1 Method and Device For Detecting Defects In An Object The invention
relates to a nethod for detecting defects in an object in accordance with
the preanble of claim 5 1, and to a device for carrying out this nmethod in
accordance with the preanble of claim9. In the production of products the
aimpursued is wusually that of prodgcing as few rejects as possible. 10
Therefore, it is endeavored to check starting materials or semfinished

products for po |l e Its o def bef tter re transferred
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identify possible defects in this way. een wever, that,
in the caseoéfSemhﬁeﬁe3Eﬁ§oH§065Féét§0rd@Pé@ﬂ§1@aﬁaUﬁt§oﬁ§ idedeances 35
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starting materials or semifinished ©products from
15 passing through a production process and thus causing
costs and outlay before it is ascertained 1in a
concluding  inspection, or even later, that the
manufactured product has deficilencies. By way of
example, in the fabrication of semiconductor
20 components, 1in particular of sclar cells, silicon
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
respecltive processing process. Since such defects are
often very difficult to recognize with the naked eye,
attempts are made, inter alia, to transilluminate the
30 silicon wafer with light and to identify possible

defects in this way.

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

semiconductor materials, in particular multicrystalline



2 silicon wafers, the grain structure, for exanple, nakes
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difficult to identify cracks, mcrocracks, inclusions or the like since it
i s superinposed on them 5 Against this background, the present invention
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Furthermore, the invention addresses the problem of

providing a device for carrying out this method.

15

This problem is solved by means of a device comprising

the features of claim 9.

Dependent claims respectively relate to advantageous

20 developments.

The method according to the invention provides for

25

30

35

illuminating the object by radiating in light having a
wavelength to which the object is Lransparent.
Furthermore, the method comprises detecting multiply
reflected compenents 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
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 c¢f the singly reflected components of the
incident light are not detected. The defects are
subsequently identified by evaluating intensity
differences in the detected components of the incident
light. In this case, 1light should be understood to



mean, in principle, electromagnetic radiation of any type provided that it
has a wavel ength to which the object is transparent. Directly transmtted
conponents of the incident light within the neaning of the present 5
invention are those |ight conponents which are transmtted through the
object without prior reflection. Defect within the neaning of the present
i nvention should not be understood genér ally to nean crystal def ects,
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rel atively nbsabroBRC bighinkpcak! yninushengbject. The fewer directly
transmtted or nerely singly reflected |ight conponents are detected and

the nore frequently the 35 detected |ight was scattered, the greater the
extent to Whi chet h;@;;@rqtst alhsstinucitdare: di s@ppeapsoirhdéherdetected s signal s.

If the Q?tegkgg % Qﬂ% %eare %oqe%&g%& tfﬁected at the interfaces
of the o¢bject, that i1s 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 singly reflected light components. Information about
the inhomogeneous structure of the object, for example
about the crystal structure of a wmulticrystalline
semiconductor object, in particular of a rmulti-~
crystalline silicon wafer, i1is lost in 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 1is 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 light locally in the obiject. The fewer
directly transmitted or merely singly reflected light
components are detected and the more fregquently 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 intc an



4 image, then the crystal structure correspondingly recedes to a greater
extent in the image inpression. If, by contrast, there is a break, for
exanple, ina 5 multicrystalline sem conductor wafer, then said break
forns along the crystal structure prevailing there. The surface of the
break can accordingly be assuned to be b very snmooth, with the result that
total reflection takes place at said $urface. Incident i ght which 10
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reflection at the break brings about a brightening either at the top 15
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break, there i$ an I ncl'usion e exam ned objéct, then
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i dent i fliced pyo anssofina asuaga@lc@lbﬁa%w@&acm ngr &l gor it %ltam@ def ects
described are ustrated schematically in 30 Figures 1 to 3. gure 1

shows in scﬁ@ﬁﬁ?FEe i | 1ust T afiiéi s drmagé of é“ﬁﬁpﬁicP§§@%lKﬂhet§ﬁllcon
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a manners enchgsed by @anROrdefydifhiqe of the silicon wafer. By
contrast, a correspending darkening is formed on that
side on which the brightening does not occur. The
resulting bright-dark characteristic can be utilized in
a corresponding image processing algorithm in order to

20  reliably identify the break. In this case, ultimately
the intensity differences in the detected components of
the incident light are evaluated and the defects, in
particular said break, are identified through that. If,
instead of a break, there is an inclusion, for example,

25 in the examined object, then it appears dark against a
brighter background and can likewise be identified by

means of & suitsable image processing algorithm.

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 of 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 Dboundaries. Such a break 22 1is
i1llustrated in a manner enclosed by a border in
Figure 1. The course of said break 1is artificially



Figure 1. The course of said break is artificially 5 highlighted by
thicker line tracing. Wthout this artificial highlighting, the break 22
woul d not be able to be distinguished fromgrain boundaries 24 in
practice. It is precisely this which makes it difficult 5 to detect defects
in the case of such or simlar materials. As already nentioned, the
recorded image in Figure 1 was producéd wth direct transmtted |ight.
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15 Tf, by contrast, as proposed by the methods according
to the invention, the detection of directly transmitted
light components and the detection of singly reflected
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/er 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 light
and also the detection of singly reflected components

35 of the incident light are completely avoided. 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.



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
conpletely masked out. 6 The image represented schematically in Figure 3
is then determ ned by the surface roughness of the silicon wafer 20. it
has been found in practice that, to a good approximation |anbertian
multiple reflection and hence 5 locally isotropic illum nation can be
realized particularly in the case of . ti stalline silicon wafers 20
that are sa@éef%gﬁgg é???ggﬁnbﬁgcEcgﬁﬁg%69§ﬁi¥cﬁ8dF&@Pﬁ@ an‘&cit@Fe et chi ng
medi um 10 fateneipeef ery edlrenbedinfent: variighhesf the netchodilaeearding to
the inventigaectheol ngkdant LEAAL dondl 0BUed 0L @psyri age of the obj ect.
This enables said object to be illumnated i'n a very greatly P6Cal i zed
manner. 15 PPRFerabfyloR ord aike rpaeposeildfinle unehbe¢hie hendbjhecte a |ine

light, partiggharly preferably a {ing.diohtsn focused ento theisyrhace of
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to the invention h%s 35 pagved to he worthwhile in the detection of
defects in ° ject Lo be l1lluminated in a very greatly localized
manner.
15
Preferably, for the purpose of illuminating the object,
a line light, 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 te the invention the defects are detected in
inhomegeneous objects. Inhomogeneous 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
gsilicon bodies, preferably in silicon wafers, and
particularly preferably in multicrystalline silicon
wafers. Silicon wafers within the meaning of the



silicon bodies, preferably in silicon wafers, and particularly preferably
in multicrystalline silicon wafers. Silicon wafers within the neani ng of
the 7 present invention can be, on the one hand, only sawn silicon

waf ers, sawn and overetched silicon wafers, or else finished or partly
processed silicon solar cells. 5 One devel opnment of the invention provides
for light having a wavel ength of bet ween 1100 and 5000 nm preferably

| i ght having}a ma%glen th of between 1100 End 2000 nm. to be incident
during the &&CeSion™of "yt bctei P2 192 oh Bodi¥s. a0t n o8¢ piedter red
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to be overetiehedtgsiingsaniacndbcdéeshing nedium By contrast, overetching
using ajkaline etching nedia can nmake the detection of defects nore
difficult. 30 In one configuration variant of the nmethod according to the
i nvention i £l L oPr@é8rERdt Fu ihE aiurposeastantocdl | yhel Imgtiheat i ng, the
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obj ect . Thi SUEBnstHHuEes d¥b-Cal [ en have been siiced  from

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 silicoen
interfaces. The statistics of this scattering can be
described comparatively well with those of a lambertian

20 emitter.

If silicen bodies are at least partly overetched before
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 is incident on a part
of a side of the object and multiply reflected
components of the incident light are detected on the

35 same side of the object. This constitutes a so-called
reflected~light method. The latter is advantageous
particularly when a layer, for example metal coating,
impenetrable to the light used is provided on one side
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reflected-light method described, it is provided that

ive C iguratlon

for the purpose of locally irradiating, the light is
incident on a part of a first side of the object and
nmultiply reflected components of the incident light are
detected on a second side of the object, said second
side lying opposite the first side. This procedure is

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
effect on the detection of defects in the manner
already described in connection with the reflected-
light method.

In one preferred configuration variant of the method
according to the inventicn it is provided that light
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
in scanned fashion. A complete image of the object can
be generated in this way. The incident light can be

guided over at least one part of the surface of the



be generated in this way. The incident |ight can be guided over at | east
one part of the surface of the 9 object by the object being noved relative
to a detector and a |ight source. The device according to the invention
provides a light 5 source for locally illumnating an object with |ight
havi ng a wavel ength to which the object is transparent, and also a
detector for detecting light emtted b? the |ight source The detector and
the |ight source af, urt nore arran ed i uch_ a t at | east one
10 part of gﬁjeFFunVn }IOH 93 o%elﬁg gﬁdtHSESgﬁggt Eaﬁ 4%§qc5€5lly

i Il um nat edahgl ﬁeémshbfsohecttght source and also at |east one part of an
exit region of directly transmtted |ight conponents lie outside a
detection region of the detector. In this case, the exit region 15 of
directly traASneredel ifgherEsmsorient 81 houfeh beon updey s8eadat d iwsan a

surface 3 egkonret the obbeguyn i WRiG R teh e gdi £ectloy elrangii it ed gg@nponent s
of the |nchdent light e he obbect The "detection region of the

det ect or %YeggtﬁaﬁayggEﬁgtafLPhg 158 5BFefPIRALCH ScAT BErdstaéred by t he
detector. |andneleonfi glrtaidtan Vs andt@ft irhe deyhcecaccoedi bg e t he

invention, 1li a q cy..of . bet nJl1 nd_5000 nm
preferably %?8%% E%%#ﬂﬂa égqggﬁé%: r‘Zgnggtmeengigag and2000 M can be
em tted by ﬁeehéeemoreherw@@ﬁeds@urceuch@reeppndhnglyu.alde5Ec@oe is

preferah) y d@é@t" ded o Whiighidi$ 3808 tr'e\{ﬁdnn J_trhw@afr?' engt e}oﬁeegec% bet ween
30 1100 and 5000 nnl particularly grefera in aran bet ween 1100
c

and 2000 nn®€ nOBRE éd%éﬁ?ﬁb@%ﬁ@d Wf rgarat Pontoar i as toﬁ@@ﬁ@@devﬁce
accor di ng t@lihe sitnvienidonenan pepti cad &ﬁl%xﬁﬁrxxﬁﬁxﬁ90@§|@9r%Q%1blght

emtted by the | i rce . onto a surface .of the ohject is provided. The
| i ght which |%n6%%?Y?§dqﬂ§ﬁ¥ e“tTghRt“Sotr anauFﬁbggeﬁ? 7 teRE 16Bj ect
region of the detector. In this case, the exit region
15 of directly transmitted 1light components should be
understood to mean a surface region of the object in
which the directly <transmitted components of the
incident light emerge from the object. The detection
region of the detector denctes that region of the
20  object which can be detected by the detector.

In one cenfiguration variant of the device according to
the invention, light having a freguency of between 1100
and 5000 nm, preferably light having a freguency of
25  Dbetween 1100 and 2000 nm, can be emitted by means of

the light source.

Correspondingly, a detector 1s 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 advantageous configuraticon variant of the device
according teo the invention, an optical unit for
35 focusing the light emitted by the light source onto a
surface of the object is provided. The light which is
emitted by the light source and incident on the object

can thereby be localized tec a greater extent.



can thereby be localized to a greater extent. 10 One advant ageous
configuration variant of the device according to the invention has a
transport device, by neans of which the object can be transported through
5 the detection region of the detector. A device of this type is
preferably designed for continuous operation which is often referred as
"inline" operation. In this way, Iarg%onunbers of objects can be exam ned
in an expedient manner in respect of outlay. 10 In one preferred

enbodi ment variant, the device according to the invention has an

eval uati on Gniet ddvanevaaest | rgnifdyensittiyndi 4 etencesfi ntiide ddetieet ed

component s gtcbbiefcldentyl ghto 15, 0ng devel oogentoof Lheslaveqt on

provides for the tection region of the de ec from
the illunmi nAERBA ridgi vpiahd tﬁlreon@kt)}%ﬁéxﬁtaﬂrekéﬁ ohraafspdrt@@t Ity rougiis i t t ed

li ght comporgat &ctle&‘rtll&hs P8y .on2Q, f@q@e&@@é&@@r OfAdaé%&éyotfr %’Pﬁ@ tted
| i ght conmponents . and al so the detection of sing ected lig

conponent s E&Heldﬁbepﬁeg§ré@éydéﬂa?%ﬁ%ﬁ%oﬁVéhl%ﬁﬁgl%ﬁ%ﬁ%rOP?EaWﬁO@ne
enbodi ment whichnhgobﬂﬂ@ﬁlﬂﬁﬁﬂuﬂdﬂlaihelhnghé” spureeiand thetdekector are

arranged on S|de of a unting, plane in which.the opject can be
nount ed. 52 Gura |%%r%erg?t%b9ﬁgt efﬁ%%i%ﬁ 5?§H§P§@tsfﬁn a0 he

refl ected- IEgh@dh%@homanserlnnan©$MQ¢tenﬁodmuE@y.varlant, | i ght source and
detectorg are arranged on nutual |y opposite sides of the nounting plane,
whi ch makes_it possible to detect defects in the transmtted-1ight nethod.
35 In one pteferrréd coRtfyiredi ofmbadiigattof el aldui cethe device

according to the inventicn has an evaluation unit for
evaluating intensity differences in the detected
components of the incident light.
15
One development of the invention provides for the
detection region of the detector to be spaced apart
from the illumination region and from the exit region
of directly transmitted light components. In this way,
20 the detection of directly transmitted light components
and alsoc the detection of singly reflected light
components can largely be avoided in a convenient

manner.

25 In one embodiment variant 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-light 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



according to the invention, at |east one |line-type |ight source is
provided as |light source and at |least 11 one device with a |linear sensor
is provided as detector. Aline-type canera is preferably used as |inear
sensor. 5 In all enbodi nent variants of the device according to the
invention, the detector preferably has_an objective that operates in the
wavel ength range of the |ight source. In this case, the obj ecti ve and
possi bl e f%%%hergptical canponent s of the detector are 10 advant ageously
desi gned i n“Stich & Way t hat héiob;%%?arre698ﬁo§it&éteé”?ﬁ”ﬁﬁ%ldé?bction
regi on of thetgetector? isineraggte ortamearssensor poéfehebet ecton, or
exanpl e the,li.near sensor thereof. 15 In one preferred configuration
variant, the linear sensor and a possi bl e objective and possible further
optical conponents are oriented in such a way that an object to be

exam ned; fon exanpbenadshéhconawalers ¢an wipe gopptet ghyv dategted while it
i's transporygg throu%h 20 the detection region of the detector. B

. 1 or. by
transporti n§ €t REVEB-EE t §Fe IBKENTRED PHEGE TéRaNpINE St K& 19T Vanaf er
t hrough thettdetectpenategi am ihei svdPeBenpossidieet 0o€r eghie a icpnpl ete
i mge of th l.ect, for  exanple of the silicon wafer. 25 One .devel opnent
of the devi%gggggérdﬁ%g FgléhecaFﬁVengpgn SFoViCed F 0P Y eQQ%ﬁﬁa e |ight
source and fuhéhkinearprsepsbr tempenenicent edf i ntech dewaytdhat aae | i ght

plane spanngdybrbhechang! tudinalcextenshon 30 iy ectioncat the ddne-type
| i ght source and the optical axis thereof and a‘detector plane spanned by
the |ongit&8PRaAl ExtERéEENn18i FBEt PERE6T 1PHe tEbRear ofeidier dedmt e opti cal

axi s thereofsreaspeeid vehyof er mstidad bt thienege @fcidy er sggt iommith t he

ggrgf:gg pIggg,ligggr3ge%ggglggérééggs of intersection being oriented

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 scurce and
the linear sensor to e oriented in such a way that a
light plane spanned by the longitudinal extension

30  direction of the line-type light source and the optical
axls thereof and a detector plane spanned by the
longitudinal extension direction of the linear sensor
and the optical axis thereof 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 1s a linear sensor
and the light source is a line-type light source, the

term optical planes could also be employed instead of



to one another. Since the detector is a linear sensor and the |ight source
is aline-type light source, the termoptical planes could also be

enpl oyed i nstead of 12 optical axes. In this case, the |ight plane would
correspond to the optical plane of the line-type Iight source and the
detector plane would correspond to the optical plane of the |linear sensor.
5 1n one preferred configuration vari aht, the nmounting plane is at |east
partly formed. b transpori device, for exanple by transport belts. The
top sides ofOPStéi%&al t?éﬁ%por%“beﬁqlsstﬁ@r?epr e&z‘ﬁ n l@%% nlf)]tﬁff? ng'Pll&he for

10 the obj eckrriespond gar titeul @st ycpr epeanedoconhieguriale-aypeariiame: of the
devi ce accor.di t e lnv I t ete or _in particular the

| i near sensggfggg g?fen%%% ?%Eéggﬁragﬁggﬁhy&§§gg FEECOPETRAl “8xid'S uns
paral | el to©°Phéchdr makRnet 6Lt hbesdyinaee efnshe-nounting plane. In one

devel opment 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 int'8rsetti HFSdarrse vapRrEHTUT# L8Nt HerdBy tposi®l &ounting sinpl e
manner, to @ébnéh&sekgfmkﬁﬂkVﬁﬁﬁﬁﬂﬁrﬁorﬁgﬁﬁﬁyL@ﬂtQ%n@bb@@ﬂdéﬁﬂﬁﬁsnLtged

| i ght conponents, . a r.sin reflec i.ght conponents, is gvoided. 25
Ingone advaggggggﬁgmgghf %u#ﬁg? O@hrﬁ&hgsof e d&vi t9%Aceér ditid to the

i nvention, &atraheasttome dlsengmn f popdafigeoupreconsistimyg pfahbe florght
source gnd the detector is nounted in novable fashion. In particular, this
30 elenent is nounted in rotatable and/or pivotable fashion. This enabl es
conveni ent adaptation of the orientation of |light source and detector with

respect toranenangiheficdikone erbodi peat Mark gntaefot heark BYENtiON, in
this way thg strai ght |ines of . ,
he device according to 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 light 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
te 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.



35 intersection of the detector plane and/or light plane wth the nounting
pl ane can be oriented parallel to one another in a convenient manner. 13
The invention will be explained in greater detail below wth reference to
figures. Insofar as is expedient, in the figures elenments that act
identically are provided wth identic é reference synbols. In the figures:
5 Figure 1 shows an imge of a rrulticril talline silicon wafer with a break

in schematig,ill.ustration, ..said i mge being recorded by a nethad in
accor dance \C;i\llhte h*the n%r‘lio(l)jr A ts'L 51 Q&e‘%@cﬁeﬁgqnlﬁ rc?@fqeecrt s&letﬁ%rbeejf“% hows an
i mage of theishl irede wafer foofmgE gur eldsofeschemati e@xgddistrtat iion, said

| mage bei ng checqlided dy dfiendrthodh 2cCoLdi aCD ey f e L aventdalahi | st
partly avoiding the detection of direct transmtted Iight  conponents
and partly é[\}é%dilﬁ@nicﬁé&életfééﬁf@ﬁceoﬁY@bﬁéﬁy feftleet 8lodight conmponents. 20
Fi gure 33 shows a schematic illustration of an inmage of the silicon wafer
fromFigure_l, saig irrgge bei n recorﬁed by the nmethod according to the

i nventi on WArFEE ScompPEPEPy FAvot Wiy The® GEH-&CIdR t6f LdiFectt it
conponents and 25 conphétel ywiavoiading at<he ndetdedri=an cofi 1Sy nat ref,l ect ed

| i ght components. Fig 4 ¢ sic illustration of an .exenplary
enbodi nent of the net E%gdacgg‘?ﬁ?ng} %“3{ hé:ecgﬁdier?ve%% on. rﬁ%ﬂﬁ'% 5'5hows a
first exenplary enbodireatdefica widvi cehaceoidirngitio fhe ideienttiion in
schematig illustratiogerds+Eigure 6 shows an enlarged illustration of a

det ai |

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 aveiding the
detection of directly transmitted light
components and partly avoiding the detection
of singly reflected light components.

20 Figure 3 shows a schematic illustration 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 light 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 ¢ shows an enlarged illustration of a detail

from Figure 5.



fromFigure 5. 14 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 enlarged illustration of a detail of Figure '7. Figure 9 shows an
enlarged illustration of the same partial region as in Figure 8, but with
10 schematic representation of singlﬁeéfflected | i ght conmponents. Figure 4
illustrates a first exenplary enbodi t of the nethod according to the

i nvention i@iscgengticho%S illuiigakgon“.This net hod ipvolves |ocally

i 11 uminating™?0°8 ful t1O&Fysfal 159 Ssi | ook boty* W t h°T nf Par E§°ght .
Afterward, |ight is dekespedri?einpodidetectifon degiion aspacedngpaoct from an
illum nation region, {Qemggggn£p§n_silicon body is locally illum nated, and
froman exit 20 region of directly transmtted |ight conponents of the
infrared light incident for the purpose of locally illumnating the

si i con podyighhet i SsMBYsi hni en1Regskble1largekyohoopr gvenrt st hedet ection
of directly transmtted |ight conponents of the incident infrared 25 |ight
or singly reflected | fg#t 8ohponents of said infrared light. As has been
expl ai ned above, defects, in particular breaks or inclusions, |eave

characteri sti ¢, .l.nt gnsj i ffer i.n the detected conpanents _aof the
i nci dent Iié%??kgngth%ﬁ%%gi§”bfgaéggﬁego {ﬁﬁyseﬁé§:9§‘c82 S%K?dgﬁpﬁfied.
Said intensity diffepenceslarecdher efaore evalUatwed: arfd t betdefvéeths are

identifiged 14 on the Q@%ﬁaﬁ){ctQ@glre'éba%%iénsfwe/vssén&'wr%e%g%mebary
enbodi mrent of a device 35 according to the invention. This device has a

light source, which +359&hbeeneerasts |ine-type light source 40 in the
present case. By neans of said |ight source 40, light is incident on a

nU|ticrySta%£%Q§esulif?fustrates a first exemplary embodiment of
the method according to the invention in schematic

15 illustration. This method involves locally illuminating
10 a multicrystalline silicon body 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

20 reglon of directly transmitted light components of the
infrared light incident for the purpose of locally
iliuminating the silicon body. In this way it is
possible largely to prevent the detection of directly
transmitted light components of the incident infrared

25  light or singly reflected 1light compenents 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

30  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
35 according te the invention. This device has a light
source, which 1is embodied as a line-type light source
40 in the present case. By means of said light source

40, light 1is incident on a multicrystalline silicon



15 wafer 20 that has been sawn froma silicon block and overetched
acidically. This is illustrated by the optical axis 41 of the line-type

| i ght source 40, which, as expl ai ned above, can also be regarded as an 5
optical plane. The nulticrystalline silicon wafer 20 is nounted on the top
sides of transport belts 45a, 45b, gh thus forma nounting plane 46. A
detector is arranged on an opposite s} e of the nounting plane 46

relative to L i ht Source 40,. sai et ect in nbodi ed
as a |ine- typg%gaﬁgfa%ﬁgg Pt egBhY §5§@1<%635gh0%% g#?&% on the
basi s of thevegptictal am@ddicadﬂysal d'hdet ectsor ,1 Mhisghr aapti cazly axitez could
in turn al S%pfegcaﬁigaé%g ag; an, eptd %a' 1%%”%%%2?} éh@eé egg a 42 1s

oriented downward toward the 15 sur ace o on ma
reci procal “&if&ngerfentxdtalpeeé- ehpect i gar §ﬂ&%beb@0f9@@f@¢ﬁeaﬁyﬁ§1 caner a

42 with gespeet ch phenmuntidg.plane 46 J1akes éltll%%Slwlalf%zt ogJ dentify
defects in the Eggnsnltt ed- light, nethod. 20 The |in pe canera 42 is

connect ed t 84 EFalUht Ton CGRI £14%S WH]C%I%%%%%r?th%E§|6P§ t &%¥entify

def ects by we\iahuatmlmg |m:transatyn<;dnftfne~r<ﬁnpe3nen tel ect edeco8pOnentss of the
lIIustratlo of the

i nci dent Fi_gur n | ar arti al
devi ce fron1 |gu§§d5(gh i O? ?§§a§y sgnul ané@ﬁs??uan?%spggpgs a net hod
accor di ng téeﬂﬁélwﬁveMQ(NiWﬂn(ﬁﬁﬂ@E#Wm% céﬁghéd outrby ndans cfaitche device

from 30 i guE@estoASHERR b%m@b@%@@”%@ ,n 1 Rigur ﬁ@1cah@@% 20 nqh1ent from
line-type light source 40 al ong the optlcal axis 41 nplnges on t

nultlcrystaPFFﬁ@“tsﬂﬁﬁﬁonz%bf%?nzéelﬁléﬁeﬁpﬁ@mQQniﬁﬁl?@@%%nogltHQ1trus
case, the |ﬁpLdeal ld:ght 80 icx aglyant ageeusby,f agused 3p-oBLO the s
|Ilun1nat|on rfgl %%r%ya%googgl%%ba% @% as an optical plane, the
line-type camera 42 1s oriented downward toward the
15 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.

20
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.

25

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
3¢ Figure 5. As can be discerned in Figure 6, light 350
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
35 onto the illumination region 51 by an optical unit

provided in the line-type light source 490.



provided in the line-type light source 40. 16 The incident light 50 is
partly reflected at the surface of the nulticrystalline silicon wafer 20
inthe illumnation region 51. These singly reflected Iight conponents
are disregarded in Figure 6, for the sake of 5 clarity. The remaining |ight
conponents perneate the nulticrystalline silicon wafer 20 and energe from
the silicon wafer 20 in part at the ub%er interface of the silicon wafer

20 with respect to the surroundings. .These constitute the directly
transrritted%ieghtmfé 88§po§1éﬂgg 280 A-PosRi bt e parat SO £ bt 69 he i ght
emer gence omuacecent foftheefwacticony sok liiheel isghticat theeri Moerifraces: is

di sregar ded ;ijn,gl; ha@ﬁf@herg Qur es,y fof%%%gecsi_% R.ofBetLer .Gl anldy 15 The

remai ni ng, non-direct trahsmtted |1 . ents"arée reéeflected at the
i nterface WCPRPPESPEEt @reoditREegaIrA6dndNngduThede dicmgltyrer efalkectodd | i ght

conponent s energeyfr omd hessizhingan Waf @k 20-dfp R At pe Hhes tpdensi de
t her eof and, ﬁonseguenilx, can no |l onger 20 _pass into ?he detector 42. The
remai ni ng | "GHETCESHPBNENTE &rle M et e a“Seddid #PHEdandrPRudhe

constitute milticphywaebkectedd ightt conponentspethiisterk€kbectironrpr ocess at
the interfa : es ace [ ti-ply. On accpunt, . of the obligue incidence
BT aeRt TR STy i e tarPacin B8 Uingat va ot

of the 25 inci I thi's resu n pr - mul tiply
refl ected | iFgatet oweprbtheuteft tihe t héirikbkdst r at fomsiitfgur 6 ightsuch t hat

said | ight I Yy spasses. A i i i t et ector
and caﬁgge gg#gggggg%hg?é gfﬁg%ﬂiﬁ%gaﬂﬁéﬁ%%%ﬁy %gg%ﬁg §%|?%8nq%§ gr 20.
Thi s descri pEF6ASBFet RB FicRU ot sese i@ ij i ¢ eblhandichh ehi $bgay

sufficient ahtbeshckor iQhj @césehaviag ieOMEr abirvelne sepghhesur fages. In
t he case of _the ngée ngO tIess rough surfaces present in reality on the
obj ects to ba%eXdhfndd, %é CbnttaEtYthere is more or

15 The remaining, non-directly transmitted light
components are relflected at the interface with respect
to the surrcundings. These singly reflected light
cemponents emerge from the silicon wafer 20 in part at
the underside thereof and, consequently, can no longer

20 pass into the detector 42. The remaining light
components are reflected a seceond time and thus
constitute multiply reflected light components. This
reflecticon 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 sald 1light
ultimately passes into a detection region 47 of the
detector and can he 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 in 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



|l ess arbitrary scattering at the interfaces of the object with respect to
the surroundings. Precisely this 17 arbitrary scattering nmakes the nethod
according to the invention efficient. This is because, by way of exanple,
the incident light 50 can be radiated in genuinely parallel to the optical
axis 43 of the line 5 type canera and L% i s neverthel ess possible to detect
| i ght conponents in the detection regi 47. This can be attributed to the

fact that, t _of . ove-descri bed arbitrary scattering at the
surface of g?ﬁgggggpcgﬁaﬁa %ﬁ@giﬂ%%%ﬁnt%ﬁs%e%¢%paagfgéd%ﬁgt & 1 pl ane of
t he siliconlwafetiocnnt &f faldignwhi dhivwoulis obtherwsse nby beatthe cdase with

the assunedcganpiBel yenparahdekehncidence af thgningidentydghf 50 with
ideal |y smooth surfaces of the silicon wafer. Nevert hel ess, however, in
the method HEEBrORAY P6 EHE 15 Gchvidit | Ot t%o, ahen4ehefe the dificgh degree
of scatd er kpgeofcatke d neddent liisghte bO-ate it sps§ace of «ot herebjrect, the
silicon mafir %g in the p&gsent ggse, as_ a result, Ofn$ Iiﬁge i nci dence of
the inci dent*PlRghtCMPCNE b s B r 5Bl FSFCGBPIqUE G AU hat FBASSGEH as is 20
i | lustratedbin Fgurleutednda ntRiegufecd, tiee, proopagatoantofcd i ghie
conponents | e,4SkL1¢ fer.,. .i.e. I tally I he left in the
iIIustrati0%20%?né%%%h%ggdg@gﬁﬁtgérysEhn%ﬁﬁ?ﬁgglE%% ﬁﬁ%aﬁg %9§Fe(¥%flection
bri ngs abouf"fi ghtlitGpagaticon 20t hl Fohthe adxam nedrabjpbes, Wit Kine t he

siliconowafgrag® d< the psesentnexemphary;.anbodizrent, ywhich has,good
isotropy. In_addition |ight propagation with good honogeneity arises
paral | el to°FRABEVHFENTTAL i BR ﬁgﬁidﬁﬂ%% 51 CRuinishg? FPRBEF | WeoW LdEdount  of

the use of palbbbeelitypechightesourcet4@. Shnceehhe liight propagat:@es within
silicon,,. has long free path

fgﬁgfﬁg?czhggg?§£?;f“§q%%%%ﬁrgﬂ8%EﬁFﬁgsﬁﬁ Iic_§%ta1ﬁ%%ﬁ§%ﬁli @%ﬁeﬁhfer 20
di sappears ¥aveheneless, however, in the method according to the
15 invention, too, when there is a high degree of
scattering of the incident light 50 at the surface of
the object, the silicon wafer 20 in the present case,
as a result of oblique incidence of the incident light,
L.e. as a result of oblique illumination such as 1is
20  illustrated in Figure 6 and in Figure G5, the
propagation of light components in the silicon wafer,
i.e. horizontally toward the left in the illustrations

in Figures 5 and 6, is amplified.

25 The multiple reflection brings about light propagation
within the examined object, within the silicon wafer 20
in the present exemplary embodiment, which has good
isotropy. In addition 1light propagation with good
homegeneity arises parallel 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 is



35 image generated by the line-type canera 42 to an extent that is all the
greater, the further the distance between the detection region 47 and the
illumnation line 49. The image detected by the |ine-type canera is 18
then determned to an ever greater extent by the surface roughness of the
object, the silicon wafer 20 in the pi sent case. In the exenplary

enbodi nent in Figures 5 and 6, the silFfcon wafer 20 has been sawn 5 from a

silicon blo has great surface roughpess additiqnal ly
|ntenS|f|es%hhe eFFect ed %Plp?e r%??@ct?Eg Q?F|.%é€e By gﬁ@ ﬁgF%od
accordi ng t sunfhes mWyﬁhQﬂ381©flthEheﬁe€aﬁe i nicd usiidnsoor wbhifeaks2d n t he
exam ned oQjrectpel BANQ S I Egon wafer, 20 in the rf%%od%ﬁ&ﬁ?e%y

enmbodi nent, then thi's results In characterlstlc I ntensi t rences in
the detect ed 1IUrgHt tofRpeneht sthen stifié Wasi o 62 - wiilchhahebeedefseots 15 can

be identifiedow th thalai-dnof mmﬁe @E@Qﬁef’tfﬂdw A YOrdAdyE i) Adee

eval uation un|t 44. As shown r in the exenpl ary enbodi nent

i || ust rat ed” tHE"§8Cectl %ﬁl %‘Fﬁfy th%t‘ia?ﬁéf%?ﬁethéo e’é&ﬁ@l’;a A2 is
spaced aparmuﬂm@@ﬂeheemﬂbumnnatu@mlueguobySLHmuhéﬁﬁﬂﬁfadﬂnﬂdﬂhgwﬂd region
49 of directly lgggg§nbkted | i ght conmponents 48. This nakes it possible,

in a sinple manner, argely to avoid the detection of directly transmtted
conponent s 48 of the 25 inci dent | ight 50 and the detection of singly

reflectegd genpenepts ofcthgdingi:dent bight BQs sl ik hegexennl any enbodi ment
in Figure 5, the | ongi t udi nal extension directions of the 1ine- type 30

light sourc&46%ind ¢ tﬁ@Q||ﬁ§%%ﬁﬂ¥(ﬁﬂﬁﬁ%ﬁ4229unlﬁerb@ﬁdléGﬁ@ﬂQFtc)the

pl ane of thexdm@wemg Tr@nmmﬁmdl nalth@ntensmmsdlregéwxwf the,
l'ine-type Ii, §ou&cgl40 and_t he Opﬁd%iﬁ axi s 41 thereof thus span a

[ Ght o ane U ERT T EE Co T Perpe e IS oitne e doleeedd

llghL components, on the basis of which these defects
15 can be identified with the aid of image processing

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 1s 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 42 run
perpendicularly 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 socurce 40. Hereinafter,

therefore, the reference symbol 41 also serves as a



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 |ight
source 40. Hereinafter, therefore, the reference synbol 41 al so serves as
a 19 reference for the light plane. Accordingly, the |ongitudinal
extension direction of the |ine-type fgnera 42 and the optical axis 43
thereof span a detector plane, which kew se runs perpendicularly to 5

t he pl ane of the draw and, t he pasition_of whic wi thin.the plane of the
drawing i s Feprésented f?théﬁeopﬂfégﬁzax?gaﬁ%'ofRFﬁ8rP?ﬁ%}¥ypeq' ra.

Her ei naf t er Longhénédfiore, tehaarefimmencel syathioln 430fs sheul tlameousipe used as
a referencefor gai d,detggt arp pl ad%@:ic]aq T@&ig' ght plane, 4d ]?sg%é he, det ector

pl ane 43 intersect the nountin | ane 46 and in this case strai ght
lines of inf8F&eEPFomisncand’viech r espect svekynsTheseendtcailght vl itves of

intersectionhd5 @nehd6 ofunt 46 perpendj cuharl yhd o gohe rphanes of thedr awi ng
and are orien%ed P raILFI to ?ne ang}her. In the exqular enbodi nent in
Figure 5, tHé&" ?HeF?VbéQ F1ghe T sdifc & Y nounf 8B ERCATHovREl ¢ Fashi on.
It is 20 nophtedlsuch st hat bff itha oi atabt epabautiean . aXies dimarmitrg,

per pendi cul he ne _of .t dr aw and, in _addition, pivotable
about an ax?égﬁﬁggg%édtﬁkgt%g ngﬁge ogy@éé?ngghﬁﬁa. LS }yihe
strai ght |iAésdofs anrefseenteniss, ssbdcdntpetoriehted. parallel to one 25
anot heryd n a convenient manner. In addition, the distance between the
parall el straight lines of intersection 55 56 can be varied in a sinple
manner. Fof'Ehitd 9pir pdsée i4! i a tef et ydpbeeksar pLlaper ddati@ et ne- t ype
| i ght sour cehabeiturt-hecaxd BafieinBicng: 30 per pendi calay | yota theaplyane of the

drawi ng. By.varyin t he di stance Qﬁ%mee gﬂg paralle|l straig | i nes of
intersectio%l§%¥ é%fiﬁnggrﬁEEEFBPe, n“8%c enF%ﬁ?QCtlve{y‘ Theldd
straight lines of intersection 55 and 56 run
15  perpendicularly to the plane of the drawing and are

criented 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 is rotatable about an axis running
perpendicularly to the plane of the drawing and, in
addition, pivotable about an axis situated in the plane
cf the drawing. In this way, the straight lines of
intersection 55, 56 can be oriented parallel to one
25 another in @& 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 1is merely necessary to rotate the
line-type light source about the axis running
30  perpendicularly to the plane of the drawing. By varying
the distance between the parallel straight lines of
intersection 55, 56 1t 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



manner, to set the extent to which the detection of directly transmtted

| i ght conponents and the detection 35 of singly reflected Iight conponents
are avoided. Figure 7 shows a further exenplary enbodi nent of a device
according to the invention and simultaneously 20 illustrates an exenplary
enbodi nrent of the nmethod according to bhe i nvention. The device in
accordance wth Flgure 7 differs fron? he devi ce known from Figure

nmerely int I he di_f f er ent rrangement of the 5 1i type .li

sour ces 60 gn uf% r§§pecP|V§ﬁemé;%§Y t 1 Pgéﬂhﬁﬁnt<€bns35h ﬁ@ Cgr t he
course of amcoptiddaly faxi $h6l Jafvertrﬁewrltnel“hypeiewagm souraes@fiorcea Ilght
plane 61 of ,tihe Ipiingrlype Jsidght 8% 49, 2% qan.he @alher gg%on o

Figure 7, the light source 60 an the etector 42 are arrange
side of the Murtithgipl ARETE6C0ITHE G | fL5feaeel enbodbpBARt @érutdm of a

devi ce agcondinRgti@et h&qwe@bu@aees 64 henaf ore suibkablkeifenycargid ng out
refl ect ed- |I§ht 15 ge ds. This is advantag ous partlcularl when a side
of the sili &8 &P §5t|§OBF8@U8§&QﬁtWW:t'ﬁaﬁQﬂqu ‘€%l the

i ght used, afkdas eXanpke tanenet ahe-tayer .1iThe I@mmememmhldoﬁhenthﬂe.to be

arranged onﬁégggt6§|ge Qhe F§P§Lék%8nl¥§£?r559f§Q gg faces the 20 transport

belts 4b5a, i'n the exe odi rgure 7. The |ongitudina
extension direction of the line-type |ight source 60 once again extends

per pendigul gkl -0 254 Fge PL@ne -8 g dLaw ng.in Eth{teS?)ur\e‘et Rt he
result that the |ight plane spanned by the |ongitudinal =~ extension

di rection OPHQhéjF?n%e?%Ekpqléht5%6%r%%¥%%90%n8ntHé“bp%?%%lSéﬁ?scﬁl t her eof
firstly runsheperpendieyl aplmnteo the pliare qflltmxdnﬁw ngen&iwﬁ@rﬁcecondl y

it it thi f the d ted by the optical
i 61 THRGPBHE, the Lr oIS Gice "Cytbol 81 P8 sHabl ¢ ANBO0SIS usdd a5 a -

therefore suitable for carrying out reflected-light
15 methods. This 1s 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 1light plane spanned by the longitudinal
extension direction of the line-type 1light source 60
and the optical axis 61 thereof firstly  runs
perpendicularly to the plane of the drawing and
30  secondly its poesition within the plane of the drawing
is represented by the optical axis 61. Therefore, the
reference symbol 61 1is simultaneocusly used as a

reference for this light plane.

35 Figure 8 shows an enlarged partial illustration 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



reference for this light plane. 35 Figure 8 shows an enl arged parti al
illustration of Figure 7. As can be gathered therefrom in the exenplary
enbodi ment in Figure 7, too, the detection region 47 of the line-type
canera 42 is arranged in a 21 manner spaced apart fromthe illum nation
region 51 and also fromthe exit region 49 of directly transmtted |ight
conponents 48. As al ready expl ai ned, iAlthis way it is possible, in a

i mpl I ly t iid 5 the detecti f. di tly t jtted
i ght _compoRBREST ARGFISPRERY raribotd | Uit "EoTEonn.CTivd PRt 1t hat
t he di stancelbet weem t heedeteict | oagliegi A &7 dndethéyi |4 wamanatiitenri r egi on
51 and/ th it [ 9 jnf , i.ch
and or 1 DegsK! om, 8o 9 b1 Liences Lbg, degtse L LS IOE

det ection of singl fl'ected , s"1's avol de RN
in Figure 9itTHes | apseilshond nt e Sameleenlearged phrtdalyi Fbustwadtd on as

Figure 8 buhesi@lartitef|ected bight, ¢coapapent s 53agna3h. & ddidional ly
15 represented. On . the basis of the Tatter it becomes <clear that, in the
case of the’di §FafcBIb¥ét weEherhed dépett FelPPRYTIom: and the exit regi on 49

as chosen in the present case, the detection of singly reflected |ight
conponent s a, -23b is_lLargely avojded. If the 20 detection region 47 is
noved cIose?é ofgﬁg Fﬁﬁﬁn%%gtﬂ&?tﬁQﬁﬁ(ﬂ?qg = ,tQQﬁﬁ?Wiﬁééﬁqy singly
refl ected | #ghtangdonponentisl B8narepantloy odet &tt eancamd wilid feuritther
nmovenmenty t opard.thed Il unipation regi Ln refle onent s
53a are al so ge?ectedfjhy 25 é%ntrast?g?ﬁ%er?gkgg¥0?h§%§eg%§%¥§ﬁxo
directly tPansiiiged |ighteds:d s Jigkt nceneosasesofia rafdietakd-9l i ght

configurati gnjuthakcb8 toh saydurd he casg. wWhere e i BeEsl¥pechd ghtzpgour ce 60
and line-ty e canera 42 ar aﬁfanged on the same side. 30 As shown in
Figure 8, t B §F9§?gﬁ@qu? bf+ustration as Figure 8, but singly

reflected light components 53a, 53b are additionally
15 represented. On the basis of the latter it becomes
clear that, in the case of the distance between the
detection region and the exit region 49 as chosen in
the present case, the detection of singly reflected
light components 53a, 53b is largely avoided. If the
20 detection region 47 is moved closer to the illumination
region 51, however, then firstly singly reflected light
components 53b are partly detected, and with further
movement toward the illumination region 51, singly
reflected components 53a  are also detected. By
25 contrast, the risk of the detection of directly
transmitted light 48 1is low in the case of a reflected-
light configuration, that 1s 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 in  Figure 8, the straight 1lines 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 is 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



intersection 55, 56 of the |ight plane 61 and of the detector plane 41
again run parallel to one another in the exenplary enbodinment in Figure 7.
The line-type 35 |light source 60 is once again nounted in novable fashion.
In particular, it is enbodied such that it is rotatable with respect to an
axis running perpendicularly to the plane of the drawing and 22 pivotable
relative to an axis running in the plaﬁé of the drawing, with the result
that line-type light source 60 and |ine-type canera 4 or the light plane
61 and the VOHégl%ﬂ%ﬁlaQﬁfecbﬂ pe 6?Vé%t£QPQ%W%I?9e%§et6”6H55dﬁgther in
a conveni enttimanmerawilng , addittthontheheredizdtanceabet Weea-theestraglght | i nes
of int erS?CtéoQJ}c%&6o5§nﬁaﬁi%—¥§z§'@e."céz{é. C&’iI,Ve?ke%e”Bﬂ tﬁ{)‘%r?egous'y to
t he description 1 n connection w Figure 5. 10 I'n one particularly
preferred efdodimenthyafeapttor phanedévi ceadcdsy dihieroed heelavertion, a
recording urid i ardbddeghts SQUIES vd kLAY th L &F . arh 1 Ngqtyps, capms a 40,
60, is provided on both sides of the nounting plane 46, such that the
devi ce accoFditgtE tHeisiVenticon et BE 15-Bperat et bot FeF Rl ¢the o
refl ected- I isghtcarethodvanted nihhe donarsmiehi-edarirght avet hoghu By way of
exanpl e, th%jmg%pfi urations in Fi%ures 5 a@g éﬁcould thus be realized

y

with the same dévice. P23°7 "8t “8f "Feferdnds 8P§elé'locally illum nating
12 detecting light in a detection region 5 14 identifying defects 20

aci di cal Ty 33 brSal 54 g arh Boundar ee o 6 TTa Ty o TTaht sour g 41
optical axi §9Vilfe: BFe ndiget tSodce/Anvghtt isinaneé recording unit for
a light source, in particular a line-type camera 40,
60, is provided on both sides of the mounting plane 46,
such that the device according to the invention can be
15 operated both in the reflected-light method and in the
transmitted-iight method. By way o¢f example, the
configurations in Figures 5 and 7 could thus be

realized with the same device.



42 line-type canera 43 optical axis line-type caneral/ detector plane 44
eval uation unit 15 45a transport belt 45b transport belt 46 nounting

pl ane 47 detection region 48 directly transmtted |ight conponents 20 49
exit region 50 incident light 51 illum nation region 53a singly reflected

| i ght conmponents 53b singly reflected_Light conponents 25 55 straight |ine
of intersection nmount i ng pl ane-1|i ght %?ane 56 straight |ine of
intersectio ntln glane- detE 2or pl ane 60 |ine-type light source 30 61
opti cal aX| gé FPOht 8élirteflight plane 24 daims: 1. A method for
detecting defects (22) in an object (20) conprising the follow ng steps: 5

- locally 'hbunlﬂghé?gy(%%95ﬂ5ﬁﬁt99 ect (20) by radiating in light (50)

havi ng a wavel engt ect (20) is transparent,
characteri zéd byd61§@té@g|hgngZ}nnﬁlﬂﬁbﬁytﬁ@ﬁlé@@e@nconponents of 10 the

i ncidents |ight (5Qknwhiclsthgalickeast partly avoiding the det ection of
directly transmtted co onents ééh%%Of the incident Light and at | east

partly avoi d’ng WHéLdéfé R oniBE %Pnr@PF%Etéﬁ”%bnﬁBﬁ@nﬁ§J05§§ 53b) of
the incident 15phbght afi80pveandchetdentiofybbyy(14) defects (22) by
eval uati ng anteg%%g¥ differences in the detected
24 grain boundaries
10 40 line-type light source
41 optical axis line~type light source/light plane
47 line-type camera
43 optical axis line~type camera/detector plane
44 evaluation unit
15 45a transport belt
45b  transport belt
4% mounting plane
47 detection region
48 directly transmitted light components
20 49 exit region
50 incident light
51 illumination region
53a singly reflected light components
53b singly reflected light components
25 55 straight line of intersecticn mounting plane-light
plane
56 straight line o¢f intersection mounting plane-
detector plane
60 line-type light socurce
30 61 optical axis line-type light source/light plane



conponents of the incident light (50). 20 2. The nmethod as clained in claim
1, characterized in that defects (22) are detected in i nhonbgeneous
objects (20). 25 3. The nmethod as clained in either of the preceding

clainms, characterized in that defects (22) are detected in silicon bodies
(20), preferably in silicon wafers (20 30 4. The nethod as clained in
claim3, characterized in that defect 4(22) are detected in silicon

bodi es (20)‘2Q£%Q,have been sliced froma starting 35 silicon body by

sawi ng. 5. % e nethod as clained in any of the preceding clains, 25
characterized by detecting the multiply reflected conponents of the

i ncident light (KO ilSte t vaLdi t detectjo f.directly
transnittedgéonpgngﬁﬁgog'(%%§n§%€%ﬁ%¥?ﬁc?%g%?gfié%?)( g%d%ggﬁﬁﬁetely
avoi di ng the det é¢?i oROBPTf hgPythef fettedingonponents (53a, 53b) of the
i nci dents i ght (50)106a1The inethochasi ¢ aimed ithanypet theprecedi ng 10
clains, characterized, in.that fgpﬁ%pe urpose of detecting multiply
reflected conponent 523F*EhR8Yi & de tlﬁ&@ﬂ(@Rﬁln%M?lgﬁvﬁﬁeP%EQtLﬁartly
avoi di ng the det ectiohnciof t15 dbject! y2ay ansm tdeshbLosponents (48) of the

incident |ight ( L]l st,.at least partly avoiding the detection of
singly refIectedgg%%%%g%gg%ég(gga, 53b) of the incident light (50),
- detecting (12) multiply reflected components of

10 the incident light (50) whilst at least partly
avoiding the detection of directly transmitted
components (48) of the incident light and at
least partly avoiding the detection of singly
reflected components (53a, 53b) of the incident

15 light (50}, and

- identifying (14) defects (22) by evaluating
intensity differences in the detected
components of the incident light (50).

20 2. The method as claimed in claim 1,
characterized
in that defects {22) are detected in inhomogeneous
objects (20}.

25 3. The method as claimed in either of the preceding
claims,
characterized
in that defects (22) are detected 1in silicon

bodies (20), preferably in silicon wafers (20).

30
4, The method as claimed in claim 3,
characterized
in that defects (22) are destected in silicon
bodies (20) which have been sliced from a starting
35 silicon body by sawing.

5. The method as claimed in any of the preceding

claims,



light is detected in a detection region (47) that 20 is spaced apart froma
locally irradiated illumnation region (51) of the object (20) and from
an exit region (49) of directly transmtted |ight conponents (48). 25 7.
The nethod as clainmed in any of the preceding «clains, characterized in
that for the purpose of locally iIIuniggting (10), the light is incident
on a part of a side of 30 the object (20) and nultiply refl ected conponents
of the incident Ihg@ C§301 are detected on the sane side of the object
.FZ

t
(20). 8. The met hod 8§ "¢l ai ‘?r%d inany of clains 1 to 7, 35 characterized

in that for the purpodecsfingoddld ymirkradi at krdleClioy, cohgohieghis isf i nci dent
on a part of a fipgt:nshdenef 1t %t0b§ U (12Q)sandilddaly J#£5il gefped 26
conponents of the inépdéntéligﬁ? (SOEﬁgre def%ctegghbn aﬁgecoﬁﬂ gﬁge of the
obj ect (20), sai 8'ecticiside PYi rfg-opposy t EXEREMEFFEE STAROHIGS A devi ce
for carrying out (tbe net hedcasighbagmd inig@any ©h)t hendr eceding clhai ns,
having - a light source (40; i

0

0;, 60) for locally _illumn tlnqﬁ%%gg an obj ect
(20) with Iight 2K8vihG%a wabel efbttR T Shhi cAft heSobjett (FO)9E=4
transparent, - acdepectots(42}afob3detectihg Lnghtlef50)iglem tied. by the
i ght source (40; 60), <characterized in that the detector (42) and the
light source 15 (40; 60) are arranged in such a way that at |east one
part of an Pkl unfhat ientiredi o (5iplingdwhich anttheodbj elet (RE®cashmbe
local I yyd Il umi natedify, neans of the light source (40; 60) and also at
characterized
in that for the purpose of detecting multiply
reflected components of the incident Llight (50)
whilst at least partly avoiding the detection of
15 directly transmitted components (48) of the
incident light ({50} and whilst at least partly
avoiding the detection of singly reflected
cemponents (53a, 53b) of the incident light (50),
light is detected in a detection region (47) that
20 is spaced  apart from a locally irradiated
illumination region (51) of the obiect {20) and
from an exit region (49) of directly transmitied

light components (48).

25 7. The method as c¢laimed in any of the preceding
claims,
characterized
in that for the purpose of locally illuminating
(10), the light is incident on a part of a side of
30 the object (20) and multiply reflected components
of the incident iight (50) are detected on the

same side of the object (20;}.

8. The method as claimed in any of claims 1 to 7,
35 characterized
in that for the purpose of locally irradiating
{10), the light is incident on a part of a first
side of the object (20} and multiply reflected



| east one part of an exit region (49) of directly 20 transmtted |ight
conponents (48) lie outside a detection region (47) of the detector. (42).
10. The device as claimed in claim9, characterized 25 in that the
detection region (47) of the detector (42) is spaced apart fromthe
illumnation region (51) and fron1the xit region (49) of directly

transmtted |ight conponents (48) 0 42. The device as clainmed in either
of clainms 9 and %p c%eractegl ! Cé t th &ﬂ} sourc 47' 0) and
the detector (427 &% Atrarde onlfhé‘ dnéﬁﬁ?u opposi te

sides of a nnuntmmgeplaﬂeoﬁd6ﬁldn wm(ﬁhethejebtedQOQZOﬁamﬂ1$mcmpnnteq.
12. The devi ce 3%1%‘ 1@eq8|%p?%%lgg %kglgﬁﬁgttgéé% characterized in

that at | east one I|n t source is provided as |ight
source (40; 60) and at |east one device with a linear sensor is provided

5 as detgctor, (43) -dolﬁee-rrf%rd%\éi&%/ aﬁ; ¢l med ikl Md 2 . chal agl eri zed
in that the |ine- tgpe | i ght source 60) and 10 the |inear sensor (42)

are oriented in S PEREECAPi §ﬂ?lﬁﬁan5a¥ﬁﬂg 61) spanned by the
| ongi t udi nal extensizon duKeﬁtlomdmid@he | (ae- t y ) IlgmﬁrsouI@éaIﬂ@ 60)

and the opti cal aX|§l@ %lna§1% thgi§? and detectgr pl%hg% gﬁfpanned by
on'

15 the | ongitudi nal extension dir ‘of ¥ and the
optical axis (43) theveot are@a@dﬁﬁ@éhytbomhuﬂﬂwmuﬁnOHJQQE of0)i ntser secti on
(55, 56)gwith the mpynti.pg pl,ane (46), said straight lines of intersection

bei ng oriented ,
- a detector (42) for detecting light (50)

emitted by the light source (40; 690),

characterized

in that the detector (42) and the light source
15 (40; 60) are arranged in such a way that at least

one part of an illumination region (51) in which

the ocbject (20) can be locally illuminated by

means of the light source (40; 60) and also at

least one part of an exit region (49) of directly
20 transmitted light components (48) lie outside a

detection regilon (47) of the detector (42).

1C. The device as claimed in claim 9,
characterized
25 in that the detection region (47) of the detector

(42} 1s spaced apart from the illumination region
(31) and from the exit region (49) of directly

transmitted light compcnents (48).

30 11. The device as claimed in either of claims 9 and
10,
characterized
in that the light source (47; 60) and the detector
(42) are arranged on the same side or on mutually
35 opposite sides of a mounting plane {(46) in which

the object (20} can be mounted.

12, The device as claimed in any of claims 9 to 11,



20 parallel to one another. 14. The device as clainmed in claim13,
characterized in that a distance between the parallel straight 25 |ines of
i ntersection (55, 56) can be varied. 15. The device as clained in any of
claims 9 to 14, characterized in that at |east one elenment fromthe group
30 consisting of the |ight source (40; 60) and the detector (42) is
nount ed i n novabl e fashi on.

characterized

in that at least one line-type light source (40;

6C) 1s provided as light source {40; 60) and at

least one device with a linear sensor is provided
5 as detector (42).

13. The device as claimed in claim 12,
characterized
in that the line-type light source (40; 60) and
10 the linear sensor (42) are oriented in such a way
that a light plane (41; 61) spanned by the
longitudinal extension direction of the line-type
light socurce (40; 60) and the optical axis (41;
61) thereof and a detector plane (43) spanned by
15 the longitudinal extension direction of the linear
sensor {42) and the optical axis (43) thereof
respectively form straight lines of intersection
{55, 56} with the mounting plane (46), said
straight 1lines of intersection being oriented

20 parallel to one another.

14. The device as claimed in claim 13,
characterized
in that a distance between the parallel straight

25 lines of intersection (55, 56) can be varied.

15. The device as claimed in any of claims 9 to 14,
characterirzed
in that at least one element from the group
30 consisting of the light source (40; 60) and the

detector (42} is mounted in movable fashion.



