
- 1  Method and apparatus for detection of mechanical  defects in an ingot
piece composed of semiconductor  material 5 The invention relates to a
method and an apparatus for  detection of mechanical defects in an ingot
piece  composed of semiconductor material. In microelectronics, wafers which
are composed of a  10 semiconductor material are used as substrates for the
production of microelectronic components. Suitable  materials are, for
example, II/VI compound  semiconductors, III/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  of the so-called float-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 bubbles to
become trapped in the growing semiconductor ingot.  These gas bubbles
represent gas-filled cavities in the 30 form of bubbles in the semiconductor
ingot, and may  have diameters from about 10 pm 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 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  Others 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
semiconductor 5 wafers, although no defect is externally visible. If
semiconductor wafers such as these are used for  production of
microelectronic components, then,  depending on their position in the
semiconductor wafer,  the cavities can lead to failure of individual 10
components, thus reducing the yield from component  manufacture. 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 cavities, before it is delivered and is  used for production of
components. This method is 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 radiation 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 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. Semiconductor wafers with cavities therefore  have to pass
through an unnecessarily large number 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 semiconductor wafers. The test method itself also results in
relatively high  costs, since it must be carried out on each individual  10
semiconductor wafer. 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 decreases at greater depths. I 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 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 DE2504988A1. The international patent
application W001/86281A1 4  discloses a scanning ultrasound microscope which



produces three-dimensional images of a sample. In this  case, the images are
produced non-destructively, thus  resulting in information about the
internal structure  5 of a sample. However, the prior art described above is
not designed  for high-speed data recording of the samples to be  examined
and for measurement of ingot pieces with a 10 length of up to 100 cm.
Furthermore, the apparatuses  according to the prior art have a limited
throughput.  The invention is 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 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 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
ingot piece 1, and the ultrasound-pulse echo 30 originating from the ingot
piece 1 is 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 xp, 35 yp, zp of mechanical defects 4 in the
ingot piece 1  being determined from the further echoes 10. 5 - Brief
description of the figures: Figure 1 shows, schematically, the measurement
signal  



obtained when carrying out the method according to the  5 invention. Figure
2 shows, schematically, a scanning ultrasound  microscope according to the
invention. 10 Figure 3 shows, schematically, a first embodiment of  the
scanning ultrasound microscope according to the  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 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 is 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
essentially in the form of a straight circular  cylinder. If 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 cm being preferred for
the examination method - 6  according to the invention. However,
particularly in  the case of multicrystalline or polycrystalline
semiconductor material, the ingot pieces may also be in  the form of an
elongated cuboid, which has rectangular  5 or square end surfaces. 



Single-crystal ingot pieces 1 (see Figure 2) generally  have two planar end
surfaces 6, 7 and a curved outer  surface 5. At least one planar surface 6
is required in 10 order to carry out the method according to the  invention.
In the method according to the invention,  this planar surface 6 is scanned
by 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 in 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  second end 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 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 xp,yp of the defect 4 on  the
x,y 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 7  piece 1, the planar surface 6 is
scanned by means of  the ultrasound head 2. During the scanning process, the
at least one ultrasound head 2 is preferably moved on a  



plane (referred to in the following text as the 5 scanning plane 17, see
Figure 5) which is at right  angles to the outer surface 5 of the ingot
piece. This  measurement principle is referred to as scanning  ultrasound
microscopy or scanning acoustic microscopy,  and is known from the prior art
cited above. 10 Mechanical defects which can be detected and located by
means of scanning ultrasound microscopy are all areas  within an ingot piece
whose sound propagation  characteristics differ from the undisturbed 15
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 ? 100 um, and even ? 50 }im. 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 is only  slightly
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  case on the surface 7 which is located opposite the  planar surface
6, that is to say on the rear end  surface of the ingot piece 1. In this
case, slightly  focusing or non-focusing ultrasound heads 2 can be used 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 be chosen  such that the echo 11 (Figure 1) still includes the
opposite surface 7 of the ingot piece 1 (Figure 3). 35 In order to increase
the verification sensitivity, the  ingot piece can be examined from both
ends, preferably 8  for lengths of more than 20 cm. If the length of the  



ingot piece is more than 50 cm, a measurement is  required on both planar
end surfaces 6, 7, in order to  obtain information about the entire volume
of the ingot 5 piece. In order to measure an ingot piece 1 from both  ends,
it is first of all scanned from the first planar  surface 6 by means of the
at least one ultrasound head  2, after which the ingot piece 1 is rotated by
means of  a rotation apparatus through 180 about an axis 15 10 which is at
right angles to the longitudinal 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
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
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 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 is measured from both
ends, this requires a  recording duration of about 100 }is 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 zi, 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 is subdivided into n segments in the z direction 



9  by means of evaluation windows of limited time, in  which segment the
sound signal can be integrated in  order to improve the signal-to-noise
ratio. The chosen  window length multiplied by n therefore represents the  5
entire ensonified volume of the ingot piece. If it is not certain the planar
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  determine the wedge angle of the ingot
piece, which 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 15 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 defects. That plane  which is located at right
angles to the outer surface 5 20 and is closest to the end surface 6 but
just no longer  intersects it is therefore defined as the reference  plane
16. If the scanning plane 17 of the ultrasound  head is chosen to be at
right angles to the outer ( surface 5 of the ingot piece 1, the wedge angle
a over  25 the diameter d of the ingot piece 1 can easily be  determined
using the relationship tan(a) = (zmax - 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 30 ultrasound
head. The maximum distance zm between the  scanning plane 17 and the planar
surface 6 is  determined from the longest delay time, and the  shortest
distance Zmin is determined from the shortest  delay time. 35 



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  measurement. This can be done, for example, by means of  an
appropriately adjusted depression in the form of 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 mechanical defect 4 detected  at
the position xp,yp and the reference plane 16 can be  determined easily, if
the wedge angle is known, from  10 the relationships: zi = tan(a) o (d - xp)
zo = z~ - z1 zP = Ztot - Z1  15 In this case, zl represents the distance
between the  planar surface 6 and the reference plane 16, zo 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 ztot 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 previous 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  used,
particularly in 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 preferred directions. individual  



mechanical 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 example the diameter, the
crystal  orientation or the doping. 5 An apparatus which also achieves the
second object on  which the invention is based can be used to carry out  the
method according to the invention: This is a scanning ultrasound microscope
having a  10 holding 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 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 direction, 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 is advantageous
because a plurality of different x,y 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 12  invention will be
described in the following text with  reference to Figure 2: The scanning
ultrasound microscope has a holding  5 apparatus for an ingot piece 1 which
is to be examined  and has at least one planar surface 6 which essentially
lies on the x,y plane. It therefore differs from the prior art by having at
10 least two ultrasound heads 2 for production and  detection of an
ultrasound signal. It is also possible  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-frequency AC voltage
from a high- frequency generator 14, and this is converted by a
piezoelectric 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,y 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 - 13  is possible is
to adjust all of the ultrasound heads  jointly in the z direction. However,
a dedicated  adjustment device is preferably provided for each of  the
ultrasound heads 2, by means of which the 5 ultrasound head 2 can be moved
in the z direction at  right angles to the x,y plane, independently of the
other ultrasound heads 2, relative to the mounting  apparatus. Each
ultrasound head can then be adjusted  independently in the z direction, in
such a manner that 10 it detects a maximum signal intensity (for example a
maximum signal intensity of the echo from the rear  planar surface 7). Each
adjustment device 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 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 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 14  one unit, for example in a
computer 12 with monitor 13.  The echoes detected by the two or more
ultrasound heads  are preferably processed and recorded simultaneously,
with the detected signals being recorded as a function 5 of the
instantaneously examined position on the x,y  plane, and with the position
xp, yp, zp of the  mechanical defects being determined from this. The data
items for an image display are preferably produced  simultaneously. 10 A
modified 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 is 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
cm (if the examination is 25 carried out from both ends), or up to 20 cm (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 -
15  steps. This results in considerable time and cost  advantages. The
invention therefore also relates to a method for  5 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 pieces  with a length of 1 cm to 100 cm, 10
d) determination of the position of mechanical defects  in each ingot piece,
with the position of each defect  being defined uniquely by coordinates 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 plane, 15 f) cutting of the ingot
pieces into a multiplicity 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  20 been found. The
individual steps of this method according to the  invention for ~odicr or of
a multiplicity o  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 is preferably single- crystal. The semiconductor
ingot is preferably composed 30 of silicon, 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 crucible 35 pulling process.
Since the described cavities occur  when using the Czochralski-pulled
single-crystal  semiconductor ingots, it is preferable for the method 16
according to the invention to be applied to  semiconductor ingots such as
these. However, the method  according to the invention is also applicable to
cast,  multicrystalline or polycrystalline semiconductor 5 ingots (which are
also referred to as blocks), which  are used for example in the production
of solar cells.  The semiconductor ingot is cut into ingot pieces in  step
b), which have a length from 1 cm to 100 cm, 10 preferably to 50 cm. The
cuts are generally made using  a handsaw or internal-diameter saw. The
semiconductor  ingot is generally 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 a straight circular cylinder. As a result of the  pulling process,
the ingot pieces have certain  irregularities, however. 20 In general, an
optional step c) is 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, f orientation
features such as orientation notches or  25 orientation flats 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 piece. This
measurement is 17  preferably carried out on the outer surface of the
cylindrical ingot piece, in order to avoid the light  from having to pass
over excessively long distances.  Since excessive roughness interferes with
this 5 measurement, it is preferable to smooth the relevant  surfaces of the
ingot piece before the measurement by  fine-grinding, etching, polishing or
a suitable  combination of these processes. The roughness of the  relevant
surfaces should preferably not exceed 10 Ra = 0.2 }im. In this method,
images of the interior of  the ingot piece are produced using an infrared-
sensitive camera with a suitable objective. Gas  enclosures or defects in
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 focused image. Since additional smoothing of the surface is required
for use of the infrared transmission method, the use of  20 scanning
ultrasound microscopy is preferable in step  d). In step f), 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 is preferably done by  means of a multi 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  cleaned 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 magazine. In step h),
those semiconductor 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 means  of a
robot. 5 In order to allow these semiconductor wafers to be  segregated more
easily, the z coordinate of the  position of each mechanical defect is
marked on the  ingot piece, preferably in an additional step e) 10 between
steps d) and f), for example by milling,  grinding 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 zp 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 visual identification of the marking. 20 Depending
on how precisely the marking that has been  applied to the outer surfaces
matches the position zp  of the mechanical defects, and depending on the
thickness of the cut semiconductor wafers and the ( precision of the cutting
process in step f), 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 zp of the mechanical  defects, and
from the position of the cuts made in step  



f). These semiconductor wafers can finally be  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 19  determine the relevant wafer numbers.
The material  tracking system may, for example, use the position of  the
reference plane, which matches the first complete  semiconductor wafer, and
the sum of the pitch of the 5 cuts (corresponding to the sum of the
thickness of the  cut semiconductor wafers and the loss of material  caused
in the cutting process) to determine the numbers  of the semiconductor
wafers affected. In this  alternative as well, it may be necessary to
segregate 10 adjacent semiconductor wafers in order to be certain  that all
of the semiconductor wafers which have  mechanical defects have been
removed. 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 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 neighbors are examined.
Finally, the only  semiconductor 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 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 unnecessary segregation of defect-free  semiconductor wafers.
- 20  In order to effectively prevent the delivery of  semiconductor wafers
with cavities or other mechanical  defects when the defect rates are low, a
100%  inspection of all of the semiconductor wafers is in 5 principle
required when examination is carried out  exclusively on the semiconductor
wafers. The  combination of the examination according to the  invention of
the ingot piece in which the positions of  the mechanical defects have been
determined in advance 10 with an examination of individual semiconductor
wafers  in which only a small number of wafers 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 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 is preferred for  segregation depends on the
frequency 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. KR Patent No.0904693 21  



Patent claims 1. A method for detection of mechanical defects (4)  in an
ingot piece (1) which is composed of  5 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 10 ultrasound
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) is 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 (xp, yp, zP)
of  mechanical defects (4) in the ingot piece (1)  being determined from the
further echoes (10), and  the ultrasound pulse (8) is not focused or only
25 slightly focused. 2. The method as claimed in claim 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 as claimed in one of claims 1 or 2,  wherein the position (zp) of a
mechanical defect  (4) is determined in the z direction relative to a KR
Patent No.0904693 



- 22.  reference plane (16) at right angles to the outer  surface (5) of the
ingot piece (1), with the  reference plane (16) being independent of the
wedge angle of the ingot piece (1), and with the 5 position of the reference
plane being defined by  the maximum distance (Zmax) between the planar
surface (6) and a scanning plane (17), which is  likewise at right angles to
the outer surface (5)  and on which the at least one ultrasound head (2)  10
is located. 5. A method for production of a multiplicity of  semiconductor
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 in each ingot piece, with the position of
20 each defect being defined uniquely by coordinates 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 plane, f) cutting of the ingot pieces into a
multiplicity  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 as
claimed in claim 5, wherein the  semiconductor ingot is composed of
single-crystal  semiconductor material. 35 7. The method as claimed in claim
6, wherein the  semiconductor ingot which is composed of single- 



crystal semiconductor material is produced in step KR Patent No.0904693 - 23
a) by Czochralski crucible pulling. 8. The method as claimed in one of
claims 5 to 7,  wherein the ingot pieces produced in step b) have  5 a
length of 1 cm to 50 cm. 9. The method as claimed in one of claims 5 to 7,
wherein the ingot pieces produced in step b) are  essentially in the form of
a straight circular 10 cylinder, and wherein, after step b) , the outer
surface of the ingot pieces is ground in an  additional step c). 10. The
method as claimed in one of claims 5 to 7,  15 wherein the position of
mechanical defects in each  ingot piece is determined in step d) by means of
the method as claimed in claim 1. 11. The method as claimed in one of claims
5 to 7,  20 wherein the position of mechanical defects in each  ingot piece
is determined in step d) by  illuminating one end of the ingot piece with
infrared radiation, and measuring the intensity of  the transmitted infrared
radiation on the other  25 end of the ingot piece. 12. The method as claimed
in one of claims 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 claims 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 KR Patent No.0904693 



-24- coordinates of the positions of the mechanical  defects and from the
position of the cuts made in  step f) , and wherein these semiconductor
wafers  are segregated in step h). S 14. The method as claimed in one of
claims 5 to 7,  wherein, after step d) , those semiconductor wafers  which
have at least one mechanical defect are  determined in an additional step e)
from the z 10 coordinates of the positions of the mechanical  defects 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 additional 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 ultrasound
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 least 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 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,y  direction, having a
control unit (12) for control 35 of the movement device and of the
adjustment  



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 microscope as claimed in  claim 15, comprising an
adjustment device for each  5 ultrasound head (2), by means of which each
ultrasound head (2) can be moved relative to the  mounting apparatus in the
z direction at right  angles to the x,y plane, independently of the  other
ultrasound heads (2). 10 17. The scanning ultrasound microscope as claimed
in  one of claims 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 which is  arranged such that the ingot
piece (1) can be  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 20 planar surface (6) by means of the ultrasound  heads (2)
which are mounted on the first mounting  apparatus, and through a second
planar surface  (7), which lies parallel to the first planar  surface (6) ,
by means of the ultrasound heads (2) 25 which are mounted on the second
mounting  apparatus. 18. The scanning ultrasound microscope as claimed in
one of claims 15 or 16 wherein the ultrasound  30 heads (2) are slightly
focusing or non-focusing  ultrasound heads. 


