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(57) Abstract: A compact surface inspection
optical head is disclosed which comprises a

- frame with two rings of apertures therein.

The first set of apertures surrounding and
close to a normal direction to the surface to be
inspected is connected to fibers used to collect
scattered radiation useful for the detection
of micro-scratches caused by chemical and
mechanical polishing. Where the position
of these apertures is selected to be away
from patterned scattering or diffraction, these
apertures and their associated fibers may be
useful for anomaly detection on patterned
surfaces. A second ring of apertures at low
elevation angles to the surface inspected
is connected to fibers to collect radiation
scattered by the surface inspected for anomaly
detection on patterned surfaces. This ring of
apertures segments azimuthally the collection
space so that the signal outputs from detectors
that are saturated by the pattern diffraction
or scattering may be discarded and only the
outputs of unsaturated detectors are used
for anomaly detection. A pair of larger
apertures in the double dark field positions
may be employed for anomaly detection on
unpatterned surfaces.  Scattered radiation
passing through the two larger apertures may
be collected by objectives or fiber bundles.
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IMPROVED INSPECTION SYSTEM FOR INTEGRATED APPLICATIONS

BACKGROUND OF THE INVENTION

[0001} This invention relates in general to defect detection, and, in particular, to
an improved system for detecting anomalies on surfaces, such as particles and
surface-originated defects such as crystal-originated particles (“COPs”), surface

roughness and micro-scratches.

[0002] The SP1™'™ detection system available from KLA-Tencor Corporation of
San Jose, California, the Assignee of the present application, is particularly useful for
detecting defects on unpatterned semiconductor wafers. While the SP1™' system
provides unsurpassed defect sensitivity on bare wafers or unpatterned wafers, this is
not the case when it is used for inspecting wafers with patterns thereon such as wafers
with memory arrays. In this system, all of the radiation collected by a lens or
ellipsoidal mirror is directed to a detector to provide a single output. Thus, since
pattern on the wafer will generate Fourier and/or other strong scattering signals, when
these signals are collected and sent to the detector, the single detector output becomes

saturated and unable to provide information useful for detecting defects on the wafer.

[0003] Conventional techniques for detecting defects on wafers are either tailored
for the inspection of patterned wafers, or for inspecting unpatterned or bare wafers,
but not both. While inspection systems for detecting patterned wafers may also be
used for inspecting unpatterned wafers, such systems are typically not optimized for
such purposes. Systems designed for the inspection of unpatterned or bare wafers, on
the other hand, may have difficulties handling the diffraction or other scattering
caused by the patterned structures on patterned wafers, for reasons such as those

explained above.
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[0004] For the inspection of patterned wafers, entirely different inspection
systems have been employed. One commercial system, known as AIT™ inspection
system, is available from the Assignee of the present application, KL.A-Tencor
Corporation of San Jose, California; such system is also described in a number of
patents, including U.S. Patent No. 5,864,394. In the AIT system, spatial filters are
employed to shield the detectors from the diffraction or scattering from the patterned
structures on the wafer. The design of such spatial filters can be based on prior
knowledge of the patterned structures and can be quite complex. Furthermore, this
system utilizes a die to die comparison process in order better to identify the presence

of a defect.

[0005] None of the above-described instruments is entirely satisfactory for the
inspection of patterned wafers. It is therefore desirable to provide an improved defect
detection system for patterned wafers in which the above difficulties are alleviated.
To further economize on the space required for inline inspection, it is desirable to
provide an instrument that can be optimized for both unpatterned and patterned wafer

inspection.

[0006] Chemical mechanical planarization (CMP) has gained wide acceptance in
the semiconductor industry. The CMP process, however, also creates many types of
defects that can significantly impact the yield of an integrated circuit (IC) device if the
defects are not properly controlled. Among the CMP defects, the micro-scratch has a
strong impact on IC yield. Therefore, it is desirable to be able to detect and

differentiate micro-scratches and other CMP defects from particles.

[0007] U.S. Patent Application Serial No. 09/828,269 describes a defect detection
system employing a collector that comprises a curved mirror such as the mirror
ellipsoidal in shape. While such system is versatile and desirable for many
applications, there may be applications where the use of such curved mirrors may be
too expensive or impractical, such as where it is desirable for the defect detection
system to be very small. It is therefore desirable to provide an improved system for

such applications.
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SUMMARY OF THE INVENTION

[0008] One aspect of the present invention is directed towards an inspection
apparatus where a first and/or a second beam of radiation is supplied by a source to a
surface, where the first beam is substantially normal to the surface and the second
beam is at an oblique angle to the surface. Optical devices disposed at different
azimuthal angles about a reference direction are positioned so that radiation scattered
by the surface at different azimuthal angles with respect to a line normal to the surface
is directed to different devices without using a common collecting instrument to direct
the scattered radiation. A collector substantially in a double dark field arrangement
relative to the second beam is employed where the collector has an aperture that is
larger than any one of the optical devices. This collector also collects radiation

scattered by the surface.

[0009] The above-described apparatus is versatile and can be used for detecting
anomalies on different types of surfaces, including patterned surfaces such as
semiconductor wafers with memory arrays or logic thereon, unpatterned surfaces such
as bare wafers, and for detecting anomalies resulting from chemical and mechanical
polishing of semiconductor wafers. The apparatus can also be made compact so that
it is particularly adapted for integration with processing equipment. Since a common
collecting instrument, such as the ellipsoidal mirror of the related applications, is not
used to direct scattered radiation to the optical devices, the apparatus can be made at a
lower cost and more compact while retaining the above-described versatile

capabilities.

[0010] The above-described apparatus can be operated for detecting anomalies on
different types of surfaces. In operation, the source is caused to supply the first and/or
second beam to the surface. The surface is caused to be scanned by the beam.
Radiation scattered by the surface is directed to the optical devices without employing
a common collecting instrument. The radiation scattered by the surface and collected
by the devices and/or the at least one collector is detected, and anomalies on different

types of surfaces are determined from the detected radiation.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0011] Fig. 1 is a side perspective view of a surface inspection apparatus useful

for illustrating an embodiment of the invention.
[0012] Fig. 2 is a top view of a portion of the apparatus of Fig. 1.

[0013] Fig. 3 is a schematic view of a portion of the apparatus of Figs. 1 and 2
illustrating in more detail a collector in a double dark field arrangement to illustrate

one embodiment of the invention.

[0014] Fig. 4 is a schematic view of a collector in a double dark field arrangement

illustrating an alternative embodiment of the invention.

[0015] Fig. 5A is a schematic view of a surface inspection apparatus to illustrate

an alternative embodiment of the invention.

[0016] Fig. 5B is a schematic view of a possible arrangement of multiple fiber

channels for carrying scattered radiation in the embodiment of Fig. SA.

[0017] Fig. 6 is a cross-sectional view of a portion of an optical fiber that is useful

in the embodiment of the invention.

[0018] For simplicity in description, identical components are labeled by the same

numerals in this application.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0019] Fig. 1 is a side perspective view of a surface inspection apparatus useful
for illustrating one embodiment of the invention. As shown in Fig. 1, apparatus 10
comprises a housing preferably in the shape of a hemi-sphere 12 with a number of
apertures. Frames, shells or housings with other shapes or construction (e.g. a frame
constructed from elongated strips of material) that would serve essentially a similar
function may be used and are within the scope of the invention. A radiation source 14
such as a laser (e.g., diode laser) supplies radiation through an optical channel such as
an optical fiber 16 for illuminating the surface of the sample such as a semiconductor

wafer 20. While the embodiments herein are illustrated by reference to inspection of

4-
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semiconductor wafers, it will be understood that the invention is applicable to other
samples as well, such as flat panel displays and magnetic and optical disks or
read/write heads and other types of samples. The radiation supplied by source 14 may
be monochromatic, polychromatic or broadband. Radiation from the optical fiber 16
is focused by a lens system 22 to a spot 24 on the top surface of sample 20. As shown
in Fig. 1, objective or lens 22a of system 22 may be conveniently supported by frame
12, where objective 22a sits within an aperture in the frame. Wafer 20 is supported on
the chuck 26 which is rotated by a means of a motor 28 and translated in a direction
by gear 30 so that beam 18 illuminates spot 24 which is caused to move and trace a
spiral path on the surface of wafer 20 to inspect the surface of the wafer. Motor 28
and gear 30 are controlled by a controller 32. Alternatively, the beam 18 and frame
12 may be caused to move in a manner known to those skilled in the art to trace the
spiral path. As still another alternative, either the chuck 26 or the frame 12 and beam
18 may be caused to move along straight lines to scan straight line segments in a
zigzag or serpentine path. Still other alternatives involve moving both the wafer 20
and the beam 18 and frame 12 so that the relative motion between them is along any
one of the paths described above. All such variations are within the scope of the

invention.

[0020] As shown in Fig. 1, frame 12 defines therein or is constructed to permit
attachment to devices defining two sets of apertures: 12a and 12b. For example, and
as described below, the apertures may be defined by ends of optical fibers, such as the
end of fiber 42. The apertures 12a are located near a normal direction 20’ to the
surface of sample 20 and passing through the spot 24. Radiation scattered by the
portion of the surface within the illuminated spot 24 passes through the set of
apertures 12a to reach a set of collectors. In one embodiment, optical fibers may be
used as the collectors. One example of such type of collectors is illustrated by optical
fiber 42, where the fiber conveys the radiation scattered by the surface through
corresponding aperture 12aA’ within the set of apertures 12a to a corresponding
detector 44. To simplify the figure, only one such fiber and only one such detector
are shown; it being understood that each of at least some of the remaining apertures
12a may also have a corresponding collector optical fiber and corresponding detector

for detecting the radiation scattered by the surface and passing through such aperture.

-5-
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Preferably the fibers such as 42 are disposed symmetrically about the normal direction
20°. The detectors then generate output signals in response to the collected scattered
radiation passing through the set of apertures 12a and sends the output signals to a

processor 50.

[0021] As known to those skilled in the art, semiconductor wafer processing
frequently involves chemical and mechanical polishing (“CMP”’) which may cause
micro-scratches on the surface of the wafer. The set of apertures 12a and the
corresponding fibers and detectors are suitable for detecting such micro-scratches.
Thus, when spot 24 is illuminated by a beam 18 having an axis substantially along the
normal direction 20°, apertures 12a and their corresponding fibers located to collect
radiation scattered close to the normal direction are suitable for detecting such micro-
scratches. To detect the micro-scratches, preferably the illumination beam is
substantially normal to the surface inspected; nevertheless, for some applications, the
illumination beam may be supplied at an oblique angle to the surface inspected for the
detection of micro-scratches caused by chemical or mechanical polishing. Such and
other variations are within the scope of the invention. Preferably, the apertures in the
first set 12a collect radiation scattered by the surface at angles between about 10 to 30
degrees from the normal direction 20°, and the first set 12a comprises 6 to 10

apertures.

[0022] For detecting micro-scratches, it may be useful for processor 50 to
compare pairs of signals that are derived from radiation scattered along directions that
are opposite to each other across the normal direction 20’. Thus, for example,
apertures 12aA and 12aA’ in set 12a are located on the opposite sides of the normal
direction 20°. Apertures 12aB and 12aB’ are located on the opposite sides of the
normal direction 20’ as shown more clearly in Fig. 2. Because micro-scratches tend
to scatter radiation more strongly in planes that are perpendicular to the direction of
the micro-scratches rather than in directions that are parallel to it, comparing the
signals derived from radiation scattered and collected by oppositely situated pairs of
apertures and fibers may be useful for detecting such micro-scratches. Fig. 2 is a top
view of apparatus 10 of Fig. 1. Thus, in reference to Fig. 2, it may be useful for
microprocessor 50 to compare the signals from the detectors detecting radiation
scattered and collected through apertures 12aA, 12aA’ to the signals derived from
-6-
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radiation scattered and collected through apertures 12aC, 12aC’. It may also be useful
to compare the signals derived from radiation scattered by the surface and collected
through each pair of oppositely situated apertures, such as 12aA and 12aA’. The
detection of micro-scratches as described above may be carried out simultaneously or

sequentially with the detection of other anomalies on the surface of the sample 20.

[0023] Instead of using optical fibers such as fiber 42 to collect and convey the
radiation scattered by the surface and passing through the corresponding aperture to
the detector 44, the detector may be placed directly in or near a corresponding
aperture for detecting such scattered radiation. The advantage of using optical fibers
to collect and convey the radiation to detectors is that this permits the portion of
apparatus 10 that is positioned close to sample 20 to be of a particularly compact
design. Thus, in one embodiment, an optical head comprising frame 12 and lens
system 22 has horizontal dimensions (that is, in a plane parallel to surface of wafer
20) that do not exceed about 5 cm. For detecting micro-scratches, the aperture in the
first set 12a preferably form a ring around the normal direction 20°. In one
embodiment, the set 12a includes six to ten apertures with the same number of
corresponding optical fibers and detectors. Apertures 12a and their corresponding
fibers and detectors may also be useful for the detection of anomalies other than
micro-scratches, such as particles and surface or subsurface defects on patterned or
unpatterned semiconductor wafers. As shown in Figs. 1 and 2, in addition to the first
set of apertures 12a, another set of apertures 12b is defined in frame 12 for passing
radiation scattered by the surface in the illuminated spot 24 at collection angles that
are close to the surface of the wafer 20. Preferably, the apertures 12b collect radiation
scattered by the surface at a low elevation angle, such as angles of between about 10

and 40 degrees to the top surface of wafer 20.

[0024] As shown more clearly in Fig. 2, in addition to or in lieu of illuminating
wafer 20 in a direction substantially normal to the surface of the sample, the sample
can also be illuminated along an optical axis 62 at an oblique angle to the surface of

the wafer. The chuck 26 has been omitted in Fig. 2 to simplify the figure.

[0025] As in the case of the first set of apertures 12a, each of at least some of the

apertures in the second set 12b has a corresponding optical fiber, such as fiber 64,

-7-
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positioned to collect the radiation scattered by the surface within the illuminated spot
24 and passing through such aperture. Fiber 64 then conveys the radiation collected
to a corresponding detector 66 which provides an output signal in response thereto.
To simplify Fig. 2, only one optical fiber 64 collecting scattered radiation passing
through one of the apertures in the second set 12b is shown with its corresponding
detector 66; it being understood that more fibers and corresponding detectors are
employed typically in the embodiment of Figs. 1 and 2. To provide the beam at an
oblique angle to the sample, a radiation source such as a laser (e.g., diode laser) 72
may be used which supplies radiation through a fiber 74 and a lens system 76 to
provide beam 78 along the optical axis 62 at an oblique angle to the surface of wafer
20. Illuminating the sample surface at an oblique angle is particularly advantageous
for the detection of anomalies on patterned or unpatterned wafers. For detection of
anomalies on unpatterned wafers or bare wafers, it would be desirable to collect

| radiation scattered by the surface within larger collection angles so as to increase the
amount of signal that may be detected. For this purpose, in addition to the second set
of collection apertures 12b, one and preferably two larger collection apertures 12c
may be employed in a double dark field arrangement as shown in Fig. 2. Dark field
systems are those where the radiation collected is that scattered by the sample and
collected along collection paths that are away from the specular reflection direction
from the sample surface of the illumination beams. Dark field systems are explained
in more detail in “Wafer Inspection Technology Challenges for ULSI Technology”,
by S. Stokowski and M. Vaez-Iravani, Proceedings of conference on Characterization
and Metrology for ULSI Technology, Edited by D.G. Seiler, A.C. Diebold, W.M.
Bullis, T.J. Shaffner, R. McDonald, and E.J. Walters, American Institute of Physics,
PP. 405-415 (1998).

[0026] A double dark field configuration or arrangement is where the optical axis
of the collection aperture is at a location substantially at +90° or -90° azimuthal angle
relative to the illumination beam as the beam reaches the surface. Azimuthal angle
refers to the angle made by the measuring or detection direction to a reference
direction when viewed from the top. Thus, in reference to Fig. 2, the two apertures
12¢ have optical axes substantially at +90° and -90° azimuthal angle relative to the

illumination beam 78 as the beam reaches the surface of the sample 20. As shown in

-8-
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Figs. 1 and 2, the collection aperture 12c is larger, and preferably much larger, than
the apertures in the first and second sets 12a, 12b. In such event, the collection and
detection of radiation passing through the larger apertures 12¢ may be adequate for
detecting defects of unpatterned surfaces such as those of semiconductor wafers.
Frame 12 is preferably made of a material so that the radiation scattered by the
surface and reaching the frame would not be reflected or scattered back towards the
surface or towards any of the apertures. In one embodiment, frame 12 is made of a
transparent material so that radiation scattered by the surface is transmitted through
the frame rather than being reflected or scattered thereby. In another embodiment,
frame 12 is made of a material with a radiation absorbent surface such as a surface

that is anodized. Such and other variations are within the scope of the invention.

[0027] In one embodiment of the invention, where the surface to be inspected is
unpatterned (such as a bare wafer), illumination is supplied by beam 78 at an oblique
angle to the surface and radiation scattered by the illuminated spot on the surface of
wafer 20 and passing through apertures 12c¢ is collected by an objective in the manner
shown in Fig. 3. As shown in Fig. 3, radiation scattered by the illuminated spot 78’
on the surface of wafer 20 by beam 78 and passing through the aperture 12c is
focused by objective or lens 80 towards an optical fiber 82. The radiation collected
by fiber 82 is then conveyed to a detector 84. The same configuration may be
employed to collect and detect radiation scattered and passing through each of the

apertures 12c at +90° and -90° azimuthal angles relative to beam axis 62.

[0028] Where the unpatterned surface is smooth, it may be desirable to supply a
beam 78 which is P-polarized and detect unpolarized radiation as shown in Fig. 3.
For this purpose, a laser diode 72 may be selected to supply such radiation or a
polarizer 88 may be employed, causing the beam 78 to be P-polarized. Where the
unpatterned sample 20 has a rough surface, it may be desirable to supply a beam 78
which is S-polarized and to detect only S-polarized radiation that is scattered. For this
purpose, the laser diode 72 may be selected to supply such radiation or polarizer 88
may be oriented to pass only S-polarized radiation in beam 78. In order to detect S-
polarized radiation, another polarizer 90 shown in phantom in Fig. 3 may be
employed so that the radiation detected by detector 84 is in response only to the S-

polarized components of the scattered radiation from the illuminated spot 78’.
9.
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[0029] Instead of employing an objective or lens 80 to collect the radiation
scattered from spot 78°, a bundle 92 of optical fibers may be employed instead as

shown in Fig. 4.

[0030] Where sample 20 is a dielectric film, it may be desirable to supply
circularly polarized radiation to illuminate the sample 20 while unpolarized radiation
is detected. For this purpose, diode 72 supplies circularly polarized radiation and the
member 88 may instead be a blank so that beam 78 comprises only circularly

polarized radiation.

[0031] While in many applications, anomalies on unpatterned surfaces may be
advantageously detected by means of the double dark field arrangements shown in
Figs. 3 and 4, there are certain applications where the use of the second set of fibers
12b may be advantageous with oblique illumination of the sample. Thus, for certain
types of unpatterned surfaces, detection of radiation scattered by the surface within
one or more predetermined azimuthal angle(s) may be advantageous so that the
signals generated by detectors in response to only such collected radiation may be
meaningful. In such event, the detector output(s) generated in response to radiation
collected within such predetermined azimuthal collection angle(s) may be used for
determining whether there are anomalies on such surfaces. Preferably, the detector
output(s) generated in response to radiation that are collected outside such
predetermined azimuthal collection angle(s) are not used for determining whether

there are anomalies on such surfaces.

[0032] As noted above, the collection angles subtended at the center of
illuminated spot 78’ by apertures 12¢ are preferably larger than those of apertures 12a
or 12b. In one embodiment, at least one of the two apertures 12c¢ subtends a
collection angle of about 20 to 60 degrees at the center of illuminated spot 78°. In
another embodiment, at least one of the apertures 12c subtends a collection angle of

about 40 to 60 degrees at the center of the spot 78°.

[0033] If the laser diode 72 selected is one that provides polarized radiation such
as P- or S-polarized or circularly polarized radiation, optical fiber 74 is preferably a
single mode fiber. In contrast, fibers used for conveying the collected scattered

radiation from the surface, such as fibers 42, 64, 82 and 92 may be multimode fibers.
-10-
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To simplify the figures, the connection between detectors such as detector 84 and

processor S0 of Figs. 1 and 2 are not shown in Figs. 3 and 4.

[0034] Processor 50 then processes the output signals of detectors 84 in order to
determine the presence of anomalies on unpatterned surfaces (and on patterned

surfaces as well, as will be described below).

[0035] Instead of using two laser diodes 14 and 72, a single laser diode may be
employed where the radiation emitted by the diode is supplied via two different
optical fibers 16 and 74 to supply the two beams 18 and 78 shown in Figs. 1 and 2.
For a compact integrated design, lens 80 in Fig. 3 may be connected directly to frame
12 at aperture 12c. Alternatively, and as shown in Fig. 4, no lens is required in the
integrated optical head which comprises only frame 12 and the objective system 22
and/or the objective system 76, receiving radiation supplied via optical fibers 16 and
74. Scattered radiation passing through the apertures may then be conveyed through

fibers such as fibers 42, 64 and 92 to corresponding detectors.

[0036] The apparatus illustrated in Figs. 1 and 2 may also be advantageously used
for detecting anomalies on patterned surfaces, such as patterned semiconductor
wafers. The pattern on such surfaces would diffract radiation, and the detectors
receiving such radiation may become saturated. Since the collection space of the
scattered radiation is segmented by means of the two sets of fibers 12a, 12b in both
the azimuthal (horizontal plane) and elevation (vertical plane) directions, the
saturation of some detectors will leave the remaining detectors still yielding output
signals useful for detecting anomalies. An elevation angle refers to the angle made by
a measurement or detection direction to the surface of the sample inspected for
anomalies in a vertical plane containing the measurement or detection direction. In
other words, if a particular aperture in the two sets 12a and 12b collects radiation
which is diffracted or scattered by pattern, it is likely that the detector connected to
the aperture by a fiber will become saturated. However, an aperture next to such
aperture may be situated so that it does not receive any scattering or diffraction from
pattern so that the scattered radiation that it collects and the detector output signal that
results may be used for detection of anomalies. Thus, in one embodiment, where

sample or wafer 20 inspected has a patterned surface, processor 50 would discard the

-11-
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output signals of detectors that are saturated and determine anomalies without using
such detector output. Instead, only the output signals of detectors that are not

saturated are used by the processor 50 for the determination of anomalies.

[0037] Altemnatively, where the pattern is one for logic and scattered radiation in
more or less random directions, it may be useful to compute the minimum or medium
values of the detector outputs for detecting anomalies on patterned surfaces. In other
words, processor 50 would periodically record samples of the output signals of
detectors responding to radiation collected by optical devices arranged at different
azimuthal angles about the normal direction 20’ (such as scattered radiation passing
through the apertures 12a, or through the apertures 12b) and determines the minimum
value of the samples of the outputs from the detectors responding to radiation
collected within such apertures. Alternatively, processor 50 may compute a medium
value of the detector output samples in response to radiation collected by the optical
fibers. In other words, scattered radiation received through the ring of apertures 12b
simultaneously are detected, and the outputs of all the detectors in response to
radiation received through the ring of apertures 12b are sampled and the samples are
then processed to yield the minimum or medium values of the detector output
samples. The same process may be carried out with respect to the first set of
apertures 12a and their respective fibers and detectors. Processor 50 also
communicates with controller 32 (not shown in the figures) to control the motion of
the chuck 26 through the controller, and to obtain positional information of the wafer
surface in order to associate locations on the surface. of the wafer 20 with the output

data from the detectors.

[0038] While for many applications, the second set of apertures 12b may be
advantageous to use for the detection of anomalies on patterned surfaces, the first set
of apertures 12a can also be used for some applications in regard to anomaly detection
of patterned surfaces. Thus, if the pattern is somewhat regular, there may be a range
of collection angles with respect to the normal direction 20’ in which there is no
scattering or diffraction from pattern. Thus, the collection apertures 12a may be
positioned with respect to frame 12 in such manner that no Fourier or other diffraction
or scattering from pattern is expected to pass through the collection apertures. In one
embodiment, apertures 12a may collect radiation at elevation angles between about 5

-12-
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and 20 degrees from the normal direction 20°. In this manner, the first set of apertures
12a will be disposed at elevation angles away from expected components scattered by
pattern and would provide to corresponding detectors useful signals for anomaly

detection.

[0039] From the above, it will be seen that the apparatus of Figs. 1 and 2 is
versatile. It may be used for detecting anomalies on patterned surfaces, unpatterned
surfaces and for detecting anomalies caused by chemical and mechanical polishing.
The above-described processes may be carried out sequentially or simultaneously.
Thus, the laser diodes 14 and 72 may be controlled by processor 50 to emit radiation
sequentially so that anomalies on patterned or unpatterned surfaces may first be
detected when beam 78 is supplied to the sample. Before or after such operation,
processor 50 causes laser diode 14 to emit radiation, and beam 18 is employed to
illuminate the sample for the detection of micro-scratches caused by chemical or
mechanical polishing. Altematively, where the two laser diodes 14 and 72 supply
radiation of different wavelengths, both diodes may be caused to emit radiation
simultaneously, and appropriate filters or dichroic beam splitters (not shown) may be
employed so that both types of detection may be carried out simultaneously. As yet
another alternative, if a single source such as a laser diode may be employed to emit
radiation of two different wavelengths, appropriate dichroic beam splitters may be
employed to separate radiation at the two wavelengths into beams 18 and 78 that can
be used to illuminate sample 20 simultaneously. Such and other variations are within

the scope of the invention.

[0040] Where space considerations are not as stringent, the scattered radiation
collected by the first set of apertures 12a may be collected and detected in a different
manner, as shown in Fig. 5A as an alternative embodiment. Such radiation is first
focused by an objective 102 and reflected by a mirror or beam splitter 104 towards a
ring of optical fibers 106 shown in Figs. 5SA and 5B. Thus, the optical fibers 106 will
collect the radiation that is scattered by the surface that passes through the apertures
12a of Figs. 1 and 2. Fibers 106 would form substantially a ring around a direction
108 shown in Fig. 5B that corresponds to the normal direction 20° of Fig. 5A and is
preferably disposed symmetrically about the direction 108. A source supplies the
illumination beam to sample 20 through the beam splitter 104 or by bypassing mirror

-13-
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104 where a mirror is used; the source and the illumination beam have been omitted
in Figs. 5A to simplify the figure. The different components in the embodiment of
Fig. SA may be held in place by a frame such as frame 12 of Fig. 1 or any other

suitable means.

[0041] Fig. 6 is a cross-sectional view of a section of optical fibers used to collect
radiation scattered by the surface and passing through any one of the apertures 12a,
12b and 12c described above. As shown in Fig. 6, each of such fibers preferably
includes a core 120, a cladding 122 and an optional external coating 124. The
cladding 122 therefore serves as a separator between adjacent optical fiber channels,
and reduces crosstalk between adjacent optical fiber channels when they are

collecting and conveying radiation scattered by the surface.

[0042] While the invention has been described above by referencé to various
embodiments, it will be understood that changes and modifications may be made
without departing from the scope of the invention, which is to be defined only by the
appended claims and their equivalent. All references referred to herein are

incorporated by reference in their entireties.
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WHAT IS CLAIMED 1I8S:

1. A surface inspection apparatus suitable for use in detecting anomalies on different

types of surfaces, said apparatus comprising:

a source supplying a first and/or a second beam of radiation to a surface to be inspected,
wherein the first beam is substantially normal to the surface and the second beam is at an oblique

angle to the surface; and

optics comprising optical devices at different azimuthal angles about a line normal to the
surface or about a direction corresponding thereto, the devices disposed so that radiation
scattered by the surface at different azimuthal angles with respect to the line is directed to
different devices without employing a common collecting instrument, and a collector
substantially in a double dark field arrangement relative to the second beam and having an
aperture larger than that of any one of the optical devices collecting radiation scattered by the

surface.

2. The apparatus of claim 1, said optics comprising a first set of optical devices
receiving radiation scattered by the surface in directions near the line, and a second set of optical

devices receiving radiation scattered by the surface at low elevation angles to the surface.

3. The apparatus of claim 2, wherein the first set of optical devices comprises 6 to 10

optical devices forming substantially a ring around the line.

4. The apparatus of claim 2, wherein the first set of optical devices receive radiation

scattered by the surface at angles between 10 to 30 degrees from the line.

5. The apparatus of claim 2, wherein the second set of devices collect radiation

scattered by the surface at a low elevation angle of between 10 and 40 degrees to the surface.

6. The apparatus of claim 2, further comprising a plurality of detectors converting
the radiation scattered by the surface and reaching at least some of the devices and the at least
one collector into respective signals representative of radiation scattered at different azimuthal

angles about the line.

7. The apparatus of claim 6, further comprising a processor determining the presence

of anomalies in or on the surface from said signals.
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8. ‘The apparatus ot claim 7, the source supplying the first beam and not the second
beam of radiation to the surface, wherein the processor processes signals converted from
radiation received by the first set of optical devices to determine the presence of defects on a

semiconductor wafer surface after it has been chemically and mechanically polished.

9. The apparatus of claim 8, wherein the processor compares signals or pairs of
signals converted from radiation received by some of the optical devices in the first set located
substantially on opposite sides of the line, to determine the presence of micro-scratches on the

semiconductor wafer surface after it has been chemically and mechanically polished.

10.  The apparatus of claim 1, said optical devices comprising optical fibers, said

fibers conveying radiation scattered by the surface and reaching at least some of the devices to

the detectors.
11.  The apparatus of claim 10, wherein the optical fibers are multimode.
12.  The apparatus of claim 1, wherein the second beam illuminates a spot on the

surface, and the aperture of the at least one collector subtends an angle of about 20 to 60 degrees

at the spot.

13.  The apparatus of claim 1, wherein second beam illuminates a spot on the surface,
and the aperture of at least one collector subtends an angle of about 40 to 60 degrees from the

spot.

14.  The apparatus of claim 1, further comprising at least one polarizer in an optical
path of the second beam, said polarizer interacting with the second beam before or after the

surface interacts with the second beam.

15.  The apparatus of claim 14, said at least one polarizer polarizing radiation of the

second beam before the beam reaches the surface.

16.  The apparatus of claim 15, wherein said at least one polarizer passes P- polarized
or circularized polarized radiation, and the at least one collector collects unpolarized radiation

scattered by the surface.

17.  The apparatus of claim 15, wherein said at least one polarizer passes S- polarized

radiation, said apparatus further comprising another polarizer that passes S- polarized radiation
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and that 1s located 1n an optical path ot radiation scattered by the surtace and collected by the

collector.

18.  The apparatus of claim 1, said source comprising at least two optical fibers

supplying the first and second beams.

19.  The apparatus of claim 18, said source further comprising one or more radiation

emitting elements supplying the first and second beams.
20.  The apparatus of claim 18, said fibers being single-mode fibers.

21.  The apparatus of claim 1, said optical devices comprising optical fibers, each of
said fibers including a core and cladding, said cladding separating a collection aperture of each

fiber from adjacent fiber(s).

22.  The apparatus of claim 21, said optical devices further comprising external

coatings over the cladding.

23.  The apparatus of claim 1, said optical devices disposed symmetrically about the

line or the direction.

24.  The apparatus of claim 1, said optical devices disposed at elevation angles away

from expected components scattered by the pattern.

25.  The apparatus of claim 24, wherein said expected components scattered by the

pattern are Fourier components.

26.  The apparatus of claim 1, wherein said optical devices are substantially at

elevation angles between about 5 and 20 degrees from the line or the direction.

27.  The apparatus of claim 1, said optics comprising two lenses, wherein apertures of
the two lenses are substantially centered at +90 and —90 degrees azimuthal angles relative to a

plane of incidence of the second beam.
28.  The apparatus of claim 1, said apparatus comprising a compact optical head.

29.  The apparatus of claim 1, wherein the compact optical head has dimensions that

do not exceed about 5 cm.
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30. The apparatus of claim 1, wherein the collector comprises at least one objective

focusing radiation scattered by the surface to a detector.

31.  The apparatus of claim 1, wherein the collector comprises a plurality of optical

fibers collecting radiation scattered by the surface.

32. A method for detecting anomalies on different types of surfaces by means of an

apparatus, said apparatus comprising:

a source for a first and/or a second beam of radiation to a surface to be inspected, wherein
the first beam is substantially normal to the surface and the second beam is at an oblique angle to

the surface; and

optics comprising optical devices at different azimuthal angles about a line normal to the
surface or about a direction corresponding thereto, the devices disposed so that radiation
scattered by the surface at different azimuthal angles with respect to the line is directed to
different devices, and at least one collector having an aperture larger than that of any one of the
optical devices and substantially in a double dark field arrangement relative to the second beam

collecting and focusing radiation scattered by the surface; said method comprising:

(a) causing the source to supply the first and/or second beam to the surface and

causing the surface to be scanned by the beam,;

(b) directing radiation scattered by the surface to the optical devices without

employing a common collecting instrument;

(c) detecting radiation scattered by the surface and collected by the devices and/or the

at least one collector; and
(d) determining from the detected radiation anomalies on different types of surfaces.

33.  The method of claim 32, wherein said determining determines from the detected

radiation anomalies on unpatterned and patterned wafers.

34.  The method of claim 32, wherein said determining determines from the detected
radiation anomalies on unpatterned or patterned wafers, and wafer surfaces after chemical and

mechanical polishing.
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33. ‘The method of claim 32, wherein the causing cayses the second beam to be
supplied to the surface, and the detecting detects radiation scattered by the surface and collected

by the at least one collector.

36.  The method of claim 35, wherein the causing causes the second beam to be

polarized.

37.  The method of claim 36, wherein the second beam is caused to be P-polarized and

the detecting detects unpolarized radiation for detecting anomalies on smooth surfaces.

38.  The method of claim 36, wherein the second beam is caused to be circularly
polarized and the detecting detects unpolarized radiation for detecting anomalies on surfaces of

dielectric layers.

39.  The method of claim 36, wherein the second beam is caused to be S-polarized and

the detecting detects S-polarized radiation for detecting anomalies on rough surfaces.
40.  The method of claim 35, further comprising:
(e) causing the source to supply the first beam to the surface;

63) detecting radiation scattered by the surface and collected by the optical devices;

and

(2 determining from the detected radiation micro-scratches on different types of

surfaces.

41.  The method of claim 40, said optics comprising a first set of optical devices
receiving radiation scattered by the surface in directions near the line or the direction, and a
second set of optical devices receiving radiation scattered by the surface at low elevation angles
to the surface, wherein the detecting in (f) detects radiation scattered by the surface and collected
by the first set of optical devices, and wherein said determining comprises comparing signals or
pairs of signals converted from radiation received by some of the optical devices in the first set

located substantially on opposite sides of the line.

42.  The method of claim 41, wherein the detecting in (b) detects radiation scattered
by the surface and collected by the second set of optical devices, and wherein said determining in

(d) determines from the detected radiation anomalies on patterned or unpatterned surfaces.
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43.  The method of claim 32, wherein the causing causes the second beam to be
supplied to the surface, and the detecting detects radiation scattered by the surface and collected

by the optical devices.

44.  The method of claim 43, wherein the detecting detects by means of detectors, and
the determining determines anomalies without using output signals of detectors that are

saturated.

45.  The method of claim 43, wherein the detecting comprises sampling outputs of the
detectors, and the anomalies on the surface from minimum or median values of the detector

output samples.

46. The method of claim 43, wherein the detecting detects by means of detectors that
provide output signals, and the detecting comprises sampling the output signals, and the
determining determines anomalies on the surface from minimum or median values of the

detector output samples.

47.  The method of claim 43, wherein the surface is unpatterned, further comprising
selecting from the optical devices only those optical devices that collect radiation scattered by
the surface within a predetermined azimuthal collection angle and wherein said detecting in (c)

detects only the radiation scattered by the surface and collected by the selected optical devices.
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