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

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

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

‘pi ece conposed of semi conductor material. In mcroelectronics, wafers which
are conposed of a 10 sem conductor material are used as substrates for the
production of mcroelectronic conponents. Suitable naterials are, for
exanple, 11/VlI conpound sem conductors; ¥l1+/V conpound sem conductors or

el ement sem conductors such as germaniumor_the 15 particularly useful
silicon. The seni &BHdRG crdvamRarague Fogy fedeahian of mechanicadutting a

single-crystal sagtceeBgduehoani DG | PLEckNEGhpoRL@CEE Hbhicaniesgbl Of
several centinmeters up to 20 several tens of .centineters. These ingot pieces
are then cut into thin wafers with a™@f&¥fss of about 1 millineter

Si ngl e-crystal sem conductor ingots are produced either w thout the use of
a cruci bl e_by ans__of the so-called float-zon FZ) process,  or hy neans
35 0f the. Eoo Tl CRYSEF UG bSLBRPT | G AofIRAIOY P ekl BPPOLRR Ene Cince. o
t he Czochr al skietcgatcidit e-ofpulrdaaigamietdiod ddfledts pdssi ke fagogas phwlll es to
becone trapped,|i e i ng. sem conductar i.ngot. These gas bubbl es
r epr esent gas-?érﬁg(%e%%gé/f%%% |Or{{qlh%% n%agcren%lo bubbl es in the sem conduct or
ingot, and may have dianmeters fromabout 10 pmup to about 10 mMm These

gas bubbles arg, i 13002 163383nGUL | NEOFUPEN |f Qﬂls%g%9089ﬁ§§9édi tgls
being cut into wafers, so that they are visible on the surface of the
sem conduéfor SBLRARGECtPef Betpyeasemireonytrd oRSWEH A rAfeE akorhése are

segregat ed beforesdedi yeryoranthidhe Net48ed d o cohfendf educt kan +abie

m croel ectroni'c conponents. _
materials are, for example, IT/vVI 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
pieces 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
0f the so-called flocat-zone (FZ) process, or by means
25 of the Czochralski crucible-pulling method.
Particularly in the case of the Czochralski crucible-
pulling method, it is possible for gas Dbubbles to
become trapped in the growing semiconductor ingot.
These gas bubbles represent gas-filled cavities in the
30 form of Dbubbles in the semiconductor ingot, and may
have diameters Zfrom about 10 um up to about 10 mm.
These gas bubbles are in some cases cut into when the
semiconductor ingot is being cut intc wafers, so that
they are visible 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 O hers 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
“semi 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 from2onponent manufacture. 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 vi dual conpiieimel yoPr @GRS S§éls SeibeBduGhr, WRbeEvks, Chraked,f ofntbhe
presence of cayities, before It is delivered and_ is wused for production of
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25 the |ight ] fracted: on ndary surfa f avi t | eadi ng
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applied to surfigeesculf Lit! ey 1 oyaliess, | Bqndale t Qavoldsseyanasl i oht
scatterlng on the surface, and thus reduced transm ssion. This neans that
the sen cdAduBIPRETETS cdriht Bedeledmchedhedi vaelldy &froer cRBPPIEASduct i on
by cutting of d8:44¥39ire35 pi eces, but only after further processing steps
which snmooth the surface, and in the extreme only after they have been
polished 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 gilicon, by means of which each individual
completely processed semiconductor wafer is checked for
the presence of cavities, before it i1s delivered and is
used for production of components. This method is based
on the 1illumination 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 radiationq on the other
end of the semiconductor wafer. Infrared radiation is
transmitted through the semiconducter 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 radiation can pass.

30 This method is 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 with 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 deséribed nethod is subject to further
restrictions relatin Iggﬁnt content sinc | i.s absorbed by

to the d the |ight
the charge car??%?%sahi O GO e QLR HE RS t‘“ﬁé“?’ﬂoﬁﬁﬁ%té%ﬁt eMteESit&ases,
thus greatly hedacicng gds ttansught ed lurgldcdgd=ansiv y1aAfe uhtimdseund t est
met hod is al so_known in thet%ﬁi'Jr é:arteg ?éﬁneans of . which vari.ou neg#anical
defects are 20°QeTRetdd i FrOHT f W Tat&fYal 27UnPFI FoW, SIREST megichg of
def ects has beeajeesédi ct étbvavremr kpicecé ikl cknegsegatbdbna fewnuldl | ibeet er s,

because the sensitiwi of .t 0 CY € S r [ hs,. The
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sem conductor wafers which have cavities. 30 Scanning ul trasound

m croscopes in which a sanple is scanned two-di nensionally by neans of

ul trasound and™®@® t@EEcHetheds dhfeMavelsd haesphss Lhr 5GgH tévedve B | ect ed

are processed ids©§ dekihBePhoduf@tabd ade-i dd oput hem akerknawn JFirRmit he
prior art, for exanpl 35 from DE2504988A1. The international patent

appl i cati ofl VWP PALAr ¥EToses a scanning ul trasound mi croscope which
produces three-di nensional imges of a sanple. In this

Furthermore, the described method is subject to further
restrictions relating to the dopant content since the
light is absorbed by the charge carriers which are
15 released 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 various mechanical defects are
20 detected in different materials. Until now, the imaging
of defects has been restricted to workpiece thicknesses
of a few millimeters, because the sensitivity of the

method decreazses 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 microscopegs in 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 DE2504988Al.

The international patent application WO0OC01/86281Al1



.case, the inmages are produced non-destructively, thus resulting in

i nformati on 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 measurement of ingot pieces with a 10 length
of up to 100 cm Furthernore, the apparatuses according to the prior art
have a limted throughput. The invention is therefore based on the object
of providing an apparatus for acoustic-séanning 15 microscopy, which
reduces the neasurenent time per sanple and at the sane tinme all ows
reliable detect+dRloSThe i rstCaBlbey | sllaamsened bymachesaedef ortdetect i on

of nmechani cal dgf&Gt8s4thRedndingAtiBhete ihaaisChhi Sz 20a0MR0See Afhis
sem conductor naterial and has at | east one _planar surface 6 _and a
thi ckness, neaS@Fed &% igIeHingres PSS siPPatesterctl¥mYo B Tm

with the planagssueiage i6 ofntdendtitigst Bbece ltiei ngrseannedtrAidduie t he
nmet hod by at |east one ultrasound head 2 25 which is coupled via a liquid
coupl i ng ngdiu Sat%a?ﬁge'planar surface 6 of the ingot piece 1 and, at each
measur enent point x,y produces at |east one ultrasound pulse 8 which is

directed at th&o@é@%@f gﬂéf.%§o§ %&ttég%éﬁmggdpgg @e;isaﬂ tF%%si n%?

ul trasound- pul se” écho’ 30 originating fromthe T ngot piéece i s’ Fecbrded as a
function of tifer sudgh-tdmecandatho Setovdinte @f ardne sampaes 6:oarbaecho 11
froma surface,f..,PRRQSI th [Mﬁgyy C f LRgeL. cpiece, 6 and,
possi bl y, fur(ta aéIP e% 055%10 g?e et e(:rteg{d%:rft\?\/i tgﬁ ?Jh%é%‘gsibti onsS x‘g,aéS yp, zp
of nechanildal Henrgelsof jwpt Fe | hgdtCcpi efRrtheg@org detlhe momed Hartorfiashe

further echoesyd@or@ingBEdefndessrdption i dhe figures: ik Qusieode shows,
schematically, the nmeasurenent ‘signal obtained when carrying out the nethod

according to the
The invention ig 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 ig 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 surface, of 1 cm to 100 cm, with the
planar surface 6 of the ingot piece 1 being scanned
during the method by at least one ultrasound head 2
25 which is coupled via a liguid 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 ingot piece 1, and the ultrasound-pulse echo
30 originating from the ingot piece 1 1s 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 x,,
35  ¥», 2zp of mechanical defects 4 in the ingot piece 1

being determined from the further echoes 10.



.5 invention. Figure 2 shows, schematically, a scanning ultrasound

m croscope according to the invention. 10 Figure 3 shows, schematically, a
first enbodi nent of the scanning ultrasound m croscope according to the
“invention, with two ultrasound heads. Figure 4 shows, schematically, a
second enbodi nent of 15 the scanning ultrasound m croscope according to the
invention, with two ultrasound heads on in each case two opposite planar
surfaces of the sanple. Figure 5 shows, -sBhematically, the wedge angle of an
20 ingot piece and the paraneters for determ nation of the wedge angle and
of the positi ot tdrseintior oI ir. figredhe purposes of the present

i nvention, the expression an ingot piece neans a wor kpi ece conposed of 25
sem conductor nmterial which has | arger dinmensions at |east in gne

direction than53%5pi éalShawd cofglieRerichatyr . HhfgorepreEesente Simiddal | y

produced by cushtaihed wEEhCoRGUGt Al IoN@otrial Hdhdd aagkesdatfgi £8 the
Iongitudingl axis, that is to say at right angles to its outer 30 surface.
t

If the ingot ptREEEELME composed of single- crystal semiconductor material
then they are generally essentially in the formof a straight circular

cylinder. If the m conduct or terial. is.single-_crystal sjlicon, the

di anet er of tké??%%%t%pi%c%ggls %ﬁéﬁﬁ%ﬁ?%y"be?mé%%a%%ﬁg n&¥5§?%%%n he

| engt h of the mispicopecascdimdihamae ccHOO0iromntwiah. | engths of up to 50 cm
being preferred for the exam nation nethod 6 according to the invention.
However, particularly in_the case of nulticrystalline or polycrystalline
sem conduéfor Fe@ere aP, siers ng6chgmatdsaddy  aladso fbasitn enlpedipent ofofan

el ongated cuboigl WH:GHiRRS (€¢LRRGUNLAN mDcPhs8EYE! 2 RG-S E AGES. the
Singl e-crystal , i ngot, pieces 1 (see Figure 2) generally
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 for determination of the

wedge angle and of the position of the reference plane.

For the purposes of the present invention, the
expression an ingot piece means a workplece 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
gsemiconducter ingot at right angles to ites longitudinal
axis, that i1s to say at right angles to its outer
30 surface. If the ingot pieces are composed of single-
crystal semiconductor material, then they are generally
esgentially in the form of a straight circular
cylinder. If the semiconductor material 1s single-
crystal silicon, the diameter of the ingot pieces is
35 generally between 100 and 450 mm. The Ilength of the
ingot pieces is 1 cm to 100 cm, with lengths of up to

50 em being preferred for the examination method



.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 nethod
according to the invention. In the nethod according to the invention, this
‘pl anar surface 6 is scanned by at |east one ultrasound head 2 (al so
referred to as a transducer). The ultrasound head 2 makes contact with the
pl anar 15 surface 6 via a liquid coupling medium 3, preferably water. The
ul trasound head 2 produces at |east one- Bl trasound pul se 8 (Figure 1),

which is directed at,the planar surface 6 of the ingot piece generally by

means of a pi 32O ERY | (,totr’élf’i@ddtf@fer}fa“ﬁ? HPWEHEK : 20PTREETHEERY i nt

X,y. The echoesh®, Iisell whi chmuleldfpstadrihnde ld}got oi18Re-vate lilA reur n
det ect ed by the uItr$sound ead 2.. Fur 10, which_.result .from

mechani cal  def 8T ECFFH te m%@%%l?&ECEhenh?g%E PaEFéétBBY.ﬁléﬁd di to the
echoes 9, 11 whhehfarm 2% prodiiceddned heulpbiadharwiichabhes6 rand sagudpposi t e

surface of the frﬁgﬁ%#%e%ﬁa(éﬁg ggggmle the opposite second end surface 7
y rica

in the case of "¢ |ngo pieces) . The distance zp between the
defect 4 and the planar surface 6 in the z direction can be cal cul ated 30

fromthe del aysflllé]f‘elc@?t{ﬁ fﬁaeesplgcegl aur@séle Sﬁi)%f@r%_t he ampld.lyude A of

the signal plotted as unct1 on of del a position Xp,yp of
the defect 4 OV hEWR, @%ﬂ%ﬂﬁa%@@séﬁ?ﬁapﬁ? 6grd?léﬂ@(ﬁtﬁérﬁﬁﬁnﬁﬁt%ﬁnface

6) is deterﬂln@@rf&@@1§heAtn§é&§£aﬁﬁéuéléﬁa90§hkfaee0% t ke relfr ageuné head
2. The spatlaJOE$S|t|on of the defect can t‘ﬁi be det rmned
o

unanblguo&QIy or d@r 8r65taPHH|ﬁ§ﬂ%nuW?ﬁP ukCthe éﬂglréoln§@@ 7
piece 1, the plenaitseifage 6chs seanned dycdmdisg ofto ttiee ulibvaseurst head 2.

Duri 10 Lhe ocangl 19 Bogess.. Lo least anseulirssound head R | ope
ultrasound head 2 {(also referred to as a transducer)

The ultrasound head 2 makes contact with the planar

15 surface 6 wvia a 1liquid 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 laver, at each

20 meagurement point x,v. The echoes 9, 10, 11 which

return from the ingot plece are in turn detected by the

ultrasound head 2. Further echoes 10, which result from

mechanical defects 4 in the ingot piece, may be

detected in addition te the echcoces 9, 11 which are

25 produced by the planar surface 6 and an opposite

surface of the ingot piece (for example the opposite

second 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 & of the signal plotted as a function of

the delay time t. The position x,,y, of the defect 4 on

the x,y plane (essentially parallel <o 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



5 scanning plane 17, see Figure 5) which is at right angles to the outer
surface 5 of the ingot piece. This neasurenent principle is referred to as
scanning ultrasound m croscopy or scanning acoustic mcroscopy, and is
known fromthe prior art cited above. 10 Mechani cal defects which can be
detected and | ocated by neans of scanning ultrasound m croscopy are al
areas W thin an ingot piece whose sound propagation characteristics differ
fromthe undi sturbed 15 semi conductor natérial. These include, for exanple,
cracks and, in particular, the cavities descrlbed above. The nethod can be
used to detect PE&FPtiles WiEhPAangrafteiaqt & 160 IFANRAMH BVemeRTSD ¥f 20

In order to al kaw mtteralsaﬂunﬂhlnélérae%wmx@ e ékfhnrﬁﬂigﬂ%ﬁéc@@é?Siﬂh@ up to
50 cmto be exam

the wul.trasoun f er abl ot f.ocused, is only
SLiantly focuadl T8Rsty et e toeh 7 4 e ATy Be
focused on a swpitaee erﬁé&he@s 15 almonghm:ﬁﬁnﬂﬂbwﬂﬂgntﬁmxmlamar shief ace

6, in the i ealcaggﬁ igges%ffacsee W@lch i S Ioca g%opggs e }hehtplanar

surface 6, hat on the rear surfa e 0 e |ngot pre In
this case, sli ghgﬂys ﬁ@cdﬂlmg)wem()ﬂuff)mm ngodl ttmsaumthegauds:@ dalmme used

30 in conjunct Sw&gﬁeﬂﬁdr@%?ﬁd@ﬂ@éx"W§rtf ?er%é thes | ng 6%&? 1 echo

exam ned fron1on one end e tine eriod for t e recor
shoul d be choséﬁtrgﬁ@ﬁnﬁhanlqwmfo q11 EFRBBLRT1 RNl ] el creescome,

opposi te surfaggg7;af khBeni #g6h RhecsriotFhoureidka 3Bola.0rder to increase
the verification sensitivity, the ingot piece can be exam ned from both

ends, pref%@ably 8 for lengths of nore than 20 cm I|f the length of the
ingot pi ece isyaBhant han Y@ fem:sawiiBaduiertMe idetected and located by

means of scanning ultrasound microscopy are all areas
wilithin an ingot piece  whose sound propagation
characteristics differ from the undisturbed
15 semiconductor material. These include, for example,
cracks and, 1in particular, the cavities described
above. The method can be used to detect cavities with a

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

20 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 1is only
glightly focused. The ultrasound pulses should
therefore preferably be focused on a surface 7 which is

25 a long distance from the planar surface 6, in the ideal
cagse on the surface 7 which is located opposite the
planar surface 6, that 1is to say on the rear end
gurface of the ingot piece 1. In this case, slightly
focusing or non-focusing ultrasound heads 2 can be uged

30 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 ke chogen
such that the echo 11 (Figure 1) still includeg the
opposite surface 7 of the ingot piece 1 (Figure 3).

35
In order to increase the verification sensitivity, the

ingot pilece can be examined from both ends, preferably



.required on both planar end surfaces 6, 7, in order to obtain information
about the entire volune 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 nmeans of the at |east one ultrasound head 2, after which the
ingot piece 1 i's'rotated by nmeans of a rotation apparatus through 180 about
an axis 15 10 which is at right angles to the |ongitudinal axis of the
i ngot piece, after which the second planaf surface 7 is scanned (Figure 3)
Anot her option is to use two opposite ultrasound heads 2 for scanning, or

to use two op§%§|ﬂ@nﬁﬁpéngéﬁeﬁP§eo¢héﬁﬂaﬁeﬂmtyI§fWHQr%@%@ﬁ@ ¢f Héwis 2.
In this case, thgotn ie@éecseslsn@ﬁ i edsg (drh gure headdrddrt is

sem conductor nateria | e-crystal _siligcon, en_t he propagation
speed of the u??g%%ﬁﬁﬂdonZ Otg P@%]ﬁ%?%l?m%%ﬁﬁ5%1g ?helpeﬁﬁ%¥%dtﬂhratlon
for recording obtéie $ndagmechoni abdﬁtetl’mnédtﬁﬁ:@mvbh&mel @rfgtﬂme)flﬂghﬂ; i ngot
pi ece to be exam ned e, IL.f an ingot. piec ngt h of
20 cmis as%f%%efrgﬁléwg%’nd: m%% Vﬁ%o?npﬁ IE% *éé? g g%ﬁm233t§140 cm
i s neasured fremdbothtemdsflummscﬁbqﬂﬂrescanne@cﬁrdmnghéuﬁa&mmn;dkuahout 100
as with a times,resolubi 80 glaBk |8ast,d0.nSy oBLEr Brably «ak dgast i n

order to obtain 1Tnfornati out e'entire en t |ngo plece and
in order to deferafhertnbiad bbglinGﬁtzplGGﬁ ﬂhesc@mU@Fadwbwhéﬁﬁnm ragict i on

of the ingot piecgfumt %p%%ﬁ%uge'éﬂréwﬁ fasai Lahe gyalaafdlon v ndow
is preferably defined in order_to exclude those signals 9, 11 (see Flgure

1) which a&de Brbelicéd Bt t he9Shr PACE€Sf LP hébiengbt$i eidinar eRés3pt

eval uation of the dateet @de&@umaﬂ@io whiltén evak Uakednds puaezechmremtd hus

Lhe exani ned vol yge o L1ie | 9%, P 558 b3o3UBd Vided I e p segrents, in the

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 1is not rotated
(Figure 4).

If the semiconductor material is single-crystal
silicon, then the propagation speed of the ultrasound
20 is approximately 8500 m/s. The required duration for
recording of the sound echo i1is determined from the
length of the ingot piece to be examined. By way of
example, 1f an ingot pilece with a length of 20 cm is
measured from one end or an ingot piece with a length
25 of 40 cm is measured from both ends, this requires a
recording duration of about 100 ps with a time
resolution 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 zp, of the cavity in the =z direction of the
ingot pilece from the echoc delay time. 24 suiltable
evaluation window is preferably defined in order to
exclude those signals 9, 11 (see Figure 1) which are
produced by the Surfaées of the ingot pilece for the
35 evaluation of the detected sound echo. The evaluated
sound echo and thus the examined wvolume of the ingot

plece i1s subdivided into n segments in the z direction



by nmeans of evaluation windows of limted tinme, in which segnent the sound
integrated in order to inprove the signal-to-noise ratio. The

signal can be

chosen wi ndow length multiplied by n therefore represents the 5 enti

‘ensoni fied vol

ume of the ingot piece. If it is not certain the planar

re

surface 6 is at right angles to the outer surface 5 of the ingot piece, it
is preferable to evaluate the surface signals 9, 11 10 (Figure 1) as
illustrated in Figure 5 in order to detegn-ne the wedge angle of the

pi ece, which i

s caused by the uncertainty in the crystal axis and the
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sawlng 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 o©of which of the semiconductor
wafers that will be produced later from the ingot piece
will be affected by mechanical defects. 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 1s therefore defined as the reference
plane 16. If the scanning plane 17 of the ultrasound
head is chosen to be at right angles to f£he outer
surface 5 of the ingot piece 1, the wedge angle « over
the diameter d of the ingot pilece 1 can easily be
determined using the relationship tan(a) = (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 zm.x ovetween the
scanning plane 17 and the planar surface 6 1is
determined from the longest delay time, and the
shortest distance zpn 15 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

ce
e that



.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 neans 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 piece exactly. The distance zP between a nmechani cal defect
4 detected at the position xp,yp and the reference plane 16 can be
deternmined easily, if the wedge angle isH#hown, from 10 the rel ationships:
zl =tan(a) o (d - xp), zo = 2Zp -_Z1 ZP = Ztot - Z1 15 In this case, z1l
represents therRfi%lt arlkeeHet wedn BhéIPBRan&CIONef add® afePtfhe PEf eftdfice
plane 16, zo tasisiaiice Metyesh the dhis ASpsndeRend] e \Wbghmeankosat ed  at

the point x,y on the scanning plane 17, d the 20 p] anar surface 6, and
Jtot the di 51 AL Berapah hey " GBPBSTat GHRECE o Gn i nERR ARAT SRt f o6 6.

Al of the ditstarates ivesd iviesh atrlee neaiselr esupaed | ef thet hagout gt eceur f ace.

25 Cbntrarg to pr viQ£§ %ﬁﬂfQ}eQ§§%aon th%:basis qj whi ch sc%ﬁping

ul trasound™m crospcoaﬁzy i's B0 CamE &h lfmfsor 1}eh«.i:mgec’xaﬁ“’llrﬁaael On 2ot~ el at i vel y

thin layers close to the surface, it has been found that the nethod can

al so be used.qard] CULALY ] Molhgocase Glochinglenciastale 39 serbeepduct or

material, for exam nation of” mater I cknesses o cm Or even

of up to 50 crat TR Pelleiqn akned BRS Héehi g /uRIde Yo f+eedar Peom
defects of theyseuPGORAUCEE: MPNOGIYSERE, Wwakigeh deads 10 wilizst urbed

bal listic_sound propaqgtlon,over | ong 35 distances and in preferred
directions® | Adi%i 1 ‘cal defects can therefore be |ocated very

wel |,

z1 = tan({o) < {d - =)
Zo = Zmax — 21
Zp = Zgot T Z3

15
In this case, 2z, represents the distance between the
planar sgsurface 6 and the reference plane 16, =z, 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 Zw: the digtance 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 previous experience, on the basis of which
gcanning ultrasound microgcopy 1s suitable conly for the
examination of relatively thin layers close to the
surface, it has been found that the method can also be
used, particularly in the case of single-crystal

30 semiconductor material, for examination of material
thicknesges of up to 25 cm, or even of up to 50 cm.
This i1s explained by the high quality and freedom from
defects of the semiconductor monocrystal, which ieads
to undisturbed ballistic sound propagation over long

35 distances and in preferred directions. Individual
mechanicel defects can therefore be located very well,

even at great depths. In this c¢ase, there are no



.even at great

di aneter, the

depths. In this case, there are no - 11 further restrictions
relating to the characteristics of the ingot pieces, for exanple the

crystal orientation or the doping. 5 An apparatus which

"achi eves the second object on which the invention is based can be use

carry out the nethod according to the invention: This is a scanning
ul trasound m croscope having a 10 hol di ng apparatus for an ingot piece 1
which is to be exam ned and has at |eastllone planar surface 6 lying o
X,y plane, having at |least two ultrasound heads 2 for production and

detection of afugfthemseepers¢ghals radetroatei cbe ehameictgrappacst @ on

which the at |
nove in the x,
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the ul trasound®heeRf<2 D FaPHetHRVERPLTH the z direction at right angles to
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LSRR E 400 achl e¥e Beadb ShENpihAADt shedHekl 8N 1hAnhen
me. The scanning ultrasound m croscope according to.the

the x,yv plane, aving at least two ultrasound heads 2

for production and detection of an ultrasound signal,
having a first mounting apparatus on which the at least
two ultrasound heads are mounted such that they cannot
move in the =,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
device, by means of which the mounting apparatus and
the holding apparatus can be moved relative to one
another in the x,y direction, having a control unit 12
for control of the movement device and of the
adjustment device, as well as an evaluation unit for
processing of the ultrasound signal detected by the

ultrasound heads 2.

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

significant reduction in the measurement time.

The scanning ultrasound microscope according to the



.12 invention will be described in the following text with reference to
Figure 2: The scanning ultrasound m croscope has a holding 5 apparatus for
an ingot piece 1 which is to be exam ned 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 possible to

use nore, for exanple four, ultrasound-héd&dls. One of the ultrasound heads
is preferably a so-called naster transducer, and al]_of the others are

slave 15 transdut@Hs:omrhel bf t Pes 665GTRAESEs 18 &l cfet ROVNIstiFBLti ¥athith a

hi gh-frequencyr&emdagss frriamee W gh- frequency generator 14, and this is
converted by a piezoelectric transducer |ayer to an acoustic signal in the

formof an ultrasound pul se. The echoes which are 20 reflected from an
el ement of therliengoscpnetegl aftaasduhiier efifcrdepidpear ehddenai nhbldindet ect ed

by the piegzo | r ducet er..qf the 1espectiv It u head 2,
and are coﬁve%#§%£%%§§% %$§C%§|é3%8¥ 18 tzlThlscg}grféélg?sgpre %& g%
digitized by meshshad 25 beaal Dmc@nybam@r sndf aset 6aw@m:ht@d;ste@ttlhtély

eval uation unif.s WY chdecqrds dde as a function of the instantaneous
exam ned position on the x, y pl ane. The ultrasound frequency is preferably
in the range from5 to 25 MHz. Multiple 100 MHz re-interfaces can al so be

30 used for ulty aspendrbeadiuFdr@ 26rdiz chéheBtod €ast o mdIgsourd heads
2 are nnunbed on a first untlng appar at_us, su;P t hat the cannot nove in
the x,y diPectiSet 3552 | 8LpBesPBre t 8SBFSvi de & $%i nPr‘aﬂ]l E+ABnt 28&vi ce

for all of tf&éﬂddﬂﬁﬁﬂumﬂ dradstZasbunthissgease, ™ lig¢halse possible
to use more, for example four, ultrasound heads. One of
the ultrasound heads 1is preferably a so-called master
transducer, and all of the others are slave
15 transducers. The ultrasound heads are Dpreferably
supplied with a high-freguency AC voltage from a high-
frequency generator 14, and this is converted by a
piezoeleciric 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 1n turn detected by the
piezoelectric transducer layer of the respective
ultrasound head 2, and are converted to an electrical
signal. This signal ig preferably digitized by means of
25 an A/D converter and is transmitted to the evaluation
unit, which records 1t 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 ultrascund heads up to 25 MH=z.

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

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



213 is 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 ultrasound heads 2, by neans of which the 5 ultrasound head
"2 can be noved in the z direction at right angles to the x,y plane,

i ndependently of the other ultrasound heads 2, relative to the nounting
apparatus. Each ultrasound head can then be adjusted independently in the z
direction, in such a manner that 10 it delt%cts a naxi num signal intensity
(for exanple a maxi mumsignal intensity of the echo fromthe rear | anar
surface 7). Eath REPHIPAENtLTetPcé&dfisterabl yothddhanul hgeperaentiafsicor

drive. The apppsaitisyal 8 €pAt akNsgaRexcyofiCanfoR@varpar at Ugedtisgtiecan at
the 15 sane tleqrg, keep the twq or nore uItrag(Iund head én f ocus,. i n order
to provi de opetiLoPISHd ERYLEE- | LOpPrESREREI Y o?r‘?‘ﬁje%? i fQ&perdent I3F of one

anot her, at thehefoqlsrpestuhdon hegele t e, Gepyran meatnent @ppl weathon tdd h  t he
file ref ersnceufg]?00619r9§4}41§2 \ﬁhi ch S not dzolgul%ﬁ_]{ shed.prior.to ta is). In
I fhe %l GHar PEUMTRES 610f ehezigigﬁ?c +8ke M he

order to aPl ow'scanni nyg o
scanni ng ul tr asogind eingrlescope tdecordi ngltamd he indeprndenthas af nokenent

device, by 25 gﬁggg ' e tinpg t h
apparatus for the |nggf%%#%%%&gaﬁgﬁggnngédafgﬁé?%€§ ?%9 é%%aaﬁggkgng% t he
X,y directionssprrieplanatasty faterdsowid t headngean pitber ikei addhisd-eshse

scanned measur &N endoh ity by, MRS UL eBPLPPLAT . 1aNdukhng R¥nhihe v that
30 the entire planar surface of the ingot pirece 1s, covered. Furthernore, a

control uhft ikt pfEirEéEs for mesatES| SnalhelfboRfiehY JAATCeSHHIPLE the
adj ust ment devigeimas s3yreal | iaseaBieyal st itk Uelchof OFrph0cassi Re=ef the
ul trasound si gpr?alnac.iret %%tr%%cbey 'H]e %gcrhasggggsggg%% gehx?ice preferably
has an independent motor drive. The apparatus also
contains an x,y scanning apparatus, which can at the
15 same time keep the two or more ultrascund heads 1in
focus, in order to provide open-loop and closed-loop
control for them, independently of one anothexr, at the
focus position {see the German patent application with
the file reference 1020060054482, which was not

20 published prior to this).

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,y 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



.control unit and the evaluation unit may 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,
‘Wth 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
xk" yp, zi, of the nechanical defects being determined fromthis. The data
itenms for an image display are preferabl y4roduced simultaneously. 10 A
nodi fi ed scanning ultrasound m croscope is preferably used for exam nation
of ingot piecedd Yith aLPerfffd IS Hore EAERUDET ch? Wabhngorifert Aér

nmount i ng appar@dise@ibedistedied eapt thdothar bhemnovkt HagedBduigatsadsare 15
nount ed, analggguslé 0 tﬂf first nD%%ilng appar at us The_ second unting
apparatus is SngEg saeR ¥ n AT SSH « FRSo ‘?feé;‘?f% S1RBdHEBEOHR ¥ can
exam ne a secanch ptlamadesactadesigablshddingotrgueeid,adsai Funstiahed 1in
Figure 4. 20 Depending; on. fhe natule, of. the ser gondystor matenjal, .the
apparatus according to The T RVEnt on can be used®Ps* “ékam fe iné%t p?éces
with a di amet erlasfe up awd 459itim thed woshtaohenghh ofpup & 40Lcnichef the
exam nation i i []-e ; ends) ; o] o Lf
exam nation i?%cz}%?le{élog%%grcpgn% gér;%e%g?, or %a]il/%% %P?rh tggfé%%h (C)l;a@%p to 50
cmor 25 cm ridspect ifpg yanorimage cspidn @ne r esderiapdlyy. P3odrksedmet hod
according to tdwgndieitdn.and the apparatus according to the invention
make it possible to segregate sem conductor wafers affected by nechani cal
defects, #8r exanpl e cavities, at an early stage in the production process

W t hout havi ng tod1®lioad ds@ddying ultrasound microscope is preferably
used for examination of ingot pileces 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 piece 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 c¢m (if the examination is
25 carried out from both ends), or up to 20 ecm (if the

examination is carried out from one end}, or even with
a length of up to 50 cm 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 it 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
subject those semiconductor wafers which are affected

by the defects to further - unnecessary - processing



.35 examne all of the sem conductor wafers, and having to subject those
sem conduct or wafers which are affected by the defects to further -
unnecessary - processing 15 steps. This results in considerable tinme and
‘cost advantages. The invention therefore also relates to a method for 5
production of a nultiplicity of sem conductor wafers, conprising the
follow ng steps in the stated sequence: a) production of a sem conduct or
ingot, b) cutting of the semniconductor -i Aot into ingot pieces wth a
length of 1 cmto 100 cm 10 d) _determ nation of the position of mechanical
defects in e&¥®AshgotTigiSec&esWilit t BE8 posrsiesrableachidef eed bePAf
defined uni quelatby-=cRa . di nates xp, yp on a plane parallel to the cuts to
be made in step f) , as well as by a coordinate zp at right angles to this
pl ane, 15 f) cutting of the ingot pieces into a multiplicity of

semni conduct or & ef Svaht ol thietlefess 0dldh 2re0a2edMto and dYtiseyr €gat i on of
t hose sem conductor wafers_which . contain the_positions. at which_nechanical
defects hage Qﬁ?éﬁﬁﬁ%q%nﬁ%.aﬂﬂy}?ﬁﬁ R SfepEHICHHIYC bt h¥ataEEor di ng
to the inventdomprfigring pheddfctlilowviofy & tegpst iijpl itdid w taft eds emguendiect or

wafers wil | b%Jd §§kﬁggqohnO@e%ageﬂfagﬂa%q%%rfgh]g%@ng text: First of all, a
sem conduct or |n36t I's produced i step Q). The °serfi conduct or ingot is
preferably sidgl eutdriyst gif thiwe sanicorductor jnget isterehephbbyecesposed

30 of siliconggigh RaMtdngihal fSiinGe+ey ¥$fRlersilicon. In this case, the
sem conductor ingot genérally has a diameter from about 100 to 450 nmm The

sem condut?or &) TYngteic Rt FoP orgABien B memRewicihedrfsars zone
process or by irpaskciof ihbher Cpeeheal skiticrugbbh8sition of each defect

being defined uniguely by coordinates x,, yp on a plane
parallel to the cuts to be made in step f), as well as
by a coordinate z; at right angies to this plane,

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

20 been found.

The individual steps of this method according to the

invention for production af a multiplicity of

semiconductor wafers will be described in detail in the

25  following text:

First of all, a semiconductor ingot is produced in step
a). The semiconductor ingot 1s preferably single-
crystal. The semiconductor ingot ig preferably composed
30 of gilicon, in particular single-crystal silicon. 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 c¢rucible-
35 pulling process. Since the described cavities occur
when using the Czochralgki-pulled single-crystal

semlconductor ingots, it is preferable for the methed



-35 pulling process. Since the described cavities occur when using the
Czochral ski -pull ed 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 these. However, the nethod according to the
invention is also applicable to cast, nulticrystalline or polycrystalline
sem conductor 5 ingots (which are also referred to as bl ocks), which are
used for exanple in the production of soll&r —cells. The seniconductor ingot
is cut into ingot pieces in step b), which have a length from1l cmto 100
cm 10 pref er @IGPHGI0 cHC ThERBUt sty gkfRr al 1y nmife usiid 14 bak@saw or
i nternal ;di arﬁa@ﬁiml uc“Htaﬁ: Sin{&ch@WCBifdlg!’as :ﬂg@é_ei sxlaaﬁ?ﬁéal I }th@U]Eneitﬂb@ i ngot
pieces at rig angles to j1s longitudinal axis. In e case of a
seniconductorqqﬁﬁﬁ&iﬂ%ﬂ?& h?oﬁﬂHgE%bgg &@cﬁ@ﬁ? ?QW%QQE?ﬂ%aEQ £ASE t he

i ngot pieces and teEsyenttiadlliynd n tde f opolvefvacsiianght semdubadueybirnder
As a resul f, of; If& < pg‘!\r].ll:ll.g% RLQCess., L he A.0gal pieces have.certaln; 4
irregul arifies, "however. I'n general , -an~optional Step CJ) i's’ carrred out
after step b)ard magd dleont kxaoutler igurdhac egogfucttheoresdemdlald yweldyd.i ndri cal
i ngot pieces are ground such that the ingot pieces have an exactly
cylindrical shape. In addition, orientation features such as orientation
notches or 25519 eREBEFORARFEPE ddiPWe pPodutled 1Bt hENGOE e iffidacen of the

ingot pieces. gtips phep wROche KAFd | @d ouhgiaf terembut &f efer abby before,
step d). The position_of nechanical defects in each ingot piece 30 is
det er m ned®i n REEHFTAPLYTHRS PE PRef EPELLYEGoRE SUSTIRET nPage ulPELa8ound

m croscopy as glesgndded akovinteAbd Brdradniaedy, shhe posd t kemiebnaeehani cal
defects, in nparticular of cavh&ies can, be determned b BSaEIIgggﬂgting

one end of the"%Jot 15i eBE R PA ¥ nfFaFedito  1ngot pieces

angles to its longitudinal axis. In the case of a
semiconductor ingot having a round cross section, this
15 means that the ingot pleces are essentially in the form
of a straight circular cylinder. As a result of the
pulling process, the 1ngot pieces have certain

irregularities, however.

20 In general, an optional step ¢} 1is carried out after
step b), in which the outer surfaces of the essentially
cylindrical ingot pieces are ground such that the ingot
pieces have an exactly cylindrical shape. In addition,
orientation features such as orientation notches or

25 orientation flats can be produced on the outer surface
of the ingot pileces. This step can be carried out

after, but preferably before, sgstep 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 transmigssion at the

other end of the ingot piece. This measurement is



-radiation and by neasuring the transm ssion at the other end of the ingot

pi ece. This nmeasurenent 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 measurenment, it is preferable to snooth the relevant surfaces
of the ingot piece before the nmeasurenent by fine-grinding, etching,
polishing or a suitable combination of tifese processes. The roughness of
the relevant surfaces should preferabl not exceed 10 Ra_= 0.2 In this
met hod, i magePTFt Eflﬁﬁﬂr}ﬁt &G S5F  OFhe %Irhchthepi guEeEy eSBFgﬂ‘ﬁ%ed”{J)sFﬁﬁ an

i nfrared- senﬁglmmﬁw alwgbla Ppisadd.able ehjeative. R84 eficto0IudE Or
defects in the |nte£|or %H% refraction _or absorptjon of the i nci dent
light. The 15 dept hP8V PHe R BEFS i Tiet SFFFREA By Yt hePoh) &Ei-78°SSet t i ng
whi ch resultsSIn@efo&wmﬁhsmm@e rSiuvtercackdi t iiorrar fsreet hi ng tof thﬂrﬂﬂface
IS requl feg [l H86 R, d he, i nfrar §9e e%Q@ﬁ‘essﬂ F%%Qg) trﬁé‘er‘éi%v

scanni ng ultrasound i ¢roscopy TS erable in s

i ngot pi ece, possidags tofetther Madt Ppuechebeifnget qd'@cmeasusememtl B0
sem conduct or ﬁﬁﬁéﬂé&lné§%dy1 aeﬁgﬁﬁegpond ?glgﬁgﬂgr to-the, prigQr raffie Wth a
t hi ckness of 0.2 to his is prefera done means of a nulti wre
saw ( MAB) accd?f%ﬂhﬂgﬂaetolctl’heoﬁrlfd’#es%r PrOTFﬁésﬁﬁgotT]}ﬁ eé’é’élg&ﬁ@sﬁr Qfr &bey cut
into sem conductefaaf ersidladdOht AREIRS t @ridiRirzAW er n3R sukkaees. The
senlconduiher wafers are then gﬁnerallé cl eaned and_separated, .that is to
say the sefi cdiftidetbr® Wikf et Wi EhTEFECR PW€QQﬁWﬁ%ﬁt%%CR§t§F%8F e nul ti
Wi re saw proceds arengepar piede amgear edatlicddiuabding pl aned infriaed-

compart ment s Ofenas c:tais‘:_seet t gar?lérgf Yitn a suitable objective. Gas

th

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

setting which results in a focusged image.

Since additional smoothing of the surface is required
for use of the infrared transmission method, the use of

20 scanning ultrasound microscopy 1s preferable in step
a).

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

35 magazine.

In step h), those semiconductor wafers which contain



.35 magazine. In step h), those 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 neans of a robot. 5 In order to allow these sem conductor wafers to be
segregated nore easily, the z coordinate of the position of each mechanica
defect is marked on the 1ingot piece, preferably in an additional step e) 10
bet ween steps d) and f), for exanple by fiflding, grinding or drilling a
depression. In the case of cylindrical ingot pieces which are intended to
be cut into s cBRALELBRSwALerd igh ¢t EhaY ¥6T e WG 1BUEERPsEf ace,

the mar kij;lg i ?@@Pthéﬂ. E@gﬁ:@@aﬁéaer lalia.a %!ﬂé;] ane généhel B%BEEQadfzp Ttﬂﬂtsev\ﬁtl i Eed
in step : i na , dn ste , all of_those sem conductor wafers ic
have a narki ng"dh #éei‘i‘mﬁ r%ﬁt‘rﬁ%? e’ﬁ%%uﬁiéy Q&qrByBH- Gt 5 cBX BE3WSne, for
exanpl e, manuadt ya arobdthe basis of visual identification of the marking. 20
Dependingngn how precisely the marking that has been applied to the outer

surfaces tches the position zp of the nechanical defects, and dependi ng
on the thickness cfderhe toutakkbew caidiset ocematensiuandzt heafprecitsd oeof the

cutting proce%%ﬁgb é?%;}ﬂ°§él g?g%}§5 i%h%pCQ§saégo£$iﬁgtéegggga% t hose

waf ers whi ch have ing, O é the respeciively adjacent wafers.
As an al t er natbesEL t3pn h@ fappt¢le attieshasficele GBERFRQ,1S t HBsEedemEotdisct or

wafers (and thegidotunbessd, Whbebr30ahaye ah | gast senetABaBAaNi galpdefact can

be determined_ in step e) fromthe positions zp of the mechanical . defects,
and from tRe potvedmh oitee its asde Sin stidy  ERaTRHEs e Wenidordddst-or

wafers can fingdinad® or drilling a depression. 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 is applied to the outer

15 surface at the position 2z, 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 basis of 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 defects, and depending on the
thickness of the cut semiconductor wafers and the
precigion of the cutting process in step f£), all that

25 1g necessary 1s 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 thelr numbers) which

30 have at least one mechanical defect can be determined
' in step e) from the positions 2z, 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



.segregated manual ly 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 tracking system for exanple, can 19 determ ne the

‘rel evant wafer nunbers. The material tracking system may, for exanple, use
the position of the reference plane, which matches the first conplete

sem conduct or wafer, and the sumof the pitch of the 5 cuts (correspondi ng
to the sumof the thickness of the cut séhitonductor wafers and the |oss of
material caused in the cutting process) to determ ne the nunbers of the
seni conduct or YRFEFEIRE f dtRd. e V@R nAYREHs wale MR bREE e

necessary to 8@%@3@@’@@ $0cadinacent, Sf_Q:mC@ﬂQMﬁl@r wakerihd npesdet oho dre
certain that all of the sem conduct fers \Aglch hav chani al defects

have been renovdd. TFHCEFBER Eodifai d¥ ja n§ar668grdtat ”é ufm?Ee ily
15 large nunbeﬁermic@m@mwuwaﬁerwafaerds théosem sefi ¢hndydittarh waterthanhi ch

have at | east Qne, chanl defe t he _basi s _.of rkin
cal cul at edgvvafer nufber S %On wWery as gﬁgefsuﬁnedjénu er%‘ gﬁ?a%e%? the
sem conduct or Qmﬁerssemmnchmechbnmdlanﬁuaqu, lioss20 odn aedidriigrial step

g) according to,.theqpri o hé‘r&ut{f’ﬁg ??SQéQé?and%%‘éEﬁmgh‘t C%%n%%@”e

for exanple, by neans of scan rasound m croscopy, rare
transni ssi on rEasuréifent S@FﬂlXDiﬂéleé@%r pvabarsnesstfentsd. Bylmway téfis

exanpl e, the narkechoriéd 63l Gihat, edl@%ﬁo%u%éﬁeé’@éﬂ St@”@etg}i‘:égrate

respectively closest neighbors are examned. Finall t he .onl
sem conduc¢Por TP MFERLSPBILELFPEGHT LTS éiﬂepomer alté? thl%séeirr?EWﬂ ch

mechani cal defgeits have aefualdhe m&@mﬂc& stepf&s. dhkcaf therot her
sem conduct or 30 .waf er%s]SV\(? ]ih ha e n individually exam ned in step g)
are fed back tBTHE § %trs Ft 1B are

In order 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
semiconductor wafers, can be examined individually, in
20 an additional step g} according to the prior art, for

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

means of scanning utltrasound microscopy, infrared
transmission measurement or X-ray absorption
measurement . By way of example, the marked or

25 calculated semiconductor wafers and their respectively
closest neighbors are examined. Finally, the only
gsemiconductor wafers which are segregated in step h)
are those 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 makes it possgible on the one
hand to avoid the time-consuming and costly examination
of each individual semiconductor wafer, and on the

35 other hand the unnecessary segregation of defect-free

semiconductor wafers.



.processed further. This nmakes it possible on the one hand to avoid the

ti me-consum ng and costly exam nation of each individual sem conductor

waf er, and on the 35 other hand the unnecessary segregati on of defect-free
"sem conductor wafers. 20 In order to effectively prevent the delivery of
sem conductor wafers with 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 required when exam natén-is carried out exclusively on

t he sem conductor wafers. The conbination of the exam nation according to
the inventiodTof Y nge? pPEEBCFAVRRY chPERESESsi thiishs SL1IYHEY me€hani cal

def ects have tﬁ%ﬂc@&ﬁ@fa&b&ed\raﬂhﬁﬁvﬁﬂ@l@ é@v%&@sa@xex@&hé@tm@ahgﬁlbagl VI dual
sem conductortd\g&fers whi cahonl %ég smal | nunber of fers arou
Gre

previously de Gh&d PBETi o ESEquEtYSS ndh8ur e@Y makds ES |3055| bl e
to ensure t haumslpleomflomheof dellilveséd tgem eemduohdmmﬁcensaﬁémf riee oh

faults, [I%h %5 :}}c nmeasurenent efforxamzillnlgttg ma§| mz ze. out
sem conduc er-vi eI a qguﬁsequen mea&ur aent “of *Fndj 9| ﬁugfi
sem conduct or am:ﬂ@:ssvneayst epry) ishaecessadyondukyowhen vefmechani cahedef ect

intiond founq.%%ﬁ Eornl), Ehetﬂéas%ﬁﬁfﬁaﬁ&?”aﬁ%ra\l\ﬂg ?ﬁlfgﬁ?t rate

sem conduct or ers faI S in a correspon manner .
on the ingot pirgessipal lof g chnedt theedeseri bdd et oosipretiereéd for

segregati on depengs 9 dihe of reauency Hgvéh%e@ﬁcfa@ye&@dme%ﬁ def ggtsncan the
costs for roducti on, exam natjon and se ation of the sem conduct or

waf ers, o ifHe 2Tt oA BIAB AL d# & ler§ieen@UGHRE watferpat ent
cl ai ms 1. A mathoghien dsiegtizonsehimechanhbeal sef eglirerA) around 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 vyield. Subseguent 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 o©of the described methods 1s preferred for
segregation depends on the fregquency of the mechanical
25 defects, on the costs for production, examination and
segregation of the semiconductor wafers, and on the

costs of automation and material tracking.



.In an ingot 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 piece (1) being scanned during the nethod by at |east one 10

ul trasound head (2) which is coupled via a liquid coupling nedium(3) to
the planar surface (6) of the ingot piece (1) and, at each neasurenent
point (x,y) produces at |east one ultragdund pulse (8) which is directed
at the planar surface (6) of the 15 ingot piece (1), and the

ul t rasound- pulBateath@ladmsyi nati ng fromthe ingot piece (1) is recorded as
a function of time, such that an echo (9) from the planar surface (6), an
echo (11) froma surface (é?) osite the El anar surface, of the 20 i ngot
pi ece (6) and,!-posdi r§thedr ERe&r ‘%ﬂﬁ%’s iquopt geshgenscdeddef@es t HE)
positions (xp, yp, izp) of imehanissbcslef ems w¥ichn .we baﬂgbs@aecaf( 1)

bei ng detegm ned fromthe further e\_;:?g%%a %hZS 2. ge ﬁs cl ai med
in claim1? wherei FSHE T 145 ght %\ﬁ@? OFS Pré pfanar
surface (6) is 1 cr@ut:cfa% cr(rs 3 aﬂ'cﬂle anethd:dkasSel aimegsunednatof rdaitns 1 or

2, 30 wherein the | ot 0S¢ f single- yst al
sem conduct or materl %h(r%eg% hod- Eacd al rregll%m : ojf(%I aIPmSWitPo 3,

wherein the positi (tﬂnE( zp)Lanfara sechane cal6)debéct th8b :(mgot s detas mi{ded in
th di t f t t th
e z direction relb%?'n\ée é@aﬁné& ﬁhﬂ%?lpﬁl?é‘en%% fbgd b%z% Jfée%% £s.ha the

outer surface ( rence plane
(16) bei n§Ci ndepend’éﬁtfa@fouﬁiﬁje h%éijg@ anghechf l!Shé?QUﬁécﬁd piiecea( 1} aquadd with
the position of theuahieienseaplrnesbeing deli pednby surface (6) of
the ingot piece {1} and, at each measurement point
(x,v) 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) 1is 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
20 ingot piece (6) and, possibly, further echoes (10)

are detected, with the positions (%, Vvp, 2p) of
mechanical defects (4} in the ingot piece (1)

being determined from the further echoes (10).

25 2. The method ag claimed in claim 1, wherein the
thickness measured at right angles to the planar

surface (6) is 1 c¢m.to 50 om.

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

crystal semiconductor material.

4, The method as c¢laimed in one of claims 1 to 3,
wherein the position (zy) of a mechanical defect

35 (4) is determined in the z direction relative to a
reference plane (16) at right angles to the outexr

surface (5) of the ingot piece (1), with the



.the maxi mum di stance (z.x) between the planar 5 surface (6) and a scanning
pl ane (17), which is I|ikewise at right angles to the outer surface (5) and
on which the at |east one ultrasound head (2) is located. 10 5. A nethod
“for production of a nultiplicity of sem conductor wafers, conprising the
followng steps in the stated sequence: a) production of a sem conductor
ingot, b) cutting of the sem conductor ingot into ingot 15 pieces with a
length of 1 cmto 100 cm d) det er ni nafi 6 6f the position of nechanical

defects in each ingpt gjece wi.th t h? Egsi ion of, aa Igﬁ defi ned
uni quel y by coor di ASEESS £5208 a pPanePBardl | LPIFBSE 8“ utg t o-BE made
20 in step f), as wekilgeasartg/lm uzf)otﬂ'ena'.tr@oz:p miece ghit) , argldesvitth t bhe pl ane,
f) cutting of the i \RlL.ec Lpt.o ipli C waf er s
Wth a thickness of 0y ts & mipeads o st dol bl PoiBE e by

semi conduct or mafe¢§6whméﬁim@@ntéﬁﬁtah98p0$2ﬁkbnsbatwahnchthechahan@¥
defects have beengfound. 6 6ﬂhgn§eg?ogcgﬁ 958I%§gﬂ%§ ¢haim J%ﬁprgén t he

30 seni conduct or |ngot | S corrpose SI ng e- cryst sem con UCt or
material. 7. The nmifkeWigs @taimcint rPedbem B° Wher el athesuskareondllict or

ingot which is CO”Bﬁae%nphﬂ§hﬂ9|@he3§tciééke|dﬁ@“d&%ﬁ&§3dﬁdfﬁﬁéﬁ'@th
produced in step a) by Czochral ski crucible pulling. 23 . The nethod as

claimed in one of dFaith§asefo 7, wherein the ingot pieces produced in step
b) have a length of 1 cmto 50 cm 5 9. The nethod as clainmed in one of
claim 5 i& 85 A method for production of a multiplicity of
semiconductor wafers, comprising the following
steps in the stated sequence:
a) production of a semiconductor ingot,
b) cutting of the semiconductor ingot into ingot
15 pieces with a length of 1 cm to 100 cm,
d) determination of the posgition of mechanical
defects in each ingot piece, with the position of
each defect being defined uniquely by coordinates
Xy, Yp on a plane parallel to the cuts to be made
20 in step f), as well as by a coordinate z, at right
angles to this plane,
£) cutting of the ingot pieces into a multiplicity
of semiconductor wafers with a thickness of 0.2 to
2 mm, and
25 h) segregation of those semiconductor wafers which
contalin the positions at which mechanical defects

have been found.

€. The method as claimed in claim 5, wherein the
30 gsemiconductor ingot is composed of single-crystal

semiconductor material.

7. The method as claimed in c¢laim 6, wherein the
semiconductor ingot which is composed of single-
35 crystal semiconductor material is produced in step

a) by Czochralski crucible pulling.



.wherein the ingot pieces produced in step b) are essentially in the form of
a straight circular cylinder, and wherein, after step b), the outer
surface of the ingot pieces is ground in an 10 additional step c). 10. The
"method as clainmed in one of clains 5 to 9, wherein the position of

mechani cal defects in each ingot piece is determned in step d) by neans of
15 the nethod as clainmed in claim1. 11. The nethod as clainmed in one of
claims 5 to 10, wherein the position of 2#echani cal defects in each ingot
piece is determned in step d) by 20 jllum nati ng one end, of the ingot piece
with infraredTadi &g olﬁ‘?tgﬂ@ ﬁ%s%}‘?‘ﬁae‘ti heéT iRfstty oFaifhest risritt ed
infrared radi ati onwieddiar ofteringned plethe prgaucpidecer 2bedZb) Thaveet hod
as claimed in one of .cl aitgjg Ef é;) 11,t erein the z coordinate of the
position of each Rectacal®Mder &8 T6h *héM ngot piece is marked in an
additional step e) between steps d) and f), and those sem conductor wafers

whi ch bear .t heg, marki ter, s . ar: Sﬁgge ted i tep . 13. The
nmet hod as %I aiegrfed :&'r}l{égn%ég}flgél %.Snséggjf%g%&l% erelgﬁ, %%%Fsssgep@%) ,8'those
senmi conduct or waf emdenghirc htieyanget| sdscesneonedheed cah ddfasctbhr 8185

determined in an addliddAnal 15t €pne)cifd OBJhe ¢ COOTimALes Ofithe1nesitions
f 1t I 24

of the mechanical defects and fromthe position of the cuts nade in
step f) and wherei FYHESESenfRBndlErGiwaf EECT artaxgPégat@e | RUSESD h) .

14. The nmethod as ¢haifRe¢ | ponenef chaohs pikeek3, is5 Whehaun, iaftan step
d), those, sem condté%iqr waf ers  whi éh have at | east one nechanical defect
are det etHined i n38dd@EofHePsCdp e) fromthe z

1¢. The method as claimed in one of claims 5 to 9,
wherein the position of mechanical defects in each
ingot piece is determined in step d) by means of

15 the method as claimed in claim 1.

11. The method as claimed in one of claims 5 to 10,
wherein the position of mechanical defects in each
ingot piece is determined in step d) by

20 illuminating one end of the ingot piece with
infrared radiation, and measuring the intensity of
the transmitted infrared radiation on the other

end of the ingot piece.

25 12. The method as claimed in one of ¢laims 5 to 11,
wherein the z coordinate of the position of each
mechanical defect on the ingot piece is marked in
an additional step e) between steps d) and £), and
those semiconductor wafers which bear the marking

30 after step f) are segregated in step h).

13. The method as claimed in one of claims 5 to 12,
wherein, after step d), those semiconductor wafers
which have at least one mechanical defect are

35 determined in an additional step e) from the =z
coordinates of the positions of the mechanical

defects and from the position of the cuts made in



. coordinates of the positions of the mechanical defects and fromthe
position of the cuts made in 10 step f), wherein these sem conductor wafers
as well as a defined nunber of adjacent wafers are exam ned individually
“for mechanical defects in an additional step g), and wherein, in step h),
all of those sem conductor wafers in which nmechanical 15 defects have been
found in step g) are segregated. 15. A scanning ultrasound m croscope,
having a holding apparatus for an ingot 28i ece (1) which is to be examni ned
and has at |east one planar surface (6) 20 lying on the x,y plane, having at
l east two ul trasof®Fhehds @A f BReprRoBUCERDFE afEHEIBHIERT oFVaaRTS

ul trasound signal, shavisegrachitest iAOWRELNG) .apparatus on which the at | east
two ultrasound heads are nounted such that they cannot nove in 25 the X,y
direction, having an adjustnent device, by means of which the ultrasound
heads (2) canlde mbvedneéthddieaz diledeiddnimat oneghif anghesst 6 the 18,y pl ane

relative to the hol di ng.apparatus,. ., havi.ng novenent deyice. b ans of
Whi oh < he 30" mount IS aaar TS et Eha ol R oot st TeaEEor Te Bofec
relative to one anethieh i havhe &ty leistectdron, nfeabamg calcodefektunare( 12)

for control of th gggg deyi a ; adj nt i as well
as an eval uation uﬁf&g or %? ﬁﬁ%cgggi%gdg%l%ﬂgluﬁ#%gig%%d %ﬁgﬁaﬁgﬁ%tzcted by
t he ul trasound heagoog@inages 16f Thee sdurdiitens t cdsothe mnesbssépelas

claimed in claimkRrLeaptH=s G-an @k UsbaeRt ofeyirce oragachygbt Egsound
head (2),_ by nmeans of which each wultrasound head (2) can be noved relative
to the 5 Wdunting &55%r afus iWeFely 933 | GHFBCHPRECTanyPréSTED BFe X,y

pl ane, independent kye1af ddea defined number of adjacent wafers are
examined individually for mechanical defects in an
additional step g}, and wherein, in step h}, all
of those semiconductor wafersg in which mechanical

15 defects have been found in step g) are segregated.

15. A scanning ultrasound microscope, having a holding

apparatus for an ingot piece (1) which is to be

examined and has at least one planar surface (6)

20 lying on the =x,yv plane, having at least two

ultrasound heads (2) for production and detection

of an ultrasound sgignal, having a first mounting

apparatus on which the at least two ultrascund

heads are mounted such that they cannot move in

25 the x,y directicon, 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 device, by means of which the

30 mounting apparatus and the holding apparatus can

be moved relative to one another in the x,vy

direction, having a contxol unit (12) for control

of the movement device and of the adjustment

device, as well as an evaluation wunit  for

35 processing of the ultrasound signal detected by
the ultrasound heads (2).



. other ultrasound heads (2). 17. The scanni ng ul trasound m croscope as
claimed in 10 one of clains 15 or 16, conprising a further nounting

apparatus on which at least two further ultrasound heads (2) are nounted,

" anal ogously to the first nounting apparatus, and which is arranged such

that the ingot piece (I) can be 15 arranged between the two nounting

appar atuses by neans of the ultrasound heads (2), such that the ingot

pi ece (1) can be exam ned through a fitsto blanar surface (6) by nmeans of

t he uItrasoung 2) which are nount on the first nmountin

appar at us, thfﬁ%ﬁh SaEE&BﬁH'{h ‘EHffﬁéﬁroﬁ??pemﬁF%hc ?é@egaﬂé}lel to

the first planar ei&ichS(6¢ompylﬂEaQSanfaﬂbasumbﬁasdendcbeamy(é@dhmhlch

are nounted on the f@&%&%; unﬁ%gg ?Qﬁara%us mégn%8 %%Ilg%
ermr1qhe

ul trasound nlcroscope as clai Yol Aris 15 to T
ul trasound heads %I@réﬁqugdlghaﬂy(ﬁ@cuﬁﬂmgbermmma&cmmﬁatgyeutpraﬂuund

heads. 30 19 The fg% é n ane 98 a L tgn4 tm@gr {1 the
uItrasoun pul se (8 |s not cuse . e?y s%%gEHFﬁ Focﬂséﬁ 3 S
angles to the x, y plane, independently of the

other ultrasound heads (2).

17. The scanning ultrasound microscope as claimed in

10 cne of c¢laims 15 or 16, comprising a Turther
mounting apparatus on which at least two further
ultrasound heads (2) are mounted, analogously to

the first mounting apparatus, and which 1is

arranged such that the ingot piece (1) can be

15 arranged between the two mounting apparatuses by
means of the ultrasound heads (2), such that the

ingot piece (1) can be examined through a first

planar surface (&) by means of the ultrasound

heads (2) which are mounted on the first mounting

20 apparatus, and through a second planar surface
{(7), which lies parazllel to the first planar
surface (6), by means of the ultrasound heads {2)

which are mounted on the gsecond mounting

apparatus.
25
18. The scanning ultrasound microscope as cliaimed 1n
one of claims 15 to 17 wherein the ultrasound
heads (2) are slightly focusing or non-focusing
ultrasound heads.
30

19. The method &5 claimed in one of claims 1 to 4,
wherein the ultrasound pulse (8) is not focused or

only sliightly focused.

35





