- 1 - Method and apparatus for examining a semiconductor wafer The invention relates to a method
and an apparatus for 5 examining a semiconductor wafer, wherein the edge of the semiconductor
wafer is examined by means of an imaging method and the positions of defects on the edge are
determined in this way. 10 The quality requirements made of the edge of the semiconductor wafers,
for example monocrystalline silicon wafers, are everincreasing particularly in the case of large
diameters (?_ 300 mm). The edge is intended, in particular, to be as free as possible from 15
contamination #iad bther defects apnddodiave a Dwcroughaess iMgreaver deisiintended tto be resistant
toward increasgd mechanical stresses during transport and in process steps in the context of the
production of microelectronic components (e.g. coating and thermal 20 steps). The untreated edge of
a silicon wafer sliced from a single crystal has a comparatively rough and non-uniform surface. It often
experiences spallingunder mevharicakloadingand isasouttesofdisturbingopartities. Tharefore, it is

customarysto regringither2b egdgesigrgrdshthereby-toglimingte spalling and:-gamage e thescrystal and
to provide it Wit@ a specific g(rz%fiée %esides ometrical %gggerties degects %t a&hm% W%fgr 3{9 edge play

an important par “Thé %Iaée 15 reup%a?é:dlyv{ou&ed both urlrr?gl ?ﬁed proa/uctri%n process and during

transport. By wa§ad examiphe; ieelwaist defefesopie irte Eostactifitls e cassettBs used for storage
or for transportabaring the-protuction precessythe. silicon 35 wafers are moreover often removed from
the cassette by means of edge grippers, supplied to a processing or measuring apparatus and, after

the processing or measurement, transported back to the same or a i
10 "The guality reguirements made of the edge o¢f the

semiconductor wafers, for example monocrystalline
gilicon wafers, are ever increasing particularly in the
case of large diameters (=2 300 mm). The edge 1is
intended, 1n particular, to be as free as possible from
15 contamination and other defects and to have a low
roughness. . Moreover, it 1s intended to bke resistant
toward increased mechanical stresses during transport
and in process steps in the context of the production
0of micreelectronic components {e.¢. ceating and thermal
20 steps). The untreated edge o<f a silicon wafer sliced
from a single crystal has a comparatively rough and
non-uniform surface. It often experiences spalling
under mechanical loading and is a source of disturbing
particles. Therefore, it 1is customary to regrind the
25 edge in orxder thereby to eliminate spalling and damage
in the c¢rystal and to provide it with a specific

profile.

Besides geometrical properties, defects at the wafer
30  edge play an important part. The edge 1is repeatedly
touched both during the production process and during
transport. By way of example, the wafer edges come into
contact with the cassettes used for storage or Ifor
transport. During the producticn process, the silicon
35 wafers are moreover often removed from The cassettfe by
means of edge grippers, supplied to a processing or
measuring apparatus and, after the processing or

measurement, transported back to the Same ©Or a



- 2 - different cassette by means of edge grippers again. Therefore, defects and impressions on the
edge cannot be completely avoided. Some of these defects, such as, for example, cracks and spalling,
can have the effect, for example, that the affected silicon wafers break in the course of further
processing, particularly if additional stresses occur such as in the case of thermal processes or
coatings in combination with mechanical treatments, Which leads to considerable 10 problems in the
production line. An examination of the wafer edge at the latest prior to delivery to the customer is
absolutely necessery farthis reasendalso sge Handbook.ef Semuconductersiticonsdechnology, ed.

W. C. O'Mara, fri.B. H§rr%fn ,.Lgéyuné,s\/_vigyli,?\én ,:AL\I% rgg\{s%glliqsgﬂngmoyﬁé, 1693&3 Tg%%éqnination
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problems in the production line.

An examination of the wafer edge at the latest pricr to
delivery to the customer 1is absoclutely necessary Ifor
this reason (alsc see Handbook of Semiconductor Silicoeon
Technology, ed. W. C. O'Mara, R.B. Herring, L.P. Hunt,
William Andrew Publishing/Noyes, 1980) . This
examination serves, inter alia, for identifying and
sorting out silicon wafers that are at risk of breaking
on account of edge defects. At the present time, the
edge monitoring is effected with the aid of wvisual or
automatic inspection. Automatic inspection involves the
use of imaging methods using cameras for the detection
of the defects. The classification of the defects and
the discrimination intce noncritical and critical
défects is effected by means of visual or automatic
image analysis. Such a method for edge inspection is
described in DE10352934AR1, for example.

The previously known methceds of edge inspection do not
always vield sufficient information about the nature of
the defects detected. In particular, often it 1is not
possible to identify whether a critical defect which
can lead to the breaking of the semiconductor wafer is
involved. This means that the scrting of the silicon
wafers igs  beset by a considerable uncertainty.
Noncritical material can be incorrectly rejected and

critical material can be dellivered. The former factor

ﬁvered. The



- 3 - decreases the yield unnecessarily, and the latter factor leads to problems for the customer.
Therefore, the invention was based on the object of 5 increasing the meaningfulness of the edge
inspection and, in particular, of enabling an unambiguous classification of the detected edge defects
with regard to an increased risk of breaking. 10 The object is achieved by means of a method for
examining a semiconductor wafer, wherein the edge &f the semiconductor wafer is examined by
means of an imaging method and the positions and forms of defects on the edge are determined in

this way, wherejacinlh:addition,-a ring-shaped;ragion en dhe flgt area of the-semiconducter wafer, the
outer margin of which regiondis not more d'istant tlrnan 10nmm from the edge, is examined by means of

. ACtOr Yeads ?o 8¥Ob emF Or_ The cusLomer. S .
photoelas ic stress méasurenment and the positions of stressed regions in said ring- 20 shaped region
are determined in this way, wherein the positions of the defects and the positions of the stressed

regions are compasegkwith one-anothetyand thendefects are stassified in slassgsancthe basis of their
form and the resylts of gl%%ho{%eéasﬁ%gggﬁ%%% mgasurement, ;T he i@&%tioq}gsg%%cgipgg in greater

detail below with reference to figures: 30 Figure 1 schematically shows a’measuring arrangement that

can be used fof B8rmyingt8ut thPmetiidtddcordirifto i ventich. Figlires 376 ShoW &Rdmples of
defects which couid nothe 35iclassifieduimaniigeousty as dotical ©f aoneriticat edge defstts by

means of the edge inspgction method jn; accardgnee with the prior art. Together with the likewise
illustrated results of the photoelastic stress -4 measurement,thedefectscanbeclassified
10 The object 1s achieved by means of a method for
examining a semiconductor wafer, wherein the edge of
the semiconductor wafer 1s examined by means of an
imaging method and the pesitions and forms of defects
on the edge are determined in this way, wherein, in
15 addition, a ring-shaped region on the flat area of the
semiconductor wafer, the outer margin of which region
is not more distant than 10 mm from the edge, 1is
examined by means of photoelastic stress measurement
and the positions of sgtressed regions in said ring-
20 shaped region are determined in this way, wherein tThe
positions of the defects and the positions of the
stressed regions are compared with one another, and the
defects are classified in classes on the basis of their
form and the results o¢f the photoelastic stress

25 measurement.

The invention 1s described in greater detail bkelow with

reference to figures:

30 Figure 1 schematically shows a measuring arrangement
that can be used for carrying out the method according

to the invention.

Figures 2-9 show examples of defects which could not be
35 classified unambiguously as critical or noncritical
edge defects by means of the edge inspection method in
accordance with the prior art. Together with the

likewise i1lliustrated results of the photoelastic stress



unambiguously according to the invention. In contrast to the known methods for the detection and 5
classification of edge defects, the method according to the invention does not just use an imaging
method, but rather combines the latter with data from a photoelastic stress measurement, i.e. with
information about stressed regions in the material, in order to 10 unambiguously identify edge defects
that are critical in respect of breaking. The imaging methods used can be optical imaging methods
(using one or more cameras), electron-optical methods 15 or atomic force microscopy (AFM). Optical

imaging methogls £xaming: the, wafer:agdge by means:of brighifield or dark field opties of the
combination of both. Typically, the Wafergurfac%is amined or1C20 the front and rear sides in a region
b uou% a @) encion

from the outermoSt Margin o tjh% Water 1 éﬁgroxma e?y 5 3“(rlr‘{mr}nward", such that a sufficiently large
overlap with the much more sensitive methods of front and rear side inspection arises in the edge
region. The illuminatientafdbe 25 waferedgednbrigbt-field or dak field: carfigeratiomtypically takes

place by reans pl LED: laser or,other iliynationsouces ahone, fequeney.aryith aroad frequency

spectrum. At least one camera records images of the wafer margin including the edge region. A 30

plurality of camiei&s aresreterably Ue8a, Whith Fetrd B wafer Mirgin hd Rt dge ronk different
perspectives. Thetimages sem asasbasister defeetidentificaticrh: 35 The latter tanrbe eHected

visually. Preferghly. haweuer; thedmagenioemationsis-supplied for aytomatic glassification by means
of image processing software which can perform a classification into -

5-,
differentconfigutaBIedefSctEREEES. SUdGHAN Alitontatic clissifitation i€ described A ??%105’@2936A1, for
examplelA sensiivily ahappsaximatetns 109 2m dSE, derficd by PSE tpohstyrepgllatesédpheres) on
the 5 wafer edge, is-Begrssary, in piges tQ kg able to resolve structures of critical defects. This method
is used, in the same way as the

The imaging methods used can be optical imaging methods
(using one or more cameras), electron-optical methods

15 or atomic force microscopy [(AFM).

Optical imaging methods examine the wafer edge by means
of bright field or dark field optics or the combination
of both. Typically, the wafer surface is examined on
20 the front and rear sides in a region from the outermost
margin of the wafer to approximately 5 mm inward, such
that a sufficiently large overlap with the much more
sensitive methods of front and rear side inspection
arises 1in the edge zregion. The i1llumination of the
25 wafer edge in bright field or dark field configuration
typically takes place by means of LED, laser or other
illumination sources at one frequency or with a broad
frequency spectrum. At least one camera records images
of the wafer margin including the edge region. A
30 plurality of cameras are preferably used, which record
the wafer margin and the edge from different

perspectives.

The images serve as a basls for defect identification.

WS
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The latter can be effected wisually. Preferably,
however, the image information 1is supplied for
automatic classification by means of image processing

software which <can perform a classification into



alternatives mentionedabove,accordingtothe 10 invention in the same way as in accordance with the
prior art, for identifying edge defects. According to the invention, however, it is combined with a
photoelastic stress measurement, that is to say with the detection of stresses with the aid of 15
depolarization effects. This method is known by the name "Scanning Infrared Depolarization” (SIRD)
and described in US2004/0021097A1, for example- Iry aecordance with the prior art, it is used for the
sampling-like, whole-area detection of stressed regions 20 on silicon wafers. An inspection of 100% of

all silicon wafers:in predugtion isHot p@@g}@@@l@ in the £ase of agvhaleasea meastirement,on account
of long measuraemecglfl'g timfzs. The gne.lt O%Q $ ant Qesen essedrqg]g:&to to qt@i%t@gﬁl' wafers
specifically witlf fegard to the Z5edge. AS llustrated in fig. 1, i the application according to the
invention, rathértfiandréBhiife flabaré® bethelsehtitondfictriiater 1 ekiy-Examined byeans of 30
SIRD, only a ring-shaped regiea obtherftat water areaywhick lies close tohe-wafer @dgeis examined.

In this case, th%@% haped region s icradiated with an infrared laser beam 2 polarized by means of a
polarizer 3. Preferably, the laser beam impinges perpendicularly 35 on the flat area of the

semiconductor SFeF AHet Haslingihrotighithd SeRti¢Sductor wafer 1, the laser beam 2 passes

through an analyzer 4. Downstream of the analyzer 4, the intensity and the degree of -6 -

depolarization gf.the IR laser beamare measured and regorded hy,means, gf,a detectorelf the laser
beam 2 passes hrou%h a stressed region in thg? semiconductor wafer 1, then thi%gring%ﬁgout a

rotation of the 5 pofarization. ih addiioh dras g

n altéfmative to the transmitted lasér beam, by means
of a corré$pondinglyredaptedairahemertits alsy passibieto ase tialfstieeted bem $6ethe
measurement. 30ilB this,description,"edlget or wafgr edug® isswtderstood to-meanithg nea-flat region,
provided with a_defined profile, .at the margin of the semicondyctor wafer. The su of the
semiconducto?tv%ffer tﬁg?g’ consists ‘of th%(ﬁé?%?ga’s of %e froqh% side 3%53{#?5 Ci‘?S re[\;?%?llde a%d also of
the edge, whicR¥oF € paftichh cOMPRZE a ficet vhReHont ddé hndithe fear §i8¥, acylindrical web
between the franiside ard thecrear sidecaind alsa transkion radii betweentthe respettive facet and the

web. 20 The ringsshaped regign,which ies.close tthe wafer edge preferably, has gywidth of no more
than 10 mm, particularly grefera,bly of not more than g mm. The width of the rg%lgg is dowgwardly
Hmhed(nﬂybyﬂﬁge cannirg Infrared epolarization ( ) an
described in UsSz2004/C021097A1, for example. In
accordance with the prior art, it is used for the
sampling-like, whole-area detection of stressed regions
20 on silicon wafers. An inspection of 100% of all silicon
wafers in production is not practicable in the case of
a whole-area measurement on account of long measurement
times. The method has not been used hitherto to gualify
the silicon wafers specifically with regard to the

25 edge.

As illustrated in fig. 1, in the application according
to the invention, rather than the entire flat area of
the semiconductor wafer 1 being examined by means of
30 SIRD, only a ring-shaped region c¢f the flat wafer area
which lies close to the wafer edge is examined. In this
case, the ring-shaped region 1is dirradiated with an
infrared laser beam 2 polarized by means of a polarizer
3. Preferably, the laser beam impinges perpendicularly
35 on the flat area of the semiconductor wafer. After
passing through the semiconducteor wafer 1, the laser
beam 2 passes through an analyzer 4. Downstream of the

analyzer 4, the intensity and the degree of



25 diameter of the laser beam. The infrared laser beam can have a diameter of 20 um to 5 mm. The
outer margin of the ring-shaped region is not more distant than 10 mm, and preferably not more distant
30 than 5 mm, from the edge in order always to detect the stressed regions produced by the edge
defects. Preferably, the ring-shaped region used for the SIRD measurement extends radially inward
from the radial position at which the front side facet meets the flat 35 area of the front side. This region
directly adjoining the edge is to be preferred for the photoelastic stress measurement, although other

regions which argnear the gdge butcdo not directly barder onthe-edgecanalsohe.« 7aused for the
nowever, sincethe Shaltapia BOIOh & hoPULTBE4 An mereover, Saf gensiite Erbrae Seignls.
The stressed ré&giers ausedbyddge defectsseasiextend of theflat BfeaBithe samicardtctor wafer
from the edge kagially as far as\ k0 mmin dhewgiregtion ofithest = rotation of the
5 vpelarization. In addition or as an alternative to the
transmitted laser beam, by means of a correspcndingly
adapted arrangement 1t 1is also possible to use the

reflected beam for the measurement.

10 In this description, Tedge™ or Twafer edge" is
understood to mean the non-flat region, provided with a
defined profile, at the margin of the semiconductor
wafer. The surface of the semiconductor wafer thus
consists of the flat areas of the front side and the

15 rear side and alsc of the edge, which, for its part can
comprise a facet on the front side and the rear side, a
cylindrical web between the front side and the rear
side and also transition radii between the respective
facet and the web.

20
The ring-shaped region which lies close to the wafer
edge preferably has a width of no more than 10 mm,
particularly preferably of not more than 3 mm. The
width of the region is downwardly limited only by the

25 diameter of the laser beam. The infrared laser beam can

have a diameter of 20 um to 5 mm.

The outer margin of the ring-shaped region 1s not more
distant than 10 mm, and preferably not more distant
30 than % mm, from the edge in corder always to detect the
stressed regions produced Dby  the edge defects.
Preferably, the ring-shaped region used for the SIRD
measurement extends radially inward from the radial
position at which the front side facet meets the flat
35 area of the front side. This region directly adjcining
the edge is to be preferred for the photoelastic stress
measurement, although other regiocns which are near the

edge but do not directly border on the edge can alsc be



10 center of the semiconductor wafer. Only in the case of very severely stressed defects is it possible
for the stressed regions to extend further into the flat area. This limits the position and width of the
region to be examined by means of SIRD according to the invention. 15 Since the stressed regions
caused by edge defects are most greatly pronounced in direct proximity to the edge, the outer margin
of the ring-shaped region to be examined is not mere’distant than 10 mm, and preferably not more
distant than 5 mm, from the edge. Particularly 20 preferably, the ring-shaped region borders directly on
the edge. The wigth ofithe ringsshapad teginaie be examined bymeans0fiSIRDAs thetefere a
maximum of 1 .a width of r ikewise being. sufficient. 2 ensjve area signal is
not required fo(rit%lgeg gpp\%cga%%gn gfﬁggﬁggﬁetﬁ%%acér Ing tolftiﬁgéiny%}rﬁ%r?% g?r%al nglfﬁ%ber of
measurement PAGKET 155 figh P 6FRE infraréf faserbearf 25k tRERICHity BPE6th8"wafe? edge (as
defined above)are sufficiéritferithis applicatione tnrparticulagronestarfiveameasureisert:tracks are
sufficient in ord.:@{églgggajn meaningful results with regard to the classification of edge defects. One to
two measurement tracks are 35 particularly preferred. The data shown in figures 2 to 9 are based on a
single measurement track. - 8 - The intensity of the laser beam and the integration time of the
detection shoulthise edordinatet witly bnesanothes stcky thata@igrakfendise vatio S s Fs ensured.

5 The so-calledjock-insteghniguess dypically used qrder ta-phtainggod\S{Raaluesothe-results of the
imaging method and of the SIRD 10 measurement are subsequently correlated with ong.another. This
is illustrated byev(\%ﬁ/e of' gx@rﬁée% ﬁg’s.%g Qésl'h%(goﬁglaﬁgn (%glnebecf %ér‘erii%tdloour% inO\'f/E(z?lri%ﬁes3 ways: It is
appropridte to §Faciythe podifien POt defkets iletiiffict by Mieals of thElifhagmgeméthod and of
the stressed regiong identified by meanssef-s1RSas:angle (ir 0), whetesthearentation feature ("notch”

or "lat’) can sefye gs afetelenae pant S0di e horeiple lase the fesults of e phafgelgstic stress

measurement or those of the imaging method for the preselection of the defects. This means that only

the defects whith canbeddte ctel by A dne e tod 25-arEltreated 8€ déREt thd Clatiified more
specifically witle theraidsaf theycansined arfalysiRof the cesultsraf both méasurermentomethods.

15 Since the stressed regions caused by edge defects are
most greatly pronounced in direct proximity to the
edge, the outer margin of the ring-shaped region to be
examined is not more distant than 10 mm, and preferably
not more distant than 5 mm, from the edge. Particularly

20 preferably, the ring-shaped region borders directly on
the edge. The width of the ring-shaped region to be
examined by means of SIRD 1s therefore a maximum of
10 mm, a width of 3 mm or less likewise Dbeing
sufficient.

25
An extensive area signal 1s not reguired for the
application of the SIRD method according te the
invention. A small number of measurement tracks 7 (see
fig. 1} of the infrared laser beam 2 in the vicinity of

30 the wafer edge (as defined above) are sufficient for
this application. In particular, one to five
measurement tracks are sufficient in order to obtain
meaningful results with regard to the classification of
edge defects. One *to two measurement tracks are

35 perticularly preferred. The data shown in figures 2 to

9 are based on a single measurement track.



Preference should be given, however, to working without 30 preselection since positions which are
identified as conspicuous only by the imaging method or the stress measurement, but not by the
respective other method, can also include critical defects. Only a corresponding combined data
analysis of both measurement methods 35 ensures a best possible defect classification. - 9 - A
preferred evaluation and classification method is deséribed in detail below with reference to figures 2-
9: 5In thefirststep,afirst provisionaldefect classification is carried out on the basis of the data of the
imaging methodr Elongater(ine-y crack- anek scrateh+like)samictures camthus. he eifferentiated from

areal (spots, olysiers) syuclyres gn he pasis ot 10pe imaging methd Eot the.final classiication

specific threshold values of the measurement variables of the photoelastic stress measurement are
assigned to thé'BrIVISiEnal defect5 Classes Webotdihgly e Fefects aSsighed t6 the provisional
defect classes arg finaky. classified by means of the results of the photoelastic stress measurement. If
the imaging method classifies one defect as an elongate structure (e.g. fig. 4) and 20 another defect
as an areal structure (e.qg. fig. 7), then e.g. the thrers??ojd values defined for tllwe further. classification

7)
can differ with %@%mﬁ%ﬁﬁé%&%ﬁm dHieasurenient 1e8liits of the SIRD-fieasurdmant. 25For the final
defect classificatior® based onthé datretihe Photeelastic- stress measurement, the following
measurement variables can be used: a) signal magnitude | (intensity) b) signal profile 30c)signal area

The results of the imaging method and of the S8IRD
10 measurement are subsequently correlated with one
another. This is illustrated by way of example in figs.
2 to 9. This correlation can be carried out in various

ways:

15 Tt is appropriate to specify the position P of the
defects identified by means of the imaging method and
of the stressed regions identified by means of SIRD as
angle (in °), where the orientation feature ("notch" or
"flat") can serve as a reference polnt.

20
Tt is possible to use the results of the photoelastic
stress measurement or those of the imaging method for
the preselection of the defects. This means that only
the defects which can be detected by this one method

25 are treated as defects and classified more specifically
with the aid of the combined analysis of the results of

both measurement methods.

Preference should be Jgiven, however, to working without
30 preselection since positions which are identified as
conspicuous only by the imaging method or the stress
measurement, but not by the respective other method,
can also include critical defects. Only a corresponding
combined data analysis of both measurement methods

35 ensures a best possible defect classification.



d) degree of depolarization D e) depolarization signal type (unipolar or bipolar stress signal) f)
bipolarity B 35 All variables are preferably recorded and evaluated as a function of the angular position
P (in 0) at the margin of the measurement object. - 10 - The measurement variables used for the
classification can be either absolute values above an averaged or subtracted background or average
value, usually fixed 5 as zero value, in a defect-free région (e.g. in the case of the intensity) or relative
values such as e.g. in the case of the bipolarity B. The degree of depolarization D is defined as
follows: 10hD =l -;6}'@@@@[@6@) / d(éﬁﬂfﬂpﬂlﬁhbdﬁn@tﬁa the intensity efthe deteated:aser light. 'par and
iperp are the intensitie arized parallel 15 dicylar ctiyely, e polarization
direction prede(fttlﬁga ﬁ%{%% p% aricz%r.“%*% %gega%%ﬁig%%gep%%a%riig%%%%n%g} Dégéﬁﬁgg 2510-6) The
bipolarity B is dé&fined as follows: 20 axI Dmin(DmaxDmin

5 In the first step, a first provisional defect
classification is carried out on the basis of the data
of the imaging method. Elongate (line-, crack- and
scratch-like) structures can thus be differentiated
from areal (spots, clusters) structures on the basis of

1¢  the imaging method.

For the final classification, specific threshold values
of the measurement variables of the photoelastic stress

measurement are assigned to the provisional defect

fd
(8]

classes. Accordingly, the defects assigned to the
provisional defect classes are finally classified by
means of the =results of the photoelastic stress
measurement. If the imaging method classifies one
defect as an elongate gstructure (e.g. f£ig. 4) and
20 another defect as an areal structure (e.g. £fig. 7},
then e.g. the threshold values defined for the further
classification can differ with regard to the evaluated

measurement results of the SIRD measurement.

25 For the final defect classification based on the data
of the photoelastic stress measurement, the following

measurement variables can be used:

a) signal magnitude I {(intensity)
b} signal profile
30 (o} slgnal area
d) degree of depclarization D
e) depolarization signal type (unipolar or bipolar

stress signal)
) bipolarity B
35
All variables are preferably recorded and evaluated as
a function of the angular position P (in °) at the

margin of the measurement object.



D denotes the degree of depolarization, Dmax denotes the maximum degree of depolarization, and
Dm(m denotes the 25 minimum degree of depolarization. IT " denotes the absolute value function.
Further variables (e.g. intensity variation/depolar- ization signal) derived from the measurement
variables 30 mentioned above can likewise be used for the final defect classification. Alongside the
data of the imaging method and of the photoelastio stfess measurement, further information 35 can be
taken into account in the final defect classification. By way of example, it is possible to take account of
the positions at which an increased risk of damage to the wafer edge appears in the production
process for theﬁglﬁizcon Waferséfor ng(aryQ@.th pogiti%g% t igh tpﬁ siliggrg\g/ﬁ{q ee osed to
particular mechanTcath?gs%%§r?ﬁ the colirse of-L their prodguc\;%)n. The ?ules of the djs‘e%ctjb%(a%sification
(e.g. threshold ¥&Rie 6T tHdlmBESuUréRem \arRbldS ot e pRGBBRstR stréssGhagdsdrerfiént) can be
specifically adapted atstehipasitions -0 The following:table shawsan exemplary matrvefor the defect
dassmcangn:-é%Z-zé EheQalue, in a defect-free region {(e.g. 1n the
case of the intensity) or relative wvalues such as e.q.

in the case of the bipolarity B.

The degree of depclarization D is defined as follows:

10
D=1 - (Ipar = Iperp)/<zpar + zperp)
I denotes the intensity of the detected laser light.
Ipar and Iperp are the intensities polarized parallel and
15 perpendicular, respectively, to The polarization
direction predefined by the polarizer. D is measured in
depolarization units DU (1 DU = 1 . 1078
The bipolarity B is defined as follows:
20
B=1~ l(Dmax - ]Dmin!) !/(Dmax + ID“nlné)
D denotes the degree of depolarization, Dmax denctes the
maximum degree of depolarizatiocn, and Dny, denotes the
25 minimum degree of depclarization. "E‘” denotes the

absolute value function.

Further variables (e.g. intensity variation/depolar-
ization signal) derived from the measurement variables
30 mentioned above can likewise be used for the final

defect classification.

Alongside the data of the imaging method and of the
photeoelastic stress measurement, further information
35 can be taken into account in the final defect
classification. By way of example, 1t is possible to
take account of the positions at which an increased

risk of damage tc the wafer edge appears in the



criteria 1Position coincides with contact points in the !production process
crOA

- 11 -

Bipolarity SO < SE < LlI)

production process for the silicon wafers, for exanple

the positions at which the silicon wafers are exposed

to particular mechanical stresses in the

course of

their production. The rules of the defect

(&1

classification (e.qg. threshold values

of the

measurement variables of the photoelastic stress

measurement) can be specifically adapted

positions.

at such

10 The following table shows an exemplary matrix for the

defect classification:
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ff_OT.0 I > Provisional classification (imaging method) Line-, crack-, scratch-like Areal and cluster
structures No image information Area and cluster structures Elongate, areal and cluster structures
Classification Class A (crack/scratch) Class B (spalling) Class C

_13_

It goes without saying that more detalled or other
subdivisions into defect classes are possible; by way
of example, in the case of Class C, it 1is possible to
differentiate according to the SIRD signal strength or
5 for the bipolarity additicnally to be wused as a

criterion.

The asgignment to these defect classes is explained
below by way of example with reference to figures 2 to
10 9. Each of the figures shows, in addition to the defect
image ({(top) obtained by means of a camera, at the
bottom left the intensity I {in Marbitrary units",
"a.u.", sgince the iIntensity i1s dependent on the
measuring instrument and the settings chosen) and at
15 the bottom right the depeolarization D (in DU), in each
case as a function of the position P (in degrees) for
the defect illustrated 1in the upper region o©f the

figure.

20  Figurxe 2: the defect image cannot be classified
unambiguously. It 1s not clear whether scratches/cracks
or residues are invelved. SIRD shows that no critical
stress (depolarizaticn) of the c¢rystal lattice 1is
present. Together with  the small SIRD intensity

25 fluctuaticon, this allows contaminaticon (Class E)} to ke

deduced.
Figure 3: the defect image cannot be classified
unambiguously (cf. figure 2). SIRD shows a significant

30 depolarization, and the likewise significant wvariation
in the intensity proves that the transmission of the
light has likewise Dbeen severely disturbed. The
bipelarity of the SIRD signal unambigucously indicates
stresses. The defect can therefore be classified as

35 crack- or spalling-like material damage {(Class B).

Flgure 4 the image does not reveal whether

contamination, & scratech or a c¢rack is involved. A



(contamination, noncritical stress) Class D (process- induced noncritical events) Class E
(contamination) Class E (miscellaneous) - 13 - It goes without saying that more detailed or other
subdivisions into defect classes are possible; by way of example, in the case of Class C, it is possible
to differentiate according to the SIRS signal strength or 5 for the bipolarity additionally to be used as a
criterion. The assignment to these defect classes is”exb?aiﬁed below by way of example with reference
to figures 2 to 10 9. Each of the figures shows, in addition to the defect image (top) obtained by means
of a camera, atithethottomealelt the intedsity b {incaebitrdry RIBits? 1 '%na.t, since the imersityds dependent

on the measuring-nsttyment andithe seHings ghosen) ane-atkoi thesbgattomyight the depalarization D
(in DU), in each h case as a funct|on of the p(13|t|on P (|n de rees lfog%haeﬁ%ef?gayg%tr%?d in the upper

ucture unam uous cCri
region of the flgure

5 Figure 5: the image does not permit unambigucus
identification of the defect. The 3IRD data show a
high, bipelar depolarizaticn. Together with the
variation of the SIRD intensity and knowledge of the
process history {an epitaxially coated silicon wafer is

10 involved), the defect can be identified as an

accumulation of epitaxial growths (Class D).

Figure ©€: the image is comparable with that from figure
5. The inconspicucus SIRD data prove unambiguously,

15 however, that contamination (Class E) is involved here.

Figure 7: both high stress signals and intensity
variations can be c¢hserved in the SIRD measurement.
Together with a bipolarity B > 0.35 and with the areca
20 information of the camera i1image, this identifies the

defect as spalling (Class B).

Figure 8: 1image and SIRD data identify the defect
unambiguously as contamination {Class E): no

25 depolarization, siight SIRD intensity signals.

Figure 9: the absence of structures in the camera image
proves that massive damage is not present. BSIRD, by
contrast, simultaneously shows slight intensity and
30 depolarization signals. The depolarization signal
exhibits high fluctuations, but no classic bipolarity.
The cause of the SIRD signal is therefore assumed to be

contamination transparent to the camera (Class ).

35 The method according to the invention 1s thus able, for
example, to avoid misinterpretations in the case of

cracks. Cracks cften cannot be differentiated from



20 Figure 2: the defect image cannot be classified unambiguously. It is not clear whether
scratches/cracks or residues are involved. SIRS shows that no critical stress (depolarization) of the
crystal lattice is present. Together with the small SIRS intensity 25 fluctuation, this allows
contamination (Class E) to be deduced. Figure 3: the defect image cannot be classified
unambiguously (cf. figure 2). SIRS shows a significa‘nt%% depolarization, and the likewise significant
variation in the intensity proves that the transmission of the light has likewise been severely disturbed. .
The bipolarity afthe SIRS. signakenambiguousheimdicates siresses. Miverdefert canttherefgre be

classified as 3%,eragckyQr. spallingslike;material damage (Glags\B).n- ¥4 g@m upagbiguously bipolar
SIRD signal and almost no intensity variations in the transmission identify the structure unambiguously
as a critical crack (Class A). 5 Figure 5: the image does not permit unambiguous identification of the
defect. The SIRDelata shdwrzahighrbipake depolagization. Tdgethémwith theovarigtion 6fithe SIRD
intensity apd knewledgeg ottherrecess-histary fan-epitaxially coates siiegn wafesis 4@ drvwolved),the
defect can be i%ef‘)[ntgiedeans a%rl g%cumulatsi%n gfi g@i;%xrgql rowthg r((g:las__rselg)iC_ﬂlj:'%ure 55 E{]eecmage is
comparable wit hat from igure 5. The mc%nsﬁicﬁoué RD data prove unambiguously, 15 however,
that contaminafier §€fass B s fivoRed here Fighie 7-5dth Ftfifstressigifals and intéasity
variations can ke ebservedda thel SIR2 measurement ekdgether with a bipolarity B > 0.35 and with the
area 20 information of the camera image, this identifies the defect as spalling (Class B). Figure 8:
image and SIRD data identify the defect unambiguouslyascontamination(ClassE):no 25 depolarization,

slight SIRD interiit§ STgHate FiGuré9- the- AFsetice St stracturés in'tha thiterd Smhge Proves that

massive damadé:is notjpFeserit. BIRD,doyr wafers can be allocated to rework,
further use or rejects.

The two measurements which arse used according to the
15 dinvention for examining the edge of a semiconductor
wafer can be carried out successively with the aid of
the known apparatuses. By way of example, an edge
inspection apparatus of the type described in
DELOZ52936A1 and an 8IRD measuring instrument of the
20  type described in US2004/0021087A1 can be used. A
particularly short measurement time can be obtained,
however, if both measurement methods are carried out
simultaneously at different locatlions of a
semiconductor wafer 1 rotating about its central axis 6
25 {see figure 1l). One or more, preferably at least two,
cameras 8 for the imaging edge inspecticon method are
installed at one location (illustrated on the right in
figure 1). The SIRD measurement 1s carried out at
another location (illustrated on the left in figure 1).
30 The vrotation of the semiccnducter wafer 1 about its
central axis © has the effect that the entire
circumference of the wafer edge 1is moved past the
cameras 8 and the arrangement for the SIRD measurement
method, such that the entire length of the revolving
35 edge can be examined by means of both methods. The
relative speed of the wafer edge with respect to the
detectors both of the imaging methed and of the

photoelastic stress measurement shcould be between 2 and



contrast, simultaneously shows slight intensity and 30 depolarization signals. The depolarization signal
exhibits high fluctuations, but no classic bipolarity. The cause of the BIRD signal is therefore assumed
to be contamination transparent to the camera (Class F). 35 The method according to the invention is
thus able, for example, to avoid misinterpretations in the case of cracks. Cracks often cannot be
differentiated from - 15 - other elongate structures §olé@/ by means of imaging methods. Examples of
this are shown in figures 2 and 4. The combination according to the invention of the 5 imaging method
with a method ft identifying stressés thus @nables: asigaificantly hworerreliabletdgafeetdlassification

particularly with regard 4o defects that are-etiticat indespest0f bieaking <104a as¢erdanee with the
defect classific%tqi%n per, c_)[%ed, the releva%esrill'con Wafgrs cactrhbe allacated to rew%létf%@er use or

. measure =) e L1IMMA gL Il H
rejects. The two measurements whlcﬁ are use accor%ilng_ to thé 15 invention for examining the edge
of a semiconduttsrwafer 28 bevoardéd b6t Subeessivey Witttthedid 6PHESKhowPapparatuses. By
way of example.-aihedge inspeetigreapparatus aof dhe type.deseiibed dn PELO352936AL aad an SIRE)

measuring instgugnen{%f Ehe 71 %Qd% %gggnibeda;%tq_?&g /OO%%Q%?AlS%q%usefgo@ patticularly short
ined,

measurement time can be obt owever, if both measurement methods are carried out
simuItaneously%%"?ﬁé’ﬁéﬁ?lo%%tiéﬁéiSfl&%eﬁfc&%“u‘é?d’r WaTeP £ 76f3%Rg abolifis central axis 6 25
(see figure 1). One or more, preferably at least two, cameras 8 for the imaging edge inspection method

are installed at-qne location(Hlustrated.on the Lightin figure-1), Ihe SIRE) measurement s carried out

at another location (illustrated on the left in figure 1). 30 The rotation oﬁithe semiconductor wafer 1

about its CentraiAxis'6 has the SffctIRarthe enfife CircunferdndE orTNe Wateredgs i moved past the
cameras 8 andithearrangément forthe SIREmMeasurenfent methodesuch tsatitherentiredength of the

revolving 35 edge-cansbe examined bygaeansof hethanetheds. The relative speed of theavafer edge
with respect to the szgl;ectors both of the imaging method and of the photoelastic stress measurement

should be betwégn'Zand 30cm g?n order to ensure a sufficient mte@r’atioﬁ time for bo

measurement MEEfoS. BESIHES EEFInG ouEfie SIRD fridasuréiidhit Bftthe fidding method
simultaneauslyr-it is: alserpossible; of soueses for dife metbadstorhe pedormedinen-simultaneously with

the aid of this apparatus, althqugh thisshould ot be preferied an.account of longar measyrement

times. In order to realize the one to five measurement tracks specified above as preferred, it is merely

necessary to efS thattie s&midondbcorwafet erfofifié Atorredpbnding Htfber of fdtations. In
this case, the positibarafithe medsating devicédorstheiphotoelastie streSsrmeasirement can remain

unchanged during-a semiconductor wafer during each rotation. On the
20 other hand, the position of the measuring device for
the photoelastic stress measurement can be altered
continuously in a radial direction with respect to the
semiconductor wafer in such a way that the infrared
laser beam used for the photoelastic stress measurement

25 describes a spilral measurement track within the ring-
shaped region. A fixed position and a single
measurement track are preferred. With a small number of
measurement tracks, the laser Dbeam can also be
controlled by means of electro-optical deflection and

30 its position on the test specimen can thus be altered.

Simultaneously carrying out the imaging method and the
SIRD measurement method makes it possible for the
measurement time required for the edge inspection to be

35 kept unchanged despite a gain of additional
information. A measurement time of less than one minute
can thus be achieved for the entire edge inspection
including SIRD.



15 rotation and be altered after each rotation in a radial direction with respect to the semiconductor
wafer in such a way that the circular measurement tracks lie at different radial positions within the
defined region on the semiconductor wafer during each rotation" On the 20 other hand, the position of
the measuring device for the photoelastic stress measurement can be altered continuously in a radial
direction with respect to the semiconductor wafer in Suth a way that the infrared laser beam used for
the photoelastic stress measurement 25 describes a spiral measurement track within the ring-shaped
region. A fixed position and a single measurement track are preferred. With a small number of

measurement tiagks, the-laser heam;¢an also becontrellediby. meansof electresoptieal deflection and
30 its position on the.tggt sptecimen can thus be altetred. Simultaneously %%réying 9 t the imaging
method and thé’ STRS iéasurenent method makes i?%oéjs%rig¥6rstﬁré eastremer (ﬁ"r%leﬁr%quired for
the edge inspeétigretoifie:85 keptunchianged despite a gain of additional information. A measurement
time of less than enemaindte canthuske achievedfanthe-entite.edge inspegtianincluding:SIRD. - 17
- For carrying out the methad described above jt is_possible to use an apparatus comprising the
following consti“fl?ennteD %rtrs?%a-gaeﬁo%\?% tﬁeg ger%%gtn%torﬁz%fer% 1, which mount can be rotated
about its central a%isﬁ%f, LY Arive FoEafsiay the oliitio rotéte £ @sstem for carrying out an imaging
method comprising at leastene light souree:ang bne camera 8 k0 thatiresgridsimages bf:the edge of
the semiconductgr wafer;l, and. a system faicarrying,out aphatgelastic sess measuement
comprising a laser, a polarizer 3, an analyzer 4 and a detector 5 in an arrangement that 15 permits the
ljf%"l of 2Y2Gion Bf tHe'fiat aFEE Athe Vicinity of $HE Bddelof Fﬁéeseﬁﬁgg‘&rﬁﬁb%rc\ﬁgfjér. The

examina

interaction of thesihdividual goAstituent parts for carrying out the method has already been described

20above. - a system for carrying out a photoelastic stress
measuremant comprising a laser, a polarizer 2, an

analyzer 4 and a detector 5 1in an arrangement that
15  permits the examination of a region of the flat area in

the vicinity of the edge of the semiconductor wafer.

The interaction of the individual constituent parts for
carrying out the method has already been described

20 above.

The method according to the inventicon can be used at
any desired point 1in the context of the production of
semiconductor wafers, in particular of monocrystalline
25 silicon wafers. However, 1t 1s preferably used after
the conclusion of the edge processing, that is to say
after edge rounding and edge peolishing have been
effected. Application %o the fully completed, non-
patterned semiconductor wafer is particularly
30 preferred. It 1is also preferred, in particular, to
examine not just samples but all of the semiconductor
wafers by means o0f the methoed according to the
invention before they are delivered to the customer.
The method according to the invention makes it possible
35  to reliably pick out semicenductor wafers that are at
risk of breaking on account of edge defects. However,
the method alsc makes 1t possible to identify the cause

of the defects and to eliminate the latter.



The method according to the invention can be used at any desired point in the context of the
production of semiconductor wafers, in particular of monocrystalline 25 silicon wafers. However, it is
preferably used after the conclusion of the edge processing, that is to say after edge rounding and
edge polishing have been effected. Application to the fully completed, non-patterned semiconductor
wafer is particularly 30 preferred. It is also preferredTirFSaﬁ'icular, to examine not just samples but all
of the semiconductor wafers by means of the method according to the invention before they are
delivered to the’eustomet I Fheumethod according to the invention makes it possible 35 to reliably pick
out semiconductor wafers that are at risk of breaking on account of edge defects. However, the
method also m?lkes it Zgossib%%to O]LidegtiQ/ the cause pof the defects and to delin%iggte thg#atger. -18 -
Patent Claims "1, A méthdd or%xamircl)ing aeéqe%ﬂfb%ﬁagcto?wa?grr%v%%rr}ellﬁ?he edge © the
semiconductorwisfse isrexahfined Gebycrae &S oF& irfadiny éthod ahe the positichs-&Rd forms of
defects orethe pggerare-detesmingd inithisyuay; Whergindn additionn a ring-shapegh egioncon the flat
area of the semiggnducor wafer.the outst marain of plichyregion s potmatedisignt fhan, 10 mm from
the 10 edge, is'examined by meéans of photoelastic sfress measurement and the positions of stressed
regions in said fig-shAped $édion Hre GERHMIHEY N thid Wag WhaRSH theSsbsitionsTdf Hedefects and
the positions offthetstressed refjionsecare enmpaned: with:onezafwther . and: therdefectg iare classified

in classes on the-basis of their form and the results.of the photoelastis stress measyrerpgat. 2. The

method as claimed in claim 1, wherein. the 20 imaging method consists jn the edge being illuminated
and at leadt on&&frerarecoftiiy imiages E‘f%her%%%rg.s £ TheRetida & daimeddin‘&ither of claims
1 and 2, whereirethewingeshapedrégidm hasraowidth of Aoteiore 25 ¢isae 40 maw L4TFheimethod as

claimed in any of ¢laims;il.to 3wherein at least ong@f theatasiablessebtained framsthe;photoelastic
stress measurement 39 ajsignal magnitude b) siongl profile €L $ignal ke 1. posicions
of the stressed regions are compared with one another,
15 and the defects are classified in classes on the basis
of their form and the results of the photoelastic

stress measurement.

2. The method as claimed in claim 1, wherein the
20 imaging method consists in the edge being illuminated

and at least cone camera recording images of the edge.

3. The method as claimed in either of claims 1 and 2,
wherein the ring-shaped region has a width of not more
25  than 10 mm.

4. The method as c¢laimed in any of claims 1 to 3,
wherein at lesast one of the variables obtained from the

photoelastic stress measurement

30 al signal magnitude
b) signal profile
) signal area
d;} degree of depoclarization

e) depolarization signal Type and
35 bl bipolarity

igs used for classifying the defects in classes.



d) degree of depolarization e) depolarization signal type and 35f)bipolarity is used for classifying the
defects in classes. - 19 - 5.The method as claimed in any of claims 1 to 4, wherein the semiconductor
wafer rotates about its central axis, wherein the measuring devices for the imaging method and the
photoelastic stress measurement 5 are fitted at different positions along the circumference of the
semiconductor wafer, and wherein the semiconductor wafer is examined simultaneously by means of
the imaging method and by means of the photoelastic stress measurement, wherein the entire 10
circumference bf the ddge andttheadjpiminglregioncare. mowed/past the agasuririg davicés for the

imaging methogdiand.the photoelastic stressmeasyremeni-ly meaps of the rofalign.of the 5
semiconductor wafer. 15 6.The method as claimg%in claim 5, wherein the semic nducgg}rle\a/vafer

rotates one to fV8 tMes abtit fts ceHtal axfs. 7 e MERGH a8 claintéd in cl&im & Wwheraih the 20
infrared laser beanvised foe theophoisslasdticsstrebs htedlsuifdrhent Hesefbedtg ercularmeasurement

track withip thesing-shaped:region during eachriotation, and wderein-ibe position ®f thecmeasuring

device for the ph.otoelr%glc stress n%%aslé?énegé %r?i%!to%%? after eaﬁgg gGSIrotaélgg mw%radlal direction

. 1rCcu Sroerca i1 or 7 Telin,
with respect to ?he semlcc_)ndlactor waferin'such away t a(f fhe measurement tracks_ﬁe at alfferent
radial positionstérf thé ¥eificshbiietstivalert 30 8 The RictRod ad claified irPd1ar 81 Whétéin the
position of the measuring devicedor thesphotoelastic sivelss measurementds alieredfcontimeiously in a

radial directionlggjgllr@éjpggtttgghe semicondyctar.wafer in such gyay that the infrargd. laser beam
used for the 3 o '

16 circumference of the edge and the adjcining region are
moved past the measuring devices for the imaging method
and the photoelastic stress measurement by means of the

rotation of the semiconductor wafer.

15 6. The method as claimed in c¢laim 5, wherein the
semiconductor wafer rotates cne to five times about its

central axis.

7. The method as c¢laimed in c¢laim 6, wherein the
20 infrared laser beam used for the photoelastic stress
measurement describes a circular measurement track
within the ring-shaped region during each rotation, and
wherein the position of the measuring device for the
photoelastic stress measurement 1s altered after each
25 rotation in a radial direction with respect to the
semiconductor wafer in such a way that the measurement
tracks lie at different radial positions on the

semiconductor wafer.

30 g. The method as claimed in <¢laim 6, wherein the
position of the measuring device for the photoelastic
stress measurement is altered continuously in a radial
direction with respect to the semiconductor wafer in
such a way that the infrared laser beam used for the

35 photoelastic stress measurement describes a spiral

measurement track within the ring-shaped region.



35 photoelastic stress measurement describes a spiral measurement track within the ring-shaped
region. - 20 - 9. The method as claimed in any of claims 6 to 8, wherein the speed of the edge of the
semiconductor wafer on account of its rotation is between 2 and 30 cm/s. 5 10. An apparatus for
examining the edge of a semiconductor wafer, comprising a mount for the semiconductor wafer,
which mount can be rotated about its central axis, 10 -2 drive for causing the mount to rotate, a
system for carrying out an imaging method comprising at least one light source and one camera that
records image® of theredgerof thersemisonduetoravaferpandrhb - @fsystemi fior carrying otit a
photoelastic strass measurement.compyising a laser, a polarizef, ananalyzer and a detegtor in an

arrangement that permits the examination of a region of the flat, area in the viciréity of the_edge of the
semkmndumoﬂﬁﬁ%ﬁ on account of 1ts “rotation 1s between and 30

cm/s.

5
10. An apparatus for examining the eadge of a
semiconductor wafer, comprising
~ a mount for the semlconductor wafer, which mount can
be rotated about 1ts central axis,

10 - a drive for causing the mount to rotate,
- a system for cearrying out an imaging method
comprising at least one light source and one camera
that records images of the edge of the semiconductor
wafer, and

15 - a system for carrying out a photoelastic stress

measurement comprising a laser, a polarizer, an
analyzer and a detector in an arrangement that permits
the examination of a region of the flat area in the

vicinity of the edge of the semiconductor wafer.



