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ILLUMINATION MEANS AND INSPECTION
MEANS HAVING AN ILLUMINATION MEANS

CROSS REFERENCE TO RELATED
APPLICATIONS

This patent application claims priority of German Patent
Application No. 10 2007 047 352.6, filed on Oct. 2, 2007, the
application is incorporated herein by reference.

FIELD OF THE INVENTION

The present invention relates to an illumination means. In
particular, the invention relates to an illumination means for
the illumination of the edge area of flat substrates. The flat
substrate has an upper edge area, a lower edge area and a front
area. The illumination means is designed as an annular seg-
ment, and the area to be illuminated of the flat substrate
extends into the opening of the annular segment.

The invention also relates to an inspection means having an
illumination means. The inspection means comprises several
work stations and a changer delivering a flat substrate to the
various work stations.

BACKGROUND OF THE INVENTION

U.S. Patent Application No. 2005/0013474 discloses a
device wherein the edge area of a wafer is also examined or
inspected with the help of three cameras. However, the docu-
ment does not discuss the design of the illumination means for
the edge area of the wafer.

U.S. Patent Application No. 2003/0169916 discloses a
device using three cameras to acquire images of the front side
of the wafer edge and of the two chamfers at the wafer edge,
respectively. The cameras are arranged such that the first
camera is opposite to the upper chamfer of the wafer edge,
that a second camera is opposite to the front side of the wafer
edge, and that a third camera is opposite to the lower chamfer
ofthe wafer edge. The patent application does not discuss the
design of the illumination means for illuminating the wafer
edge.

German Patent application DE 10 2007 024 525.6, which
has not been laid open yet, discloses a device and a method for
evaluating defects in the edge area of a wafer. In one embodi-
ment, an illumination means is described that is designed as
an annular segment. The illumination means is a calotte hav-
ing a plurality of light sources attached thereto. The calotte is
provided with a diffusely transparent screen or a diffuser,
which thus contributes to a higher homogeneity of the illu-
mination. The calotte comprises a recess via which the edge
of'the wafer is captured. The wafer extends into the interior of
the calotte. The illumination elements arranged on the calotte
may be implemented as LEDs emitting white light. [llumina-
tion elements are arranged on the calotte such that a bright
field illumination is achieved at the edge of the wafer.

SUMMARY OF THE INVENTION

It is the object of the invention to provide a compact and
variable illumination source for the illumination of the edge
area of a flat substrate.

This object is achieved by an illumination means compris-
ing: an annular segment defining an opening into which at
least an edge area of a wafer extends; a plurality of light
sources formed as light-emitting diodes being arranged on the
annular segment in a housing on a board; a reflective element
is provided inside the housing such that the light from the
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light sources does not impinge perpendicularly on an upper
edge area, a lower edge area and a front area of the wafer, and
wherein the plurality of light sources are opposite the reflec-
tive element inside the housing.

It is further an object of the invention to provide an inspec-
tion means with which the edge area of a wafer may be
illuminated variably from all sides.

This objectis achieved by an inspection means comprising:
at least one work station; a changer for supplying a wafer to
the at least one of the work stations; an illumination means
associated with at least one of the work stations, wherein the
illumination means is formed as an annular segment and
surrounds at least an edge area of the wafer; a plurality of light
sources are arranged on a board which also has the shape of an
annular segment in a housing, a reflective element being
provided inside the housing, such that the light from the light
sources does not impinge perpendicularly on an upper edge
area, a lower edge area and a front area of the wafer, and
wherein the plurality of light sources are opposite the reflec-
tive element inside the housing.

Itis particularly advantageous if a plurality of light sources
are arranged on an annular segment in a housing in the illu-
mination means. A reflective element is provided inside the
housing such that the light of the light sources does not
impinge perpendicularly on the upper edge area, the lower
edge area and the front area of the flat substrate.

The light sources located in the housing are implemented
as light-emitting diodes. The light-emitting diodes are
arranged on a board also designed in the shape of an annular
segment. The board with the light-emitting diodes is inserted
in the housing such that the light-emitting diodes are opposite
to a reflective element inside the housing.

The plurality of light-emitting diodes are evenly distrib-
uted on the circular segment-like board. The circular seg-
ment-like board may be divided into several segments that
may be operated separately. In a preferred embodiment of the
invention, each segment of the board contains the same num-
ber of light-emitting diodes. The circular segment-like board
is mounted on a cooling body for cooling and dissipating
waste heat. The dissipation of waste heat is particularly
important if the light sources on the board are implemented as
high-performance light-emitting diodes.

The housing of the illumination means essentially consists
of the board in the shape of a circular segment, a cover of the
metallic housing portion opposite the upper edge area, the
lower edge area and the front area of the flat substrate or the
wafer, and a window for the passage of light from the light
sources. At each of the two ends, the housing is closed by a lid.
In the following description, the terms flat substrate and wafer
are used as synonyms.

A diffusely scattering optical element is provided in the
window for the passage of light from the light sources. A
diffractive optical element for beam shaping may also be
provided in the window for the passage of light from the light
sources. In a further embodiment, it is contemplated that a
combination of the diffusely scattering optical element and
the diffractive optical element for beam shaping is provided in
the window.

The diffusely scattering optical element may be a film
inserted between the metallic housing portion having the
reflective element and the cover of the metallic housing por-
tion.

The reflective element is formed as an integral part of the
housing. The reflective element may be provided with such a
shape that it may be used for beam shaping for the light from
the light sources. The metallic housing portion having the
reflective element is made as a rotary part of aluminum and is
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provided with a correspondingly reflective coating for
increased reflectivity. The reflective coating may be a metal
coating and/or a dielectric coating. The dielectric coating
additionally performs a filtering function for the light from
the light sources.

The light from the light sources may be monochromatic.
The light from the light sources may also be polychromatic.
In a further embodiment of the invention, the light from the
light sources may be set to be monochromatic and/or poly-
chromatic. The light sources implemented as LEDs may emit
light of different colors. The light sources arranged on the
various segments may be designed such that each segment is
loaded with different color LEDs.

BRIEF DESCRIPTION OF THE DRAWINGS

In the following, embodiments will explain the invention
and its advantages in more detail with reference to the accom-
panying drawings, in which:

FIG. 1 shows a schematic view of the inner structure of an
inspection means for wafers where the present invention may
be employed;

FIG. 2 shows a schematic representation of the arrange-
ment of the device for visually inspecting defects in the edge
area of a wafer;

FIG. 3 shows a schematic arrangement of the illumination
means in connection with the cameras with respect to the edge
area of the wafer;

FIG. 4 shows a schematic cross-section of the inventive
illumination device;

FIG. 5 shows an exploded view of the inventive illumina-
tion means;

FIG. 6 shows a perspective view of the assembled illumi-
nation means showing the rear view of the illumination
means;

FIG. 7 shows a top view of the board loaded with the light
sources; and,

FIG. 8 shows the inventive illumination means in an
assembled state.

DETAILED DESCRIPTION OF THE INVENTION

FIG. 1 schematically shows the inner structure of a means
for inspecting wafers 6, where the inventive illumination
means is employed. A substrate supply module 1 is laterally
associated with the means 3. The means 3 for wafer inspec-
tion includes several work stations 9, 10 and 12. In this
embodiment, the substrate supply module 1 is oriented with
respect to means 3 such that it may be loaded with substrates
at the front 2 via one or more load ports 2a, 2b. Open design
or closed cartridges are used for this purpose, which are
inserted into the load ports 2a, 2b manually by the user or by
automation, for example by means of a robot. The cartridges
4 may be filled with wafers, or they may be empty, depending
onthe intended work process. For example, all cartridges may
be filled, and wafers 6 are first taken from one cartridge,
inserted into means 3 and returned to the same cartridge 4
after processing and inspection there.

Predetermined examinations, checks and inspections of
the wafer are performed at the work stations 9, 10 and 12. In
the present embodiment, three work stations 9, 10 and 12 are
provided in means 3. Although the following description
relates to wafers, this is not to be considered as limiting the
invention. The present invention may, in principle, also be
used for flat substrates whose edge areas are to be inspected.
A changer 14 distributing the wafer or wafers to the various
work stations 9, 10 and 12 is provided in the center between
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the work stations 9, 10 and 12. The changer 14 has three arms
14a, 145 and 14¢. The first work station 9 generally serves for
receiving the wafers 6 from the substrate supply module. The
wafers 6 may also be returned from the means for wafer
inspection to the substrate supply module at the first work
station 9.

The second work station 10 serves for orienting, for deter-
mining the positioning and/or for visually inspecting the
wafers 6. For the orientation of the wafers 6, the second work
station 10 has a measuring means associated therewith, which
detects the markers applied to the wafer and determines cod-
ings of the wafers. The measuring means 15 further deter-
mines the deviation from the exact positional deposition of
the wafer in the second work station 10. This work station will
be referred to as prealigner 10 in the following description.
The measuring means 15 allows determining the lateral run-
out of the wafer 6, which is caused by the imprecise deposi-
tion of the wafer on the prealigner 10 by the three-paddle
handler 14. The center offset of the wafer is corrected by the
prealigner 10. The data thus determined are forwarded to a
central processing unit (not shown).

The third work station 12 is designed for micro-inspection
ofthe wafers 6. The third work station comprises an X/Y table
17 supplying the wafer 6 to a microscope 16 for micro-
inspection. Z-adjustment may also be allowed by the X/Y
table. A device 22 for visually inspecting wafers in the edge
area of the wafer 6 is also associated with the second work
station 10. As also shown in FIG. 1, the device for visually
inspecting the edge area of the wafer 6 may be moved towards
the edge area of the wafer 6 or away from the edge 8 of the
wafer 6 in the direction of the double arrow 24. The move-
ment of the device 22 is not to be considered as limiting the
invention. Someone skilled in the art will understand that the
device for visually inspecting the edge area 8 of the wafer is
arranged to be stationary with respect to the wafer and/or the
work station 10. The movement of the device 22 only serves
to allow the deposition of the wafer on the second work
station 10 without any obstacles. The description of the
inspection means is not to be considered as limiting the inven-
tion. It is obvious for someone skilled in the art that the
inventive illumination means is also used in a stand-alone
device that only inspects the edge of a flat substrate. Neither
is the invention limited to the use of a three-paddle handler.
Any handler may be used that is suitable to position the flat
substrate so that it is in operative connection with the illumi-
nation means.

FIG. 2 shows a schematic representation of the device for
visually evaluating defects in the edge area of the wafer 6. The
wafer 6 is deposited on the prealigner 10. Someone skilled in
the art will understand that the wafer is to be seen as a flat
substrate. As mentioned in FIG. 1, the prealigner 10 is
arranged in a means for inspecting wafers 6. A first camera 25,
a second camera 26 and a third camera 27 are arranged on a
common carrier 23. In the embodiment shown, the common
carrier may be moved in a radial direction with respect to the
wafer 6. Each camera 25, 26 and 27 is provided with an
objective 30. The direction of movement is indicated by the
double arrow 24. The distance covered by the common carrier
23 ranges between 30 and 40 mm. The first camera 25 allows
inspecting the upper edge area 6a. The second camera 26
allows inspecting the front 65 of the wafer 6. The third camera
27 allows inspecting or capturing the lower edge area 6c of the
wafer 6.

FIG. 3 schematically shows an embodiment of the arrange-
ment of the cameras 25, 26 and 27 and the inventive illumi-
nation means 80. The illumination means 80 is shown as an
annular segment 81. Starting from the annular segment 81,
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the edge area of the wafer is illuminated. The illumination
means 80 is provided with a diffusely transparent screen or
diffuser (not shown), which thus contributes to a higher
homogeneity of the illumination. The cameras 25, 26 and 27
are also arranged near the illumination means 80. These cam-
eras 25,26 and 27 each serve for capturing a defect in the edge
area of the wafer edge. In the capturing position, the cameras
25,26 and 27 and the required illumination are thus located
opposite the lower side, the front and/or the upper side of the
wafer. The illumination means 80 comprises an opening 82 to
receive the edge of the wafer, which thus extends into the
interior of the illumination means 80. As discussed in the
following description, the illumination means 80 includes a
plurality of light sources.

FIG. 4 schematically shows the spatial association of the
wafer 6 with the illumination means 80. The housing of the
illumination means 80 essentially consists of the board 100
carrying the light sources 120. The board 100 is connected to
a metallic housing portion 101 having a reflective element
103 formed therein. There is further provided a cover 102
forming a self-contained housing together with the board 100
and the metallic housing portion 101. The inventive illumi-
nation means 80 is provided with a cooling body 90 con-
nected to the board 100 carrying the light sources 120. The
cooling body essentially serves for dissipating the excess heat
generated by the light sources. The illumination means 80 is
designed as an open annular segment, which thus includes an
opening 82 into which the edge area of the wafer 6 extends.
The light coming from the light sources 120 of the board
reaches the surface of the wafer via the reflective element 103
in the upper housing portion 100 after traveling in a beam path
between the light sources 120 and the reflective element 103
is arranged essentially parallel to the upper edge area and the
lower edge area of wafer 6 as seen by the bold broken lines in
FIG. 4. The light from the light sources thus arrives at an angle
with respect to the surface normal 200 of the wafer. The
camera 25 is arranged at the same angle as that at which the
light from the illumination means 80 impinges on the wafer,
so that its optical axis 250 is inclined at the same angle as the
light 251 impinging on the surface of the wafer 6. If these two
angles are equal, the result is a so-called bright field arrange-
ment. If the two angles are unequal, the result is a so-called
dark field arrangement. The light from the light sources 120
reaches the surface of the wafer 6 via a transparent window or
a diffusely scattering window 105.

FIG. 5 shows an exploded view of the inventive illumina-
tion means 80. The cooling body 90 is mounted on the board
100 by means of several screws 108. The metallic housing
portion 101 including the reflective element 103 is placed on
the board 100. A cover 102 is also provided with the board
100, wherein the transparent window 105 is formed between
the cover 102 and the metallic housing portion 101. The end
areas 111 of the housing of the illumination means 80 are each
closed with a 1id 106.

FIG. 6 shows a perspective view of the illumination means
80 in the assembled state. As already mentioned in the
description associated with FIG. 5, the cooling body 90 rests
on the metallic housing portion 101 and forms a closed hous-
ing together with the board 90, the cover 102 and the lids 106
on the end areas of the illumination means 80.

FIG. 7 shows a top view of the board 100 carrying a
plurality of light sources 120. The light sources 120 are
formed by LEDs. The light coming from the light sources
may, for example, be monochromatic. It is also possible that
the light coming from the light sources 120 is polychromatic.
It is also contemplated that the light coming from the board
100 is a mixture of polychromatic and monochromatic illu-
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mination. In the embodiment of the board 100 shown in FIG.
7, the same is divided into three segments 100,100, and 100,
of equal size. This division is only one of many possible
embodiments and is not to be considered as limiting the
invention. Someone skilled in the art will understand that the
annular segment-like board 100 may be divided into several
segments 100,, 100, and 100, that may be driven separately.
Each of the segments 100,, 100, and 100, carries a certain
number of light sources 120. In a preferred embodiment, the
light sources 120 are implemented as light-emitting diodes.
For this reason, it is necessary to mount the board 100 with the
light sources 120 on the cooling body 90. By driving the
individual segments 100,, 100, and 100, separately, it is pos-
sible to realize a plurality of illumination conditions on the
surface or on the lower side or the frontal area of the wafer 6.
The individual segments on the board 100 may thus also be
provided with different color LEDs.

FIG. 8 shows a cross-section of the illumination means 80.
The illumination means 80 is implemented as an annular
segment. The wafer 6 passes through the remaining opening
82 (see FIG. 4). The board 100 is placed on the cooling body
90. The light sources 120 are arranged such that they are
opposite areflective element 103 formed in the metallic hous-
ing portion 101. From the reflective element 103, the light
finally reaches the surface or the edge area of the wafer 6
through an optical element 105. The window 103 is formed
for the passage of the light and may be provided with a
diffusely scattering optical element. It is also possible that a
diffusely scattering optical element is inserted in the window
105. A combination of a diffusely scattering optical element
and a diffractive optical element for beam shaping is also
contemplated. The reflective element 103 of the metallic
housing portion 101 is an integral part of the housing portion
101. The reflective element 103 may be designed such that it
is also suitable for beam shaping. The metallic housing por-
tion 101 may be made as a rotary part. In a preferred embodi-
ment, the metallic housing portion 101 is made of aluminum.
The reflective element 103 is provided with a reflective coat-
ing. The reflective coating may be a metal coating and/or a
dielectric coating. It is particularly advantageous ifthe dielec-
tric coating has a filtering function for the light coming from
the light sources.

The illumination means 80 for the illumination of the edge
area of flat substrates is implemented as an annular segment.
The edge area of the flat substrate 6 extends into the opening
82. A plurality of light sources 120 is arranged on a board 100
in the shape of an annular segment 81 in the housing. Inside
the housing, areflective element 103 is provided such that the
light from the light sources 120 does not impinge perpendicu-
larly on the upper edge area 6a, the lower edge area 6¢ and the
front area 65 of the flat substrate 6.

The inspection means is equipped with the illumination
means 80. The inspection means comprises several work
stations 9,10 and 12 and a changer 14 for the flat substrate. At
least one of the work stations has an illumination means 80
associated therewith, which is implemented as an annular
segment 81 and surrounds the edge area of the flat substrate 6.
A plurality of light sources 120 is arranged on a board 100
also having the shape of an annular segment, in a housing.
Inside the housing, a reflective element 103 is provided such
that the light from the light sources 120 does not impinge
perpendicularly on the upper edge area 6a, the lower edge
area 6¢ and the front area 65 of the flat substrate 6.

The invention has been described with reference to a pre-
ferred embodiment. However, it is conceivable for someone
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skilled in the art that modifications or changes may be made
to the invention without departing from the scope of the
following claims.

What is claimed is:

1. An illumination means, comprising: a single annular
segment defining an opening between ends of the single annu-
lar segment and the ends being operatively arranged for
receiving an edge area of a wafer, the single annular segment
including:

a plurality of light sources formed as light-emitting diodes
arranged on the annular segment; a housing, wherein the
plurality of light sources are arranged on a board inside
thehousing; and, a reflective element arranged inside the
housing such that light emitted from the plurality of light
sources does not impinge perpendicularly on an upper
edge area, a lower edge area and a frontarea of the wafer,
and wherein the plurality of light sources are arranged
opposite the reflective element inside the housing;
wherein the housing comprises: the single board shaped
as the single annular segment; a cover arranged opposite
the upper edge area, the lower edge area and the front
area of the wafer, said cover in the shape of the single
annular segment; and, a window arranged to allow the
passage of the light from the light sources therethrough
and wherein first and second lids are arranged to close
the housing at respective end areas of the housing, each
of said end areas being the ends of the single annular
segment and the window includes a diffusely scattering
optical element and/or a diffractive optical element for
beam shaping; and, wherein a beam path of the light
emitted by the plurality of light sources is parallel to the
upper edge area and the lower edge area of said wafer
when the wafer is received by the annular segment.

2. The illumination means recited in claim 1, wherein the
board is divided into three segments, wherein each segment of
the three segments are separately operatable, and the light-
emitting diodes are arranged evenly on the board.

3. The illumination means recited in claim 2, wherein the
board is mounted on a cooling body.

4. The illumination means as recited in claim 1, wherein the
reflective element is formed as an integral part of the housing,
the reflective element has a shape operatively arranged for
beam-shaping, and the reflective element comprises a reflec-
tive coating.

5. The illumination means as recited in claim 4, wherein the
reflective coating comprises a metal coating and/or a dielec-
tric coating also having a filtering function for the light from
the light sources.

6. The illumination means as recited in claim 1, wherein the
light from the plurality of light sources may be set to be
monochromatic and/or polychromatic.

7. The illumination means as recited in claim 6, wherein the
light-emitting diodes comprise different color LEDs.

8. The inspection means recited in claim 1, wherein a
diffusely scattering optical element is provided in the window
for the passage of the light from the light sources.

9. The inspection means recited in claim 1, wherein a
diffractive optical element for beam shaping is provided in the
window for the passage of the light from the light sources.

10. The inspection means recited in claim 1, wherein a
diffusely scattering optical element and a diffractive optical
element for beam shaping are provided in the window for the
passage of the light from the light sources.

11. An inspection means comprising: at least one work
station; a changer for supplying a wafer to the at least one
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work station; an illumination means associated with at least
one work station, wherein the illumination means is formed
as a annular segment defining an opening between ends of the
single annular segment and surrounds at least an edge area of
the wafer; a housing, wherein a plurality of light sources are
arranged on a board inside the housing, wherein the board has
a shape substantially resembling the singular annular seg-
ment; a first camera, a second camera and a third camera
arranged on a common carrier, the common carrier movable
in a radial direction with respect to the wafer; and, a reflective
element being provided inside the housing, such that the light
from the light sources does not impinge perpendicularly onan
upper edge area, a lower edge area and a front area of the
watfer, and wherein the plurality of light sources are arranged
opposite the reflective element inside the housing; wherein
the housing comprises: the board shaped as the single annular
segment; a cover arranged opposite the upper edge area, the
lower edge area and the front area of the wafer, the coverinthe
shape of'the single annular segment; and, a window arranged
to allow the passage of the light from the light sources there-
through, and wherein a lid is arranged to close the housing at
each end area of the housing, each of the end areas being the
ends of the single annular segment, and the window includes
a diffusely scattering optical element and/or a diffractive
optical element for beam shaping; and, wherein light from
each of the plurality of light sources impinges on the wafer at
respective angles with respect to the surface normal angle of
the wafer and said light arrives at least on one of said first,
second and third cameras at the same angle.

12. The inspection means recited in claim 11, wherein the
plurality of light sources are formed by a plurality of light-
emitting diodes arranged evenly on the board, and the board
is partitioned into three separately operatable segments;

wherein the three separately operable segments are located

on the board.

13. The inspection means recited in claim 12, wherein the
board with the light-emitting diodes is mounted on a cooling
body.

14. The inspection means recited in claim 11, wherein the
reflective element is formed as an integral part of the housing,
wherein the reflective element is provided with such a shape
that it is usable for beam shaping.

15. The inspection means recited in claim 11, wherein the
housing has a metallic housing portion, wherein the metallic
housing portion comprises a rotary part made of aluminum,
and wherein the reflective element comprises a reflective
coating.

16. The inspection means recited in claim 15, wherein the
reflective coating comprises a metal coating and/or a dielec-
tric coating also having a filtering function for the light from
the light sources.

17. The inspection means recited in claim 11, wherein the
light from the plurality of light sources is polychromatic.

18. The inspection means recited in claim 11, wherein the
light from the light sources is monochromatic.

19. The inspection means recited in claim 11, wherein the
light from the light sources may be set to be monochromatic
and/or polychromatic.

20. The inspection means recited in claim 17, wherein the
plurality of light sources emits light of different colors.

21. The inspection means recited in claim 17, wherein the
light sources are LEDs arranged on various segments,
wherein each of the various segments carry LEDs of different
color.



