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PARTICLE DETECTION SYSTEM
WITH REFLECTIVE LINE-TO-SPOT COLLECTOR

Field of the Invention

This invention relates to surface inspection
systems, and more particularly to the inspection of
articles, such as silicon wafers, for flaws or defects
in the surface of the article.

Background of the Invention

In the process of manufacturing silicon or
other semiconductor microchips, light is generally
directed through a reticle mask to etch circuits into a
silicon wafer. The presence of dirt, dust, smudges or
other foreign matter on the surfaces of the reticle
mask or the silicon wafer is highly undesirable and
adversely affects the resulting circuits. As a result,
the reticles and the silicon wafers are necessarily
inspected before use. One common inspection technique
is for a human inspector to visually examine each
surface under intense light and magnification. Debris
that is smaller than can be visually detected by the
human eye, however, impairs the resulting microchips.

Laser inspection systems therefore have been
developed for inspecting the surface of silicon wafers
to accurately detect small particles. 1In these
conventional laser inspection systems, light is both
specularly reflected and scattered from the surface of
an article. The specularly reflected light and the
scattered light are both indicative of the presence of
particles or flaws on the surface of the article. The
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light specularly reflected from the surface and the
light scattered from the surface are collected and
separately relayed to photcdetectors such as a
photomultiplier tube ("PMT") or a charge coupled device
(vccpY) .

Several laser inspection systems have been
developed which provide various types collectors, such
as fiber optic bundles, spherical or parabolic mirrors,
elongated lenses, and light pipes, for collecting the
light and separately relaying the light to
photodetectors. Examples of such systems may be seen
in U.S. Patent 4,875,780 by Moran et al. entitled
"Method and Apparatus for Inspecting Reticles"; U.S.
Patent 4,795,911 by Kohno et al. entitled "Surface
Examining Apparatus For Detecting The Presence of
Foreign Particles on the Surface"; U.S. Patent
4,630,276 by Moran entitled "Compact Laser Scanning
System"; U.S. Patent 4,601,576 by Galbraith entitled
"Light Collector For Optical Contaminant And Flaw
Detector"; U.S. Patent 4,378,159 by Galbraith entitled
"Scanning Contaminant And Defect Detector"; U.S. Patent
4,376,583 by Alford et al. entitled "Surface Inspection
Scanning System"; and U.S. Patent 4,360,275 by
Louderback entitled "Device for Measurement of Optical
Scattering". The collectors of these systems, however,
are often bulky and awkward for installation into
commercial laser inspection machines and are often
inefficient in collecting portions of the light.

Thus, there is a need for a particle
detection system which compactly and efficiently
collects the light specularly reflected and scattered
from the surface of an article and focuses the light
into a photodetector.

summary of the Invention

The present invention provides a particle
detection system having a relatively compact and
efficient line-to-spot collector for collecting the
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specularly reflected or the scattered light from the
surface of an article and reflecting the light into a
photodetector. The line-to-spot collector has a

- plurality of mirrors positioned for receiving the

light either specularly reflected or scattered from the
surface of an article. A first mirror is curved and a
second mirror is flat, and the curvature of the first
mirror causes the light which is reflected along a scan
line from the surface of the article to be focused into
a predetermined spot. The configuration and
orientation of the mirrors are such that the light
reflected or scattered into the line-to-spot collector
is compactly and efficiently collected so that the
amount of light lost in the transfer process to the
photodetector is minimized.

More particularly, the surface inspection
system has a scanning mirror for scanning a laser beam
along a predetermined scan line across the surface of
an article. A collector receives the light reflected
from the article surface along the scan line. The
collector has a first mirror positioned for receiving
light reflected from the article surface and a second
mirror oriented with respect to the first mirror to
receive light reflected from the first mirror. The
first and second mirrors are configured and oriented so
as to concentrate the reflected light from a line into
a spot. A photodetector is positioned for receiving
the thus formed spot of light.

By folding the light path, such that it is
reflected from each of the reflective surfaces of the
mirrors a plurality of times, it is possible to
significantly increase the overall effective length of
travel of the specularly reflected or scattered light
received by the collector positioned between the
scanned article and the photodetector, i.e., the focal
length, within a very compact apparatus. The more the
light bounces, the shorter the overall length required
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to efficiently reflect the collected light to the
photodetector. The orientation and configuration of
the mirrors of the collector thus function like a
series of thin lenses, and the actual physical result
is a relatively long focal length and a correspondingly
large depth of field within a relatively short space.

The light which is reflected from the surface
of the article may include both specularly reflected
light and diffused or scattered light. These reflected
light components or light paths are separately
collected by line-to-spot collectors and converted by
respective photodetectors to electrical signals for
analysis to obtain information about the surface
characteristics of the article, such as defects or
flaws. This particle detection system may thus be
advantageously used for collecting light that is
specularly reflected or scattered from the surface of
the article.

The surface inspection system of this
invention may also provide an underside or edge
detector fcr detecting the light reflected or scattered
from an edge of the article. The edge detector may

- then provide additional information to the collector,

such as in the form of a timing signal, about the
relative position of the scan line with respect to the
article being scanned.

In an alternate embodiment, the specularly
reflected light concentrated into a spot may be split
into two light paths by a beam splitter, the first
light path defining the specular or far field light and
the second light path defining the near field light.
Separate photodetectors then detect the light from the
specular field and the near field to provide additional
information about the surface of the scanned article.

The invention also provides a method of
inspecting the surface of an article for particles or
flaws. The method of inspecting includes the steps of
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scanning a laser beam along a predetermined scan line
across the surface of the article, coilectively
receiving light reflected from the article surface
along the scan line with a plurality of mirrors so as
to concentrate the reflected light from a line into a
spot.

Description of the Drawings

Some of the features and advantages of the
present invention having been stated, others will
become apparent as the description proceeds when taken
in conjunction with the accompanying drawings, in
which:

Figure 1 is a perspective view of a surface
inspection system according to the present invention
having a line-to-spot collector for collecting the
specularly reflected light, the scattered light, and
the edge detected light from an inspected article;

Figure 2 is a side plan view of the surface
inspection system as shown in Figure 1 according to the
présent invention having the laser illustrated in
phantom lines;

Figure 3 is a perspective view of the
collector and photodetector according to the present
invention illustrating the multiple bounces and the
folding of the collected light from a line into a spot
according to the present invention;

Figure 4 is a fragmentary side plan view of a
second embodiment of the present invention having a
near field detector and a specular field detector; and

Figure 5 is a perspective view of a second
embodiment of the collector according to the present
invention having a near field detector and a specular
field detector and illustrating the folding of the
collected light from a line into a spot.

Detailed Description Of The Illustrated Embodiments

The present invention will be described more
fully hereinafter with reference to the accompanying
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drawings in which illustrated embodiments of the
invention are shown. This invention may, however, be
embodied in many different forms and should not be
construed as limited to the embodiments set forth
herein; rather, these embodiments are provided so that
this disclosure will be thorough and complete, and will
fully convey the scope of the invention to those
skilled in the art. Like numbers refer to like
elements throughout.

Referring now to the drawings, Figures 1 and
2 show a surface inspection system, broadly designated
at 10, according to the present invention. A laser 11
generates a laser beam of light, illustrated by dashed
lines B, that is reflected and refracted by use of a
plurality of mirrors and lenses arranged in a series
and designated at 12, 13, 14, and 15. The mirrors and
lenses 12, 13, 14, 15 transfer the light B to a
scanning head 16. The scanning head 16 has a mirror
(not shown) which is mounted for movement to thereby
cause the beam of light B to move in a repeating scan
pattern and thereby trace a predetermined scan line.
The scanning head 16 is preferably an electromagnetic
resonant scanner as shown, but other means for scanning
the laser beam B apparent to those skilled in the art,
such as a poclygonal rotating mirror or a piezoelectric
scanner, may also be used

The light B from the scanning head 16, in
turn, is transmitted to a folded optical cell 20. The
folded optical cell 20 has a housing 21 to which is
mounted a flat first mirror 22 positioned for receiving
the light B from the scanning head 16 and a curved
second mirror 23 oriented with respect to the first
mirror 22 to receive the light reflected from the first
mirror 22. The first 22 and second mirrors 23 are
configured and oriented so as to reflectively form a
scan line L across the surface of an article, such as a
silicon wafer designated at W. The reflective surfaces
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of the mirrors 22, 23 are mounted in opposed spaced
apart relation to one another so that the laser beam B
is reflected from each of the reflective surfaces a
plurality of times prior to finally emerging from the
cell, whereupon the beam B is directed downwardly onto
the surface of the inspection target or article W. The
article W may be a wafer formed of silicon or other
semiconductor materials or may be another type of
article apparent to those skilled in the art.

The number of bounces by the beam B within
the folded optical cell 20 can be determined by the
entry and exit angles of the scan beam B. By folding
the beam B within the folded optical cell 20, such that
it is reflected from each of the reflective surfaces a
plurality of times, it is possible to significantly
increase the overall effective length of travel of the
laser beam between the scanning head 16 and the article
W, i.e., the focal length, within a very compact
apparatus. The folded optical cell 20 thus functions
like a series of thin lenses, and the actual physical
result is a relatively long focal length and a
correspondingly large depth of field within a
relatively short space.

By using a concave curved mirror 22 as one of
the reflective surfaces of the optical cell 20 in
combination with the planar or flat mirror 23, the
optical cell 20 also converts the scanning path of the
beam B into a substantially collimated or parallel
scan. Thus,‘the scanning beam B remains substantially
perpendicular to the inspection surface as it moves
across the surface of the article W. Alternatively,
the folded optical cell 20 may employ a pair of curved
mirrors, and the optical cell can be set to produce
either a parallel, a divergent, or a convergent scan
pattern. The particular curvature of the curved mirror
22 and the spacing with respect to the flat mirror 23
depend upon the specific details of the particular
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scanning system. The particular details and spacing
arrangement of such a system may be seen in commonly-
owned U.S. Patent 4,630,276 which is hereby
incorporated herein by reference.

As further illustrated in Figures 1 and 2,
the laser beam B scans along the predetermined scan
line L across the surface of the article W and strikes
the article at a predetermined angle of incidence with
respect to the surface of the article. The beam B is
reflected from the surface of the article W at an angle
equal to the angle of incidence. Any defects, debris
or irregularities at the surface of the article will
cause scattering of the incident beam. Thus, the light
B which is reflected from the surface of the wafer W
may include both specularly reflected light and
diffused or scattered light. These reflected light
components or light paths are separately collected by
the line-to-spot collectors 40, 50 and converted by
respective photodetectors to electrical signals for
analysis by a control system 74 to obtain information
about the surface characteristics of the article W,
such as defects or flaws. Suitable means, such as a
conveyor, is provided for advancing the article W along
a predetermined path of travel, as indicated by the
arrow in Figure 2, transversely of the scan line L of
the laser beam B with the surface of the article W
located in a predetermined target plane. The article W
is advanced under the laser beam B so that the entire
surface of the article W may be scanned.

A line-to-spot collector 40 positioned above
the surface of the article W collects the specularly
reflected light reflected from the surface of the
article W and another line-to-spot collector 50
positioned above the surface of the article W collects
the scattered light scattered from the surface of the
article W as the article W moves along the
predetermined path of travel. A lens 70 positioned
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above the surface of the article W refracts the light
scattered from the surface to thereby more effectively
collect the scattered light over a relatively large
collection angle as it is directed to the collector 50.
The collectors 40, 50 have photodetectors 45, 55, 56,
shown in the form of a photomultiplier tube ("PMT") or
a charge coupled device ("CCD"), positioned for
receiving the collected light. Also, when the laser
beam B scans light across the edges of the article W,
an edge collector or edge detector 30, located on the
opposite side of the article W from the laser scan
line, receives the laser beam as it passes beyond the
edges of the article W and thus detects the edges of
the article W. The edge detector 30 generally provides
a timing signal to the control system 74 in order to
reference the edges of the article W as it passes along
the scan line L. The edge detector 30 may have a
similar construction as the line-to-spot collectors 40,
50 and is described in further detail later herein.
Figure 3 shows the construction and operation
of one of the line-to-spot collectors 40 in greater
detail. The specularly reflected light path generally
defines a line source of light. The collector 40
receives the line of light reflected from the surface
of the article W along the scan line L and concentrates
it into a spot at the entrance to photodetector 45.
The collector 40 has a housing 41, to which is mounted
a relatively curved first mirror 42 positioned for
receiving light reflected from the article surface and
a relatively flat second mirror 43 and oriented with
respect to the first mirror 42 to receive light
reflected from the first mirror 42. A pair of
adjustment rods 49 connect to the first mirror 42 and
the upper portion of the housing 41 and are matingly
received by a correspcnding pair of adjustment knobs
112, also connected to the upper portion of the housing
41. By use of the adjustment knobs 112 and the
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adjustment rods 49, the first mirror 42 may be
positioned for more effective collection of light
reflected from the surface of the article W.

The reflective surfaces of the mirrors 42, 43
of the collector 40 are mounted in opposed spaced apart
relation to one another so that the specularly
reflected line of light is reflected from each of the
reflective surfaces a plurality of times prior to
finally emerging from the cell, whereupon the beam B is
directed upwardly onto the surface of the photodetector
45. The number of bounces by the beam B within the
collector 40 can be determined by the entry and exit
angles of the specularly reflected light path. The
mirrors 42, 43 thus function as a folded optical cell,
similar to the folded optical cell 20 described above
except in a reverse orientation. By folding the light
path within the collector 40, it is possible to
significantly increase the overall effective length of
travel of the specularly reflected light between the
article W and the photodetector 45, i.e., the focal
length, within a very compact apparatus. The more the
light bounces between the mirrors 42, 43 the shorter
the overall length required to efficiently reflect the
collected light to the photodetector 45. The folded
optical cell of the collector 40 thus also functions
like a series of thin lenses, and the actual physical
result is a relatively long focal length and a
correspondingly large depth of field within a
relatively short space. The curvature of the first
mirror 42 in cooperation with the flat second mirror 43
causes the collected light from the scan line L to be
focused into a predetermined spot at the photodetector
45. The configuration and orientation of the mirrors
42, 43 are such that the light reflected into the line-
to-spot collector 40 is compactly and efficiently
collected so that the amount of light lost in the
transfer process to the photodetector is minimized.
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The other line-to-spot collectors 30, 50 shown in
Figures 1 and 2 are constructed in a manner similar to
the collector 40 just described and, therefore, for
brevity will not be further described in detail.

Again referring to Figure 3, the
photodetector 45, such as a photomultiplier tube
("PMT") or charge coupled device ("CCD"), for the
collector 40 is positioned for receiving the thus
formed spot of light. The specularly reflected light
component or light path is separately collected and
converted by the photodetector 45 to an electrical
signal for analysis to obtain information about the
surface characteristics of the article W. An optical
element or beam splitter 44, such as a silvered mirror,
and a light trap 91 may be provided in the light path.
The beam splitter 44 and the light trap 91 are oriented
in such a manner to prevent light from scattering
backwards into the collected light path thereby
reducing the background noise received by the
photodetector 45. The light trap 91 has a darkened
interior surface for absorbing the portion of light
split into the light trap 91. An alignment light 92
also cooperates with the light trap 91 and the beam
splitter 44 for use in transmitting light in the
opposite direction to facilitate alignment of the
mirrors 42, 43 so as to collect the specularly
reflected light. The photodetector 45 mounts to an
electronic circuit board 100 for processing the
electrical information transmitted from the
photodetector 45 about the surface of the article W.

The collector 50 is positioned above the
surface of the article W for collecting the scattered
light reflected from the surface of the article W. The
scattered light which is diffused from the inspection
surface along the scan line L defines a line source of
light. The collector 50 is similarly constructed like
the collector 40 of Figure 3 so that the line source of
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light is concentrated into a spot. The line-to-spot
collector 50 for the scattered light as shown in
Figures 1 and 2, however, has a beam splitter 54 for
splitting the light into first and second light paths.
The light in the first and second light paths is
respectively detected by a first photodetector 55,
shown as a CCD, and a second photodetector 56, shown as
a PMT. The electrical signals produced from the first
and second photodetectors 55, 56 are then combined so
as to provide better signal recognition for indicating
flaws or defects in the article W. The information
collected by the respective photodetectors 45, 54, 55
of the line-to-spot collectors 40, 50 may be processed
via suitable interface electronics and computer means
74 (Figure 1) to provide important information about
the nature, severity and location of the defects or
flaws present on the surface of the article W.

Referring again to Figures 1 and 2, the edge
detector 30 is positioned on the underside of the
article W for detecting the edges of the article W as
it passes through the laser scan line L. Light
collected from the edge of the article W is generally
collected from a line and is concentrated into a spot
for detection.

Like the collectors 40, 50 in the specularly
reflected and scattered light paths, the edge detector
30 has a housing 31 with a curved first mirror 32
mounted thereto and positioned for receiving the light
from an edge of the article W and a flat second mirror
33 mounted to the housing 31 and so oriented with
respect to the first mirror 32 to receive the light
from the first mirror 32. The first 32 and second 33
mirrors of the edge detector 30 are also configured and
oriented so as to concentrate the reflected light from
a line into a spot. A photodetector 35, shown as a
CCD, is positioned for receiving the thus formed spot
of light. Like the collectors 40, 50, the edge
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detector 30 has the first mirror 32 preferably curved
and the second mirror 33 preferably flat such that the
beam B of light has a plurality of bounces between the
reflective mirrored surfaces. The collected light from
the CCD 35 may then be translated into information,
such as a timing signal, about the location of the
edges of the wafer W. This information may then be
communicated to the reflected and scattered light
detection circuits of control system 74 for recognition
of edges of the article W relative to‘the movement the
article W along the scan line L. It will be apparent
to those skilled in the art that other types of edge
detectors may be used in combination with one or more
of the collectors 40, 50 for the surface inspection
system 10 as described above.

A second embodiment of the collector 40!
according to the present invention is shown in Figures
4 and 5 with like elements of Figures 2 and 3 having a
prime (') designation. The collector 40' also
concentrates the specularly reflected light from a line
into a spot similar to the collector 40 described above
with reference to Figure 3. After the collimated light
reflects from the mirrors 42', 43', however, the light
is split into two photodetectors 45', 46 by a beam
splitter 44' wherein one detector 45' detects the
specular field of light and the other detector 46
detects the near field of light.

The collector 40' of the second embodiment,
as shown in the perspective view of Figure 5, has a
prism 44' for splitting the specularly reflected light
received from the second mirror 43'. The split light
for the specular field passes through a spatial filter
48 connected to the electronic circuit board 100' by
rods 110 and is received by a photodetector 45'. The
spatial filter 48 for the specular field is generally
rectangular in shape and has a circular opening in a
medial portion to provide passage of light through only
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the medial portion and therefrom to be detected. Light
split to the near field passes through a spatial filter
47 connected to the housing 41' by rods 111 and is
received by a photodetector 46. The spatial filter 47
for the near field is also generally rectangular in
shape, but in contrast to the specular field spatial
filter 48, the near field spatial filter 47 has a
circular stop in a medial portion and an opening
extending around the circular stop to provide passage
of light only through the opening around the circular
stop. The electrical signals produced from the two
photodetectors 45' and 46 may then be combined to
improve the signal recognition of defects, particles,
or flaws on the surface of the article W, such as the
signal-to-noise ratio of the signals.

From the detailed description, and with
reference to the drawings, a method of inspecting the
surface of a article for particles or flaws is also
provided wherein the laser beam B scans along a
predetermined scan line L across the surfacé of the
article W. The edges of the article W are detected
with the edge detector 30 as the laser beam B scans
across the surface thereof. The light reflected from
the article surface along the scan line L is collected
with the collectors 40, 50 having a plurality of
mirrors, such as 42, 43 or 52, 53, so as to concentrate
the reflected light from a line into a spot. The thus
formed spot of light may then be detected by the
photodetectors 45, 54, 5S.

In an alternative method, the thus formed
spot of light may be split and concentrated into two
light paths by a beam splitter 44', such as a silvered
mirror, the first light path defining a specular field
and the second light path defining a near field. The
specular field light and the near field light may then
be detected with respective photodetectors, such as
45', 46 shown in Figures 4 and 5. The output signal of
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the specular field photodetector 45' and the output
signal of the near field photodetector 46 may be
combined to thereby improve the recognition of flaws or
defects on the surface of the article W, such as by
increasing the signal-to-noise ratio of the electrical
signals produced therefrom.

In the drawings and specification, there have
been disclosed preferred embodiments of the invention
and, although specific terms are employed, they are
used in a generic and descriptive sense only and not
for the purposes of limitation, the scope of the
invention being set forth in the following claims.
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THAT WHICH IS CLAIMED IS:

1. A surface inspection system, comprising:

means for scanning a laser beam along a
predetermined scan line across the surface of an
article;

a collector for receiving light reflected
from the article surface along said scan line, said
collector comprising a first mirror positioned for
receiving light reflected from the article surface, and
a second mirror oriented with respect to said first
mirror to receive light reflected from said first
mirror, said first and second mirrors being configured
and oriented so as to concentrate the reflected light
from a line into a spot; and

a photodetector positioned for receiving the
thus formed spot of light.

2. A surface inspection system according to
Claim 1, wherein at least one of said mirrors is curved
so that the line of reflected light received thereon is
focused into a predetermined spot.

3. A surface inspection system according to
Claim 1, wherein said first mirror is curved and said
second mirror is flat, and the curvature of said first
mirror causes the light along said scan line to be
focused into a predetermined spot.

4. A surface inspection system according to
Claim 1, further comprising means for splitting the
light reflected into a spot into first and second light
paths, a second photodetector in addition to said first
mentioned photodetector, and wherein said first and
second photodetectors detect the respective light from
said first and second light paths.
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5. A surface inspection system'éccording to
Claim 4, further comprising a first spatial filter
positioned between said beam splitting means and said
first photodetector for detecting only the specular
field light and a second spatial filter positioned
between said beam splitting means and said second
photodetector for detecting only the near field light.

6. A surface inspection system according to
Claim 1, further comprising an edge detector positioned
below the underside of the article for detecting the
edges of the article as the laser beam scans across the
surface thereof.

7. A surface inspection system according to
Claim 6, wherein said edge detector comprises a first
mirror positioned for receiving light scattered from
the edges of the article, and a second mirror oriented
with respect to said first mirror to receive light
reflected from said first mirror, said first and second
mirrors being configured and oriented so as to
concentrate the reflected light from a line into a
spot.

8. A surface inspection system according to
Claim 1, wherein said laser scanning means comprises a
scanning head.

9. A surface inspection system according to
Claim 8, wherein said laser scanning means further
comprises a first mirror positioned for receiving light
from said scanning head, and a second mirror oriented
with respect to said first mirror to receive light
reflected from said first mirror, said first and second
mirrors being configured and oriented so as to
reflectively form a scan line across the surface of the
article.



WO 94/22003 ‘ PCT/US93/12492

10

15

20

25

30

35

-18-

10. A surface inspection system, comprising:

means for scanning a laser beam along a
predetermined scan line across the surface of an
article;

a collector for receiving light reflected
from the article surface along said scan line, said
collector comprising a first mirror positioned for
receiving light reflected from the article surface, and
a second mirror oriented with respect to said first
mirror to receive light reflected from said first
mirror, at least one of said first and second mirrors
being curved, said first and second mirrors being
configured and oriented so as to concentrate the
reflected light from a line into a spot:;

means for splitting the light reflected into
a spot into first and second light paths; and

first and second photodetectors positioned
for receiving the respective light from said first and
second light paths. '

11. A surface inspection system according to
Claim 10, further comprising a first spatial filter
positioned between said beam splitting means and said
first photodetector for detecting only the specular
field light and a second spatial filter positioned
between said beam splitting means and said second
photodetector for detecting only the near field light.

12. A surface inspection system according to
Claim 10, wherein said first mirror is curved and said
second mirror is flat, and the curvature of said first
mirror causes the light along said scan line to be
focused into a predetermined spot.

13. A surface inspection system according to
Claim 10, wherein said laser scanning means comprises a
scanning head.
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14. A surface inspection system according to
Claim 13, wherein said laser scanning means further
comprises a first mirror positioned for receiving light
from said scanning head, and a second mirror oriented
with respect to said first mirror to receive light
reflected from said first mirror, said first and second
mirrors being configured and oriented so as to
reflectively form a scan line across the surface of the
article.

15. A surface inspection system according to
Claim 10, further comprising an edge detector
positioned below the underside of the article for
detecting the edges of the article as the laser beam
scans across the surfaée thereof.

16. A surface inspection system according to
Claim 15, wherein said edge detector comprises a first
mirror positioned for receiving light scattered from
the edges of the article, and a second mirror oriented
with respect to said first mirror to receive light
reflected from said first mirror, said first and second
mirrors being configured and oriented so as to
concentrate the reflected light from a line into a
spot.

17. A surface inspection system, comprising:

means for scanning a laser beam along a
predetermined scan line across the surface of an
article, said laser scanning means comprising a
scanning head, a first mirror positioned for receiving
light from said scanning head, and a second mirror
oriented with respect to said first mirror to receive
light reflected from said first mirror, said first and
second mirrors being configured and oriented so as to
reflectively form the scan line across the surface of
the article;
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an edge detector positioned below the
underside of the article for detecting the edges of the
article as the laser beam scans across the surface
thereof;

a collector for receiving light reflected
from the article surface along said scan line, said
collector comprising a first mirror positioned for
receiving light reflected from the article surface, and
a second mirror oriented with respect to said first
mirror to receive light reflected from said first
mirror, said first and second mirrors being configured
and oriented so as to concentrate the reflected light
from a line into a spot; and

a photodetector positioned for receiving the
thus formed spot of light.

18. A surface inspection system according to
Claim 17, wherein said edge detector comprises a first
mirror positioned for receiving light scattered from
the edges of the article, and a second mirror oriented
with respect to said first mirror to receive light
reflected from said first mirror, said first and second
mirrors being configured and oriented so as to
concentrate the reflected light from a line into a
spot. '

19. A surface inspection system according to
Claim 17, wherein at least one of said mirrors is
curved so that the line of reflected light received
thereon is focused into a predetermined spot.

20. A surface inspection system according to
Claim 17, wherein said first mirror is curved and said
second mirror is flat, and the curvature of said first
mirror causes the light along said scan line to be
focused into a predetermined spot.
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21. A surface inspection system according to
Claim 17, further comprising means for splitting the
light reflected into a spot into first and second light
paths, a second photodetector in addition to said first
5 mentioned photodetector, and wherein said first and
second photodetectors detect the respective light from
said first and second light paths.

22. A surface inspection system according to
Claim 21, further comprising a first spatial filter
10 positioned between said beam splitting means and said
first photodetector for detecting only the specular
field light and a second spatial filter positioned
between said beam splitting means and said second
photodetector for detecting only the near field light.

15 23. A surface inspection system, comprising:
means for scanning a laser beam along a
predetermined scan line across the surface of an
article; and |
an edge detector positioned below the
20 underside of the article for detecting the edges of the
article as the laser beam scans along the surface
thereof, said edge detector comprising a first mirror
positioned for receiving light scattered from the edges
of the article, and a second mirror oriented with
25 respect to said first mirror to receive light reflected
from said first mirror, said first and second mirrors
being configured and oriented so as to concentrate the
reflected light from a line into a spot.

24. A surface inspection system according to
30 Claim 23, wherein said edge detector further comprises
a photodetector positioned adjacent said first and
second mirrors for receiving the thus formed spot of
light.
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25. A surface inspection system according to
Claim 23, wherein said laser scanning means comprises a
scanning head.

26. A surface inspection system according to
Claim 25, wherein said laser scanning means further
comprises a first mirror positioned for receiving light
from said scanning head, and a second mirror oriented
with respect to said first mirror to receive light
reflected from said first mirror, said first and second
mirrors being configured and oriented so as to
reflectively form a scan line across the surface of the
article.

27. A surface inspection system, comprising:

means for scanning a laser beam along a
predetermined scan line across the surface of an
article, said laser scanning means comprising a
scanning head, a first mirror positioned for receiving
light from said scanning head, and a second mirror
oriented with respect to said first mirror to receive
light reflected from said first mirror, said first and
second mirrors being configured and oriented so as to
reflectively form the scan line across the surface of
the article;

an edge detector positioned below the
underside of the article for detecting the edges of the
article as the laser beam scans along the surface
thereof, said edge detector comprising a first mirror
positioned for receiving light scattered from the edges
of the article, and a second mirror oriented with
respect to said first mirror to receive light reflected
from said first mirror, said first and second mirrors
being configured and oriented so as to concentrate the
reflected light from a line into a spot; and
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a photodetector positioned adjacent said
first and second mirrors of said edge detector for
receiving the thus formed spot of light.

28. A method of inspecting the surface of a
article for particles or flaws, comprising the steps
of:

scanning a laser beam along a predetermined
scan line across the surface of a article; and

collectively receiving light reflected from
the article surface along the scan line with a
plurality of mirrors so as to concentrate the reflected
light from a line into a spot.

29. A method according to Claim 28, further
comprising the step of detecting the concentrated light
with a photodetector so as to determined the presence
of particles or flaws on the surface of the article.

30. A method according to Claim 28, further
comprising the steps of:

splitting the concentrated light into two
light paths:

filtering the two light paths so as to define
a specular field and a near field; and

detecting the specular field light and the
near field light with respective photodetectors.

31. A method according to Claim 28, further
comprising the step of:
detecting the edges of the article as the

laser beam scans across the surface thereof.

32. A method of inspecting the surface of a
article for particles or flaws, comprising the steps
of:
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scanning a laser beam along a predetermined
scan line across the surface of an article;

detecting the edges of the article as the
laser beam scans across the surface thereof;

collectively receiving light reflected from
the article surface along the scan line with a
plurality of mirrors so as to concentrate the reflected
light from a line into a spot;

splitting the concentrated light into two
light paths;

filtering the two light paths so as to define
a specular field and a near field:

detecting the specular field light and the
near field light with respective photodetectors; and

combining the output of the specular field
photodetector and the output of the near field
photodetector to thereby improve the recognition of
flaws or defects on the surface of the article.



PCT/US93/12492

WO 94/22003

1/3

J1SAS

NOJ

SUBSTITUTE SHEET (RULE 26)



PCT/US93/12492

WO 94/22003

/<_B 22

\ 270
,

2/3

)

\74

g <

\.
(\\\\ L L L L 2 8 L2 70 L0l L.l

CONTROL
SYSTEM

SUBSTITUTE SHEET (RULE 25)\\




WO 94/22003 PCT/US93/12492
— 0. 4.
= 100’
—_ Q
= Ygodzm
/ IS Q. =~ 112
40" [lIl N=
\ 4 ' 48 /
=2p 0l 6
N ! |
& 44 ‘a7
—~_ 49
” ﬁ /,'1, { “ \L ~
/) 42'/ l’
N/
—F 5. 5 il
. \\ 43

SUBSTITUTE SHEET (RULE 26)



Intern: | al Application No

PCT/US 93/12492

INTERNATIONAL SEARCH REPORT

CLASSIFICATION OF SUBJECT MATTER

TrE 5 GoIN21/88

According to International Patent Classification (IPC) or to hoth national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classificaton symbols)

IPC 5 GOIN

Documentation searched other than minimum documentauon to the extent that such documents are included in the fields searched

Electronic data hase consulted during the international search (name of data base and, where practical, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category ° | Citation of document, with indication, where appropriate, of the rclevant passages Relcvant to claim No.
X GB,A,2 180 930 (SICK) 8 April 1987 1-3,
8-10,17,
23,27,28
see page 1 - page 3
X GB,A,2 180 929 (SICK) 8 April 1987 1-5,8-14
see page 1 - page 4
A EP,A,0 178 037 (AERONCA) 16 April 1986 1-5,
cited in the application 8-14,17,
23
see page 6 - page 10; figures 3,6
A - US,A,4 795 911 (KOHNO) 3 January 1989 1
cited in the application
A US,A,4 378 159 (GALBRAITH) 29 March 1983 1
cited in the application
- / ——

m Further documents are listed in the continuation of box C.

m Patent family members are listed in annex.

° Special categories of cited documents :

"A" document defining the general state of the art which is not
considered to be of particular relevance

*E" earlier document but published on or after the international
filing date

“L* document which may throw doubts on priority claim(s) or
which is cited to establish the publication date of another
citation or other special reason (as specified)

"0 document referring to an oral disclosure, use, exhibition or
other means

*P" document published prior to the international filing date but
later than the priority date claimed

e

X

later document published after the international filing date
or priority date and not in conflict with the application but
cited to understand the principle or theory underlying the
invention

document of particular rclevance; the claimed invention
cannot be considered novel or cannot be considered to
involve an inventive step when the document is taken alone

document of particular relevance; the claimed invention
cannot be considered to involve an inventive step when the
document is combined with one or more other such docu-
ments, such combination being obvious to a person skilled
in the art.

document member of the same patent family

Date of the actual completion of the international search

25 May 1994

Date of mailing of the international search report

03, 06. %4

Name and mailing address of the ISA
European Patent Office, P.B. 5818 Patentiaan 2
NL - 2280 HV Rijswijk
Tel. (+ 31-70) 340-2040, Tx. 31 651 epo nl,
Fax: (+ 31-70) 340-3016

Authorized officer

Boehm, C

Form PCT/ISA/210 (second sheet) {July 1992)

page 1 of 2




INTERNATIONAL SEARCH REPORT

Interr al Applicaton No

PCT/US 93/12492

C.(Continuation) DOCUMENTS CONSIDERED TO BE RELEVANT

Category ° | Citation of documnent, with indication, where appropnate, of the relevant passages

Relevant to claim No.

1,10,17

Form PCT/ISA/210 (continuation of second sheet) (July 1992)

page 2 of 2




INTERNATIONAL SEARCH REPORT

_ormation on patent family members

Interr

1al Application No

PCT/US 93/12492

Patent document
cited in search report

Publication
date

Patent family
member(s)

Publication
date

GB-A-2180930 08-04-87 DE-A- 3534018 02-04-87
FR-A- 2588381 10-04-87
JP-A- 62073143 03-04-87
US-A- 4866288 12-09-89
GB-A-2180929 08-04-87 DE-A- 3534019 02-04-87
DE-A- 3709500 06-10-88
FR-A- 2587802 27-03-87
JP-A- 62075233 07-04-87
US-A- 4775238 04-10-88
EP-A-0178037 16-04-86 US-A- 4630276 16-12-86
DE-A- 3584934 30-01-92
JP-C- 1666303 29-05-92
JP-B- 3029318 23-04-91
JP-A- 61091985 10-05-86
US-A-4795911 03-01-89 JP-B- 6021876 23-03-94
JP-A- 62188943 18-08-87
JP-A- 62188944 18-08-87
JP-B- 6021877 23-03-94
JP-A- 62188945 18-08-87
US-A-4378159 29-03-83 JP-C- 1457631 09-09-88
JP-A- 57165743 12-10-82
JP-B- 63002459 19-01-88
US-A-4568835 04-02-86 JP-B- 2058776 10-12-90
JP-A- 58079240 13-05-83

Form PCT/ISA/210 (patent family annex) (July 1992)




	Abstract
	Bibliographic
	Description
	Claims
	Drawings
	Search_Report

