1 Method and Device For Detecting Defects In An bject The invention
relates to a method for detecting defects in an object in accordance
with the preanble of claim5 1, and to a device for carrying out this
nmet hod in accordance with the preanble of claim9. In the production
of products the aimpursued is usually that of producing as few
rejects as possible. 10 Therefore, it is endeavored to check starting
materials or ] f4 ni rod j I - S
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example, in the fabrication of semiconductor
20 components, 1n particular of solar cells, gsilicon

wafers are used as starting material. These silicon
wafers, having a thickness of up to a few hundred
micrometers, are comparatively thin and thus at risk of
breaking. In some instances, such silicon wafers
25  already have microcracks or other mechanical
impairments when they are transferred into the
respective processing process. Since such defects are
often wvery difficult to recognize with the naked eye,
attempts are made, inter alia, to transilluminate the
30 silicon wafer with 1light and to identify possible

defects in this way.

It has been found, however, that, in the case of
inhomogeneous objects, defects can in some instances
35 only be detected very unreliably since the
inhomogeneities present make 1t more difficult to
detect these defects. In the case of multicrystalline

semiconductor materials, in particular multicrystalline




10 This problemis solved by neans of a nethod conprising the
features of claim1l. Furthernore, the invention addresses the problem
of providing a device for carrying out this nethod. 15 This problem
is solved by nmeans of a device conprising the features of claim?9.
Dependent cl ai nms respectively relate tq advantageous 20 devel opnents.
The met hod according to the invention %rovides for illum nating the
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| argel y reflggct ed at, tthe dmtarfiaces of the object, that is to say at
the top side and underside thereof. Such nultiply reflected |ight
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20 developments.

The method according to the invention provides for
illuminating the object by radiating in light having a
wavelength to which the object is transparent.
25 Furthermore, the method comprises detecting multiply
reflected components of the incident light whilst at
least partly avoiding the detection of directly
transmitted components of the incident light and at
least partly avoiding the detection of singly reflected
30 components of the incident light. Accordingly, multiply
reflected components of  the incident Light are
detected, but at the same time at least a portion of
directly transmitted components of the incident light
and a portion of the singly reflected components of the
35 incident 1light are not detected. The defects are
subsequently identified by evaluating intensity
differences in the detected components of the incident

light. In this case, light should be understood to




t he object conpared with directly transmtted or nmerely 20 singly
reflected |ight conponents. Information about the i nhonbgeneous
structure of the object, for exanple about the crystal structure of a
mul ticrystalline sem conductor object, in particular of a nmulti-
crystalline silicon wafer, is lost in the process. 25 Instead, the
constitution of said interfaces, that s to say the constitution of
the surface, is crucial .for. the de éed signal s the surf ce is
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converted i Me@lamtion. Defect within the meaning of the present
invention should not be understoocd generally to mean

crystal defects, which also include grain boundaries,

10 for example, but rather mechanical damage to the
object, for example cracks, microcracks, spalling,

mechanical strains, or inclusions.

In the object, the incident light, provided that it is
15 then reflected, is largely reflected at the interfaces
of the object, that is to say at the top side and
underside thereof. Such multiply reflected 1light
components cover comparatively long path lengths within
the object compared with directly transmitted or merely
20 sgingly reflected 1ight components. Information about
the inhomogeneous structure of the object, for example
about the c¢rystal structure of a multicrystalline
semiconductor object, in particular of a multi-
crystaliine silicon wafer, 1is lost 1in the process.
25 Instead, the constitution of said interfaces, that is
to say the constitution of the surface, is crucial for
the detected signals. If the surface 1s comparatively
rough, then the multiple scattering described can be
compared with a lambertian emitter. The multiple
30 reflection described can then be regarded as lambertian
multiple reflection and brings about a relatively
isotropic 1light locally in the object. The fewer
directly transmitted or merely singly reflected light
components are detected and the more freguently the
35 detected light was scattered, the greater the extent to
which the crystal structure disappears in the detected

signals. If the detected signals are converted into an




4 image, then the crystal structure correspondingly recedes to a
greater extent in the inmage inpression. If, by contrast, there is a
break, for exanple, in a5 multicrystalline sem conductor wafer, then
said break forns along the crystal structure prevailing there. The
surface of the break can accordingly bg assumed to be very snooth,
with the result that total reflection takes place at said surface.
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The defects described are illustrated schematically in
30 Figures 1 to 3. Figure 1  shows in schematic
illustration an image of a multicrystalline silicon
wafer 20 recorded by an infrared camera by means cof a
direct transmitted-light method in accordance with the
prior art. A multiplicity of grain boundaries 24 can be
35 discerned in this image. Breaking surfaces often run
along such grain boundaries. Such a break 22 1is
illustrated in a manner enclosed by a border in

Figure 1. The course of said break 1is artificially




20 corresponding to the illustration in Figure 2 can be obtained. As
illustrated in this figure, large parts of the grain structure 24 can
be masked out in this way, such that the identification of the break
22 occurs significantly nmore sinply. In a vicinity of the break 25
22, the crystal structure 24 is still discernible in a manner nore
weakly pronounced than in Figure 1 since the directly transmtted
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light components are at least partly avoided, then an
image of the silicon wafer 20 approximately
20 corresponding to the illustration in Figure 2 can be
obtained. As illustrated in this figure, large parts of
the grain structure 24 can be masked out in this way,
such that the identification of the break 22 occurs
significantly more simply. In a vicinity of the break
25 22, the crystal structure 24 is still discernible in a
manner more weakly pronounced than in Figure 1 since
the directly transmitted light components and/or the
singly reflected light components are partly detected
here.
30
The grain structure 24 still visible in Figure 2 can
likewise be masked out, however, if the detection of
directly transmitted components of the incident 1light
and also the detection of singly reflected components
35 of the incident light are completely avoilded. An image
like that illustrated in Figure 3 can be obtained in
this case. The break 22 is clearly discernible therein

since the grain structure 24 is completely masked out.




25 according to the invention the defects are detected in

i nhonogeneous obj ects. | nhonbgeneous objects within the neaning of
the present invention should be understood as objects having no
uni form basic structure, for exanple no uniformcrystal structure.
Mul ticrystalline 30 objects, in particular nulticrystalline

sem conductor materials, accordingly cgnstitute such i nhonogeneous
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to be overetched using an aci di c etching nedium By contrast,

over et chi ng Pusitrgadllival ifne shehitngrvsdi @ fc A Lvakaathe gdéhec Blod s

defects nmorg diigécuifght, particularly preferably a line light
focused onto the surface of the object, is incident and

the multiply reflected components of the incident light

20 are detected along a line. This last can be realized,

for example, by means of a linear sensor, in particular

by means of a line-type camera.

In one preferred configuration variant of the method
25 according to the invention the defects are detected in
inhomogeneous objects. Inhomogeneocus objects within the
meaning of the present invention should be understood
as objects having no uniform basic structure, for
example no uniform crystal structure. Multicrystalline
30 objects, in particular multicrystalline semiconductor
materials, accordingly constitute such inhomogeneous

objects.

In practice, the method according to the invention has
35 proved to be worthwhile in the detection of defects in
silicon bodies, preferably in silicon wafers, and
particularly preferably in multicrystalline silicon

wafers. Silicon wafers within £he meaning of the




30 In one configuration variant of the nethod according to the
invention it is provided that for the purpose of locally
illumnating, the light is incident on a part of a side of the object
and multiply reflected conponents of the incident |ight are detected
on the 35 sane side of the object. Thig constitutes a so-called
reflected-1ight nethod. The latter is advantageous particularly when
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according to the invention, defects are detected in
such silicon bodies which have been sliced from a
starting silicon body by sawing. Consequently, the
15 silicon body has at least one surface partly rough from
sawing, as a result of which statistical scattering of
the incident light can be brought about at the silicon
interfaces. The statistics of this scattering can be
described comparatively well with those of a lambertian

20 emitter,

If silicon bodies are at least partly overetched bhefore
the detection of the defects, then it has been found
that, for the detection of defects with the method
25 according to the invention, it is advantageous for the
silicon bodies to be overetched using an acidic etching
medium. By contrast, overetching using alkaline etching

media can make the detection of defects more difficult.

30  In one configuration variant of the method according to
the invention it is provided that for the purpose of
locally illuminating, the light 1is incident on a part
of a side of the object and multiply reflected
compenents of the incident light are detected on the

35 same side of the object. This constitutes a so-called
reflected-light method. The latter 1is advantageous
particularly when a layer, for example metal coating,

impenetrable to the light used is provided on one side




In the case of the transmitted-light nethod, too, the light is
preferably incident obliquely with respect to the surface of the
object. This has an advant ageous 25 effect on the detection of
defects in the manner al ready described in connection with the
reflected-1ight nethod. In one preferred configuration variant of the
met hod 30 according to the invention it is provided that |ight
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In an alternative configuration wvariant to  the
reflected-light method described, it is provided that
15 for the purpose of locally irradiating, the light is
incident on a part of a first side of the object and
multiply reflected components of the incident light are
detected on a second side of the object, said second
side 1lying opposite the first side. This procedure is

20 often referred to as a transmitted-light method.

In the case of the transmitted-light method, too, the
light is preferably incident obliquely with respect to
the surface of the object. This has an advantageous
25 effect on the detection of defects in the manner
already described 1in connection with the reflected-

light methcd.

In one preferred configuration variant of the method
30 according to the invention it is provided that 1light
incident for the purpose of locally illuminating is
guided over at least one part of the surface of the
object, preferably over a complete side surface of the
object. Such guidance can be effected continuously or
35 in scanned fashion. A complete image of the object can
be generated in this way. The incident 1light can be

guided over at least one part of the surface of the




15 of directly transmtted |light conponents should be understood to
mean a surface region of the object in which the directly transmtted
conponents of the incident light energe fromthe object. The
detection region of the detector denotes that region of the 20 object
whi ch can be detected by the detector. d n one configuration variant
of the device according to the invention, Iight having a frequency of
bet ween 1106 ra;ttSQthme duiefar aklind inghtechand1ng ia<f requentat afc b
bet ween 110Q a can be emtted by neans of the |ight

source. Cor &% 5h %I SO4 Gétector is preferably provided which is
sensitive in the mavelength range of between 30 1100 and 5000 nm
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one advant ageous confi uratlo ariant o evi e accordln to t he
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i ght sourceente a sifaee@h the QRieCttes Jrewddad;, fhaddahint,
which is emtted b the | i ght source and jncident on the object an

t hereby be P&ald 3 At Griedk efobxfighecting bhehhdfaiti§eoly t
configurati drigwari antrof. thelede&eicecmlcomhdngtm@ tihghitnventhron has: a

transport dey nean |ch t.he ob ect c e transpQ ted
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can be exam ned in an expedi ent manner in respect of out |
also at least one part of an ex1t regiocn of dlrectly

transmitted light components lie outside a detection

region of the detector. In this case, the exit region
15 of directly transmitted 1light components should be

understood to mean & surface region of the obiject in

which the directly transmitted components of the

incident 1ight emerge from the object. The detection

region of the detector denotes that region of the
20  object which can be detected by the detector.

In one configuration wvariant of the device according to
the invention, light having a frequency of between 1100
and 5000 nm, preferably light having a frequency of

25 Dbetween 1100 and 2000 nm, can be emitted by means of
the light source.

Correspondingly, a detector 1is preferably provided
which is sensitive in the wavelength range of between

30 1100 and 5000 nm, particularly preferably in a range of
between 1100 and 2000 nm.

In one advantagecus configuration variant of the device
according to the invention, an optical unit for
35 focusing the light emitted by the light source onto a
surface of the object 1is provided. The light which is
emitted by the light source and incident on the object

can thereby be localized to a greater extent.




In one preferred enbodi nent variant, the device according to the

i nvention has an evaluation unit for evaluating intensity differences
in the detected conponents of the incident |ight. 15 One devel opnent
of the invention provides for the detection region of the detector to
be spaced apart fromthe illum nation Eggion and fromthe exit region
of directly transmtted |ight conponents. In this way, 20 the
detection of directly transmtted |ight conponents and al so the
detection of singly reflected |ight conponents can | argely be avoi ded
in a conveniCert adnaeragsus$n come lgviredilivent vyakaant off the device

invention, theJighly SQureg.and,bheidat ectora ar eaakhapgedgicthe sane
side of a nmounting glane In which the object can be nounted. Thi s
S

confi gur at i B¥3p6r ik sWhRENdtELt PBACEE defech? FRAPRBOEEEFetEPISght

nethod. 80 hmeanpithes iembodidiet yartiast gekbgbbrsonr cevand det egtior
are arranged on nmutually opposite sides of_the nounting. plane, .which
nmekes it po§§?ﬁlel?oiﬁﬁ%%%gggé?e@?glgﬂe?héiP?aﬁgﬂg%nggFiéﬁﬁgq%ﬁ 70d.
35 I n one préfietr eids conférgurafeonedansafitndfinele ogpevintéocaccdndithg st o
t he invention,, at t li;nes type-Light r IS AL ded.,, as,
| i ght sourcgggﬁd‘%éggéagﬁ%%ffsoﬁ%Edggpgg wth a F%near sensor is
provi ded as eg@eddeat. nAnhEReiny pespamtr &fi supteFerably used as |inear
sensor. 1§ In all enbodinent variants of the device according to the
invention, the detector preferably has an objectjve tha%p%per tes in
e

the wavel endth réfye BECLRETPAGhtTTENHTEY n YT ¥ hse, Y&t ve
and possi bl edodrtdhiery opt i caé carpanebhs tefs tdhe dehechofcarenl@ for

advant ageousl| y .desi.gned in such a hat t he obj ect gi o i ed
in the deteéﬁ%&ﬁa%égﬁon %9t?%%l%%t2@¥£%efgnfﬁﬁge Ibntgﬁg sé%%%?ﬁ%ﬁg

t he det ect ororponeexanpife thke ihicndantséngbt .t hereof. 15 In one
preferred configuration variant, the |linear sensor and a possible

obj ective and possible further optical conponents are oriented in

such a way &t srveBpewento BE ekbfi nddveRbiorxampteldrsi 1Gdon the

wafer, can be:coRpbet elyydet ectredeMbi | ddctcs: t£aNFROr sedctdr apgh+20
the detection reqgion of the detector. By trans ortigg the.gbject to
be exam ned,IHC8y @%%nﬁ%%uTh%aE+??c6ﬁgﬁa err™ Wridiyh*-the CFétedti%GrT"
region, it oS tdiusqpdssidtendmoi tcrent Bighconphpbeentmgelof thhe olyyect,

for exagBlet%L Hﬂ§x§hhkﬁgqaya&%£écg?y transmitted light components
and also the detection of singly reflected 1light
components can largely be avoided in a convenient

manner.

25 In one embodiment wvariant of the invention, the light
source and the detector are arranged on the same side
of a mounting plane in which the object can be mounted.
This configuration permits the detection of defects in

the reflected~light method.

30
In another embodiment wvariant, light source and
detector are arranged on mutually opposite sides of the
mounting plane, which makes it possible to detect
defects in the transmitted-1light method.

35

In one preferred configuration wvariant of the device
according to the invention, at least one line-type

light source is provided as light source and at least




One devel opnent of the device according to the invention provides for
the line-type light source and the linear sensor to be oriented in
such a way that a light plane spanned by the |ongitudi nal extension
30 direction of the line-type light source and the optical axis

t hereof and a detector plane spanned gy t he | ongi tudi nal extension
direction of the linear sensor and th %ptical axi s thereof

respectivel forn1stra|ght lLines of.interse h ti
pl ane, said¥§§ stralﬁﬁ |I&g% 0 ?% ers]gctl&gé %ln%éorF Fggggargglel
to one anotHetecBbnece fhel detdotror icengrbi néar senisorakalid tieed | ght
source is a hhgg +t ¥peshi-ght source, the termoptical planes could

al so be enpﬂo instead of 12 optical axes. In this case, the |ight
pl ane woul d correspond to the optical plane of the |ine-type |ight

source and the xdat eshivsd phate wWorl gheor bespord doride aptbeaingl aae
of the I|neghgsensor 5 1n 8 ref rred c nflgig i on_variant
n

nounti ng pl i8S T8 st §GF Ple8 by =42 Bar £dé jggtlygr
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then predef| nﬁrgge ﬁantkﬂgSplgggefortﬁg tggjgngQE- and possible
further optical components of the detector are

10 advantageously designed in such a way that the object
region situated in the detection region of the detector

is imaged onto a sensor of the detector, for example

the linear sensor thereof.

15 In one preferred configuration wvariant, the linear
sensor and a possible objective and possible further
optical components are oriented in such a way that an
object to be examined, for example a silicon wafer, can
be completely detected while it is transported through

20 the detection region of the detector. By transporting
the object to be examined, for example the silicon
wafer, through the detection region, it is thus
possible to create a complete image of the object, for
example of the silicon wafer.

25
One development of the device according to the
invention provides for the line-type light source and
the linear sensor to be oriented in such a way that a
lLight plane spanned by the longitudinal extension

30 direction of the line-type light source and the optical
axis thereof and a detector plane spanned by the
longitudinal extension direction of the linear sensor
and the optical axis thereocf respectively form straight
lines of intersection with the mounting plane, said

35 straight lines of intersection being oriented parallel
to one another. Since the detector is a linear sensor
and the 1light source is a line-type light source, the

term optical planes could alsoc be employed instead of




In one particularly preferred configuration variant of the device
according to the invention, the detector, or in particular the |inear
sensor, is oriented in such a 15 way that its optical axis runs
parallel to the normal to the surface of the nmounting plane. In one
devel opnment of the device according t :%he invention, this device is
configured in such a way that 20 a digk nce between the parall el

straight lines.of,intersection, can b rie It . her. p i bl e,
in a sinpleoﬁgﬁﬁ%%, 10" Set rhetgiﬁen?a¥%’mh?% f%%ﬁgétg%%g§n g?ﬁk@
directly transmespedd| Eghtheompdrient!s pland! ovf stigl yirefteeeedivhght

conponents, ¢,§-a8y0Ldad. ¢ %o é@t@@@oﬁdgﬁahég%@dc%Hﬂlgwp%tﬂoontcyathént
of the device according to the invention, at |east one elenent froma

group consi §PEhGELIPEHRS | PHhENS ol ANFIHE det ector is mounted in
novabl e §ashion. In particular, this 30 elenment is nounted in

rot at abl e and/ or pivotabl e fashion. This enabl es cpnveni ent :
adapt ati on of fﬁ@PoPFgg?ﬁf?gn?ﬁnﬁ%%ﬁﬁagﬁ%ﬁcgagﬁangétggv%rmﬁFPﬁlng
respect to phenandthert. laastnesartodi femied/ ary ant tobntshert ndertion,

in this way e Lgh [ j segt.on of 1: et ec
pl ane and/oFBPig%%hgpgnéJ'%ﬁ?%%é?%%u%?%ﬁ%'p?gﬁe%?rligﬁﬁgi%ﬁtégﬁd
paral | el totoaesapothbelicd dhsohventenfinanfée. Mo ts phedldiventebn
wi |l be expkakbngd;ip-greater detail below with reference to
figures.Insofar aSisexpedient,in the figures elenments that
actidentically are provided with identical reference synbols.In the

figures: Figdrendshewsarulmege qfrerdmtdd ctyst adbiaesid i eoniant of
the device according te the invention, the detector, or

in particular the linear sensor, is oriented in such a

15 way that its optical axis runs parallel to the normal

to the surface of the mounting plane.

In one development of the device according to the
invention, this device is configured in such a way that
20 a distance between the parallel straight lines of
intersection can be varied. It is thereby possible, in
a simple manner, to set the extent to which the
detection of directly transmitted 1light components,
and/or singly reflected light components, is avoided.
25
In one advantageous configuration variant of the device
according to the invention, at least one element from a
group consisting of the light source and the detector
is mounted in movable fashion. In particular, this
30 element is mounted in rotatable and/or pivotable
fashion. This enables convenient adaptation of the
orientation of light source and detector with respect
to one another. In one embodiment wvariant of the
invention, in this way the straight lines of
35 intersection of the detector plane and/or light plane
with the mounting plane can be oriented parallel to one

another in a convenient manner.




wafer with a break in schematic illustration,

sai di magebei ngr ecor dedbyanet hodi n accordance with
thepriorartfordetecting 10 defects. Figure 2

showsani mageoft hesi | i conwaf er from

Fi gurelinschematicillustration,said i ge bei ng recorded by the
met hod according 15 totheinvention azllstpartly avoi di ng the

The invention will be explained in greater detail below
with reference to figures. Insofar as 1s expedient, in
the figures elements that act identically are provided

with identical reference symbols. In the figures:

Figure 1 shows an image of a multicrystalline silicon
wafer with a break in schematic illustration,
said 1image being recorded by a method in
accordance with the prior art for detecting

10 defects.

Figure 2 shows an image of the silicon wafer from
Figure 1 in schematic illustration, said
image being recorded by the method according

15 to the invention whilst partly avoiding the
detection of directly transmitted 1light
components and partly avoiding the detection

of singly reflected light components.

20 Figure 3 shows a schematic iliustration of an image of
the silicon wafer from Figure 1, said image
being recorded by the method according to the
invention whilst completely avoiding the
detection of direct 1light components and

25 completely avoiding the detection of singly

reflected light components.

Figure 4 shows a basic illustration of an exemplary
embodiment of the method according to the

30 invention.

Figure 5 shows a first exemplary embodiment of a
device according to the invention in
schematic illustration.

35
Figure 6 shows an enlarged illustration of a detail

from Figure 5.




detection of directly transmtted |ight conponents and partly

avoi ding the detection of singly reflected |light conponents. 20
Figure 3 shows a schematic illustration of an inmage of the silicon
wafer fromFigure 1, said i mage being recorded by the nethod
according to the invention whilst conpletely avoiding the

det ecti onof di rect!| i ght conponent sand 25
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Fi gure 4 showsabasicillustratio | ary . .
enbodinentofthenethod%gggP&FﬁﬁtgﬁkgggégHE ¥ a device according to
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the invention.

Figure 8 shows an enlarged illustration of a detail of

Figure 7.

Figure 9 shows an enlarged illustration of the same
partial region as 1in Figure 8, but with
schematic representation of singly reflected

light components.

Figure 4 illustrates a £first exemplary embodiment of
the method according to the invention 1in schematic
illustration. This method involves locally illuminating
10 a multicrystalline silicon boedy with infrared light.
Afterward, light is detected 12 in a detection region
spaced apart from an illumination region, in which the
silicon body is locally illuminated, and from an exit
region of directly transmitted light components of the
infrared 1light 1incident for the purpose of locally
illuminating the silicon body. In this way it 1is
possible largely to prevent the detection of directly
transmitted light components of the incident infrared
light or singly reflected light components of said
infrared light. As has been explained above, defects,
in particular breaks or inclusions, leave
characteristic intensity differences in the detected
components of the incident light, on the basis of which
the defects can be identified. Said intensity
differences are therefore evaluated and the defects are
identified 14 on the basis of them.

Figure 5 shows a first exemplary embodiment of a device
according to the invention. This device has a light
source, which is embodied as a line-type light source
40 in the present case. By means of said light source

40, 1light is incident on a mnulticrystalline silicon
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devi ceaccor di ngt ot hei nventionin schematic illustration. 35 Fi gure

Figure 5 showsafirstexenpl aryenbodi nent of a

6 showsanenl argedillustrati onofadetail fromFigure 5. 14
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wafer 20 that has been sawn from a silicon block and
overetched acidically. This is illustrated by the
optical axis 41 of the line-type light source 40,
which, as explained above, can also be regarded as an
optical plane. The multicrystalline silicon wafer 20 is
mounted on the top sides of transport belts 45a, 45b,
which thus form a mounting plane 46. A detector is
arranged on an opposite side of the mounting plane 46
relative to the line-type 1light source 40, said
detector being embodied as a line-type camera 42 in the
present case. As can be discerned on the basis of the
optical axis 43 of said detector, which optical axis
could in turn alsc be regarded as an optical plane, the
line-type camera 42 is oriented downward toward the
surface of the silicon wafer 20. The reciprocal
arrangement of line-type light source 40 and line-type
camera 42 with respect to the mounting plane 46 makes
it possible to identify defects in the transmitted-
light method.

The line-type camera 42 is connected to an evaluation
unit 44, which makes it possible to identify defects by
evaluating intensity differences in detected components

of the incident light.

Figure 6 shows an enlarged partial illustration of the
device from Figure 5 and in this way simultaneously
illustrates a method according to the invention which
can be carried out by means of the device from
Figure 5. As can be discerned in Figure 6, light 50
incident from line-type light source 40 along the
optical axis 41 impinges on the multicrystalline
silicon wafer 20 in an illumination region 51. In this
case, the incident light 50 is advantageously focused
onto the illumination region 51 by an optical unit

provided in the line-type light socurce 40.




Figure 7 shows a basic illustration of a second exenpl ary enbodi nent
of a device according to the invention. 5 Figure 8 shows an enl arged
illustration of a detail of Figure 7. Figure 9 shows an enl arged
illustration of the same partial region as in Figure 8, but with
10schematic representati on of singly rfélected | i ght conponents.
Figure 4 illustrates a first exenplary-enbodi ment of the method
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40, 1ight i $hné&REENL fl ELéFyS¥ailine silicon 15 wafer 20 that

has been sawn froma silicon block and overetched acidically. This is

|IIustr§ged19Y thergﬁ iﬁfﬁ aX|s Q%x%Q%l ne- E¥Qﬁs$igﬁédsouﬁ9%h§0
whi ch, a8 explained”a ove, 9tan e regdrded as an
components are reflected at the interface with respect

to the surroundings. These singly reflected light
components emerge from the silicon wafer 20 in part at
the underside thereof and, conseguently, can no longer
20 pass into the detector 42. The remaining light
components are reflected a second time and thus
constitute multiply reflected light components. This
reflection process at the interfaces takes place
multiply. On account of the obligue incidence of the
25 incident light 50, this results in a propagation of the
multiply reflected light toward the left in the
illustration in Figure 6, such that said light
ultimately passes into a detection region 47 of the
detector and can be detected there after emerging from

30 the silicon wafer 20.

This description of the light courses is simplified and
in this way sufficient at best for objects having
comparatively smooth surfaces. In the case of the more
35 or less rough surfaces present 1in reality on the
objects to be examined, by contrast, there is more or
less arbitrary scattering at the interfaces of the

object with respect to the surroundings. Precisely this




5 optical plane. The nulticrystalline silicon wafer 20 is nounted on
the top sides of transport belts 45a, 45b, which thus forma nounting
pl ane 46. A detector is arranged on an opposite side of the nounting
pl ane 46 relative to the line-type Iight source 40, said 10 detector
being enbodied as a line-type camera 424in the present case. As can
be discerned on the basis of the optical axis 43 of said detector,
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detector and can be detected there after emsrg ng from 30 the S|I|con
waf er 20. isotropy. In addition 1light propagation with good

homogeneity arises paralle! to the illumination region
30 51 running linearly on account of the use of a line-
type light source 40. Since the light propagates within
the object and, particularly in the case of silicon,
has long free path lengths, the crystal structure of
the multicrystalline silicon wafer 20 disappears in the
35 image generated by the line-type camera 42 to an extent
that 1is all the greater, the further the distance
between the detection region 47 and the illumination

line 49. The image detected by the line-type camera 1is




This description of the light courses is sinplified and in this way
sufficient at best for objects haying conparatively snooth surfaces.
In the case of the nore 35 or |ess rough surfaces present in reality
on the objects to be exam ned, by contrast, there is nore or |ess

arbitrary scattering at the interfaces of the object with respect to
t he surroundings. Precisely this 17 a}%itrary scattering makes the
nmet hod according to the invention efficient. This is hecaus y b*h%ay

nel’y

of exanpl e, TKE i AETEEREPRghtC502Ran"het r st &t ed i n° g6
paral | el to siheaept italgadss 43f oththebljiene-, Sieypeitanenawvafdri 20 s

nevert hel ess possible to dete l'i ght %gggﬁﬂ in t 10
regi on 47. fﬂfsgﬁ%nH&S%%(ai %%%d ggltﬁggPact é?gfo%ﬁggg%ﬁ%%{onkhe
above- descr ifigohramsbi i r anyl Soat thei vg lacorhevainf a¢@ dias hBesh| iSéom

waf er 20g | 'f\%%&n al;so Jinqpagat e3 Jok t heall phane Hofs the-esid | ean reafer
inter alra, ich woul d otherwi se not. be the case wth the assune
genui nel y pé@&gm@@Sﬁncﬂﬁ@ﬁ%ea%ﬂlﬁ%ﬂpﬁ%kﬁc&ﬁﬁem?bﬁ%e%otﬂftﬁfgﬁg I
smoot h sur f gees i9f ot he fNieldtaon wafien zeNewer thel esshdibweyerding tte
met hod according to the 15 invention, too, when there is a high
degree of sddt% eGPt he incident light 50 at the surface of the
object, the silicon wafer 20 in the present case, as a result of

obl i que, j,nciden £t i ncl . 1 jgh i asre li-que
i |1 uni nh ionldf?u%§%§ i ggior&ﬁﬁuﬁs%l_rdar{%d%imn prea®s G%nﬁén gxgeﬁg g
t he propagatdtorecsf, |iight tdonponkhiacn n v#Eesi | 28on iaf &he | Rresent

horizonpa!lﬁn&ggﬁkg3;he gﬁﬁédiﬂeﬁ@p il sty ati epssi n Fguess 5 angh 6,
is anplified. 25 The multiple reflection brings about ||

[Tl . | i ght
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algorithms in the evaluation unit 44.

As shown in Figure 6, in the exemplary embodiment
illustrated, the detection region 47 of the line-type

20 camera 42 is spaced apart from the illumination region
51 and also from the exit region 49 of directly
transmitted light  components 48, This makes it
possible, in a simple manner, largely to avoid the
detection of directly transmitted components 48 of the

25 incident light 50 and the detection of singly reflected
components of the incident light 50.

In the exemplary embodiment in Figure 5, the
longitudinal extension directions of the line-type
30 light source 40 and of the line-type camera 42z run
perpendiculariy to the plane of the drawing. The
longitudinal extension direction of the line-type light
source 40 and the optical axis 41 thereof thus span a
light plane which likewise runs perpendicularly to the
35 plane of the drawing and the position of which in the
plane of the drawing is illustrated by the optical axis
41 of the line-type light source 40. Hereinafter,

therefore, the reference symbol 41 also serves as a




30 51 running linearly on account of the use of a line- type |ight
source 40. Since the |light propagates within the object and,
particularly in the case of silicon, has long free path |engths, the
crystal structure of the nulticrystalline silicon wafer 20 di sappears
in the 35 i nage generated by the Iine-iépe canmera 42 to an extent
that is all the greater, the further t di stance between the

det ection r%gﬁpn 47 andfépe &blunhp%ggggr 1Q§e49 Agggragggﬁ detqﬁged

by the |ine- type “Camera is t her Red to an ever 7grf tat e
extent by t Hemnsuitfaldeadoughiiesssiofn t hél objlebtn thé sKhECodJWEféﬁ@EO

in the present,Gaseqol nythe exemilary.arbediigent i ngfiguses &and 6,
the silicon wafer 20 has been sawn. 5 froma silicon block and_t hus

has great s@F&EEFowyiiEss. "IThis AdHPYidRarlysi ReeRsiri-es lRé Yeffect
of multigpleunef|gchhen diti Ehéedjﬂamir’ftﬁ %Hhoﬂh@CC‘p@rsditﬂ@nt oot hehich

invention. 1Q I f t e |ncIu ions,or breaks in the
oy oot i trehan Nl ALFes "5 T T e ot ckBRbr ST ST B i
then this re&mhtsllnncharaateﬂ?sth@ Lnhensyby @améeaenc&&eumaﬂher,

detected |1 ght. comonent g, 00 {18, hasi 5, o phigeh 1hess dafiests 19 pan

be identified wth the aid I mage pro essi ng al gor

eval uation uwied 44 apsedRewncen fpirgarédederactag @k@%@lary enbodi ment
illustraged, the detection region 47 of the line-type 20 canera 42 is
spaced apart fromthe illum nation region 51 and also fromthe exit
regi on 49 of Ndi riedty Ri4Hsnt 1t 8 IFB%tdEBEﬁEHEnP%aEQ PhilS HrEIRES t
possible, imha shdmlieim@npeanel aaregeduydt@na\t@u@ theseletecii (mnaflght
directly trgnsnltte componen
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50. straight lines 1ntersectlon 55 and run
15 perpendicularly to the plane of the drawing and are

oriented parallel to one another.

In the exemplary embodiment in Figure 5, the line-type
light source 40 is mounted in a movable fashion. It is
20 mounted such that it 1s rotatable about an axis running
perpendicularly to the plane of the drawing and, in
addition, pivotable about an axis situated in the plane
of the drawing. In this way, the straight lines of
intersection 55, 56 can be oriented parallel to one
25 another in a convenient manner. In addition, the
distance between the parallel straight lines of
intersection 55, 56 can be varied in a simple manner.
For this purpose, it 1s merely necessary to rotate the
line-type light source about the axis running
30 perpendicularly to the plane of the drawing. By wvarying
the distance between the parallel straight lines of
intersection 55, 56 it 1is possible, in a convenient
manner, to set the extent to which the detection of
directly transmitted light components and the detection

35 of singly reflected light components are avoided.

Figure 7 shows a further exemplary embodiment of a

device according to the invention and simultaneously




In the exenplary enbodinment in Figure 5, the |ongitudinal extension
directions of the line-type 30 light source 40 and of the |ine-type
canera 42 run perpendicularly to the plane of the drawi ng. The

| ongi tudi nal extension direction of the line-type Iight source 40 and
the optical axis 41 thereof thus span a |light plane which Iikew se
runs perpendicularly to the 35 pl ane ofYt he drawi ng and the position

of which in the plane of the drawing is illustrated t.he opti.cal
axis 41 of ﬂﬂéQ%9ﬁ§¥?beaPigﬁ%%%ﬁ#%@’4@@@%#€Fﬁ%fté$¥ t é?eﬁﬁééo%he
reference symolradhgal so servesnastaiond reberdnciesd oint hecddggance

pl ane. ACCO&%L l%’? Ihe 7' %%ftetl’f:(y rﬁlome@h%zgﬂe%c@ r %&ernffgm tﬂ%ure

line-type c . u&ﬁd the optical axis thereof span a detector
pl ane, which |nkeniseinunsrper pénditetl dkffcxeons exsaphapensf ofhdhe

drawi ng gnd 1})1% It pngiof  whiGhew téd nahhe Al anecabethevdlgwi nthd s
represented by the optical axis 43 of the |ine-type canera.

Her ei naf t er ,biitheiefdri@ntt kenEsmaeares dpmbdineasadss mfi Hhe&RISIGR!
used as a referenge ber gad dideteelpe pliape. ddidbe lsioghtr phane. ot

Gase Torm SELAUT Y Fedner 1t AESTSBEL L6 B5AHACS60 0T espect i vel y.
ThesE straightflines of !ntersgction 55 and 56 run 15 perpendicul arly
{2 {he BhaneSlcIe, B B.aIC aip, QURLEY patgll st aRRR0er

and the detector 42 are arranged on the same side of

the mounting plane 46. The illustrated embodiment

variant of a device according to the invention is

therefore suitable for carrying out reflected-light

15 methods. This is advantageous particularly when a side

of the silicon wafer 20 is provided with a coating

impenetrable to the light used, for example a metal

layer. The latter would then have to be arranged on

that side of the silicon wafer 20 which faces the

20 transport belts 45a, 45b in the exemplary embodiment in

Figure 7.

The longitudinal extension direction of the line-type
light source 60 once again extends perpendicularly to
25 the plane of the drawing in Figure 7, with the result
that the light plane spanned by the longitudinal
extension direction of the line-type light source 60
and the optical axis 61 thereof firstly runs
perpendicularly to the plane of the drawing and
30 secondly its position within the plane of the drawing
is represented by the optical axis 61. Therefore, the
reference symbol 61 1is simultaneously wused as a

reference for this light plane.

35 Figure 8 shows an enlarged partial iilustration of
Figure 7. As can be gathered therefrom, in the
exemplary embodiment in Figure 7, too, the detection

region 47 of the line-type camera 42 is arranged in a




i ght source 40 is nounted in a novable fashion. It is 20 nounted
such that it is rotatable about an axis running perpendicularly to
the plane of the drawing and, in addition, pivotable about an axis
situated in the plane of the drawing. In this way, the straight |ines
of intersection 55, 56 can be oriented, parallel to one 25 another in
a conveni ent manner. In addition, the 4t st ance bet ween the parall el

straight lines of intersectiaon 56 .can e var.i i le
manner . For "ERSTpiPpose, aP?rFs%%%Fe&§enéCe§?§P?t§%n Qegﬁ Fﬁl and
| i ne-type Iaghb shunmethboubuﬂhereglenr&@nuﬁ@ 80rpet pEndircusarilyedo

the plane of ;t, ngoggnt@y Mar YA§9a£P§3%5é§ﬁ§§1§§&mﬁﬂ thes way

paral | el stralght i ntersection , 'S pOSSIb|e in
conveni ent Adnniet P@@SS%%ethéfex%eﬁﬂmPéewmﬁﬂQQQua%ﬁ%QﬁkﬂoE OFVOld

directlystr %ﬂ%mdett%tll|og1hto£0@9@@ﬂl§ apdnbhetrdeteatigon 3nplonsinngl y
reflected |ight conponents O illustrates an exenplary

embodi ment 6f CkeS Eﬁadf§é§8FBFﬁ35%8ﬂFhSO?R%%%TF%n The device in

accordance with Figure 7 differs fromthe device known fron1F|gure 5

rerely in Lot ol he gl fher et Aangeenlof theh Jdne: { voe o

sources 60 respectlvely, t he Tesul tant consequences for
t he course df7 aandpttm@J xﬁ&qunatﬁontu;aql@e-t§be gher sdurce <66 tor

a |ightyplane Q%nOMdﬂE%ﬂldB%éé@K%ﬂégéégﬁgyree 00ich0As crn e ion
gathered fromF igure 7, the Iight source 60 and the detector ($ are
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provi ded wi tdefaecaati nglcqu:)ermemmimeelttso $he, | iSgit ased aCbertlew@:hiJYe a
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in the exenpilarny eﬂﬁﬁdinem:ﬁhﬁFﬁ@@ﬁe<ﬂf ¢heI@ﬂﬁﬁQQRﬁnﬁPteﬁ?%n§hﬁ1

direction Ofdett%%tllbﬂe ﬂé@leor{lgha SO G850 pBEEoA0AIN £Xt BAESen in

perpendi cularly to 25 pl ane of the drawing in Fi th the
resul t that e PF%W“EI &?@%paﬁﬁ@d %?/t?%tel‘?rbn&ft uﬁi“g%iy eﬁeefm% {

direction of itgae |ddi@dndecd i gk, s@Bicei 60 Jam@eugre optidal. axfs thk

t her eof tl dicularly to the pl ft d
30 Seoohlly LRt FERLA Hn Thd Bl ahe o ot nd Cardid g 1o et

representedrhwlbheSGptMQmewaﬂ5;&ﬁbn1ﬂmmﬁﬂQT@lngﬂyrﬁﬁ%%ﬁﬁﬁéi§ym@@
61 is simul tageously used as 8 1ol el BACELOLCLhL S JA0hki phang; 3.

Figure 8 shows Tan —en arged part ustration of Figure 7. As can
be gat her ed ntolvememtomtownrtiheteﬁen@ﬂé\dryle%b@m nefftI 1 Figur e SARR 0,

the detectiQnieghen 47-Qfpdhent s netiype gamer a14e i sqatsanged i m@
21 25 contrast, the «risk of the detection of directly
transmitted light 48 is low in the case of a reflected-
light configuration, that is to say in the case where
line-type light source 60 and line-type camera 42 are
arranged on the same side.
30
As shown 1in Figure 8, the straight lines of
intersection 55, 56 of the light plane 61 and of the
detector plane 41 again run parallel to one another in
the exemplary embodiment in Figure 7. The line-type
35 light source 60 1is once again mounted in movable
fashion. In particular, it is embodied such that it is
rotatable with respect to an axis running

perpendicularly to the plane of the drawing and




manner spaced apart fromthe illum nation region 51 and also fromthe
exit region 49 of directly transmtted |light conponents 48. As

al ready explained, inthis way it is possible, in a sinple manner,
largely to avoid 5 the detection of directly transmtted |ight
conponents 48 or singly reflected |ighg>conmponents. The fact that the

di stance between the detection region 47 and the illum nation region
51 and/or the vetah1t0 ﬁ@giﬁnreﬂ%d; néhuaﬁt@gs ztdm;ad@grm thewpilehet ke
det ection of sing| neflecte gat co nent 0|dqg i s

i |lustrated S FEGare s, THé ¥ sﬁ% 1fhe Hargdd partd'a

iIlustrati omcasdel gil eaq bmhestggéycamhkecvﬁh I@ghtheodp@hénmﬁiBGa,
53b are addi I 5 the_pha atdelside
becones cl ea6$ tcﬂ%{ é/hél %gg%‘g%gn%f Tﬁ?%ﬂfs?gﬁcg beotc%fv%/eetéﬁ%i dlet elctl on
regi on and ttre ceve taDOéEgﬂeéfn 149 aa s EHESEreitn MaHe ot-e Sehtadehise on-hé he

detection ofy;singly feflechedHd _%l%trag_g;morl@?ﬁe% SR 13- desedirgel sy,
avoided. If the 20 detection region is moved cl oser to the

i 11 um nat i o & &GitbrPS1VaRERRVER atﬁ@HV?PF§PFym§PH&Fyqa%%%9ﬂﬁﬁ}m|ﬁﬂn
conmponent s %3k aksdpapitliyndeheebadscandnwwibhf Biyhee Hovenent toward
the illum nation region 51, singly reflected conponents 53a are al so
detected. By 25 contrast, the risk of the detection of directly
transm t®ed Id ghte 48:uitsidwdwnlly the feasedoferdpoddidesdt etrliiaght of the
confi gur ati Qi RAL Jod Q82 o ufhe (GRSE ST & LIDSIHRR WA ror
source 60 and Tine- type ca are arrangéd on the sare sid 30
As shown |naFlQHQQESSPHéC§trdﬂghPaFFh@§l@¥ Pnt BksRci YR 55Me5g &@fthe

light plane &l and pfodibrdefretan pliarg 4k agal ﬁnddﬁ”tlﬁﬁj agﬂlaele tie ,one
another in the exenplﬁéﬁéenbodlnent in Fi
c

I ne-typ
li ght sour c&Y0 i'dé%n g%ﬁ?ﬂ%%uﬁ?%ﬂr?hP%DEQbFEefé@ﬁ?&ﬁlopncan %E
particular, dﬁeﬁa&e@mﬂﬂjl’edlﬁmﬂﬂethafletteﬁ T oglat abkehwidt Ianrie&mledihet 0
an axi s run endlcu rl t he Ane, f t dr cand
pi vot abl e rglgt o Gt b%s %ﬁﬁ%¥ﬁ£ |%£the 3 ang%of ?%&Q%r
with the resuﬂﬁﬁ@ha@thmme-type Elgwme§ouﬁcea@@-aﬁﬂ k$¥mﬁiyﬁéﬂéang¥h
42, or theIfégylﬂgda@qtgltﬁgdsgﬁg det;¢ector plane 41, can be oriented
relative 5 to one anof her convenli ent manner. In addition, the
di stance between the stralght Ilnes of intersection 55, 56 can be
varied in a conveni ent manner anal ogously to the description in
connection with Figure 5. 10 In one particularly preferred enbodi nent
vari ant of the device according to the invention, a recording unit
for a light source, in particular a line-type canera 40, 60, is
provi ded on both sides of the nmounting plane 46, such that the device
according to the invention can be




15 operated both in the reflected-1ight nmethod and in the
transmtted-1ight method. By way of exanple, the configurations in
Figures 5 and 7 could thus be realized with the sane device. 23 List
of reference synbols 10locally illum nating 12detecting light in a
detection region 5 14identifying defects 20 nmulticrystalline silicon
waf er sawn fromsilicon block and overetched acidically 22break
24grai n boundarti e$ 1ef4@knpe- sypeollsght source 4loptical axis
line-type light source/light plane 42line-type canmera 43optical axis
| i ne-type camneral/ detector Rlane 44eval uation unit 15 45a transport
belt 45b trdfsporocBelly 46 lnBaARCAg§Ipl ane 47det ection region

48directly tpanspkibedihhght geeMpanantistection region
5 14 identifying defects
20 multicrystalline silicon wafer sawn from silicon
block and overetched acidically
22 break
24 grain boundaries
10 40 line-type light source
41 optical axis line-type light source/light plane
42 line-type camera
43 optical axis line-type camera/detector plane
44 evaluation unit
15 45a transport belt
45b transport belt
46 mounting plane
47 detection region
48 directly transmitted light components
20 49 exit region
50 incident 1light
51 illumination region
53a singly reflected light components
53b singly reflected light components
25 55 straight line of intersection mounting plane-light
plane
56 straight 1line of intersection mounting plane-
detector plane
60 line-type light source
30 6l optical axis line-type light source/light plane




20 49exit region 50incident [ight 51illum nation region 53a singly
reflected |light conponents 53b singly reflected Iight conponents 25
55straight line of intersection nounting plane-light plane 56straight
| ine of intersection nounting plane- detector plane 60line-type |ight
source 30 6loptical axis line-type Ibght source/light plane 24
Listing of Clainms: Claim21A nethod for detecting defects in an

obj ect, the method which conprises: locally illum nating the
object by irradiating the object with incident |ight having a
wavel ength to which the object is transparent; detecting

multiply reflected conponents of the incident |ight while at |east
partly avoiding a detection of directly transmtted conponents of the
i nci dent LisgiRy cdcthims: | east partly avoiding a detection of singly
refl ected conponents of the incident |ight; and i dentifying
def ects bylagwal uati ng wThehsd oy datedifngrdefzerdn amobjbe, tetredteadvhich
conponents of the incident |ight.

comprises:

locally Hluminating the object by irradiating the object with incident light

having a wavelength to which the object is transparent;

detecting multiply reflected components of the incident light while at least
partly avoiding a detection of directly transmitted components of the incident fight
and at least partly avoiding a detection of singly reflected components of the
incident light; and

identifying defects by evaluating intensity differences in the detected

components of the incident light.

Claim 2 The method according to claim 1, which comprises detecting

defectsin inthomogenecus objects.

Claim 3- The method according to claim 1, which comprises detecting

defects in silicon bodies.

Claim 4 The method according to claim 3, which comprises detecting

defects in silicon wafers.

Claim 5 B The method according to ctaim 3, which comprises detecting

defects in silicon bodies that have been sawed from a starting silicon body.




C ai m 2The nethod according to claim1, which conprises detecting
defects in i nhonobgeneous objects. Claim 3, The nethod according to
claim1, which conprises detecting defects in silicon bodies. Caim
. 4The net hod according to claim3, which conprises detecting defects
in silicon wafers. C ai m5The net hod ??qjgordi ng to claim3, which
conprises detecting defects in silico odi es that have been sawed
froma starting silicon body. 25 Caim6The nethod according to
claim1l1, which-conprises detecting the multiply reflected conponents
of the incident [ight while conpletely avoiding the detection of
directly transmtted conponents of the incident |light and conpletely
avoi ding the detection of singly reflected conponents of the incident
| i ght C aiomifihe nmet hodTieeeethdt Agedrdingloaiam i, winbh cdmprtepriesedg f or

t he purpose of detecting multiply reflected conponents of the

i nci dent | thghiultiplyirbiecidd doemehemant thy inadentdigigvitih ecdpeegt dvoilingfthe
directly transmtted conponents of the incident |ight and while at

| east par tdejectimobitiirgtiyt thenschittedctimponats itmghyiderefigldanédompaielynent s of
the incident light, detecting light in a detection region that is
spaced apanwidimgdhe deteaalof yingly refeitad ednpdrientsiof fieiimsidangéighdén of t he
object and froman exit region of directly transmtted |ight
conponents. Claim8The nethod according to claim1l, wherein the step
of locally illumnating conprises irradiating a part of a given side
of the obj®si7 and wher Bienmatiiod aptoydingeiolcedn d dwbiehponiriises fofthe he
incident |ight are detected on the sane given side of the object.

C ai m 9Thepumesh ofideteeive Uit e lledted sampongie plha inciHentdighpviiie at ocal | y
illum nating conprises irradiati nfg_a art of a first side of the

obj ect, arleasipeitiepyriding thepisjecket éﬂfﬁ@g taHpEa RrErenses hedvgidsaht

i ght are detected on a second side, opposite fromthe first side of
t he obj ectlight and while at [east partly avoiding the detection of singly reflected companents

of the incident light, detecting light in a detection region that is spaced apart from a
locally irradiated illumination region of the object and from an exit region of directly

transmitted light components.

Claim8  The method according to claim 1, wherein the step of locally
illuminating comprises irradiating a part of & given side of the object, and wherein
multiply reflected components of the incident light are detected on the same given

side of the object.

Claim 9 The method according to claim 1, wherein the step of locally
Hluminating comprises irradiating a part of a first side of the object, and wherein
multiply reftected components of the incident light are detected on a second side,

opposite from the first side of the object.




26 Cl aim 10A device for detecting defects in an object, the device
conpri si ng: a light source for locally illumnating the object
with Iight having a wavel ength to which the object is transparent;
and a detector for detecting light emtted by said |ight source;
wherein said detector and said |light source are arranged such that at
| east one part of an illum nation redﬁ%n in which the object can be
locally illum nated by said |light source and al so at | east one part

of an exit region of directly transmtted |ight conponents lie
outside a detection region of the detector. Claim1l, The device
accordi ng Cwinll8i m 10, dotrvicgueratgtacinedatesss ouwn abisst e d¢eaccor di ng
to claiml. Caim12A device for carrying out the nethod according to
claim1, coempisgigng: a light source for locally illumnating an
object with |ight having a wavel ength to which the object is
transparent; andight SetRChPhcsIudfi86d inBBblecOlith IRt hdved Dyavemindthl | ght
source; and wherein said detector and said |light source are

di sposed suphhitih@t oBject is@shspan@teaat of an illumnation region in
whi ch the object can be locally illum nated by way of said |ight

d al I f i on. of di I
ranem tted | GHEtRarsneny a0l B SHH eS8, egi on of sai d

detector. 27 Claim 13The device according to claim 12, wherein the
det ecti on regi avheddin said defdetoeandyaid lghbiracedrapaangedsyal thakat least
illumnation region and fromthe exit region of the directl
transnit t ednd paghef andifypunasion segi@ iaiwhichArhebjert ¢ait ke ety iBIMHR?bOYE | ai m
12, wherein said |ight source and said detector are commonly di sposed
on a sane siidégidBoucerauhaisngt pheinee part effincitremiorogfjdestly dansipided
nmount ed.

fight components lie outside a detection region of the detector.

Claim 11 . The device according to claim 10, configured to carry out the

method according to claim 1.

Claim 12~ A device for carrying out the method according to claim 1,
comprising:
a light source for focally illuminating an object with light having a wavelength

to which the object is transparent; and
a detector for detecting light emitted by said light source; and

wherein said detector and said light source are disposed such that at least
one part of an illumination region in which the object can be locally illuminated by
way of said light source and also at [east one part of an exit region of directly

transmitted light components lie outside a detection region of said detector.




Cl ai m 15The device according to claim 12, wherein said |ight source
and said detector are disposed on nutually opposite sides of a
nmounti ng plane in which the object can be nounted. C aim 16The device
according to claim12, wherein said ljght source is at |east one
line-type |light source and said detector is at |east one device with
a linear sensor. Claim 17The device according to claim 16, wherein
said line-type light source and said |inear sensor are oriented such
that a |ight plane spanned by a | ongitudi nal extension direction of

sai d 1ight cggyrige and ar’rh@%m@@éccae&&r% tb BRIE 93, m@faée[@trfé%%%klmregioane
spanned by a | ongitudinal extension irection of said |inear Sensor

and the opb & dééét& i& Q@Jc%@%pér?ﬁ&ﬁ%‘lmlb’atifoﬁrréﬁuﬁi i M thel Rt fegfn
intersection wth the nounting plane, and wherein said straight |ines

of |ntersegim@@waﬁ@t@hyﬁﬂ@ﬁgmpam@kheﬁmto one another. 28 daim 18The
device according to claim 17, wherein a distance between the parallel

straight lines of intersection is a variable distance. C aim19The
devi ce according to claim 12, wherein one or both of said |ight
sour ce andcg@hd4det ect orrhakevicaamabidingn® gaine 2, wbeadinmy2@fyrdesirce f or
detecting defects in an object, the device conprising: a

| i ne-type higbdid aetustoeark aomhosiakilsyodeldlour saatd 9k dflzemolbijieg blaby in
irradiating the object with incident |ight having a wavel ength to
whi ch t he wehickdtie dbfect camispavandd. a detector having a linear
sensor for detecting light emtted by said |line-type |ight source;
sai d detector being configured for detecting multiply reflected
conponents of the incident light while at |east partly avoiding a
det ecti on GfkinditBect |y t Tamsevita adordogpodein 82, ehetdiresdichighiientcd i ght
and at |least partly avoiding a detection of singly reflected
conponent samf saichdetpeiod ate dispddedion mudwrdly opposite aidesvkd Batitiva piane in
connected to said detector for evaluating intensity differences in
t he det ect whick drepiesheas sf mednded. nci dent 1ight and to thereby identify
defects in the object.

Claim 16 The device according to claim 12, wherein said light source is
at least one line-type light source and said detector is at least one device with a

linear sensor.

Claim 17 The device according to claim 16, wherein said line-type light
source and said linear sensor are oriented such that a light ptane spanned by a
longitudinal extension direction of said fight source and an optical axis thereof and
a detector plane spanned by a longitudinal extension direction of said linear sensor
and the optical axis thereof respectively form straight lines of intersection with the
mounting plane, and wherein said straight lines of intersection are orfented parallel

to ane another,
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Claim 18 . The device according to claim 17, wherein a distance hetween

the paraliel straight lines of intersection is a variable distance.

Claim 19 The device according to claim 12, wherein one or both of said

light source and said detector are movably mounted.

Claim 20 A device for detecting defects in an object, the device
comprising:
a line-type tight source for locatlly illuminating the object by irradiating the

object with incident light having a wavelength to which the object is transparent;

a detector having a linear sensor for detecting light emitted by said line-type
light source;

sald detector being configured for detecting multiply reflected components of
the incident light while at least partly avoiding a detection of directly transmitted
components of the incident light and at least partly avoiding a detection of singly

reflected components of the incident light; and

an evaluation unit connected to said detector for evaluating intensity
differences in the detected components of the incident light and to thereby identify

defects in the object.





