- 1 Method and apparatus for detection of nechanical defects in an ingot

pi ece conposed of sem conductor material 5 The invention relates to a

nmet hod and an apparatus for detection of nechanical defects in an ingot

~pi ece conposed of sem conductor material. In mcroelectronics, wafers which
are conposed of a 10 sem conductor nmaterial are used as substrates for the
production of mcroelectronic conponents. Suitable nmaterials are, for
exanple, 11/VI conmpound sem conductorss 114/V compound sem conductors or

el ement sem conductors such as germaniumor the 15 particularly useful
silicon. The sen dMzthest end\appegsague Food dedkdinicn kft mefchanlicadutting a

single-crystal sgm uet or,. i i 'ngg; LeC i of

sever al centinet%%gggggt%£2%ns£§é§%u£%éﬁé 0 %n%?ng e%%@fﬁﬁ%égggégot pi eces
are then cut into thin wafers with amefesiadss of about 1 millineter.

Si ngl e-crystal sem conductor ingots are produced either w thout the use of

a crucible by means of the so-called float-zone (FZ) process, or by neans
25 of the Tzodhyal BKyerbi@d brelpies i kg Aerifddod mnd | @ul @PPyranuehéogase of

the Czochral skiet@dSidy eoPukldRgnTeEN0d adfled:s Passi bhe fapogas hubll es to
becone trapped in the growi ng sem conductor ingot. These gas bugbles
represent gas-JIMBETRA (5988 GORAE O30 H5SHIGH -bubbl es i n the seni conduct or
ingot, and may have dianmeters fromabout 10 pmup to about 10 mMm These

gas bubbl es are in.sone cages cut into_when ng sem conduct or igggt IS
bei ng cut int o haF&FECSd5CERREICPhey"HT Xi HHI oR* Bhe" ST I t fle
sem condutf or sEmiwafeh=xtddefrecterinSeareondied oaswafubics ratiely aSot heke are
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r@troelectron ¢ ‘conporién
.. materials are, for example, IT/VI compound

semiconductors, ITI/V compound semiconductors or
element semiconductors such as germanium or the

15 particularly useful silicon.

The semiconductor wafers are produced by first of all
cutting a single-crystal semiconductor ingot into ingot
plieces with a length of several centimeters up to

20 several tens of centimeters. These ingot pieces are
then cut into thin wafers with a thickness of about

1 millimeter. Single-crystal semiconductor ingots are
produced either without the use of a crucible by means

( of the sgo-called float-zone (FZ) process, 0r by means
25  of the Czochralski _crucible-pulling method.
Particularly in the case of the Czochralski crucible-
pulling method, it is possible for gas bubbles to
become trapped in the growing semiconductor ingot.
These gas bubbles represent gas-filled cavitieg in the

30 form of bubbles in the semiconductor ingot, and may
have diameters from about 10 um up to about 10 mm.
These gas bubbles are in some cases cut into when the
semiconductor ingot is being cut into wafers, so that
they are wvisible on the surface of the semiconductor

35 wafers. Defective semiconductor wafers such as these
are segregated before delivery, and are not used for

the production of microelectronic components.



2 Ohers of the gas bubbles are, however, not cut into during the cutting
process, so that the gas bubbles remain as small cavities in the affected
sem conductor 5 wafers, although no defect is externally visible. If

sem conductor wafers such as these are used for production of

m croel ectroni ¢ conponents, then, depending on their position in the

sem conductor wafer, the cavities can lead to failure of individual 10
conponents, thus reducing the yield from conponent nanufacture. In order to
avoid this, a test nethod has been used according to the prior art for

sem conductor wafers 15 conposed of silicon, by means of which each

i ndi vidual caonpletely_processed sem conductor wafer is checked for the
presence of gg’ieffisesg,/f bEf%Sr &g gléblag??v@r“f@d AHIEEeT s B8 Gir da68ti on of
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25 the |ight "Being refracted on oundary surtace of a cavity, f eadi ng
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applied to surtfaces with little rou%rness, In order to avoid severe |ight
scattering offfet hEasUrFiRe, A8 t HEeY edikedipidngRi sstfon. iTALideahs t hat
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by cutting of the ingot 35 pieces, but only after further processing steps

i ch  snoot RefHeasGFFSce, and in the extreme only after they have been
‘pol i shed at the end of the production

In order to avoid this, a test method has been used
according to the prior art for semiconductor wafers

15 composed of silicon, by means of which each individual
completely processed semiconductor wafer is checked for

the presence of cavitiesg, before it is delivered and is
used for production of components. This method ig based

on the illumination of one end of the semiconductor

20 wafer with infrared radiation, and the measurement and
imaging of the transmission, that is to say of the
intensity of the transmitted radiation, on the other

end of the semiconductor wafer. Infrared radlation is

{ transmitted through the semiconductor material, with
25 the light being refracted on the boundary surface of a
cavity, leading to reduced transmission. This method

can be used only for semiconductor materials through

which infrared radiaticn can pass.

30 This method i1g applied to surfaces with little
roughness, in order to avoid severe light scattering on
the surface, and thus reduced transmission. This means
that the semiconductor wafers cannot be examined
directly after their production by cutting of the ingot

35 pieces, but only after further processing steps which
smooth the surface, and in the extreme only after they

have been polished at the end of the production




- 3 process. Sem conductor wafers wth cavities therefore have to pass

t hrough an unnecessarily | arge nunber of processing steps before they can
be segregated and rejected. However, earlier segregation would be 5
desirable, in order to avoid the costs associated with the processing of
defective sem conductor wafers. The test nethod itself also results in
relatively high costs, since it nust be carried out on each individual 10
sem conductor wafer. Furthernore, the described nmethod is subject to further
restrictions relating to the dopant content since the |I|ight is absorbed by
the charge camdass whsehiavadbbtoel easts-aswiba mmmﬁﬁieﬁnthﬁkeﬁnaéeases

t hus greatly redUC|n% %he Lr.ans tted |i inte An ul trasound test
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sem conduct or waf mhlc have cavities. 30 Scanning ultrasound
m croscopes in which a sanple is scanned two-di nensionally by neans of

ul trasound anthd nedi gbrhbe $eHRUFVWAYES thatuipassid hreughiee1dr gighefl ected
are processed in order to roduce gn imge fromthemare kngmn fromthe

prior art, fGPs§ﬁamﬁ%Pc%5 F r OHF BEDSOFISFALS AT | it ePASEI OR FVbQP@ﬁt
applicati@n VBt /cBeRiA b4 wadieaGl oses a scanni ng ul trasound m croscope which

Furthermore, the described method is subject to further
regstrictions relating to the dopant content since the
light is absorbed by the charge carriers which are
15 releaged as the dopant content increases, thus greatly

reducing the transmitted light intensity.

An ultrasound test method is also known in the prior
art, by means of which wvarious mechanical defects are
20 detected in different materials. Until now, the imaging
of defects has been restricted to workpiece thicknegses
of a few millimeters, because the sensitivity of the

method decreases at greater depths.

25 The object is therefore to provide a method which can
be applied to all types of semiconductor materials and
allows early segregation of those semiconductor wafers

which have cavities.

30 Scanning ultrasound microscopes 1in which a sample is
scanned two-dimensionally by means of ultrasound and in
which the sound waves that pass through or are
reflected are processed in order to produce an image
from them are known from the prior art, for example

35 from DE25(04288A1.

The international patent application WO01/86281Al




produces three-di nensional inmges of a sanple. In this case, the imges are
produced non-destructively, thus resulting in information about the
internal structure 5 of a sanple. However, the prior art described above is
not designed for high-speed data recording of the sanples to be exam ned
and for neasurenent of ingot pieces with a 10 length of up to 100 cm
Furthernore, the apparatuses according to the prior art have a limted

t hroughput. The invention is therefore based on the object of providing an
apparatus for acoustic scanning 15 m croscopy, which reduces the neasurenent
time per samfleelandat dhe smmmitigre altewnsotnati ablieteiesid onwhithe first

object is achieved by g method for. detection of nechanigfl dgfe%hs 4 in an
i ngot pi ece PN s conpoégﬁlg%:%eﬁ$%%ﬁﬁu8FoF'ﬁ§?@9'%ﬂ hd “hag at
| east one plcasar, stuhéacez@eandare t brokness, measisedrattinraght, ahgkes to
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pi ece 1 bei ng scanne ring y at one ‘ul trasound head 2
25 which s edupl edmgl®e.a |iquid coupling nmedium3 to the planar surface 6
of the ingot piece 1 and, at each neasurenent point X,y produces at | east
one ultrasound pulse 8 which is directed at the planar surface 6 of the
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The invention i1is therefore based on the object of
providing an. apparatus for acoustic scanning
15 microscopy, which reduces the measurement time per

sample and at the same time allows reliable detection.

The first object is achieved by a method for detection

of mechanical defects 4 in an ingot piece 1 which is

20 composed of semiconductor material and has at least one

planar surface 6 and a thickness, measured at right

angles to this sgurface, of 1 cm teo 100 cm, with the

planar surface § of the ingot piece 1 being scanned

(' during the method by at least one ultrascund head 2
25 which is coupled wvia a liguid coupling medium 3 to the
planar surface 6 of the ingot piece 1 and, at each
measurement point x,v produceg at least one ultrasound
pulse 8 which is directed at the planar surface & of
the ingot piece 1, and the ultrasound-pulse echo

30 originating from the ingot piece 1 1g recorded as a
function of time, such that an echo 9 from the planar
surface 6, an echo 11 from a surface 7, opposite the
planar surface, of the ingot piece 6 and, possibly,
further echoes 10 are detected, with the positions xg,

35 Vo, Zp Of mechanical defects 4 in the ingot piece 1

being determined from the further echoes 10.
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obt ai ned when carrying out the nmethod according to the 5 invention. Figure
2 shows, schematically, a scanning ultrasound m croscope according to the
invention. 10 Figure 3 shows, schematically, a first enbodi ment of the
scanni ng ul trasound m croscope according to the invention, with two

ul trasound heads. Figure 4 shows, schematically, a second enbodi nent of 15
the scanning ul trasound m croscope according to the invention, wth two

ul trasound heads on in each case two_opgpasite planar surfaces of the
sanple. Figure 5 shows, schematically, the wedge angle of an 20 ingot piece

and the parapeiefrsaégersdst eoni 88t £R8 eighbes:wedge angle and of the position
of the reference plane. For the purposes of the present invention, the

expressi on an ingot piece nmeans a workpi ece conposed of 25 sem conduct or
mat eri al whi ebhghas liar geswslj n’%@ﬂeﬁ@i;@hllbﬁasﬁhé Nmeaguaiemeeit| ogh@ﬂmarl a
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say at rigghtiamghesoto its outer 30 surface. |If the |ngot pi eces are
conposed of single- crystal sem conductor material, then they are generally
essentially in the formof a straight circular cyllnder If the

seni conduct oFigarer iZal shewsi ngbehemalystal 1wi | icoaganhéndi andtmars@ind he i ngot

pi eces is 35y9epsLably Qg&M@gﬂH%OQO : O?QEQH%lJHe | ength of the ingot

pieces is 1 cmto 1 cm wt engt p to 50 cmbeing preferred for
the exam nation nmethod - 6 according to the invention. However,

particuhay | yrifuréhe casswef mHHdGIANN, neaorfﬁcaa/crem&aunbﬂe of
seni conductor. material, thei i ngot pieces may also be in__the formof an
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invention, with two ultrasound heads.

Figure 4 shows, schematically, a second embodiment of
15 the scanning ultrasound microscope according to the
invention, with two ultrasound heads on in each case

two opposite planar surfaces of the sample.

Figure 5 shows, schematically, the wedge angle of an
20 ingot piece and the parameters foxr determination of the

wedge angle and of the position of the reference plane.

For the purposes of the present invention, the
expression an ingot plece means a workpiece composed of
25 semiconductor material which has larger dimensions at
least in one direction than a typical semiconductor
wafer. Ingot pieces are typically produced by cutting a
semiconductor ingot at right angles to its longitudinal
axis, that i1s to say at right angles to its outer
30 surface. If the ingot pileces are composed of single-
crystal semiconductor material, then they are generally
essentially 1n the form of a straight circular
cylinder. TIf the semiconductor material is single-
crystal silicon, the diameter of the ingot pieces is
35 generally between 100 and 450 mm. The length of the
ingot pieces is 1 cm to 100 cm, with lengths of up to

50 em being preferred for the examination method



Single-crystal ingot pieces 1 (see Figure 2) generally have two planar end
surfaces 6, 7 and a curved outer surface 5. At |east one planar surface 6
is required in 10 order to carry out the nmethod according to the invention.
In the nmethod according to the invention, this planar surface 6 is scanned
by at |least one wultrasound head 2 (also referred to as a transducer). The
ul trasound head 2 nmakes contact with the planar 15 surface 6 via a liquid
coupling medium 3, preferably water. -The -ultrasound head 2 produces at

| east one ultrasound pulse 8 (Figure 1), which is directed at the planar
surface 6 of atherthggt b ecthegenevahtyohy meansrewf @apitezaekedtriin

transducer | r, ach 20 neasurenment -point x,y. The, echoes .10, 11
which ret ur%ﬁfgrom&i&%é i nogftz)t [I)nlug% cgngtla%atlﬂlren d%%ect%%%?lr¥%%alq{ﬂ?? asound
head 2. Furt bemieohdestod, matiechalesthe fngmt meciram cmly defsectlse 4dnn t he

i ngot pi ece, fRY Fae %%%rcrgegl&gggégatbeﬂo&a,?%i%%h acgr%?lé?ﬁfq@if&are 25

produced by the planar s ace and an opposite sur I ngot pi ece
(for exampl ecrh&Teppesene syveEaffsend surface 7 in the case of cylindrical
ingot pieces) . The distance zp between the defect 4 and the planar
surface 6 in _the z direction can be calculated 30 fromthe delay tinme t of
the echoes 18iNgl§ufEy3tahoddIoth@iGess thidéspeof ieHESsigndetrted as a

function of nhhe dglayplddrt endheRaSIdds0ne XpPr7YRuRf Lhedekectofon the
X,y plane (ess surface 6) is determned from

ential|ly parallel to th | anar c
t he instantaﬁBBE§C§55po Ft'EﬁsafOFﬁeP§@B@§s§Hﬁ53ﬁ§a% 25 HRIEFRT at posi ti on
of the def ecbrdecantbhusaieydetaartn nete unagbhgouskyordifgor dgy tihebt ai n
hinfornation gﬁggﬁttgg eq&ir in Qﬁ;7 pigcgr th | apar surface 6 is
~scanned by ngans of "'t he uIE?Ss Iid Headcss ?9n§xfhg Scanhi Ny process, the
“at |east onethisrasbamalr hentrfads [ efier abbynmededbyn at least one
ultrasound head 2 (also referred to as a transducer).
The ultrasound head 2 makes contact with the planar
15 surface 6 via a liquid coupling medium 3, preferably
water. The ultrasound head 2 produces at least one
ultrasound pulse 8 (Figure 1), which is directed at the
planar surface 6 of the ingot piece generally by means
of a piezoelectric transducer layer, at each
20 measurement point X,y. The echoes 9, 10, 11 which
return from the ingot piece are in turn detected by the
ultrasound head 2. Further echoes 10, which result from
mechanical defects 4 1in the ingot piece, may be
;" detected in addition to the echoes 9, 11 which are
25 produced by the planar surface 6 and an opposite
surface of the ingot piece ({for example the opposite
gsecond end surface 7 in the case of cylindrical ingot
pieces). The distance z, between the defect 4 and the
planar surface 6 in the z direction can be calculated
30 from the delay time t of the echoes 10. Figure 1 shows
the amplitude A of the signal plotted as a function of
the delay time t. The position x,,yp ©of the defect 4 on
the =x,v plane (essentially parallel to the planar
surface 6) is determined from the instantaneous
35 position of the ultrasound head 2. The spatial position
of the defect 4 can thus be determined unambiguously.

In order to obtain information about the entire ingot



pl ane (referred to in the following text as the 5 scanning plane 17,
Figure 5) which is at right angles to the outer surface 5 of the in

pi ece. This

measurenent principle is referred to as scanning ultra

m croscopy or scanni ng acoustic mcroscopy, and is known fromthe p

cited above.

10 Mechani cal defects which can be detected and | ocat ed

means of scanning ultrasound m croscopy are all areas wthin an ing

whose sound
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means of scanning ultrasound microscopy are all areas
within an ingot piece whose sound propagation
characteristics differ from the undisturbed
semiconductor material. These include, for example,
cracks and, in particular, the cavities described
above. The method can be used to detect cavities with a

diameter of 2 100 um, and even 2 50 um.

In order to allow material thicknesses which are as
large as possible up to 50 cm to be examined, the
ultrasound is preferably not focused, or is only
alightly focused. The ultrasound pulses should
therefore preferably be focused on a surface 7 which is
a long distance from the planar surface 6, in the ideal
case on the surface 7 wnich is located opposite the
planar surface 6, that 1s to say on the rear end
surface of the ingot piece 1. In thig case, slightly
focusing or non-focusing ultrasound heads 2 can be used
in conjunction with modified A/D converters. If the
ingot piece 1 is examined from only one end, the time
period for the recording of the echo should be chosen
such that the echo 11 (Figure 1) still includes the
opposite surface 7 of the ingot piece 1 (Figure 3).

In order to increase the verification sensitivity, the

ingot piece can be examined from both ends, preferably

e
ncr ease
bot h
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ingot piece is nore than 50 cm a neasurenent is required on both planar
end surfaces 6, 7, in order to obtain information about the entire vol une
of the ingot 5 piece. In order to neasure an ingot piece 1 fromboth ends,
it is first of all scanned fromthe first planar surface 6 by neans of the
at | east one ultrasound head 2, after which the ingot piece 1 is rotated by
means of a ratation apparatus through 180 about an axis 15 10 which is at
right angles to the |ongitudinal axis of the ingot piece, after which the
second planar surface 7 is scanned (Figure 3). Another option is to use two
opposite ultrasound heads 2 for scanning, or to use two opposite
arrangenent £oef erpjthal bty nfreul {Has000dchd hemdshd. lkhgthi so€aske the
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7 is scanned (Figure 3). Another option is to use fwo
opposite ultrasound heads 2 for scanning, or to use two
opposite arrangements of a plurality of ultrasound

15 heads 2. In this case, the ingot piece is not rotated
{(Figure 4}.

If the semiconductor material is gsingle~crystal
gsilicon, then the propagation speed of the ultrasound
20 1ig approximately 8500 m/s. The required duration for
recording of the sound echo is determined from the
length of the ingot piece to be examined. By way of
example, if an ingot piece with a length of 20 cm is
measured from one end or an ingot piece with a length
25 of 40 cm 1s measured from both ends, this reguires a
recording duration of about 100 ps with & time
regsolution of at least 10 ns, preferably at least 1 ns,
in order to obtain information about the entire length
of the ingot piece and in order to determine the
30 position 3z, of the cavity in the =z direction of the
ingot piece from the echo delay time. A suitable
evaluation window is preferably defined in order to
exclude those signals 9, 11 (see Figure 1) which are
produced by the surfaces of the ingot piece for the
35  evaluation of the detected sound echo. The evaluated
sound echo and thus the examined volume of the ingot

piece ig subdivided into n segments in the z direction
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to the outer ( surface 5 of the ingot piece 1, the wedge angle

he dianeter d of the ingot piece 1 can easily be determ ned

L&t iénsh prelancgytaipz PIARFD [ FFaee t Ae ldgelady ¥iwkt

di fference bghwees thetnkorgesh andrshertedr delayddde Pfedde egchpgfrom
surface 6 of the ingot piece 1 which faces the 30 ultrasound

that planar

head. The meRFRERFEPLEanEE z/V &n t SUHFRGRy PPy ahd the

pl anar

surface 1@ i s (Fdgtieem ned g omithethergest idel Bygitae,5 ane t bedeshogs est

distance Zm

(
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35

Sekérgfﬁgrghge%éﬁé¥“§ﬁ5 éﬂ%%tgﬁé iggg%ypyég%,:ﬁaich is
caused by the uncertainty in the crystal axis and the
sawing process. Because of this wedge angle, it is not
simply possible to use one of the end faces 6, 7 as the
reference plane 16 for the determination process as
described further below of which of the semiconductor
wafers that will be produced later from the ingot piece
will be affected by mechanical defectg. That plane
which is located at right angles to the outer surface 5
and is closest to the end surface 6 but just no longer
intersects it 1is therefore defined as the reference
plane 1l6. If the scanning plane 17 of the ultrasocund
head i1s chosen to be at right angles to the outer
gurface 5 of the ingot piece 1, the wedge angle « over
the diameter d of the ingot piece 1 can easily be
determined using the relationship tan (o) = {Zgax -

Zmin) /d from the delay time difference between the
longest and shortest delay time of the echo from that
planar surface 6 of the ingot piece 1 which faces the
ultrasound head. The maximum distance =Z,., between the
scanning plane 17 and the planar surface 6 is
determined from the longest delay time, and the
shortest distance zyn 18 determined from the shortest

delay time.

In order to ensure that the scanning plane is at right

angles to the outer surface of the ingot piece, the



In order to ensure that the scanning plane is at right angles to the outer
surface of the ingot piece, the - 10 ingot piece is aligned before the
start of the neasurenent. This can be done, for exanple, by nmeans of an
appropriately adjusted depression in the formof a trough, into which the
outer surface of the ingot piece 5 is placed, and which aligns the ingot

pi ece exactly. The distance zp between a nechanical defect 4 detected at
the position xp,yp and the reference plane 16 can be determ ned easily, if
t he wedge angle is known, from 10 the jel-ationships: zi = tan(a) o (d - xp)
zo =z~ - z1 zP = Ztot - Z1 15 In this case, zl represents the distance
bet ween t he lrpjmarpsmé aces6 arldghba r efedficance fla@nesdfrt zootthe th@di st ance
bet ween t he uItrasogﬁﬁl ﬁ%l which is Iocatg at thi po nt x8¥§on t he
scanni ng pl ahe 17 % D prams SuPFace®s, SAREPIEot ‘t”hg‘e t Rifce

bet ween t he andeteptedrdetety 4dgmdtede cjﬂmm&rsmnfianetﬁe Aldrmof of he

di st ances ed a t ce.. 5 Contrary
o previ ous Bxba et QR Lhe Bag; oot P ohe2c3hnths arEPdsoi

m croscopy i srlﬂlatcmﬁ,e agydl ywitigrh tehlel orex dfienditrignt ofiqos aixaﬁéilwi h| n | ayers
close to the surface, it has been found that the nethod can al so be used,
particularly in the case of single-crystal 30 sem conductor material, for
exani nat i on 5fe naterange hi brRRESSRsaomagheand cad (IRt edefesectpdt o 50 cm
This is explai natk byodhe: b gl %ala'r{@/t%{@ﬁé%{ﬂé roMBn&ef §Chanohet he

sem conduct or nonocryst al whi | eads to undisturbed ballistic sound
propagati on rn}lé?ﬁji 38aﬂ?-§¥anclefs BRE WRISiCef BB diSr JERPBRs. TEREI vi dual

10 the relationships:

z1 = tan{o) ¢ {(d - =)
Zo = Zmax — Z1
Zp = Ztot T A1

15
In this case, z: represents the distance between the
planar surface 6 and the reference plane 16, 2z; the
distance between the ultrasound head, which is located
at the point =x,y on the scanning plane 17, and the

20 planar surface 6, and zZ.+ the distance between the
detected defect 4 and the planar surface 6. All of the
distances mentioned are measured parallel to the outer

surface.

25 Contrary to previcus experience, on the basis of which
scanning ultrasound microscopy is suitable only for the
examination of relatively thin layers close to the
surface, it has been found that the method can also be
ugsed, partilcularly 1in the case of single-crystal

30 semiconductor material, for examination of material
thicknesses of up to 25 cm, or even of up to 50 cm.
This is explained by the high quality and freedom from
defects of the semiconductor monocrystal, which leads
to undisturbed ballistic sound propagation over long

35 distances and in préferred directions. Individual
mechanical defects can therefore be located wvery well,

even at great depths. In this case, there are no



mechani cal defects can therefore be |located very well, even at great

depths. In this case, there are no - 11 further restrictions relating to
the characteristics of the ingot pieces, for exanple the dianeter, the
crystal orientation or the doping. 5 An apparatus which al so achi eves the
second object on which the invention is based can be used to carry out the
met hod according to the invention: This is a scanning ultrasound m croscope

having a 10 hol ding apparatus for an ijngot piece 1 which is to be examned |

and has at |east one planar surface 6 Iylng on the x,y plane, having at

|east two uldasund: doadsc: ohor -1 oduELi 08 ead @%fa%tat%%fu@@ st rasound

signal, having a first nounting apparatus on | east
ul trasound HEXsiRGRE RLRERY: stieh ?ﬁémpiﬁeyh@aﬁhéﬂetﬁﬁvetﬁﬁ e S ey

di rection, m@ﬁéﬂtgﬁidghdﬁtgﬁgndQ@Mi e, by neans of which the ultrasound
heads 2 can be noved in the z dlrectlon at right angles to the x,y plane

relative to the hol di ng apparatus, having a novenent 20 device, by neans of
whi ch the mumtapgseppasatis canthlddieabiol iag apparsddisndagbhecfoved
relative to _gne other in the X,y . direction, haV|nqia control unit 12 for
control of t'feNoveRBnt gs7 8 and 125 “&dj B8t MAHS devi CBTT¥sE | as an
eval uati on uhd redihcRb gpraamedising ofthde mitdrtasaisnd si gnal detected by the
ul trasound heads 2. The use of an apparatus such as this is advant ageous
because a plurality of different x,y positions on an 30 ingot piece are
exam ned at e sdre @ mscannting helvaeisousdposiicrossdpel nhastisgni & ed with

ggﬁgzglgach}%ﬂﬁkgggéﬂg%te © %t?ﬁgogggpggﬁgz;£i8?§?éggﬁh eadm%#thtggL;s it
pOSS| bl e to sxcHiiare andBsag gul fleant ¢eeluelionr i Aurfacaelsdvénentnt i me.
the x,y plane, having at least two ultrasound heads 2
for production and detection of an ultrasound signal,
having a first mounting apparatus on which the at least
15 two ultrasound heads are mounted such that they cannot
move in the x,y direction, having an adjustment device.,
by means of which the ultrasound heads 2 can be moved
in the z direction at right angles to the x,y plane
relative to the holding apparatus, having a movement
20 device, by means of which the mounting apparatus and
the holding apparatus can be moved relative to one
another in the x,y directiocn, having a control unit 12
for control of the movement device and of the
adjustment device, as well as an evaluation unit for
25 processing of the ultrasound signal detected by the

ultrasound heads 2.

The use of an apparatus such as this 1is advantageous
because a plurality of different x,v positions on an
30 ingot piece are examined at the same time, with the
various positions being ensonified with acoustic
signals from one ultrasound head in each case, and with
their echoes each being detected by the respective
ultrasound head. This makes it possible to achieve a

35 significant reduction in the measurement time.

The scanning ultrasound microscope according to the



The scanning ul trasound m croscope according to the 12 invention wll be
described in the followng text with reference to Figure 2: The scanni ng
ul trasound m croscope has a holding 5 apparatus for an ingot piece 1 which
is to be examned and has at |east one planar surface 6 which essentially
lies on the x,y plane. It therefore differs fromthe prior art by having at
10 |l east two ultrasound heads 2 for production and detection of an
ultrasound signal. It is also possiblejisa use nore, for exanple four,

ul trasound heads. One of the ultrasound heads is preferably a so-called
master trangoueeriocandiall bef dekerabvher sSrarths! ayeldhihansgycerish The

ul trasound h aidesr are , PI efEer abl% supplied with a high-frequency AC vol tage
froma high- req% cy genjeqléﬁ r“14, and this is converted by a

pi ezoel ectric transducer |ayer to an acoustic si gnal in the formof an

ul trasound e. oe f an nt of the

i ngot pi ece e;t Sagglgrll%ggre%t\é% pﬁgare%ﬂqhéf‘r%])%cn urn %%t ect e%‘ogra%

pi ezoel ebt r iapRaE#sRICEPT | a;zermgfatt e eces peottiiah u$ttasb@n@>d@aadteﬁ, and are
converted ! ouaf il eClt | £als: Sb03b1 ol Scalenal S wRliehelalln digh i zed by

means of 25 an A/D converter and Ts transmitte e evaluation “unit,
whi ch recordsi§® s @9 vhct iIRFPRE- the i nstant aneous exani ned position on
the x,y plane. The uItrasound frequency is preferably in the range from5
to 25 MHz. I\/Ultl % re-interfaces can al so be _30 used for

ul t rasound %dg ﬁﬁe 8res erfnel LM | RSt RRIPWI BFhshd ®ese Btare

nount ed10on deddd sttwduntil Bgagppanat ugadsuchy t hadr t hgyoganagbnnwad n the
xy direction, 33 4ldn | e PIRSLRLS.E8.R60 48 3 J ot gdLystment device for
to use more, for example four, ultrasound heads. One of
the ultrasound heads is preferably a so-called master
transducer, and all of the others are slave
15 transducers. The ultrasound heads are preferably
supplied with a high-freguency AC voltage from a high-
frequency generator 14, and this 1is converted by a
plezocelectric transducer layer to an acoustic signal in
the form of an ultrasound pulse. The echoes which are
20 reflected from an element of the ingot piece 1 at a
different depth are then in turn detected by the
piezoelectric transducer layer of the respective
ultrasound head 2, and are converted to an electrical
signal. This signal is preferably digitized by means of
25 an A/D converter and is transmitted to the evaluation
unit, which  records it as a function of the
instantaneous examined position on the x,v plane. The
ultrasound frequency is preferably in the range from 5
to 25 MHz. Multiple 100 MHz re-interfaces can also be
30 used for ultrasound heads up to 25 MHz.

The at least two ultrasound heads 2 are mounted on a
first mounting apparatus, such that they cannot move in
the x,y direction.

35
It is possible to provide a joint adjustment device for
all of the ultrasound heads 2. In this case, all that



all of the ultrasound heads 2. In this case, all that - 13 1is possible is
to adjust all of the ultrasound heads jointly in the z direction. However,
a dedicated adjustnent device is preferably provided for each of the

ul trasound heads 2, by neans of which the 5 ultrasound head 2 can be noved
inthe z direction at right angles to the x,y plane, independently of the
ot her ultrasound heads 2, relative to the nounting apparatus. Each

ul trasound head can then be adjusted _ifgdependently in the z direction, in
such a manner that 10 it detects a maxi num signal intensity (for exanple a

mexi num si gnay iRkenyiily Of the RKehad romtbe read upkaRabuskr fiackss) - Each
adj ust nent deV|ce prefera has an independent notor drive. The apparatus

bl y
al so cont ai "8TRRLY, ylgcaﬁhﬁngzap AFEEGEOT0hi GPWSYR at tthe OBSHiGRRed i me keep
the two or @a@@tm@ﬁsomlwdﬁsl Rreffegiahlyi NpebdeRelO AYOVELEnoRaN- | 0op

and closed-lgﬁg ntrol hl |Q9epe dently of on anpther, at the
focus positi (sBetTRE @E e ﬁéﬁ%ﬂﬂ appP¥cat? %Mtﬂ t H8FH e erence
102006005448&1tmh$@@n&a&eadtZZZGaWUbblﬁhﬁdaﬁrkﬁrtﬂﬁatﬁlﬁlrebhlﬁhd%ﬁ:to all ow
scanning of th I surface_.6 of th scan :
ul t r asound n%c dgc%%L acc%?dﬁ%b t o ’Yhe'g3 entlglﬁ-le ?dgn%&yén%ﬁtqgg%lce by
25 neans of QWh@iltuﬁxrﬂﬂnundu;hﬁadﬁraﬂus aatiatheehotdi nghe apparatiugy for the
| ngot pi ece ggg% oY el ax%iﬂfaé&n@“%e%ﬁ@&ﬁ hd e e dlfald ons.  The
ace o

pl anar surf the ing prece is in thi s case scanne asur enment
poi nt by ne Q@ﬁ@@e@ﬁﬁﬂtlnahhelZn@lb?ctlﬁ@; $o sheh 30 mEmeeanttihed pl anar

surf acesof the bBaackl efen:5inCov el emho FUILRBRERES. G AONLERYR! 1o | S

provi ded for control t he novenent™ devi ce and adj ust nment deV|ce
-as 35 wel | %X%ﬁ%vaﬂ%%nlaﬁﬁpsf-&v P bcdd§ ngedP tﬁéom the rear

K» planar surface 7). Each adjustment device preferably
has an independent motor drive. The apparatug also
contains an x,y scanning apparatus, which can at the

15 same time keep the two or more ultrasound heads in
focus, in order to provide open-loop and closed-loop
control for them, independently of one another, at the
focus position (see the German patent application with
the file reference 1020060054482, which was not

20 published prior to thig).

In order to allow scanning of the planar surface 6 of

the ingot piece, the scanning ultrasound microscope

{ according to the invention has a movement device, by
25 means of which the mounting apparatus and the holding
apparatus for the ingot piece can be moved relative to

one another in the x,vy directions. The planar surface 6

of the ingot piece is in this case scanned measurement

point by measurement point, and line by line, so that

30 the entire planar surface of the ingot piece is

covered.

Furthermore, a control unit is provided for control of
the movement device and of the adjustment device, as
35 well as an evaluation unit for processing of the
ultrasound signal detected by the ultrasound heads. The

control unit and the evaluation unit may be combined in



PE
- "

ul trasound signal detected by the ultrasound heads. The <control unit and
the evaluation unit nay be conbined in 14 one unit, for exanple in a
conputer 12 with nonitor 13. The echoes detected by the two or nore
ultrasound heads are preferably processed and recorded simultaneously,
with the detected signals being recorded as a function 5 of the

i nst ant aneously exam ned position on the x,y plane, and with the position
Xp, yp, zp of the nechanical defects bging determned fromthis. The data
itens for an image display are preferably produced sinultaneously. 10 A

nodi fi ed scapai @iyl t FRRSOWRGHIC ASC P dnfou&f erablyrn misedofors,
exam nation ot pieces 1 mnthé&llength of nore than 20_cm having a

fin
further nnuﬁg?n&c 55r AEGECERT W At e BRM° ik b FRFOUY r2%3%hd heads 2
are 15 nounked, mnetegaus)t yprockBect ratd Nnewabirdgdappanal tsneoddBy second

nmount i ng appar at i s, arranged such that.the_ ultrasound heads 2, nounted on
it can exanﬁﬁéga%zl?co%egtec&egjﬁa?l%rﬁﬁ AcRETSf rfaﬁé’rfiﬁéotaspiaec Ucthen
illustrdtedofi ntlie gume tent2Mcbepdydi aganhnttie madlirtoof drhetaeniopduct or

mat eri al , ppar.atus or di t he. i nveption_can be used t,0 exam ne
i ngot pieceémﬁfgh_aégﬁanggggloﬂhgg t%b%%€13%1 “&nd W't h %?IéﬁgthEQE up to 40
cm (if the srahpnaceéndefersscieingd deverivigmdditvrends)s. dfhaipdaoa 20 cm (i f
o 50 cm or 25 em -7 eepect realy, of TPI00 cnr o BooEeriell e i 5, e
met hod accoféitigteBepnelyavention and the apparatus according to the
inventiign make it possible to segregate sem conductor wafers affected by

mechani cal _defects, for exanple _cavities, at an early stage_ in the
A mocified scanning ultrasound microscope "is preferably

used for examination of ingot pieces 1 with a length of
more than 20 cm, having a further mounting apparatus on
which at least two further ultrasound heads 2 are
15 mounted, analogously to the first mounting apparatus.
The second mounting apparatus 1s arranged such that the
ultrasound heads 2 mounted on it can examine a second
planar surface 7 of the ingot plece 1, as illustrated

in Figure 4.

20
Depending on the nature of the semiconductor material,
the apparatus according to the invention can be used to
examine ingot pieces with a diameter of up to 450 mm,
and with a length of up to 40 ¢m (if the examination is
25 carried out from both endsg), or up to 20 cm (if the

examination is carried out from one end), or even with
a length of up to 50 e¢m or 25 cm, respectively, or

100 cm or 50 cm, respectively.

30 The method according to the invention and the apparatus
according to the invention make i1t ©possible to
segregate semiconductor wafers affected by mechanical
defects, for example cavities, at an early stage in the
production process without having to individually

35 examine all of the semiconductor wafers, and having to
gsubject those semiconductor wafergs which are affected

by the defects to further - unnecessary -~ processing



production process wi thout having to individually 35 exam ne all of the

sem conduct or wafers, and having to subject those sem conductor wafers
which are affected by the defects to further - unnecessary - processing -
15 steps. This results in considerable tine and cost advantages. The
invention therefore also relates to a nethod for 5 production of a
multiplicity of sem conductor wafers, conprising the follow ng steps in the
stated sequence: a) production of a senicconductor ingot, b) cutting of the
sem conductor ingot into ingot pieces wth a length of 1 cmto 100 cm 10
d) determ natdiQpOf g Posidhan Of sAeChaniqal dehect %m.!en aagh téeg@t pi ece,
with the p05|t|on of each defect being defined uniquely by coordi nates xp,
yp on a pl an@dVFRTA9S8:- to the cuts to be made in step f), as well as by a
coordinate zp at right angles to this plane, 15 f) cutting of the ingot

pi eces |nto multiplicit condyct or fers with a thickness of 0.2
to 2 nmm nd B9 T $%5%?¥0%&Ege&ng§% LefP cORAGERST YRf &r PSHIXh Ie8ntain

t he posi t5on$_3ra:tdmd‘n:ll©lm nef hanimal - tief e sy have seaﬁ)icbﬁmuémmdwafb@s,

i ndi vi dual s _aof ,this,nmeth accordl tQ th on for ~odicr or of
a nultlpI|C|t§%@ ?éﬁlc %@ugtgﬂ ﬁ ﬁetgﬁé a% FFHAES in the
25 foIIomﬁngatextbdﬁwmabnobfam semnnandummwmhmmxnngot |s produced in step
a). The sem ¢gn i t f i n crystal ., The_semniconductor
ingot is pre%ﬁrg%%EQ% Q%iéakﬁdgéf §g$%¢%§9 |%h a?t%%ﬁ?a%ngP gPéTeryst al
silicon. In wuhhsacéﬁ@gthh@fsénmmpmdudﬂﬁrcmngpt generally has a dianeter

f rom abopg %ﬁehfgltgég&imime SMLANAUGEH @K onl ROt Sn B P ederbOL seXanDl €,

by means , i .
( in each ingot piece, with the position of each defect

being defined unigquely by coordinates x,, vy, on a plane
parallel to the cuts to be made in step f£), as well as
by a coordinate z, at right angles to this plane,

15 f) cutting of the ingot pieces into a multiplicity of
semiconductor wafers with a thickness of 0.2 teo 2 mm,
and
h) segregation of those sgemiconductor wafers which
contain the positions at which mechanical defects have

20 been found.

The individual steps of this method according te the

invention _for  production _of & multiplicity -of

-~

semiconductor wafers will be described in detail in the

25 following text:

First of all, a semiconducter ingot is produced in step
a). The semiconductor ingeot 1s preferakly single-
crystal. The semiconductor ingot is preferably composed
30 of silicon, in particular single-crystal sgilicon. In
this case, the semiconductor ingot generally has a
diameter from about 100 to 450 mm. The semiconductor
ingot is produced, for example, by means of the float
zone process or by means of the Czochralski crucible-
35 pulling process. Since the described cavities occur
when  using the Czochralski-pulled single-crystal

semiconductor ingots, it 1s preferable for the method



zone process or by neans of the Czochral ski crucible 35 pulling process.
Since the described cavities occur when using the Czochral ski-pulled
single-crystal sem conductor ingots, it is preferable for the nethod 16
according to the invention to be applied to sem conductor ingots such as

t hese. However, the nethod according to the invention is also applicable to
cast, multicrystalline or polycrystalline sem conductor 5 ingots (which are
also referred to as blocks), which argqgused for exanple in the production
of solar cells. The sem conductor ingot is cut into ingot pieces in step

b), which ha&ﬁdm@gt h dor Oﬁtﬂaecmhi@rééﬁ@iﬁﬁl 160 prqfe.e{j alpp1tied0 em hThe
cuts are genera e usjin a handsaw or internal -di aneter saw. .The
seniconductcﬁem%9€§§£ﬁg§n§éﬁﬁﬁ%ﬁﬁys% 5t o PRGot TPVEEEE - af PFi §RECEngl es to
its |longitudicadrdExics. td nthbeinasatdbna isserfizonabisI Deabhgotohagisng a round
Cross secti t:hj ans th the ingaot pieces are _essenti.ally in the
form of a s r%ﬁ{%ﬁ&%ﬁ%ﬁgﬁlgﬁ cﬁﬁ%ndé??i%ggﬁsg%ggf ©of FﬁglCBEﬁPFﬁérprocess,
the ingobd pilewesshalehtent @ine &lsegukdertieds, thoweverlo@s) n gedehal , an
optional stepfldey Gl ighiiille 3l €he Shepfles dh ML She Quler surfaces
I'Ty  cyl rica

of the essentia in ingot pi"éces are ground such that the ingot
pi eces have an exactly cylindrical shape. In addition, f orientation

features suehAssani 8858LEEBrNOIANRS 9 & ORigRY aﬂ_}_ﬁBtflﬁe%ééaniHe _
produced on the outer surface of the_ingot pieces. is step can be carried
out after, ShfP pPat erdBI§PbetdFR, ost efREf THECBosh t570n t6F AEENEMI cal

defectsion eadTdraat, Mecey SR. | pheetarll Red idersdep ) . mdBbSuksngref erably
done usi ng scanqé£%6ultrasound C pscq&&aas escr.i bed above.

(Al ternatively, PERESPES P ot of T Bt CTePal s, T SERFPRPEFOHT
“cavities, camdet deker genedabyy cut into ingot pieces at right

angles to its longitudinal axis. In the case of a
semiconductor ingot having a round cross section, this
15 means that the ingot pieces are essentially in the form
of & straight circular cylinder. As a result of the
pulling process, the ingot pleces have certain

irregularities, however.

20 In general, an optional step c¢) 1s carried out after
step b)), in which the outer surfaces of the essentially
cyvlindrical ingot pieces are ground such that the ingot
.pleces have an exactly cylindrical shape. In addition,

(; orientation features such as orientation notches or

25 orientaticn f£lats can be produced on the outer surface
of the ingot pieces. This step can be carried out
after, but preferably before, step d).

The position of mechanical defects in each ingot piece
30 is determined in step d). This is preferably done using

scanning ultrasound microscopy as described above.

Alternatively, the position of mechanical defects, in
particular of cavities, can be determined by
35  illuminating one end of the Ingot piece with infrared
radiation and by measuring the transmission at the

other end of the ingot pilece. Thig measurement is



35 illumnating one end of the ingot piece with infrared radiation and by
nmeasuring the transm ssion at the other end of the ingot piece. This
measurenent is 17 preferably carried out on the outer surface of the
cylindrical ingot piece, in order to avoid the light fromhaving to pass
over excessively long distances. Since excessive roughness interferes with
this 5 measurenent, it is preferable to snoboth the relevant surfaces of the
i ngot piece before the neasurenent by. 17 ne-grinding, etching, polishing or
a suitable conbination of these processes. The roughness of the relevant
surfaces shomtelf orahey ablarmioid exaeedod0 B = dht2d | Burfackhi sf mefthod,

i mages of the jnterior,of._ the ingot pi.ece are produced usi n i.nfrared-
sensi tive car ir%ln F15h sl&lgtogbl%l%%?’ec%flvegrci%% l{:gncaf% egﬂgral&ﬁhg:cts in

t he interiorfreadhpringeftacthass ocovabsexpiseiveflt htongciddentarldeght . The 15
depth of th cts.. term ohj ective etti.ng which results
in a focusegsfr?nége. eg%%%%%ﬁ%i tin%ﬂlaﬁ%séngl%t hiq!ngceo%f%lﬁ%sssur“f%gle i st%rleg(’qui red
for use &f theasyfernert tidnshssypiredemabied, te hemgselof the0 redavaintg
ul'trasound nierOScADYokS PILlerabl eibost eprdle Mo ShERshyembhE HRIOL

pi ece, possibly together wth Turther Ingot pieces, Is cut into

senm conduct oflR@IfEF A1, jn %%ﬂ%spoﬁéghghﬁfﬁﬁner%‘o the priidebdet, with a

thickness of Qw2 d ZoiMorThigeds prebekably done BwuMeens ofragmd ti wire
saw (MAB) accor di art. The ingot pieces are preferably cut

ng to the_prior
into sem col’rﬁj]tﬁ'c‘f%gt waf Bt ates i gyl es ST Yout &°30 $FPECes. The
sem conduct aza wafers (afie theghgenekahbyl, clreansd endtBepanakedorthhad is to

_say the sem conductor wafers which ared'rn t({;e form of packs fterdthe mul ti
(wire saw procéss HPEkephr&FEd, ivd HCTHSVi duitty ap  ntrared-
i sensitive camera with a suitable objective. Gas

enclosures or defects in the interior lead to
refraction or s&bsorption of the incident 1light. The
15  depth of the defects 1is determined by the objective

setting which results in a focused image.

Since additicnal smoothing of the surface is required
for use of the infrared transmission methed, the ugse of

20 scanning ultrasound microscopy is preferable in step
d) .

In step £), the ingot piece, possibly together with
further ingot pieces, is cut into semiconductor wafers,
25 in a corresponding manner to the prior art, with a
thickness of 0.2 to 2 mm. This 1is preferably done by
means of a multl wire saw (MWS) according to the prior
art. The ingot ©pieces are preferably cut into
semiconductor wafers at right angles to their outer
30 surfaces. The semiconductor wafers are then generally
c¢leaned and separated, that is to say the semiconductor
wafers which are in the form of packs after the multi
wire saw process are separated, and are individually
placed in the compartments of a cassette or of a

35 megazine.

In step h}, those semiconductor wafers which contailn



pl aced in the conpartnments of a cassette or of a 35 nagazine. In step h),

t hose sem conductor wafers which contain - 18 the positions at which
cavities were found in step d) are then segregated, and are in general
rejected. This can be done either manually or automatically by nmeans of a
robot. 5 1In order to allow these sem conductor wafers to be segregated nore
easily, the z coordinate of the position of each nechanical defect is
marked on the ingot piece, preferably k@ an additional step e) 10 between
steps d) and f), for exanple by mlling, grinding or drilling a depression.

In the case ahe c]ydnw@lim@@l atNgRli chil /GRS i sheare ifdeaded, tecbs eyt into
sem conduct or wafers at ght angles to their outer_surface, the marking is

applied to tR&ESuUt nlﬁegﬁ Faked ataFﬁeaﬁﬁsHﬂ(ﬂ?%ﬁF%%tE?ﬁ?ﬁE% i nT8EEp d).

Finally, in siep be, dahk efitdhResensemropduet ehivvafaiicalili aby havana mar ki ng
on their cirognferenc are segregated. This can be done, for exanple,
manual | y on ‘of visual identification of the marking. 20 Dependi ng
on how precisely the marking that has been applied to the outer surfaces

mat ches t he Si zp,. . of_-t;h hani cal_ def and_dependin n the
t hi ckness of eg%ﬁ?rse%?céﬁ'ﬁﬁ%gﬁgﬁﬁ er e%n%°$§u8EO ecf%?on 5 tﬁs cutting
process in sisggriogatad thate 28=$klnecesbaryaz s thmnshgraa@t eof hoskewaf ers

uhi ch have  bReiTO nge Uaal sobhatespecilucly, ad agepkodaler sipehs an

alternative t he app Ication o mar ki n aSe ‘sen conduct or waf ers
(and their ndRgets) Rificeh 3PURRAT RN edst dﬁ% nedfbnieatl deske? cah be

determ negl bRrskRP ekschiam khe pagi th_=<)>ns 2Brof kARpABChBYI Cak 11 dgfects, and
fromthe position of the cuts_nade in
- grinding or drilling a depre551on In the case of

cylindrical ingot pieces which are intended to be cut
into semiconductor wafers at right angles to their
outer surface, the marking 1s applied to the outer
15 surface at the position z; determined in step d).
Finally, in step h), all of those semiconductor wafers
which have a marking on their circumference are
segregated. This can be done, for example, manually on
the bagis o0of wvisual identification of the marking.
20 Depending on how precisely the marking that has been
applied to the outer surfaces matches the position z,
of the mechanical defectsg, and depending on the
thickness of the cut gsemiconductor wafers and the
precision of the cutting process in step £}, all that
25 is necessary is to segregate those wafers which have

the marking, or else the respectively adjacent wafers.

As an alternative to the application of the marking,
those semiconductor wafers (and their numbers} which
30 have at least one mechanical defect can be determined
in step e) from the positions z, of the mechanical
defects, and from the position of the cuts made in step
£}. These  semiconductor wafers can finally Dbe
segregated manually or automatically by means of a
35 robot, in step h). If the automization level of
semiconductor wafer manufacture is sufficiently high,

the material tracking system, for example, can



f). These sem conductor wafers can finally be segregated manually or
automatically by neans of a 35 robot, in step h). If the autom zation | evel
of sem conductor wafer manufacture is sufficiently high, the material
tracki ng system for exanple, can 19 determ ne the relevant wafer nunbers.
The material tracking systemmay, for exanple, use the position of the
reference plane, which matches the first conplete sem conductor wafer, and
the sumof the pitch of the 5 cuts (carrggponding to the sumof the

t hi ckness of the cut sem conductor wafers and the | oss of material caused
in the cuttingepepebss) tige det&rdidie: t hey fubangno&fs t herrgemipgonductor
wafers affected. In this alternatige as melh, it may be necessary to

y
segregate 10 FfHEE SERTCEBn MRt or i Maf EKETPhCor d6° t T1BePRELLAPR Ghat al |
of the sem cotitkict-ef ewahees pilroh haléech meshahiccal tlgdef €6tschavendieats

removed. In order to.avoid having tqQ segregate an.unnecessar,il | ar ge
nunber of sen‘?%rglnc e 1%F‘t_“\glxr/af &rs Sty hoasréCf gé% C%Jﬁrbu%?o?‘%\?af%lr%c%%ééh%e at
| east onebSnectians catordespendongt he basi swi ¢hetlhar khhgkoesealodultdteed waf er

nunber, as we as ' mer adj.ace sen.con t ef.s, can
be exam ned |én1'<llzﬁ visd%éjl %/ﬂéll?(gtc% an faé;gdgl'tficlor?\(gl ncFshteep gq%scsgcg)t)ffd?%gt%eﬁ%e prior
art, for necteitsedllretRet SUtThRE panchesdote, determiagpltdie mumaeesns of

scanni ng ul trgsound,dri CLESGeBNGuRbLAr e fter:gnsn&f@%(e@e&?aswneryqi%r X-ray
absorption neasurenment. By wa)_[L of exanple, the marked or 25 cal cul at ed

seni conduct or2 Ve @&t @il RReiME lles peet NQE| ;be dreseEtamei §RbGYTAGE téani ned.

Final 1y, 1bhe oM acesenseanduatoetwal apstald chrar e-gegr egatied idestem h) are
t hose in whi cg nech%ﬂi]cal def ect s have actuall been found in step Al l

. g) -
/of the ot her i coititict 8 36-NRaf STLWFRRGH béeReTRdi VRAGR | y*9&€ani ned

in step g) mechanical defects have been removed.

In oxrder to avoid having to segregate an unnecessarily
15 large number of semiconductor wafers, those
semiconductor wafers which have at least one mechanical
defect on the basis of the marking or calculated wafer
number, as well as a defined number of adjacent
gsemiconductor wafers, can be examined individually, in
20 an additional step g) according tc the prior art, for

mechanical defects. This can be done, for example, by

meang of scanning ultrasound microscopy, infrared
transmission measurement or X-ray absorption
( measurement . By way of example, the marked or

25 calculated semiconductor wafers and their respectively
closest mneighbors are examined. Finally, the only
semiconductor wafers which are sgegregated in step h)
are these in which mechanical defects have actually
been found in step g). All of the other semiconductor

30 wafers which have been individually examined in step g)
are fed back to the cassette or the magazine, and are
processed further. This mekes it possible on the one
hand to avoid the time-consuming and costly examination
of each individual semiconductor wafer, and on the

35 other hand the unneceggary segregation of defect-free

semiconductor wafers.



are fed back to the cassette or the nagazine, and are processed further.
This nakes it possible on the one hand to avoid the tinme-consum ng and
costly exam nation of each individual sem conductor wafer, and on the 35

ot her hand the unnecessary segregation of defect-free sem conductor wafers.
- 20 In order to effectively prevent the delivery of sem conductor wafers
Wi th cavities or other nmechanical defects when the defect rates are low, a
100% inspection of all of the sem conductor wafers is in 5 principle

requi red when examnation is carried out20 excl usively on the sem conduct or
waf ers. The conbination of the exam nation according to the invention of
the ingot piede |ipredy chtehe spdsicttilongs yof pudwerechelne cabedévests ledve been

det erm ned i ns GEVaRGR: QM fhr 8P exarhnaldon 1 | idi ¥idual Rem.candyct or
wafers in which only a small nunber of wafers around the previously

det er mi ned poisTF aréhbséfGentdStedheastiieas makss i%oPossebl 6 M0 ensure

that all of tihespateliorer gd sem corduehor afiRich@® @ drf eqadbrkauldsin th 15
m ni mal asurenent effort, ,and to.maxi m ze the. sem.conductaqr wafer vyield.

Subsequent MEASHIERR FEIHGEY T dEET s SHOCHRAOE W eF@TR S YY) i s
necessary omdscMhgradywechani cakhdef edderiasmheitdwundeatestep dhe The

measurenment effqrt far indiyidyal sem conductor 20 wafers falls in.a
correspondindxﬁ@ﬁﬂgﬁnﬁﬁ%n ?ﬁe #%ﬁit SFAIE B3R Phe FﬁﬁﬁF%Bfgkest?alFQ@ Wi ch
of the descriiadntetdmodst | sher éhgotegikore isegriegst i tne dppehtdsonn bife
frequency of tfe zﬁé‘i&{‘a?rﬁ*t&aafﬂ d$§?%géeﬁg§m YL hedé@é%ﬁiié’é Ero%%%h%%’
exam nation and segregation O € séeni conduct of wafers; and on € costs
of aut onkfi owidiid amt exbminatacki vf. KRIPatdrEl NoeD904B863cRdr wafers

(m in which only a small number of wafers 4dround the
: previously determined position are subsequently
measured, makes it possible to ensure that all of the
delivered semiconductor wafers are free of faults, with
15 minimal measurement effort, and to maximize the
semiconductor wafer yield. Subsequent measurement of
individual semiconductor wafers in step g) is necessary
only when a mechanical defect has been found in step
d). The measurement effort for individual semiconductor
20 wafers falls in a corresponding manner when the fault

rate on the ingot pieces falls.

Which of the described methods 1s preferred for
( segregation depends on the freguency of the mechanical
) 25 defects, on the costs for production, examination and
segregation of the semiconductor wafers, and on the

coste of automation and material tracking.




Patent clainms 1. A nethod for detection of mechanical defects (4) 1in an

i ngot piece (1) which is conposed of 5 sem conductor material and has at

| east one planar surface (6) and a thickness, neasured at right angles to
this surface, of 1 cmto 100 cm with the planar surface (6) of the ingot

pi ece (1) ' scanned ' t he met hod by at |east one 10 ul trasound
head (2) mﬂg%i%étec%upﬁoe'ﬁtiaé% liquid coupling nmedium (3) to the pl anar
surface (6) of the ingot piece (1) and, at each neasurement point (X,Y)
produces at | east one ultrasound pul se (18) which is directed at the planar
surface (6) wfeddre dDiggot piece (1), and the ultrasound-pul se echo
originating fromthe ingot piece (1) is recorded as a function of tine,
such that an echo (9) from the planar surface (6), an echo (11) froma
surface (7),10ppgsi hethbe Floanagetsakd 6€, obf drad) ddlgobepeeee (@) and,
possi bly, further, echoes (10 are det e% ed, wtg the positi on% (x%, yp, zP)
of mechanical defectd! (HRFN"t et Fhgot i)i ecB Y BEI n§°UECEFH néd from the
further echoes (l¥Ymimrdudder uhdtasouindapdll ises (8) ilsabot checydeciaar only
25 slightly focused.. 2. The.nmethed as.cl.ained in claim]l erei. he
t hi ckness neasur égdlra%acrel gﬂt%)anﬁfl s%o" léjlkp ghar r%%%%*%%g \(A‘% irsl%fttcm to 50
cm 30 3. The netadwgless tbaitleds | aupfecef dfai scd dro 2100 wher eiwd thhe i ngot
piece (1) is co ed_gf._singlLe- st Sep C uc terial. 4. The
met hod as clainmed’in (r%gnoftnclfglr]rsréé% o?é)Z, %rflv\hgqugi n&?gﬁce)gg&%%(iaéon (?gp) of a
mechani cal def ectbeiy) peagaedr Murdd ntife metdiadeckyomrtr el @@$veo’d a KR

Patent Ng. 0904693,1tvasound head (2) which is coupled via a liquid
coupling medium (3) to the planar surface (6) of
the ingot piece (1} and, at each measurement point
(x,y) produces at least one ultrasound pulse (8)
which is directed at the planar surface (6) of the

15 ingot piece (1), and the ultrasound-pulse echo
originating from the ingot piece (1) i1s recorded

as a function of time, such that an echo (%) from

the planar surface (6), an echo {11) from a
gurface (7), oppecsite the planar surface, of the
20 ingot piece (6) and, possibly, further echoesg (10)

are detected, with the positions (Xp, Vp, 2Zp) of

mechanical defects (4} in the ingect pilece (1)

being determined from the further echcoes (10}, and

the ultrasound pulse (8} i1s not focused or only
25 slightly focused.

2. The method as c¢laimed in ¢laim 1, wherein the
thickness measured at right angles to the planar

surface (6) is 1 cm to 50 cm.

30
3. The method as claimed in one of claims 1 or 2,
wherein the ingot piece (1) is composed of single-
crystal semiconductor material.
35 4, The method ag claimed in one of claims 1 or 2,

wherein the position (z) of a mechanical defect

(4) is determined in the z direction relative to a




- 22. reference plane (16) at right angles to the outer surface (5) of the
ingot piece (1), with the reference plane (16) being i ndependent of the
wedge angle of the ingot piece (1), and with the 5 position of the reference
pl ane bei ng defined by t he maxi num di stance (Zmax) between the pl anar
surface (6) g ﬁnlagog g§ﬁ (17), which is |likewse at right angles to
the outer sbffade® an ﬁ ich the at |east one ultrasound head (2) 10
is located. 5. A nethod for productignzgf_a multiplicity of sem conductor
waf ers, conmprising the followng steps in the stated sequence: 15 a)
production of a §sﬁbf@ﬂgecpqanen9@e ), Dt CPiéhﬁgaﬂ%léget%erErf@”&h‘@éPr i ngot
into ingot pieces Wt en cmt determ nation of the
posi tion of mech&nréare dé5bct%f|Hﬂéhcﬁfﬂﬁgotpﬂﬁéée %ﬁth YhEhposiei on of

20 each defect b@éﬂgréﬁ“cbneﬁlaﬂéquﬂa’ beéi?lQ@d' ﬂﬁa@iemenyp &n acpdane

parallel to the cuts to in step y 00 rdlnate zp
at right angl es"""?g‘—]’f’hl%l Iearféfe ’F%‘ec&fﬂﬁpﬁg%’“feot%m? go?“&é@éﬁq

multiplizity 25poélseﬁhcaﬁﬁutm@rrwabeéadmtjn&ndhbékngsﬁeﬁlﬂéézbp 2 mm
and h) segregatigﬁ of those segi gndugtor wa ersemhlch g@ntalﬁ%

positions at whi CREnePRAATCE GeFEePsS niTerbeen®FiTRa. “ret hod as
c!ained i n clai neGrfahereia t hed senﬁcandungopl@mgot i%) commnséﬂ of .

si ngl e-crystal §§ﬁé%gg ucgtor, .. é 1e 5.4 tﬂ@eo %ﬂpgygﬁﬁﬁeglpgp in claim

6, wherein the sem conductor i 'S conpose
gnd on which the at least one ultrasound head (2)
10 is located.
5. A method for production of a multiplicity of
gsemiconductor wafers, comprising the following

steps in the stated sequence:
15 a) production of a semiconductor ingot,
b) cutting of the semiconductor ingot into ingot
pieces with a length of 1 cm to 100 cm,
d) determination of the position of mechanical
defects 1in each ingot piece, with the position of
20 each defect being defined uniquely by coordinates
Xp, Yp O a plane parallel to the cuts to be made
in step f), as well as by a coordinate z, at right
angles to this plane,
f) cutting of the ingot pieces into a wultiplicity
25 of semiconductor wafers with a thickness of 0.2 to
2 mm, and ‘
h} segregation of those semiconductor wafers which
contain the positions at which mechanical defects

have been found.

30
6. The method ag c¢laimed in claim 5, wherein the
semiconductor ingot is composed of single-crystal
semicenductor material.
35 7. The methocd as claimed in c¢laim &, wherein the

gemiconductor ingot which is composed of single-

crystal semiconductor material is produced in step



crystal sem conductor material is produced in step KR Patent No.0904693 - 23
a) by Czochral ski crucible pulling. 8. The nethod as clained in one of
claimse 5 to 7, wherein the ingot pieces produced in step b) have 5 a

| ength of 1 cmto 50 cm 9. The nethod as clainmed in one of clainms 5 to 7,
wherein the ingot pieces produced in step b) are essentially in the form of

a straight cigc Sybbpdes, and wherein, after step b) , the outer
surface of t%% #%g%?é8¥eces ?s %round in an additional step c). 10. The

met hod as claimed in one of claims 5 toy,. 15 wherein the position of
nmechani cal defects in each ingot piece is deternmned in step d) by means of

t he met hod as cl aj |@Z@¢E&£Q§kl]éxualwqéngﬁmmhﬁ§ claimed in one of clains
5Sto 7, 20 wherein the position of nechanical defects in each ingot piece

is determined in step d) by illumnating one end of the ingot piece with

i nfrared radﬁationheaﬁ&tMEﬂBuaénglhhmeﬁntﬁmsbh¢ off theitwansntbted infrared
radi ati on on the @%her end of th%éé1(n | gce Zn T g n%}hqg as cl ai ned
in one of clains B5to ¥ Rﬁeﬁgﬁ ot di NATE o% t e 803|t|on of each
mechani ca def ecta ohendieh i mfot @met@ 5@ grar ked in 30 an additional step e)
bet ween steps d) and f), and those sem conductor wafers which bear the
marking after step f) are segregated in step h). 13. The nethod as cl ai ned
in one of cl&ins Bheorgthogls akercdipnmedf tiar onep @) clehwse SelPcohduct or

vafers which havendlcdgagheons, fical gdebaekearan detepmyjedid an
additional step e) %%on1the z Papgnt No. 0904693 , & ,
eggentially 1n the form of a straight circular
10 cylinder, and wherein, after step b), the outer
gsurface of the ingot pieces 1ig ground in an

additional step <).

10. The methed as claimed in one of claims 5 to 7,
15 wherein the position of mechanical defects in each
ingot piece is detexrmined in step d) by means of

the methed as claimed in claim 1.

11. The method as c¢laimed in one of claims 5 to 7,

20 wherein the position of mechanical defects in each
ingot piece 18 determined in step d) by
illuminating one end of the ingot piece with

infrared radiation, and measuring the intensgity of

the transmitted infrared radiation on the other

25 end of the ingot piece.

12. The method as claimed in one of c¢laimg 5 to 7,
wherein the z coordinate of the position of each
mechanical defect on the ingot piece is marked in

30 an additional step e) between steps d) and f£), and
those semiconductor wafers which bear the marking

after step f) are segregated in step h).

13. The method as claimed in one of c¢laims 5 to 7,
35 wherein, after step d), those semiconductor wafers
which have at least one mechanical defect are

determined in an additional step e) from the =z



-24- coordinates of the positions of the nechanical defects and fromthe
position of the cuts made in step f) , and wherein these sem conductor
wafers are segregated in step h). S 14. The nethod as clained in one of
claims 5 to 7, wherein, after step d) , those sem conductor wafers which

have at | ea an fect are determned in an additional step e)
fromthe z %% g%o?ﬁlng?eg8§?69%e positions of the nechanical defects and

fromthe position of the cuts nade in 2,Zt_ep f), wherein these sem conductor
wafers as well as a defined nunber of adjacent wafers are exam ned

i ndi vidual l'y forcagﬁfj!ﬁﬂ%éé def ealis | Bo@A tlenaddhbki opak Sf&h4nicand
wherein, in step % , all —of those sem conductor wafers in whjch nechanica

defects have beedcfethd pAdsEEPNy)t e e Eyated. ths. cﬂt§C§ﬁquantrasound

m croscope, havi ggeg hol di aad 2\9h@19@ﬁlﬁattlﬂfesfe0r safnitbgaticpbecevd{faravhi ch is
to be examined and has at & one ﬁlagar surface (6) |lying on the x,y
pl ane, having ataF%a§?9Fﬁ%at% t +3sBbRB Reads (2) for production and

detectiagn of an ultrasound signal, haV|ng a first nDunting 25 apparatus on

which the at |east two ultyasoun are nmount that t hey cannot
nove in i4 a§%?r§%¥ﬁ%%g %%viﬂal Y adjustﬁgnﬁjde 1%H%Q%y§ %E hg of which
t he uItrasound hﬂhdse@ﬁ) aénebestﬁpveﬂ Iﬁhﬁﬂ@‘ﬁﬂmIQHﬂduﬂtQﬂ wa s angles to

the 30 x,y plane Ef&ﬁt'ﬂﬁv%oz&he | di ngngppggaﬁgﬁlc havipge oﬁﬁln noygoent

devi ce, by means 0 |ng appar at us and t he g apparat us
can be noved reﬁatevglnedonEIaﬁﬁth@ddiﬁﬂQnﬁﬂ-xsieFdl@bctﬂﬁﬂﬂl REEI NG a

controlygini t (12),505559PEEOC! 585 e t R JTRVYGIRNE oeVige afRinide

adj ust nment
defectg and from the position of the cuts made in

step f), wherein these semiconductor wafers as
well as a defined number of adjacent wafers are
examined individually for mechanical defects in an
15 additicnal step g), and wherein, in step h), all
of those semiconductor wafers in which mechanical

defects have been found in step g} are segregated.

15. A scanning ultrascund microscope, having a holding

20 apparatus for an ingot piece (1) which is to be
examined and has at least one planar surface (6)

lying on the x,y plane, having at least two
ultrasound heads (2) for production and detection

of an ultrasound signal, having a first mounting

25 apparatus on which the at 1least two ultrascund
heads &are mounted such that they cannot move in

the x,y direction, having an adjustment device, by

means cf which the ultrasound heads (2) can be

moved in the z direction at right angles to the

30 X,y plane relative ¢to the holding apparatus,
having a movement device, by means of which the

mounting apparatus and the holding apparatus can

be moved relative to one another in the x,vy
direction, having a control unit (12) for control

35 of the movement device and of the adjustment
device, ag well ag an evaluation unit for

processing of the ultrasound signal detected by



device, as well as an evaluation unit for processing of the ultrasound
signal detected by KR Patent No.0904693 - 25 - the ultrasound heads (2). 16.
The scanning ultrasound m croscope as clainmed in claim15, conprising an
adj ust mrent device for each 5 ultrasound head (2), by neans of which each

ul trasound 2 n d relative to the nounting apparatus in the
z directi orfgitaﬁjﬁ"éegrgﬁ cﬁ%hgf%g%/% the x,y plane, independently of the other

ul trasound heads (2). 10 17. The scannjag ul trasound m croscope as clai nmed

in one of clainms 15 or 16, conprising a further nounting apparatus on

which at |east twn fﬂéf@éou#ﬁtﬁ&?c?ém%)h.eads (2) are nmounted, anal ogously to

15 the first nmounting apparatus, and ich is arranged such that the ingot
pi ece (1) can be arranged between the two nounti ng apparatuses by neans of

the ul trasound headsgtghnisychthal=dilitn hDgobsbgee dol) c¢anmbe exani ned
through a first 20 planar surface (6) by neans of the ultrasound _heads (2)

whi ch are nount €dl&H1 t Her { FPEPT HBLURE | Y 28pPaFBens, d&md cehiofgkassecond
planar surface (IRMradhied |hesdpaia) | el%o tBenki rsr phanah swdmace (6)

by neans of the ultrasoun eads ) 25 ich are mounted on_t he second
nmounting appar at .asl%l?mghgeg an(%i%ngcatﬂlt 85 8GYE i TF o2cbpe &8 d%E med in

one of claim 1bon@uintdghereiatatthe uihr asound 30rbeadsn( 23t ardgdld ghtly
Focusing or non-focusing, ultrasgund Bpads. | ndependently of the
other ultrasound heads (2).
10
17. The scanning ultrasound microscope as c¢laimed in
one of c¢laims 15 or 16, comprising a further
mounting apparatus on which at least two further
ultrasound heads (2) are mounted, analogously to
15 the first mounting apparatus, and wnhich 1is
arranged such that the ingot piece (1) can be
arranged between the twoe wounting apparatuses by
means of the ultrasound heads (2}, such that the
ingot piece (1) can be examined through a first
20 planar surface (6) by means cf the ultrasound
heads (2) which are mounted on the first mounting
apparatus, and through a second planar surface
(7), which 1lies parallel to the first planar
surface (6), by means of the ultrasound heads (2)
25 which are mounted  on the gsecond mounting

apparatus.

18. The scanning ultrasound microscope as claimed in
one of claims 15 or 16 wherein the ultrasound
30 heads (2) are sglightly focusing oxr non-focusing

ultrascund heads.



