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(57) ABSTRACT 
In an imaging system (10) for detecting defects in a 
specimen (14) having a repetitive pattern (16), a spatial 
filter (50) receives a spatial frequency spectrum pro 
duced by a Fourier transform lens (34) and blocks prese 
lected spatial frequency components thereof. The spa 
tial filter includes an array of substantially parallel 
opaque stripes (70a-70c) that are positioned on a sub 
stantially transparent substrate (72). In one embodi 
ment, the stripes are spaced apart by equal distances 
(78) and are of increasing widths (76a-76c) that corre 
spond to the orders of diffraction of the Fourier trans 
form pattern (45) produced by the Fourier transform 
lens. The spatial filter can be used to filter light spots 
forming a Fourier transform pattern for specimens hav 
ing repetitive pattern sizes included within a specified 
range of sizes. 

17 Claims, 4 Drawing Sheets 
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1. 

SPATAL FILTER FOR OPTICALLY BASED 
DEFECT INSPECTION SYSTEM 

TECHNICAL FIELD 

The present invention relates to optically based speci 
men defect inspection systems and, in particular, to such 
systems that employ a spatial filter to block preselected 
spatial frequency components of a Fourier transform 
light pattern corresponding to an illuminated area of a 
specimen. 

BACKGROUND OF THE INVENTION 

U.S. Pat. No. 4,806,774 of Lin et al. describes an 
optical inspection system for detecting nonperiodic 

10 

15 

pattern defects in a patterned specimen, such as a wafer 
of the type employed in the large-scale manufacture of 
semiconductor devices and integrated circuits. The 
specimen includes many redundant circuit patterns. The 
inspection system employs a Fourier transform lens 
positioned along a system optic axis to produce a light 
pattern corresponding to the Fourier transform spatial 
frequency components of an illuminated area of the 
specimen wafer. A spatial filter positioned along the 
system optic axis intercepts the light pattern and coop 
erates with an inverse Fourier transform lens to pro 
duce an image pattern of nonperiodic defects located in 
the illuminated area of the wafer. 
The spatial filter comprises a two-dimensional Fou 

rier transform pattern of opaque and light-transmitting 
regions representing a substantially error-free wafer 
against which the specimen wafer is compared. The 
spatial filter may be fabricated by exposing a recording 
medium, such as a photographic plate, to light dif 
fracted primarily by the illuminated redundant circuit 
patterns on the specimen wafer. The spatial frequency 
components corresponding to an error-free wafer are 
blocked by the opaque regions of the spatial filter, and 
the spatial frequency components corresponding to the 
defects in the specimen wafer are largely transmitted 
through the light-transmitting regions of the spatial 
filter to be processed for error detection. 

Spatial filters employed in such a system suffer from 
at least three disadvantages. First, each filter employed 
in these systems corresponds only to a specific photo 
mask configuration. As a result, a new filter must be 
manufactured for each wafer pattern to be inspected. 
Second, photographic or theory-based processes for 
manufacturing the spatial filters are relatively slow and 
limit the rate at which inspections may be performed. 
Third, replenishment of the materiais for forming a 
spatial filter for each configuration increases the operat 
ing costs of the inspection system. 

SUMMARY OF THE INVENTION 

An object of the present invention is, therefore, to 
provide a spatial filter in an optically based specimen 
defect inspection system used in the manufacture of 
microcircuits. 
Another object of this invention is to provide such a 

filter that can be used to inspect a number of different 
specimens. 
A further object of this invention is to provide in an 

inspection system such a filter that facilitates a rela 
tively high inspection rate. 
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2 
Still another object of this invention is to provide 

such a filter that reduces the operating costs of an in 
spection system. 

In a preferred embodiment, a spatial filter of the pres 
ent invention is incorporated in a defect inspection sys 
tem that operates under the principles of Fourier optics 
as described above with reference to U.S. Pat. No. 
4,806,774 of Lin et al. The design of the spatial filter 
facilitates its use in the inspection of a number of speci 
mens whose redundant pattern structures or "unit cell' 
patterns have different configurations within a specified 
range of sizes. 
The spatial filter includes an array of multiple sub 

stantially parallel opaque stripes formed on a substan 
tially transparent substrate. The stripes are of increasing 
widths as a function of their distances from a center 
stripe whose center line defines an axis of symmetry. 
The center stripe corresponds to the zero diffraction 
order of the Fourier transform pattern produced by the 
Fourier transform lens. The stripe widths vary in part in 
proportion to the range of unit cell dimensions that the 
spatial filter can cover. The stripe widths increase as a 
function of increasing order of diffraction. Adjacent 
stripes on either side of the axis of symmetry are spaced 
apart by center-to-center distances corresponding to 
diffraction orders of the Fourier transform pattern. The 
distances are typically integral multiples of the distance 
between the zero and first order diffraction patterns. 
A spatial filter corresponds, therefore, primarily to 

unit cell dimensions of a specified range of sizes and is 
affected only to a lesser degree by the shapes of the 
circuit patterns within the unit cell. Accordingly, an 
inspection system may be provided with a library of 
spatial filters of the above-described type covering cir 
cuit patterns within different specified ranges of unit 
cell dimensions. 

In a first preferred embodiment, each of the spatial 
filters in the library is an assembly of three glass plates 
including a photographic plate sandwiched between 
two outer plates. The outer plates eliminate wavefront 
distortion created by surface irregularities of the photo 
graphic plate. Small amounts of wavefront distortion 
could significantly affect the performance of the optical 
system, which operates with a high degree of resolu 
tion. 

In a second preferred embodiment, the spatial filters 
constituting the library are formed on photographic 
film that is stored on a spool in a film storage cartridge. 
The film is immersed in a fluid whose index of refrac 
tion is matched to that of the film to prevent wavefront 
distortion. The fluid and a selected filter on the film are 
captured between two substantially parallel, optically 
flat windows that form an optical gate. The index 
matching fluid eliminates a change in the index of re 
fraction at the surface of the film, thereby allowing light 
to cross the surface without being distorted by irregu 
larities therein. 

In a third preferred embodiment, each of the spatial 
filters in the library includes a pattern of stripes that are 

60 formed of chrome-on-glass substrate. A robotic handler 

65 

transfers a selected one of the spatial filters from a stor 
age tray to the appropriate location along the optic axis 
of the inspection system. 
The library of spatial filters eliminates the require 

ment that a different spatial filter be manufactured for 
each circuit pattern configuration. As a result, the in 
spection system can operate at a relatively high inspec 
tion rate because customized spatial filters need not be 
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used. Moreover, elimination of a need to manufacture 
customized spatial filters reduces the operating costs of 
the inspection system. 

Additional objects and advantages of the present 
invention will be apparent from the following detailed 
description of preferred embodiments thereof, which 
proceeds with reference to the accompanying draw 
lings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic diagram of the optical compo 
nents of a defect inspection system employing a spatial 
filter of the present invention. 

FIG. 2 is diagram of a semiconductor wafer compris 
ing a regular array of normally identical dies of the type 
suitable for defect inspection by the system of FIG. 1. 

O 
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FIGS. 3A-3C are photographs of an exemplary sin 
gle die of the semiconductor wafer of FIG. 2, showing 
highly redundant unit cell circuit patterns for consecu 
tively increasing magnifications. 

FIG. 4 is a photograph of an exemplary light pattern 
formed at the Fourier transform plane of the defect 
inspection system of FIG. 1. 
FIG. 5 is a diagram of a spatial filter of the present 

invention. 
FIG. 6 is a diagram showing the overlap of the spatial 

frequency end points of two spatial filters in successive 
order in a spatial filter library formed in accordance 
with the present invention. 
FIG. 7 is a graph showing the relationship between 

the number of spatial filters of the type shown in FIG. 
5 required to cover a unit cell circuit pattern of a given 
maximum dimension. 
FIG. 8 is a diagram showing a side view of one of a 

set of spatial filters of a preferred type in a spatial filter 
library formed in accordance with the present inven 
t1O. 

FIG. 9 is a diagrammatic side view, with portions 
shown in section, of an optical gate in which a preferred 
spatial filter library is contained on a roll of photo 
graphic film. 
DETAILED DESCRIPTION OF PREFERRED 

EMBODIMENTS 

FIG. 1 is a schematic diagram of an optical defect 
inspection system 10 that is designed to detect semicon 
ductor wafer nonperiodic defects having a diameter of 
about one-quarter micron or larger in the presence of a 
periodic structure comprising many redundant circuit 
patterns. FIG. 2 is a diagram of a semiconductor wafer 
12 of the type inspection system 10 is designed to in 
spect for defects. Wafer 12 includes a regular array of 
normally identical dies 14 of which each has at least 
about twenty redundant unit cells or circuit patterns 16 
(FIGS. 3B and 3C) positioned along the directions of an 
X-axis 18 and a Y-axis 20. Each die 14 is typically of 
square shape with sides of about 3 millimeters. 
FIGS. 3A-3C are photographs of an exemplary sin 

gle die 14 showing highly repetitive circuit patterns 16 
within the die for consecutively increasing magnifica 
tions. Although they are of rectangular shape as shown 
in FIGS. 3A-3C, circuit patterns 16 are assumed for 
purposes of simplifying the following discussion to be of 
square shape with sides of about 50 microns in length. 
With reference to FIG. 1, inspection system 10 in 

cludes a laser source 22 that provides a nearly colli 
mated beam of 442.5 nanometer monochromatic light 
rays 24 that strike a lens 26 that converges the light rays 
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4. 
to a point 28 located in the back focal plane of lens 26. 
The light rays 30 diverge from focal point 28 to strike a 
small mirror 32 that is positioned a short distance from 
focal point 28 to reflect a relatively narrow circular 
beam of light toward a Fourier transform lens section 
34, which is shown in FIG. 1 as a single element but 
which is implemented in five lens elements as described 
in U.S. Pat. No. 4,806,774 of Lin et al. Mirror 32 ob 
scures a small region in the center of the Fourier trans 
form plane defined by lens section 34. The size of the 
obscured region is sufficiently small so that defect infor 
mation, which is located everywhere in the Fourier 
transform plane, is only insignificantly blocked by mir 
ror 32. 
The effective center of Fourier transform lens section 

34 is positioned a distance of slightly less than one focal 
length away from mirror 32 to provide collimated light 
rays 36 that strike the patterned surface of wafer 12. 
Wafer 12 is mounted in a chuck 38 that constitutes part 
of a two-dimensional translation stage 40. Wafer 12 is 
positioned in the object or front focal plane 42 of lens 
section 34, and the collimated light rays 36 illuminate 
the patterned surface of wafer 12. The collimated light 
rays 36 illuminate a 20 millimeter diameter area of the 
surface of wafer 12. The light rays 44 reflected from and 
diffracted by the illuminated area of wafer 12 pass 
through lens section 34 and form a corresponding Fou 
rier transform pattern 45 (FIG. 4) in the back focal 
plane 46 of lens section 34. 

Fourier transform pattern 45 comprises spots 47 of 
light that are distributed in a predictable manner as a 
rectangular array in back focal plane 46. The 20 milli 
meter diameter illuminated area of wafer 12 provides a 
Fourier transform pattern of sufficient accuracy be 
cause it is formed from many redundant circuit patterns. 
The design of lens section 34 is, however, such that it 
has only a 3 millimeter object field diameter to form in 
the image plane 48 an essentially aberration-free image 
of defects in the semiconductor wafer. An entire die can 
be inspected for defects because translation stage 40 
moves the die through the illuminated area. Therefore, 
a relatively large area of wafer 12 is illuminated to de 
velop an accurate Fourier transform pattern of the re 
dundant circuit patterns, but a lens of relatively small 
object field diameter collects the light diffracted by the 
illuminated area to minimize the introduction of aberra 
tions into the Fourier transform pattern as it is formed. 
A previously fabricated spatial filter 50 of the present 

invention is positioned in the back focal plane 46 of lens 
section 34. Spatial filter 50 blocks the spatial frequencies 
of the error-free Fourier transform of the illuminated 
circuit patterns 16 of dies 14 but allows the passage of 
light originating from possible nonperiodic defects in 
such dies. The defect-carrying light rays 52 not blocked 
by spatial filter 50 strike an inverse Fourier transform 
lens section 54, which is shown schematically as a single 
lens but includes four lens elements as described in U.S. 
Pat. No. 4,806,774 of Lin et al. Lens section 54 performs 
the inverse Fourier transform on the filtered light pat 
tern of the illuminated wafer circuit patterns 16. Lens 
section 54 may be positioned a distance of one focal 
length away from back focal plane 46 of lens section 34. 
The elements of lens sections 34 and 54 are aligned 
along the same optic axis 56, and translation stage 40 
moves circuit patterns 16 across optic axis 56 to form on 
a light-sensitive surface 57 of a photodetector array 58 
images of the nonperiodic defects in circuit patterns 16. 
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FIG. 4 is a photograph of an exemplary Fourier 
transform pattern 45 that is formed in back focal plane 
46 of Fourier transform lens section 34 and includes a 
regular array of spots 47 of light mutually spaced apart 
by a distance corresponding to the size of the unit cells 5 
16 of wafer 12. The array defines a grid of imaginary 
intersecting horizontal rows 62a, 62b, 62c, and 62d and 
vertical columns 64a, 64b, 64c, and 64d that intercon 
nect adjacent light spots 47. The distances 66 between 
the centers of next adjacent spots in any row or in any 10 
column are the same. Light spots 47 lying along row 
62a and column 64a define, respectively, a horizontal 
axis and a vertical axis that include zero diffraction 
order light spots. The horizontal axis and vertical axis 
are aligned with the X-axis 18 and Y-axis 20, which are 15 
defined in FIG. 1 relative to the orientation of wafer 12 
from which light spots 47 are produced. The rows and 
columns of light spots 47 located at increasing distances 
from horizontal axis 62a and vertical axis 64a include 
light spots 47 of increasing diffraction order. More 20 
specifically, rows 62b and columns 64b include first 
order light spots; rows 62c and columns 64c include 
second order light spots; and rows 62d and columns 64d 
include third order light spots. 
FIG. 4 shows that the center spot 68 has the largest 25 

diameter and is located at the intersection of horizontal 
axis 62a and vertical axis 64a. The sizes of light spots 47 
decrease with increasing diffraction order and with 
increasing distance from center spot 68. 
FIG. 5 is an enlarged diagram of a preferred design of 30 

spatial filter 50, which is adapted for unit cell circuit 
patterns 16 of sizes within a given range and is one 
example of a number of spatial filters included in a spa 
tial filter library (not shown). Spatial filter 50 includes 
an array of multiple parallel opaque stripes 70a, 70b, and 35 
70c of different widths positioned on a transparent sub 
strate 72. 

Stripes 70a–70c are positioned on spatial filter 50 to 
block the transmission of light from light spots 47 in the 
respective rows 62a-62c of Fourier transform pattern 40 
45. (A pair of stripes blocking light from rows 62d have 
been omitted for purposes of clarity only.) The widths 
of and the distances separating next adjacent stripes for 
each filter in the spatial filter library are determined by 
several factors, which relate in part to the unit cell size. 45 
The following relationships hold for a particular filter 
design covering a specified range of unit cell sizes. 

First, the center-to-center distances separating adja 
cent stripes depend on the unit cell size. This is so be 
cause light spots 47 produced from unit cells 16 of de-50 
creasing size are separated by increasing distances. 

Second, center stripe 70a is of a particular stripe 
width 76a, and nonzero order stripes 70b and 70c are of 
respective increasing stripe widths 76b and 76c for each 
increasing diffraction order. The width 76b of first non- 55 
zero order stripes 70b is, in part, proportional to the 
range of unit cell sizes to be covered by the filter. The 
width 76c of second nonzero order stripes 70c is twice 
that of width 76b of first order stripes 70b. The widths 
of higher order stripes are, in general, set in accordance 60 
with the expression 

where n is the diffraction order, his the width of an nth 65 
order stripe, and his the width of the first order stripe. 
It follows, therefore, that an increase in the range of unit 
cell sizes requires an increase in stripe width. 

6 
Third, as indicated in FIG. 4, light spots 47 are of 

different sizes, depending on their proximity to center 
spot 68. 

In summary, the stripe widths of spatial filter 50 are 
determined by the range of unit cell sizes and by the 
range of spot sizes in the Fourier transform patterns 
covered by spatial filter 50. 
The center-to-center spacing distance 78 between 

adjacent stripes of a spatial filter 50 covering a range of 
unit cell sizes is preferably the same for all stripes. It 
will be appreciated that, although width 76a of the 
center or zero order stripe 70a is sufficient to block light 
coming from the largest light spots 47 in Fourier trans 
form pattern 45, zero order stripe 70a is the narrowest 
stripe shown in FIG. 5. 
A strategy for determining an appropriate range of 

unit cell sizes is to select a particular initial size of unit 
cell 16, which sets the upper boundary for the range, 
and increase the range of unit cell sizes until a specified 
minimum transmission ratio for the filter is reached. 
The transmission ratio of spatial filter 50 is defined as 
the area between the filter stripes divided by the total 
area of the circle. In a preferred embodiment, the mini 
mum transmission ratio is 0.45. As was stated above, 
increasing the unit cell size increases the stripe widths 
and thereby reduces the light transmissive area of spa 
tial filter 50. Therefore, the unit cell size that gives 
stripes whose total area equals 55 percent of the total 
circular area of spatial filter 50 represents the lower 
boundary of the range of unit cell sizes. 

This strategy not only sets the unit cell size range for 
the filter but also sets the starting point, i.e., upper 
boundary, of the next highest successive order spatial 
filter in the library. To ensure filtering over adjacent 
spatial frequency bands, the frequency intervals cov 
ered by spatial filters in next successive order must be 
closed and overlap at the lower boundary of the lower 
order filter. (The term "adjacent spatial frequency 
bands' as used in this context refers to the fundamental 
spatial frequency for a given unit periodicity.) 

FIG. 6 is a diagram showing the overlap of the upper 
boundary points of successive filters 80 and 82 in the 
library. Filter 80 includes spots 84 and 86 representing, 
respectively, the upper and lower boundaries of the unit 
cell size range. Filter 82 includes spots 88 and 90 repre 
senting, respectively, the upper and lower boundaries of 
the unit cell size range. Filter 82 overlaps filter 80 only 
at one point, which is represented by spot 88, in the 
frequency domain. Spot 88 has a spot diameter 92 that 
represents the overlap frequency. The reason for a finite 
spatial overlap, which is equal to the spot diameter at 
the single overlap frequency, is that there is a finite 
object field for the Fourier transform and a practical 
limit of lens resolution. (In the limit of infinite object 
field and lens resolution, the spatial overlap shown in 
FIG. 6 reduces to a single point overlap in the fre 
quency domain.) 
FIG. 7 is a graph 120 showing the number of spatial 

filters 50 required in a spatial filter library for square 
and rectangular unit cell circuit patterns 16 of different 
sizes. For example, a spatial filter library covering unit 
cell circuit pattern sizes of between 250 microns and 400 
microns requires approximately 2440 filters, which is 
calculated as the difference between the number of 
filters required for unit cell circuit patterns 16 of up to 
400 microns in size (i.e., 2840 filters) and the number of 
filters required for unit cell circuit patterns 16 of up to 
250 microns in size (i.e., 400 filters). 
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FIG. 8 shows a first preferred embodiment in which 
each of spatial filters 50 in the library is an assembly 96 
of three glass plates including a photographic plate 98 
sandwiched between two outer glass plates 100 and 102. 
Photographic plate 98 is shown with an exaggerated 
curved surface profile to indicate a nonuniform surface 
flatness for both sides of the plate. The nonuniform 
surface flatness introduces wavefront phase distortion 
to incident light. To minimize such phase distortion, 
outer plates 100 and 102 with highly uniform optically 
flat surfaces are positioned on either side surface of 
plate 98. Since the glass material forming plates 98, 100, 
and 102 have about the same index of refraction, index 
matching glue layers 104 deposited between the inner 
surfaces of outer plates 100 and 102 and the outer sur 
faces of photographic plate 98 holds assembly 96 to 
gether, compensating for surface flatness differences 

10 

15 

and providing a uniform index of refraction for the 
assembly. 
FIG. 9 shows a second preferred embodiment in 

which a library of spatial filters 50 is formed on a strip 
of photographic film 110 that is stored on a pair of 
spools 112 contained within a film storage cartridge 
114. The surface of the film 110 typically does not have 
sufficient flatness to minimize the amount of phase dis 
tortion created by the spatial filter. To minimize such 
phase distortion, film 110 is immersed in an index 
matching fluid 116 that is captured within an optical 
gate 118, the fluid 116 having an index of refraction 
matched to that of film 110. Optical gate 118 has two 
substantially parallel, optically flat windows 120a and 
120b supported by respective window assemblies 122a 
and 122b between which fluid 116 is captured. 
Window assemblies 122a and 122b are separable so 

that a spatial filter 50 can be accessed by a computer 
controlled motor (not shown) driving one of the spools 
112 in film storage cartridge 114. Once a selected spatial 
filter 50 on film 110 is accessed and aligned with win 
dows 120a and 120b, window assemblies 122a and 122b 
are moved close together to secure them against the 
opposite sides of film 110 and thereby immerse film 110 
in index-matching fluid 116. Alternatively, film car 
tridge 114 may be permanently immersed within index 
matching fluid 116 in a fixedly closed optical gate (not 
shown). Although of a configuration simpler than that 
of optical gate 118, a closed optical gate suffers from the 
disadvantages of generating relatively large amounts of 
heat and turbulence in the index matching fluid during 
the selection of a particular spatial filter 50. 

In a third preferred embodiment, each of the spatial 
filters in the library includes a pattern of stripes 70a-70c 
that are formed of chrome-on-optically flat glass sub 
strate. A robotic handler (not shown) transfers a se 
lected one of spatial filters 50 from a storage tray to the 
appropriate location on optic axis 56. The spatial filters 
50 may be manufactured by etching a chromium film 
from a glass substrate by means of a conventional pho 
toresist lithography process. Such filters typically have 
sufficient flatness to satisfy the requisite minimum phase 
distortion criterion. 

It will be obvious to those having skill in the art that 
many changes may be made in the above-described 
details of the preferred embodiment of the present in 
vention without departing from the underlying princi 
ples thereof. For example, certain specimens such as 
liquid crystal display panels have less unit cell pattern 
deviation among different types of liquid crystal display 
panels. As a consequence, the spatial filter stripe widths 
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8 
could be predicted with greater accuracy. It is possible 
in such instances that the optimum stripe width distribu 
tion may differ from the above-described formulation of 
increasing stripe width as a function of increasing dif 
fraction order for multiple integrated circuit dies having 
redundant die circuit patterns. The scope of the present 
invention should, therefore, be determined only by the 
following claims. 
We claim: 
1. In an imaging system for detecting nonperiodic 

defects in a specimen having a repetitive unit cell pat 
tern, the system including a lens arrangement positioned 
along an optic axis to form a pattern of light diffracted 
by the specimen, the light pattern including spots of 
light representing the spatial frequency spectrum of the 
repetitive unit cell pattern of the specimen, the light 
spots being arranged in rows and being mutually spaced 
apart by distances corresponding to the size of the re 
petitive unit cell pattern, a spatial filter for receiving 
and blocking the light spots of multiple specimens 
whose repetitive unit cell patterns vary over a range of 
sizes, comprising: 
an array of plural substantially parallel opaque stripes 

positioned on a substantially transparent substrate, 
the opaque stripes including a center stripe and a 
pair of stripes positioned on either side of the cen 
ter stripe, the center stripe having a center stripe 
width and the pair of stripes having a first stripe 
width that is greater than the center stripe width, 
the stripes being spaced apart by distances corre 
sponding to the size of the repetitive unit cell pat 
ten. 

2. The filter of claim 1 in which next adjacent stripes 
are separated by center-to-center distances and the pair 
of stripes are separated from the center stripe by equal 
center-to-center distances. 

3. The filter of claim 1 in which the pair of stripes 
define a first pair, and further comprising a second pair 
of stripes separated from each other by the center stripe 
and the first pair of stripes, the second pair of stripes 
having a second stripe width that is greater than the first 
stripe width. 

4. The filter of claim 3 in which the second stripe 
width is twice the first stripe width. 

5. The filter of claim 1 in which the substantially 
transparent substrate includes a photographic film. 

6. The filter of claim 5 in which the photographic film 
is supported between a pair of optical windows and in 
contact with a fluid having an index of refraction similar 
to that of the photographic film, the optical windows 
being aligned with the optic axis. 

7. In an imaging system for detecting nonperiodic 
defects in a specimen having a repetitive unit cell pat 
tern, the system including a lens arrangement positioned 
along an optic axis to form a pattern of light diffracted 
by the specimen, the light pattern including spots of 
light representing the spatial frequency spectrum of the 
repetitive unit cell pattern of the specimen, the light 
spots being arranged in rows and columns and being 
mutually spaced-apart by distances corresponding to 
the size of the repetitive unit cell pattern, a library of 
spatial filters each of which is adapted to receive and 
block the spatial frequency light spots of multiple speci 
mens whose repetitive unit cell patterns vary over a 
range of sizes comprising: 

a first spatial filter having a first set of plural noninter 
secting opaque stripes spaced apart on a substan 
tially transparent substrate, the opaque stripes hav 
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ing stripe widths corresponding to the orders of 
diffraction of the spatial frequency components 
formed from specimens having unit cell patterns of 
sizes within the first range of sizes; and 

a second spatial filter having a second set of plural 
nonintersecting opaque stripes spaced apart on a 
substantially transparent substrate, the opaque 
stripes having stripe widths corresponding to the 
plural orders of diffraction of the spatial frequency 
components formed from specimens having unit 
cell patterns of sizes within a second range of sizes 
that is substantially nonoverlapping of the first 
range of sizes. 

8. The filter library of claim 7 in which the noninter 
secting opaque stripes of each of the first and second 
spatial filters are in generally parallel orientation. 

9. The filter library of claim 7 in which each of the 

5 

O 
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first and second spatial filters includes a center stripe 
and a first pair of stripes positioned generally parallel to 
and on either side of the center stripe. 

10. The method of claim 9 in which the center stripe 
is of lesser thickness than either one of the first pair of 
stripes. 

11. The filter library of claim 9 in which the first pair 
of stripes is separated from the center stripe by equal 
center-to-center distances. 

12. The filter library of claim 7 in which each of the 
first and second filters includes a center stripe of prede 
termined width, the width of the center stripe of the 
first filter differing from that of the second filter. 
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13. In an imaging system for detecting nonperiodic 

defects in a specimen having a repetitive unit cell pat 
tern, the system including a lens arrangement positioned 
along an optic axis to form a pattern of light diffracted 
by the specimen, the light pattern including spots of 
light representing the spatial frequency spectrum of the 
periodic pattern of the specimen, the light spots being 
arranged in rows and being mutually spaced apart by 
distances corresponding to the size of the repetitive unit 
cell pattern, a method of providing a spatial filter for 
receiving and blocking the light spots of multiple speci 
mens whose repetitive unit cell patterns vary over a 
range of sizes, comprising: 
generating a spatial filter having multiple noninter 

secting, spaced-apart stripes of different widths 
corresponding to the range of unit cell sizes of the 
specimens. 

14. The method of claim 13 in which the spatial filter 
includes a center stripe and a first pair of stripes posi 
tioned generally parallel to and on either side of the 
center stripe. 

15. The method of claim 14 in which the center stripe 
is of lesser thickness than either one of the first pair of 
stripes. 

16. The method of claim 14 in which the first pair of 
stripes is separated from the center stripe by center-to 
center distances of the same amount. 

17. The method of claim 13 in which the stripes are in 
generally parallel orientation. 
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