bind to
the 5-H 6 receptor, thereby affecting the function of
5-H 6 receptors. According to the invention, at least
one compound of the general formula (I) having the
meanings mentioned at the outset is used for treating
the above mentioned indications. Provided the
compounds of the formula (I) of a given constitution
may exist in different spatial arrangements, for
example if they possess one or more centers of
asymmetry, polysubstituted rings or double bonds, or
as different tautomers, it is also possible to use
enantiomeric mixtures, in particular racemates,
diastereomeric mixtures and tautomeric mixtures,
preferably, however, the respective essentially pure
enantiomers, diastereomers and tautomers of the
compounds of formula (I) and/or of their salts and/or
their N-oxides. It is likewise possible to use
physiologically tolerated salts of the compounds of
the formula (I), especially acid addition salts with
physiologically tolerated acids. Examples of suitable
physiologically tolerated organic and inorganic acids
are hydrochloric acid, hydrobromic acid, phosphoric
acid, sulfuric acid, Ci-C4-alkylsulfonic acids, such
as methanesulfonic acid, aromatic sulfonic acids, such
as benzenesulfonic acid and toluenesulfonic acid,
oxalic acid, maleic acid, fumaric acid, lactic acid,
tartaric acid, adipic acid and benzoic acid. Other
utilizable acids are described in Fortschritte der
Arzneimittelforschung [Advances in drug research],
Volume 10, pages 224 ff., Birkhauser Verlag, Basel and
Stuttgart, 1966. It is likewise possible to use
N-oxides of the compounds of the formula (I), if those
compounds contain a basic nitrogen atom, such as the
nitrogen atom of a pyridinyl substituent. The organic
moieties mentioned in the above definitions of the
variables are - like the term halogen - collective
terms for individual listings of the individual group
members. The prefix Cn-Cm indicates in each case the
possible number of carbon atoms in the group. The term
"halogen" denotes in each case fluorine, bromine,
chlorine or iodine, in particular fluorine, chlorine
or bromine.The term "Ci-C -alkyl" as used herein and
in the alkyl moieties of d-C -haloalkyl,
C-i-Ce-hydroxyalkyl, Ci-C 6-alkoxy,
Ci-Ce-alkoxy-Ci-d-alkyl, Ci-C 6-alkylthio, Ci-C
6-alkylsulfinyl, Ci-C -alkylsulfonyl, d-C
-alkylcarbonyl, Ci-C -alkylcarbonylamino,
C3-C6-cycloalkyl-Ci-C4-alkyl, aryl-Ci-C4-alkyl or
hetaryl-Ci-C4-alkyl denotes in each case a
straight-chain or branched alkyl group having from 1
to 6 carbon atoms, preferably 1 to 4 carbon atoms.
Examples of an alkyl group are methyl, ethyl,
n-propyl, iso-propyl, n-butyl, 2-butyl, iso-butyl,
tert-butyl, pentyl, 1-methylbutyl, 2-methylbutyl,
3-methylbutyl, 2,2-dimethylpropyl, 1-ethylpropyl,
hexyl, 1,1-dimethylpropyl, 1,2-dimethylpropyl,
1-methylpentyl, 2-methyl pentyl, 3-methylpentyl,
4-methylpentyl, 1,1-dimethylbutyl, 1,2-dimethylbutyl,
1,3-dimethylbutyl, 2,2-dimethylbutyl,
2,3-dimethylbutyl, 3,3-dimethylbutyl, 1-ethylbutyl,
2-ethylbutyl, 1, 1 ,2-trimethylpropyl,
1,2,2-trimethylpropyl, 1-ethyl-1-methylpropyl and
1-ethyl-2-methylpropyl. The term "Ci-C -haloalkyl" as
used herein and in the haloalkyl moieties of d-C
-haloalkoxy, d-C -haloalkylthio,
Ci-C6-haloalkylsulfinyl, Ci-C6-haloalkylsulfonyl, Ci-C
-haloalkylcarbonyl, d-C -haloalkylcarbonylamino
denotes in each case a straight-chain or branched
alkyl group having from 1 to 6 carbon atoms, wherein
the hydrogen atoms of this group are partially or
totally replaced with halogen atoms. Preferred
haloalkyl moieties are selected from d-d-haloalkyl,
especially preferred from Ci-C2-haloalkyl, such as
chloromethyl, bromomethyl, dichloromethyl,
trichloromethyl, fluoromethyl, difluoromethyl,
trifluoromethyl, chlorofluoromethyl,
dichlorofluoromethyl, chlorodifluoromethyl,
1-chloroethyl, 1-bromethyl, 1-fluoroethyl,
2-fluoroethyl, 2,2-difluoroethyl,
2,2,2-trifluoroethyl, 2-chloro-2-fluoroethyl,
2-chloro- 2,2-difluoroethyl, 2,2dichloro-2-fluorethyl,
2,2,2-trichloroethyl, pentafluoroethyl and the like.
The term "d-C -hydroxyalkyl" is a straight-chain or
branched alkyl group having from 1 to 6, especially 1
to 4 carbon atoms (= Ci-C 4 hydroxyalkyl), in
particular 1 to 3 carbon 



atoms (= C1-C3 hydroxyalkyl), wherein one of the
hydrogen atoms is replaced by a hydroxy group, such as
in 2-hydroxyethyl or 3-hydroxypropyl. The term "Cs-C
-cycloalkyl" as used herein and in the cycloalkyl
moieties of C3-C6-cycloalkyl-Ci-C4-alkyl and Cs-C
-halocycloylkyl denotes in each case a cycloaliphatic
radical having from 3 to 6 C atoms, such as
cyclopropyl, cyclobutyl, cyclopentyl and cyclohexyl.
The cycloalkyl radical may be unsubstituted or may
carry 1, 2, 3 or 4 Ci-d-alkyl radicals, preferably a
methyl radical. One alkyl radical is preferably
located in the 1-position of the cycloalkyl radical,
such as in 1-methylcyclopropyl or 1-methylcyclobutyl.
The term "C2-C6-alkenyl" as used herein and in the
alkenyl moieties of Cs-C -haloalkenyl and
aryl-C2-C4-alkenyl denotes in each case a singly
unsaturated hydrocarbon radical having 2, 3, 4, 5 or 6
C-atoms, e.g. vinyl, allyl (2-propen-1-yl),
1-propen-1-yl,2-propen-2-yl, methallyl
(2-methylprop-2-en-1-yl), 2-buten-1-yl, 3-buten-1-yl,
2-penten- 1-yl, 3-penten-1-yl, 4-penten-1-yl,
1-methylbut-2-en-1-yl, 2-ethylprop-2-en-1-yl and the
like. The term "aryl" as used herein denotes in each
case a carbocyclic radical selected from the group
consisting of phenyl and phenyl fused to a saturated
or unsaturated 5- or 6-membered carbocyclic ring, such
as naphthyl, 1,2-dihydronaphtyl,
1,2,3,4-tetrahydronaphtyl, indenyl or indanyl. The
term "hetaryl" as used herein denotes in each case a
cyclic radical selected from the group consisting of
monocyclic 5- or 6-membered heteroaromatic radicals
comprising as ring members 1, 2 or 3 heteroatoms
selected from N, O and S and a saturated or
unsaturated 5- or 6-membered heterocyclic ring fused
to a phenyl ring or to a 5- or 6-membered
heteroaromatic radical, where the heterocyclic ring
comprises as ring members 1, 2 or 3 heteroatoms
selected from N, O and S. Examples of 5- or 6-membered
heteroaromatic radicals include 2-, 3-, or 4-pyridyl,
2-, 4- or 5-pyrimidinyl, pyrazinyl, 3- or
4-pyridazinyl, 2- or 3-thienyl, 2-or 3-furyl, 1-, 2-
or 3-pyrrolyl, 2-, 3- or 5-oxazolyl, 3-, 4- or
5-isoxazolyl, 2-, 3- or 5-thiazolyl, 3-, 4- or
5-isothiazolyl, 1-, 3-, 4- or 5-pyrazolyl, 1-, 2-, 4-
or 5-imidazolyl, 2- or 5-[1 ,3,4]oxadiazolyl, 4- or
5-(1 ,2,3-oxadiazol)yl, 3- or 5-(1 ,2,4-oxadiazol)yl,
2- or 5-(1 ,3,4-thiadiazol)yl, 2- or 5-(1
,3,4-thiadiazol)yl, 4- or 5-(1 ,2,3-thiadiazol)yl, 3-
or 5-(1 ,2,4-thiadiazol)yl 1H-, 2H- or 3H-1
,2,3-triazol-4-yl, 2H-triazol-3-yl, 1H-, 2H-, or 4H-1
,2,4-triazolyl and 1H- or 2H-tetrazolyl. Examples of a
saturated or unsaturated 5- or 6-membered heterocyclic
ring fused to a phenyl ring include benzofuranyl,
2,3-dihydrobenzofuranyl, benzothienyl, indolyl,
indazolyl, benzimidazolyl, benzoxathiazolyl,
benzoxadiazolyl, benzothiadiazolyl, benzoxazinyl,
dihydrobenzoxazinyl, chinolinyl, isochinolinyl,
tetrahydroisochinolinyl, chromenyl, chromanyl,
2,3-dihydroindolyl, dihydroisoindolyl,
benzomorpholinyl and the like, which may be
unsubstituted or which may carry 1, 2 or 3 of the
aforementioned radicals Ra. These fused hetaryl
radicals may be bonded to the remainder of the
molecule (more precisely to the sulfonyl group) via
any ring atom of saturated or unsaturated 5- or
6-membered heterocyclic ring or via a carbon atom of
the fused phenyl moiety. Examples of a saturated or
unsaturated 5- or 6-membered heterocyclic ring fused
to a 5- or 6-membered heteroaromatic radical comprise
inter alia purinyl, 1,8-naphtyridyl, pteridyl,
pyrido[3,2-d]pyrimidyl, imidazo[2,1-b]thiazolyl,
pyrido[3,2-b][1 ,4]oxazinyl,
3,4-dihydropyrido[3,2-b][1 ,4]oxazinyl or
pyridoimidazolyl.The term "saturated or unsaturated
heterocyclic ring" in each case denotes a 3- to 7
membered cyclic radical containing at least one hetero
atom selected from the group consisting of N, O and S.
Examples for such saturated or unsaturated 3- to
7-membered heterocyclic rings comprise saturated or
unsaturated, aromatic or nonaromatic heterocyclic
rings. Examples therefore include, apart from the
above-defined 5- or 6-membered heteroaromatic
radicals, aziridyl, diaziridinyl, oxiranyl,
azetidinyl, azetinyl, di- and tetrahydrofuranyl,
pyrrolyl, pyrrolidinyl, oxopyrrolidinyl, pyrazolinyl,
pyrazolidinyl, imidazolinyl, imidazolidinyl,
oxazolinyl, oxazolidinyl, oxo-oxazolidinyl,
isoxazolinyl, isoxazolidinyl, piperidinyl,
piperazinyl, morpholinyl, thiomorpholinyl,
oxothiomorpholinyl, dioxothiomorpholinyl and the like.
Examples for "N-bound 5- to 7-membered saturated
heterocycle" are pyrrolidinyl, piperidinyl,
piperazinyl, morpholinyl, imidazolidinyl,
oxazolidinyl, thiazolidinyl or hexahydrodiazepinyl
especially piperidinyl and morpholinyl. With regard to
their ability to bind to the 5-H 6 receptor preference
is given to compounds of formula (I), wherein the
variables A, n, R1, R2, X1, X2, Y1, Y2 and Y3 have 



the meanings given below. The remarks made in the
following with respect to preferred aspects of the
invention, e.g. to preferred meanings of the variables
of compound of the formula (I), to preferred compounds
of the formula (I) and to preferred embodiments of the
method or the use according to the invention, apply in
each case on their own or to combinations thereof.
Preference is given to compounds of the formula (I),
wherein A is mono- or bicyclic aryl or mono- or
bicyclic hetaryl, wherein the cyclic radical A is
unsubstituted or may carry 1, 2 or 3 substituents Ra,
as defined above. Preferably A is selected from the
group consisting of phenyl, naphthyl, thienyl,
pyridyl, pyrimidyl, imidazolyl, isoxazolyl, thiazolyl,
triazolyl, thiadiazolyl, quinolinyl, isoquinolinyl,
tetrahydroisoquinolinyl, benzofuranyl,
benzothiophenyl, benzoxazinyl, benzothiazolyl,
benzoxadiazolyl, benzothiadiazolyl, benzomorpholinyl,
imidazo[2,1-b]thiazolyl, pyrido[3,2-b][1 ,4]oxazinyl,
3,4-dihydropyrido[3,2-b][1 ,4]oxazinyl or indanyl, in
particular of the group consisting of phenyl,
naphthyl, thienyl, pyridyl, pyrimidyl, imidazolyl,
isoxazolyl, thiazolyl, triazolyl, thiadiazolyl,
quinolinyl, isoquinolinyl, tetrahydroisoquinolinyl,
benzofuranyl, benzothiophenyl, benzoxazinyl,
benzothiazolyl, benzoxadiazolyl, benzothiadiazolyl,
benzomorpholinyl or indanyl, wherein the cyclic
radical A is unsubstituted or may carry 1, 2 or 3
substituents Ra. A preferred embodiment of the present
application relates to compounds of the formula (I),
wherein A is phenyl, which is unsubstituted or may
carry 1, 2 or 3 substituents Ra.Preference is given to
compounds of the formula (I), wherein A is phenyl,
which is unsubstituted or may carry 1, 2 or 3
substituents Ra, wherein the substituents Ra are
attached to the phenyl ring in ortho- and/or
meta-position relative to the bondingposition. Very
preferred are compounds of formula (I), wherein the
substituent A is phenyl, which is substituted in the
meta-position. Preference is also given to compounds
of the formula (I), wherein the radicals Ra are
independently from each other selected from the group
consisting of halogen, CN, Ci-C4-alkyl,
Ci-C4-haloalkyl, Ci-C4-alkoxy, Ci-C4-haloalkoxy, Cs-C
-cycloalkyl, oxazolyl, phenyl and phenoxy, wherein the
phenyl radical in the 2 last-mentioned radicals is
unsubstituted or may carry 1, 2 or 3 substituents
selected from halogen, CN, NO2, Ci-C4-alkyl,
Ci-C4-haloalkyl, Ci-C4-alkoxy, Ci-C4-haloalkoxy. More
preference is given to radicals Ra which are
independently from each other selected from the group
consisting of halogen, CN, Ci-C4-alkyl,
Ci-C4-haloalkyl, Ci-C4-alkoxy, Ci-C4-haloalkoxy and
C3-C6-cycloalkyl. One of the substituents Ra may also
be saturated or unsaturated 3- to 7-membered
heterocyclic ring comprising as ring members 1, 2, 3
or 4, preferably 1, 2 or 3 heteroatoms selected from
N, O and S, examples including aziridyl, diaziridinyl,
oxiranyl, azetidinyl, azetinyl, di- and
tetrahydrofuranyl, pyrrolinyl, pyrrolidinyl,
oxopyrrolidinyl, pyrazolinyl, pyrazolidinyl,
imidazolinyl, imidazolidinyl, oxazolinyl,
oxazolidinyl, oxo-oxazolidinyl, isoxazolinyl,
isoxazolidinyl, piperidinyl, piperazinyl, morpholinyl,
thiomorpholinyl, oxothiomorpholinyl,
dioxothiomorpholinyl, preferably pyrrolinyl,
morpholinyl, pyridyl and thiazolyl. Examples for such
preferred substituents A is selected from the group
consisting of phenyl, 2-fluorophenyl, 3-fluorophenyl,
2,3-difluorophenyl, 2,4-difluorophenyl,
2,5-difluorophenyl, 2,6-difluorophenyl,
3,4-difluorophenyl, 3,5-difluorophenyl,
2-chlorophenyl, 3-chlorophenyl, 2,3-dichloro-phenyl,
3,4-dichlorophenyl, 3,5-dichlorophenyl, 2-tolyl,
3-tolyl, 2-isopropylphenyl, 3-isopropylphenyl,
2-difluoromethylphenyl, 3-difluoromethylphenyl,
2-trifluoromethylphenyl, 3-trifluoromethylphenyl,
biphenyl-2-yl, biphenyl-3-yl, 2-methoxyphenyl,
3-methoxyphenyl, 2-difluoromethoxyphenyl,
3-difluoromethoxyphenyl, 2-trifluoromethoxyphenyl,
3-trifluoromethoxyphenyl, 2-phenoxyphenyl,
3-phenoxyphenyl, 4-(oxazol-5-yl)phenyl,
3-(pyrrolidin-1-yl)phenyl, 1-naphtyl, 2-naphtyl,
pyridin-2-yl, pyridin-3-yl, pyridin-4-yl,
2-(pyrrolidin-1-yl)pyridin-4-yl,
6-morpholinylpyridin-3-yl, 6-phenoxypyridin-3-yl,
thien-2-yl, 5-methylthien-2-yl,
5-(pyridin-2-yl)thien-2-yl,
5-(2-methylthiazol-4-yl)-thien-2-yl,
5-chloro-3-methylbenzo[ b]thien-2-yl,
2-methylthiazol-5-yl, 2,4-dimethyl-thiazol-5-yl,
4-methylthiazol-2-yl, 5-methylthiazol-2-yl,
3,5-dimethylisoxazol-4-yl, 1-methylimidazol-4-yl,
benzothiazol-7-yl, 4-methylbenzomorpholin-8-yl,
quinolin-8-yl, 5-methylpyridin-2-yl,
2-morpholin-4-ylpyridin-3-yl,
4-fluoro-3-(oxazol-4-yl)phenyl,
quinolin-6-yl,6-chloroimidazo[2,1-b]thiazol-5-yl,
4-methyl-3,4-dihydropyrido[3,2-b][1 ,4]oxazin-7-yl,
isoquinolin-4-yl, 2,1 ,3-benzoxdiazol-4-yl. Very
preferred examples of substituents A are phenyl,
2-fluorophenyl, 3-fluorophenyl, 2,3-difluoro-phenyl,
3,4-difluorophenyl, 3,5-difluorophenyl,
2-chlororophenyl, 



3-chlorophenyl, 2,3-dichloro-phenyl,
3,4-dichlorophenyl, 3,5-dichlorophenyl,
2-difluoromethylphenyl, 3-diifluoromethylphenyl,
2-trifluoromethylphenyl, 3-trifluoromethylphenyl,
2-difluoromethoxyphenyl, 3-difluoromethoxyphenyl,
2-trifluoromethoxyphenyl and 3-trifluoromethoxyphenyl.
Preference is also given to compounds of the formula
(I) wherein the substituents Rx 1, Rx3 and Rx4 are
independently from each other selected from the group
consisting of hydrogen, halogen, CN, NO2, Ci-C4-alkyl,
Ci-C4-alkoxy, Ci-C4-haloalkyl and Ci-C4-haloalkoxy.
More preferably Rx 1, Rx3 and Rx4 are selected from
hydrogen, halogen and CN. In particular Rx 1 is
hydrogen or halogen such as fluorine or chlorine and
Rx3 and Rx4 are hydrogen. Most preferably Rx 1, Rx3
and Rx4 are hydrogen. The substituent Rx2 in compounds
of the formula (I) preferably is hydrogen or C1-C4-
alkyl. The substituent R in compounds of the formula
(I) is preferably selected from the group consisting
of hydrogen, halogen, CN, NO2, Ci-C4-alkyl,
Ci-C4-alkoxy, C1-C4- haloalkyl and Ci-C4-haloalkoxy.
More preferably Ry is hydrogen or halogen. Most
preferably Ry is hydrogen. The radical R1 in compounds
of the formula (I) is preferably selected from the
group consisting of hydrogen, Ci-C4-alkyl,
Ci-C4-haloalkyl and Cs-C -cycloalkyl. More preferably
the radical R1 is hydrogen. The radical R2 in
compounds of the formula (I) preferably is
Ci-C4-alkyl. More preferably R2 is methyl. The
azetidin moiety of compounds (I), i.e. the moiety of
the formula wherein n and R2 are as defined above and
* indicates the bonding to R1 or the aromatic ring,
respectively is preferably selected from the moieties
of formulae AZ. 1, AZ.2, AZ.3, AZ.4 and AZ.5.(AZ. 1)
(AZ.2) (AZ.3) (AZ.4) (AZ.5) More preferably azetidin
moiety is AZ. 1. Thus, n preferably is O. According to
a first embodiment of the present invention -1 - in
formula (I) is a single bond. In this embodiment the
compounds of formula (I) are preferably selected from
compounds of formulae I.A.1 to I.A.6 (I.A.1 ) (I.A.2)
(I.A.3) (I.A.4) (I.A.5) (I.A.6)wherein the radicals A,
R1, R2, n and Rx2 have one the meanings given before,
Rx3 and Rx3' independently from each other have one
the meanings given for Rx3 before, Rx4 and Rx4
independently from each other have one the meanings
given for Rx4 before and R , R ' and Ry" independently
from each other have one the meanings given for Ry
before. Particular preference is given to the
compounds of formula I.A.1 . The radical R1 in the
compounds of the formulae I.A.1 to I.A.6 is preferably
selected from the group consisting of hydrogen,
Ci-C4-alkyl, Ci-C4-haloalkyl and C3-C6- cycloalkyl.
More preferably the radical R1 is hydrogen. The
radical R2 in the compounds of the formulae I.A.1 to
I.A.6 preferably is Ci-C4-alkyl. More preferably R2 is
methyl. The azetidin moiety in the compounds of the
formulae I.A.1 to I.A.6 is preferably selected from
the moieties of formulae AZ. 1, AZ.2, AZ. 3, AZ. 4 and
AZ. 5. (AZ. 1) (AZ.2) (AZ.3) (AZ.4) (AZ.5) More
preferably azetidin moiety is AZ. 1. Thus, n
preferably is 0. A preferred embodiment of the present
application relates to compounds of formulae I.A.1 to
I.A.6, wherein A is phenyl, which is unsubstituted or
may carry 1, 2 or 3 substituents Ra. Preference is
given to compounds of the formulae I.A.1 to I.A.6,
wherein A is phenyl, which is unsubstituted or may
carry 1, 2 or 3 substituents Ra, wherein the
substituents Ra are attached to the phenyl ring in
ortho- and/or meta-position relative to the
bonding-position. Very preferred are compounds of
formulae I.A.1 to I.A.6, wherein the substituent A is
phenyl, which is substituted in the meta-position.
Preference is also given to compounds of the formulae
I.A.1 to I.A.6, wherein the radicals Ra are
independently from each other selected from the group
consisting of halogen, CN, Ci-C 4-alkyl, Ci-C
4-haloalkyl, Ci-C 4-alkoxy, Ci-C 4-haloalkoxy, C3-C6-
cycloalkyl, oxazolyl, phenyl and phenoxy, wherein the
phenyl radical in the 2 lastmentioned radicals is
unsubstituted or may carry 1, 2 or 3 substituents
selected from halogen, CN, NO2, Ci-C 4-alkyl, Ci-C
4-haloalkyl, Ci-C 4-alkoxy, Ci-C 4-haloalkoxy.
Morepreference is given to compounds of formulae I.A.1
to I.A.6, wherein the radicals Ra are 



independently from each other selected from the group
consisting of halogen, CN, Ci-C4-alkyl,
Ci-C4-haloalkyl, Ci-C4-alkoxy, Ci-C4-haloalkoxy and
Cs-C -cycloalkyl. Preference is also given to
compounds of the formulae I.A.1 to I.A.6, wherein the
substituents Rx3 and Rx4 are independently from each
other selected from the group consisting of hydrogen
or together with the carbon atom, to which they are
bound, form a carbonyl group. Most preferably Rx3 and
Rx4 are hydrogen. Preference is also given to
compounds of the formulae I.A.1 and I.A.4, wherein the
substituents Rx3' and Rx4' are independently from each
other selected from the group consisting of hydrogen
or together with the carbon atom, to which they are
bound, form a carbonyl group. Most preferably Rx3' and
Rx4' are hydrogen. The substituent Rx2 in the
compounds of formulae I.A.2, IA.3, I.A.5 and I.A.6
preferably is hydrogen or Ci-C4-alkyl. The
substituents R , R ' and Ry" in compounds of the
formulae I.A.1 to I.A.6 are preferably selected from
the group consisting of hydrogen, halogen, CN, NO2,
C1-C4- alkyl, Ci-C4-alkoxy, Ci-C4-haloalkyl and
Ci-C4-haloalkoxy. More preferably Ry, Ry' and Ry" are
hydrogen or halogen. Most preferably Ry, Ry' and Ry"
are hydrogen. Very preferred examples of substituents
A in formulae I.A.1 to I.A.6 are phenyl,
2-fluorophenyl, 3-fluorophenyl, 2,3-difluoro-phenyl,
3,4-difluorophenyl, 3,5-difluorophenyl,
2-chlororophenyl, 3-chlorophenyl, 2,3-dichloro-phenyl,
3,4-dichlorophenyl, 3,5-dichlorophenyl,
2-difluoromethylphenyl, 3-diifluoromethylphenyl,
2-trifluoromethylphenyl, 3-trifluoromethylphenyl,
2-difluoromethoxyphenyl, 3-difluoromethoxyphenyl,
2-trifluoromethoxyphenyl and 3-trifluoromethoxyphenyl.
According to a second embodiment of the present
invention -1 - in formula (I) is a double bond. In
this embodiment the compounds of formula I are
preferably selected from compounds of the formulae
I.B.1 to I.B.8 (I.B.1 ) (I.B.2)(I.B.3) (I.B.4) (I.B.5)
(I.B.6) (I.B.7) (I.B.8) wherein the radicals A, R1, R2
and n have one the meanings given before, Rx 1 and Rx
1' independently from each other have one the meanings
given for Rx 1 before and R , R ' and Ry"
independently from each other have one the meanings
given for Ry before. Particular preference is given to
compounds of formula I.B.1 . Particular preference is
also given to compounds of formula I.B.5. The radical
R1 in the compounds of the formulae I.B.1 to I.B.8 is
preferably selected from the group consisting of
hydrogen, Ci-C4-alkyl, Ci-C4-haloalkyl and C3-C6-
cycloalkyl. More preferably the radical R1 is
hydrogen.The radical R2 in the compounds of the
formulae I.B.1 to I .B.8 preferably is Ci-C4-alkyl.
More preferably R2 is methyl. The azetidin moiety in
the compounds of the formulae I.B.1 to I .B.8 is
preferably selected from the moieties of formulae AZ.
1, AZ.2, AZ. 3, AZ.4 and AZ. 5. (AZ. 1) (AZ.2) (AZ.3)
(AZ.4) (AZ.5) More preferably azetidin moiety is AZ.
1. Thus, n preferably is 0. A preferred embodiment of
the present application relates to compounds of
formulae I.B.1 to I .B.8, wherein A is phenyl, which
is unsubstituted or may carry 1, 2 or 3 substituents
Ra. Preference is given to compounds of the formulae
I.B.1 to I.B.86, wherein A is phenyl, which is
unsubstituted or may carry 1, 2 or 3 substituents Ra,
wherein the substituents Ra are attached to the phenyl
ring in ortho- and/or meta-position relative to the
bonding-position. Very preferred are compounds of
formulae I.A.1 to I.A.6, wherein the substituent A is
phenyl, which is substituted in the meta-position.
Preference is also given to compounds of the formulae
I.B.1 to I .B.8, wherein the radicals Ra are
independently from each other selected from the group
consisting of halogen, CN, Ci-C 4-alkyl, Ci-C
4-haloalkyl, Ci-C 4-alkoxy, Ci-C 4-haloalkoxy, C3-C6-
cycloalkyl, oxazolyl, phenyl and phenoxy, wherein the
phenyl radical in the 2 lastmentioned radicals is
unsubstituted or may carry 1, 2 or 3 substituents
selected from halogen, CN, NO2, Ci-C 4-alkyl, Ci-C
4-haloalkyl, Ci-C 4-alkoxy, Ci-C 4-haloalkoxy. More
preference is given to compounds of formulae I.A.1 to
I.A.6, wherein the radicals Ra are independently from
each other selected from the group consisting of
halogen, CN, Ci-C 4-alkyl, Ci-C 4-haloalkyl, Ci-C
4-alkoxy, Ci-C 4-haloalkoxy and Cs-C -cycloalkyl.
Preference is also given to compounds of the formulae
I.B.1 to I .B.3 and I .B.5 to I .B.8, wherein the
substituents Rx 1 and Rx 1' are independently from
each other selected from 



the group consisting of hydrogen, halogen, CN, NO2,
Ci-C 4-alkyl, Ci-C 4-alkoxy, C1-C4- haloalkyl and Ci-C
4-haloalkoxy. More preferably Rx 1 and Rx1' are
selected from hydrogen, halogen and CN. In particular
Rx 1 in formulae I.B.1 , I.B.2, I.B.5, I.B.6 and I
.B.8 is hydrogen, while Rx 1 in formulae I .B.3 and I
.B.7 is hydrogen or halogen such as fluorine or
chlorine. Rx1' in formulae I.B.1 and I .B.5 is in
particular hydrogen or halogen, such as fluorine or
chlorine. Most preferably Rx 1 and Rx1' are
hydrogen.The substituent Rx2 in the compounds of
formulae I.A.2, IA.3, I.A.5 and I.A.6 preferably is
hydrogen or Ci-C4-alkyl. The substituents R , R ' and
Ry" in compounds of the formulae I.B.1 to I.B.8 are
preferably selected from the group consisting of
hydrogen, halogen, CN, NO2, C1-C4- alkyl,
Ci-C4-alkoxy, Ci-C4-haloalkyl and Ci-C4-haloalkoxy.
More preferably Ry, Ry' and Ry" are hydrogen or
halogen. Most preferably Ry, Ry and Ry " are hydrogen.
Very preferred examples of substituents A in formulae
I.B.1 to I .B.8 are phenyl, 2-fluorophenyl,
3-fluorophenyl, 2,3-difluoro-phenyl,
3,4-difluorophenyl, 3,5-difluorophenyl,
2-chlororophenyl, 3-chlorophenyl, 2,3-dichloro-phenyl,
3,4-dichlorophenyl, 3,5-dichlorophenyl,
2-difluoromethylphenyl, 3-diifluoromethylphenyl,
2-trifluoromethylphenyl, 3-trifluoromethylphenyl,
2-difluoromethoxyphenyl, 3-difluoromethoxyphenyl,
2-trifluoromethoxyphenyl and 3-trifluoromethoxyphenyl.
Examples of preferred compounds which are represented
by the formulae I.A.1 , I.A.2, I.A.3, I.A.4, I.A.5,
I.A.6, I.B.1 , I.B.2, I.B.3, I.B.4, I.B.5, I.B.6,
I.B.7 and I.B.d are the individual compounds listed in
tables 1 to 28, wherein the variables A and (R2)n have
the meanings given in one of rows 1 to 330 of table A.
Table 1. Compounds of formula I.A.1 , wherein Ry, Ry'
, Ry" , Rx3, Rx4 , Rx3' and Rx4' are each hydrogen and
the variables A, R1 and (R2)n have the meanings given
in one of rows 1 to 330 of table A (compounds 1.1 to
1.330). Table A.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 substrate and a device using said method,
particularly adapted for detecting and positioning
surface defects in a semiconducting substrate,
particularly crystalline micro-defects in a
mono-crystalline substrate. It is well known that
surface defects appear during manufacturing of
semiconducting substrates such as SOI " Silicon On
Insulator " substrates intended specifically for
micro-electronic, optoelectronic application, etc.
Said substrates are usually obtained by Smart-Cut(tm)
and by a succession of heat treatments. During these
heat treatments, the substrate is subjected to
temperature gradients and a plastic deformation that
causes the appearance of surface defects called Slip
lines on the active layer that reduce the substrate
quality. SOI 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 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 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 at a temperature of 1100 C or
even more than 1200C, 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 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.Such defects are not observed only
on SOI type hetero-structures, they also occur on
other types of substrates, for example homogenous
monocrystalline silicon substrates. In order to
maintain a good quality of marketed substrates, the
usual practice 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 is
found to be very difficult. If several techniques
commonly used in industry are used and the 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 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 detected by
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. 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 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 scattered by the
defects. The photo detector detects and quantifies
this light scattered in this way. Such methods are
described for example in Japanese patents JP4042945
and JP601 22358.These methods have the disadvantage
that they require a particularly long development time
and their efficiency is not good. These methods are
incapable of detecting low amplitude slip lines. In
particular, these methods are incapable of detecting
slip lines present on the edges of the substrate (the
rounded edges make it impossible to satisfactorily
collect reflected light), although slip lines are
particularly frequent at edges. Japanese patent JP31
50859 also describes a method for detection of slip
lines in a semiconducting substrate in which said
substrate is placed under a differential interference
microscope provided with a television camera connected
to a converter. Said converter transforms the video
signal from the camera into the form of an electrical
current that is compared with a limiting defect
detection current. The substrate is displaced along at
least two directions orthogonal to the microscope
centre line, so as to check the entire substrate
surface. 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 2001/1 24538 discloses a method
and 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 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
composed of an alternation 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 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.This method presents the disadvantage to be
inefficient to detect small defects too. Moreover, not
all these methods can efficiently detect so-called "
nontransferred " zones that can occur during a
manufacturing process comprising a step to transfer a
layer and then a step to detach the layer using
SmartCut(tm) process. These ZNT zones are well known
to those skilled in the art and correspond to regions
in which molecular bonding is not as effective as the
detachment mechanism, such that the layer is not
transferred in these regions. ZNT zones at the edge of
the substrate are not always detected, particularly in
a zone in which measurements cannot be made due to the
rounded edge of the substrate. It is also found that
above a given size, these techniques are not very
effective at detecting ZNT zones. Therefore one of the
purposes of this invention is to overcome all these
disadvantages by proposing a technique for the
detection of surface defects in a semiconducting
substrate and a device making use of said simple
design inexpensive method, and providing a fast means
of detecting very small slip lines within less than 30
seconds. To achieve this and in accordance with the
invention, it is proposed to use a method of detecting
surface defects such as " slip lines ", on a substrate
designed to be used in electronics, optoelectronics or
analogue; said method is remarkable in that it
comprises 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 substrate 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 substrate 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
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
parallel to a second principal crystalline axis of the
substrate.Advantageously, a first sequence of images
is acquired by projecting a pattern, the fringes of
which 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 orientation of the
fringes, and a second sequence of images is acquired
by projecting a pattern for which the fringes are
parallel and extend parallel to the second principal
crystalline axis of the substrate, said fringes being
displaced along a direction perpendicular to the
orientation of the fringes. Accessorily, the method
according to the invention comprises a step to
determine the position in space of defects determined
from variations in the gradient of the substrate
surface. The position in space of the defects is
determined by determining the points on the surface of
the substrate with a radius of curvature greater than
or equal to a given threshold value and/or with a
spatial distribution statistically different from the
average for the substrate. 



This position in space of defects is determined using
a reference point on the substrate. To achieve this,
the substrate consists of a flat disk comprising a
radial notch around its periphery, forming the
reference point. Furthermore, the method according to
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 substrate
is moved along two orthogonal directions. Another
purpose of the invention relates to 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; said device
is remarkable in that it comprises 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
fringes reflected by the substrate, means of
determining the gradient 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.Said means of projecting the
pattern consist of a screen on which an image is
displayed comprising a sequence of light fringes and
dark bands. Furthermore, said means of creating a
relative displacement of the pattern and the substrate
consist of an algorithm for processing the video
signal transmitted to the screen so as to offset the
light fringes and dark bands, the offset being between
half a pixel and several pixels, at regular time
intervals or irregular time intervals, the screen,
substrate and the sensor being fixed. Said sensor
preferably consists of a digital camera comprising a
CCD sensor. Said means of determining the gradient
and/or curvature of the substrate surface consist of
an algorithm capable of calculating the phase offset
of pattern fringes at each point on the surface of the
substrate, using the signal transmitted by the sensor.
Said means of determining the presence of a surface
defect consist of 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. Accessorily, the device according to the
invention comprises means of determining the position
in space of defects on the substrate surface. Said
means of determining the position in space of defects
consist of an algorithm capable of calculating the
abscissa and the ordinate of each point on the surface
of said substrate with a radius of curvature greater
than or equal to a determined threshold value and/or
with a spatial distribution 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 fluid 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,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 defects
detected according to the 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, - 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
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 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 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 to
means of emitting a visual signal, for example such as
a computer 7, and receiving a 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
example be 60 cm. The screen 6 may also be replaced by
a projection screen onto which a pattern is projected
with a projector. In all cases, the screen 6 is
preferablyarranged 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 . In the example
embodiment of the pattern 3 shown in figure 2, the
distribution of light l(x) perpendicular to the
fringes is globally notched (figure 6), in other words
the intensity periodically changes between 0 and 100%
. Preferably, the pattern 3 is composed of parallel
fringes, in which the distribution of the intensity
l(x) perpendicular to the fringes is approximately
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, 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 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
sinusoidal 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
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 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
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.With
reference to figure 1, the device according to the
invention comprises a sensor 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- Coupled Device " type sensor with 11
million pixels. The camera is accommodated on the
substrate 2 and not on the mirror image of the screen
reflecting in the substrate 2 . Such a camera can take
an image in 500ms, and then transfer the data to the
computer in about 500ms. Thus, in one second, a
sufficiently precise image is obtained to be able to
resolve slip lines using the method according to the
invention. Therefore, the acquisition duration for a
sequence of ten images lasts about ten seconds. It is
thus 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 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 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 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
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
substrate surface. These means of determining the
presence of a surface defect consist of a second
algorithm recorded on a medium in the computer 7and
capable of calculating values of the gradient at each
point on the substrate surface using phase offsets
calculated by the first algorithm. Particularly
advantageously, the device according to the invention
comprises means of determining the position in space
of defects on the surface of the substrate 2 . Said
means of determining the position of defects in space
consist of an algorithm capable of calculating the
abscissa and the ordinate of each point on the surface
of said substrate 2 with a radius of curvature greater
than or equal to a determined threshold value,
relative to a reference point on the substrate 2 .
According to one variant embodiment, said means of
determining the position of defects in space could
consist of an algorithm capable 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 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
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 and/or the length and/or shape and/or
orientation of each detected surface defect 10, and
then comparing these values 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 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 to transfer
a layer and then a detachment step using the
SmartCut(tm) process.In order to limit the deposition
of dust on the substrate 2 and gravitational
constraints that could cause deformation of the
substrate 2 and that can modify detection of defects
10, said substrate 2 may advantageously be positioned
vertically by any appropriate means well known to
those skilled in the art. Furthermore, the device
according to the invention can advantageously include
means of generating a preferably laminar flow of a
fluid to minimize contamination of the substrate by
dust, the substrate 2 preferably extending along the
flow or close to and parallel to this flow. We will
now explain operation of the device according to the
invention 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 fringes reflected by the surface of said
substrate. The intensity of the image reflected by the
substrate can be written in the following form: / = /
0(l + cos(f + x)) where lo, A0, F and x are unknowns
and represent the average intensity of the image
reflected by the substrate 2, the contrast of the
fringes 4, the phase angle 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 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 I0,
the contrast A0 and the phase F of the image reflected
at each point on the image. A sequence of images has
to be acquired to be able to determine the average
intensity I0, the contrast A0 and the phase F 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 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 adirection 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 (are)
acquired by projecting a pattern 3 for which the
fringes 4 extend parallel and/or perpendicular to a
principal crystalline axis of the substrate 2 . Said 



crystalline axis of the substrate may be materialized
by a radial notch 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 to one of the principal
crystalline axes of the substrate 2 . Preferably, a
sequence of ten images is recorded for each axis. Such
an arrangement makes it possible to more efficiently
detect slip lines that occur on a monocrystalline
substrate, said slip lines that have a length of the
order of several hundred microns substantially larger
than their width, at the atomic scale, usually being
aligned with 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
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. 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 substrate 2 using variations in the curvature of
the surface of the substrate 2 calculated above.
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 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 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 .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 radial notch 9 forming the reference point, at its
periphery. Accessorily, 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 defect detected in
a step 140 and then by comparing the amplitude and/or
length and/or shape and/or orientation of each
detected surface defect 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 device using said
method are particularly suitable for the detection of
microdefects on monocrystalline substrates,
particularly by using parallel 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 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 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 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 analysed one after the
other.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.CLAIMS 1. A method for detecting surface
defects such as " slip line " type defects, on a
substrate (2) designed to be used in electronics,
optoelectronics or analogue, characterised in that it
comprises at least the following steps: - projection
of a pattern (3) composed of an alternation of light
fringes (4) and dark bands (5) on the substrate (2),
so as to generate fringes reflected by the surface of
the substrate (2), - relative displacement of the
pattern (3) and the substrate (2) along at least one
direction, so as to displace the fringes (4) of the
pattern (3) on the substrate (2), - acquisition of a
sequence of at least three images of the pattern
reflected by the substrate (2) by a sensor (8), the
images corresponding to displacement of the fringes
(4) of the pattern (3), - determination of the
gradient of the surface of the substrate (2) using
displacements of fringes (4) of the pattern (3), and -
determination of the presence of a surface defect on
the substrate (2) using variations in the gradient of
the surface of the substrate (2). 2 . The method of
claim 1, characterised in that fringes (4) of the
pattern (3) are parallel to each other and extend
parallel to a first principal crystalline axis of the
substrate (2). 3 . The method of either claim 1 or 2,
characterised in that the fringes (4) of the pattern
(3) are parallel to each other and extend parallel to
a second principal crystalline axis of the substrate
(2). 4 . The method of claims 2 and 3, characterised
in that a first sequence of images is acquired by
projecting a pattern (3) for which the fringes (4) are
parallel to each other and extend parallel to the
principal crystalline axis of the substrate (2), said
fringes (4) being displaced along a direction
perpendicular to the direction of the fringes (4), and
a second sequence of images is acquired by projecting
a pattern (3) for which the fringes (4) are parallel
to each other and extend parallel to the second
principal crystalline axis of the substrate (2), said
fringes (4) being displaced orthogonally to the
direction of said fringes (4).5 . The method of any
one of claims 1 to 4, characterised in that it
comprises a step to determine the position in space of
defects determined from variations in the gradient of
the surface of the substrate (2). 6 . The method of
claim 5, characterised in that the position in space
of the defects is determined by determining the points
on the surface of the substrate (2) with a radius of
curvature greater than or equal to a given threshold
value and/or with a spatial distribution statistically
different from the average for the substrate (2). 7 .
The method of claim 6, characterised in that the
position in space of defects is determined using a
reference point (9) on the substrate (2). 8 . The
method of claim 7, characterised in that the substrate
consists of a flat disk comprising a radial notch (9)
around its periphery, forming the reference point. 9 .
The method of any one of claims 1 to 8, characterised
in that it includes a step to determine the nature of
the detected surface defects. 10 . The method of claim
9, characterised in that 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. 11. The method of any one of
claims 1 to 10, characterised in that the pattern (3)
and/or the substrate (2) is moved along two orthogonal
directions. 12 . A device for the detection of surface
defects such as " slip 



line " type defects, on a substrate (2) designed to be
used in electronics, optoelectronics or analogue,
characterised in that it comprises means ( 1 ) of
projecting a pattern (3) on said substrate (2)
composed of an alternation of continuous light fringes
(4) and dark bands (5), means of introducing relative
displacement of the pattern (3) and the substrate (2)
along at least one direction, at least one sensor (8)
capable of recording displacements offringes (4)
reflected by the substrate (2), means of determining
the gradient of the surface of the substrate (2) using
displacements of the fringes (4) of the pattern (2),
and means of determining the presence of a surface
defect on the substrate (2) using variations in the
gradient of the substrate surface (2). 13 . The device
of claim 12, characterised in that the means ( 1 ) of
projecting the pattern (3) consist of a screen (6) on
which an image is displayed comprising a sequence of
light fringes (4) and dark bands (5). 14. The device
of claim 13, characterised in that the means of
relative displacement of the pattern (3) and the
substrate (2) consist of an algorithm for processing
the video signal transmitted to the screen (6) so as
to offset the light fringes (4) and dark bands (5),
the offset being between half a pixel and several
pixels, at regular or irregular time intervals, the
screen (6), the substrate (2) and the sensor (8) being
fixed. 15 . The device of any one of claims 12 to 14,
characterised in that the sensor (8) consists of a
digital camera comprising a CCD sensor. 16 . The
device of any one of claims 12 to 15, characterised in
that the means of determining the gradient and/or
curvature of the surface of the substrate (2) consist
of an algorithm capable of calculating the phase
offset of the fringes (4) of the pattern (3) at each
point on the surface of the substrate (2) using the
signal transmitted by the sensor (8). 17 . The device
of claim 16, characterised in that the means of
determining the presence of a surface defect consist
of a second algorithm capable of calculating
variations in the gradient and/or curvature at each
point on the surface of the substrate (2) using phase
offsets calculated by the first algorithm. 18 . The
device of any one of claims 12 to 17, characterised in
that it comprises means of determining the position in
space of defects on the surface of the substrate
(2).19 . The device of claim 18, characterised in that
said means of determining the position in space of
defects consist of an algorithm capable of calculating
the abscissa and the ordinate of the substrate (2) of
each point on the surface of said substrate (2) with a
radius of curvature greater than or equal to a
determined threshold value and/or with a spatial
distribution statistically different from the average
of the substrate (2), relative to a reference point
(9) on the substrate (2). 20. The device of any one of
claims 12 to 19, characterised in that it comprises
means of generating a laminar flow of a fluid parallel
to the surface of the substrate (2). 2 1. The device
of any one of claims 12 to 20, characterised in that
it comprises means of supporting said substrate (2)
vertically. 


