
;e3e$$pVb6Ttc 2 9 DEC 20p3 1 DEFECT DETECTION APPARATUS AND STORAGE MEDIUM
READABLE BY COMPUTER 5 Technical Field The present invention relates to a
defect detection apparatus which irradiates inspection objects such as a
semiconductor wafer with an illuminating 10 light and performs defect
inspection based on an image of the light from the inspection object, and a
storage medium readable by a computer, in which a program is stored.
Background Art 15 For example, in a semiconductor manufacturing process,
macro inspection of damage, dust, surface irregularity, dirt, and the like
in a semiconductor wafer surface, is performed. This macro inspection
comprises: irradiating the semiconductor wafer surface 20 with an
illuminating light; picking up images of regular reflected light,
diffracted light, and scattered light by an image pickup apparatus; and
image-processing the image data to detect defects such as damage, dust,
surface irregularity, and dirt in the 25 semiconductor wafer surface. FIG.
3 is a schematic diagram of a macro inspection apparatus according to
related art. A semiconductor wafer 2 is laid on a stage l, an    2 9 DEC
2pp3 2 illuminating unit 3 is disposed obliquely above the wafer, and an
image pickup unit 4 is disposed in an opposite position with respect to the
illuminating unit 3 with respect to the semiconductor wafer 2. In the 5
macro inspection apparatus, when the semiconductor wafer 2 is irradiated
with the illuminating light from the illuminating unit 3, and the image of
a diffracted light from the semiconductor wafer 2 is picked up by the image
pickup unit 4, an illuminating angle is 



10 variably set with respect to the semiconductor wafer 2 in order to
detect the diffracted light. In the setting method of the illuminating
angle, while the semiconductor wafer 2 is irradiated with the illuminating
light from the illuminating unit 3; the 15 illuminating angle, that is, the
inclination angle of the illuminating unit 3 with respect to the
semiconductor wafer 2 is varied, for example, in a range of +20 to -20.
Subsequently, the image of the diffracted light from the semiconductor
wafer 2 is 20 picked up by the image pickup unit 4, the angle at which
primary diffracted light can be taken in is obtained from the image data,
and the illuminating unit 3 is set to the angle. However, the semiconductor
wafers 2 to be 25 inspected include a wafer in which the shape and
direction of the pattern of a formed chip differ with each type of wafer,
and a wafer in which the pitch of   ~ 9 DEG 2003 3 the pattern differs. It
is assumed that these semiconductor wafers 2 are inspected. Then, every
time the type of the semiconductor wafer 2 changes, the illuminating angle
is varied, for example, in a range 5 of +20 to -20. While the picked-up
image data is referred to, the angle of incidence for satisfactorily taking
in the primary diffracted light has to be obtained to set the inclination
angle of the illuminating unit 3, and much time is required for the 10
inspection. Moreover, because of a difference of the shape, direction, or
pitch of the pattern of the chip formed in the semiconductor wafer 2, the
angle of incidence and the direction for the image pickup unit to 



15 satisfactorily take in the diffracted light from the pattern on the
semiconductor wafer 2 differ. Therefore, the illuminating unit 3 cannot
necessarily be set to an angle and direction optimum for taking in the
diffracted light. 20 An object of the present invention is to provide a
defect detection apparatus in which illuminating light can be set to an
optimum angle to take in diffracted light necessary for performing an
inspection. Another object of the present invention is to 25 provide a
storage medium readable by a computer, in which a program for setting the
illuminating light to the optimum angle to take in the diffracted light   ~
9 DEC 20D3 4 necessary for performing the inspection is stored. Disclosure
of Invention According to the present invention, there is provided a defect
detection apparatus comprising: an 5 illuminating unit which irradiates an
inspection object with an illuminating light; and an image pickup unit
which picks up an image of a diffracted light from the inspection object to
perform defect inspection of the inspection object from image data picked
up by the 10 image pickup unit, the apparatus further comprising: a
diffraction angle calculation unit to obtain the diffraction angle of the
illuminating light with respect to the inspection object, which is optimum
for picking up the image of the diffracted light, based on 15 design
information of the inspection object; and an illuminating setting unit
which sets the angle of incidence of the illuminating unit to the
diffraction angle calculated by the diffraction angle calculation unit. 



20 Brief Description of Drawings FIG. 1 is a diagram showing a
configuration of a defect detection apparatus according to an embodiment of
the present invention; FIG. 2 is a luminance distribution diagram 25
obtained when the angle of an illuminating light is varied in the defect
detection apparatus according to the embodiment of the present invention;
and   2 g DEC 2003 5 FIG. 3 is a schematic diagram of a macro inspection
apparatus according to a related-art example. Best Mode for Carrying Out
the Invention 5 An embodiment of the present invention will be described
hereinafter with reference to the drawings. FIG. 1 is a diagram showing a
configuration of a defect detection apparatus according to the embodiment
of the present invention. In FIG. 1, the same 10 components as those of
FIG. 3 are denoted, with the same reference numerals. The defect detection
apparatus shown in FIG. 1 detects defects with respect to inspection
objects in which a regular pattern is formed in a substrate surface, such
as a semiconductor wafer, 15 and a glass substrate of a flat panel display
such as a liquid crystal. A semiconductor wafer 2 which is an inspection
object is laid on a stage 1. Above the stage 1, a linear illuminating unit
3 and an image pickup unit 4 20 including a line sensor camera are
disposed. The illuminating unit 3 is disposed so that an optical axis is
inclined at a predetermined angle with respect to the surface of the
semiconductor wafer 2, and irradiates the semiconductor wafer 2 surface
with a 



25 linear illuminating light. The image pickup unit 4 is disposed so that
the optical axis is inclined at the predetermined angle with respect to the
surface of the   2 9 DEC 2003 6 semiconductor wafer 2, and picks up an
image of diffracted light from the semiconductor wafer 2 surface generated
by the illuminating from the illuminating unit 3 for each line. It is to be
noted that the image 5 pickup unit 4 is fixed in an inclined state of the
optical axis at the predetermined angle. Moreover, the illuminating unit 3
is rotatably disposed so that an inclination angle with respect to the
semiconductor wafer 2 surface can be adjusted in a predetermined 10 range,
and can be fixed in a desired position by an electric or mechanical
stopper. A detection apparatus main body 10 is connected to an image pickup
unit 4, image display unit 5, stage transfer rotation control unit 6,
optical system 15 control unit 7, illuminating angle control unit 8, and
substrate conveyance unit 9. The optical system control unit 7 and
illuminating angle control unit 8 are connected to the illuminating unit 3.
The stage transfer rotation control unit 6 is connected to the 20 stage 1.
The detection apparatus main body 10 has a function of executing various
types of control necessary for automatically setting an angle of incidence
(inclination angle) and illuminating 25 direction with respect to the
semiconductor wafer 2 surface of the illuminating unit 3. The detection
apparatus main body 10 sets an angle of incidence and   



2 9 DEC 2003 7 illuminating direction of the illuminating unit 3, which are
optimum for picking up an image of n-dimensional (natural number, n = 1, 2,
...) diffracted light necessary for performing the defect 5 inspection of
the semiconductor wafer 2. In the detection apparatus main body 10, a main
control unit 11 including a computer (CPU) is connected to a program memory
12, image memory 13, input unit 14, output unit 15, and inspection result
memory 20. Furthermore, when 10 the program stored in the program memory 12
is executed, functions of a diffraction angle calculation unit 16,
luminance distribution calculation unit 17, illuminating setting unit 18,
and defect inspection unit 19 work. 15 The program memory 12 can be read by
the main control unit 11. In the program memory 12, a control program
relating to the defect detection is stored comprising: obtaining the angle
of incidence of the illuminating light with respect to the semiconductor 20
wafer 2 by the fixed image pickup unit 4, which is optimum for picking up
the image of the diffracted light, based on design information of the
semiconductor wafer 2; and executing a control so as to rotate the
illuminating unit 3 to the diffraction angle. An image 25 signal output
from the image pickup unit 4 is digitized by an A/D converter (not shown),
and the image data is stored in the image memory 13.   2 9 DEC 2003 s The
input unit 14 has a function of taking in various information such as
design information of the semiconductor wafer 2 input from a predetermined
database or input, for example, using a keyboard or 5 mouse by an
inspector, and a wavelength of the illuminating light output from the
illuminating unit 3. It is to be noted that the design information includes
a pattern pitch, reflectance, pattern shape, film thickness, and the like
of the semiconductor wafer 2. 10 The diffraction angle calculation unit 16
obtains the angle of incidence of the illuminating light with respect to
the semiconductor wafer 2, which is optimum for picking up the image of the
diffracted light from the semiconductor wafer 2 by the image pickup unit 4,
15 based on the design information of the semiconductor wafer 2 taken in
from the input unit 14. Moreover, the diffraction angle calculation unit l6
obtains the diffraction angle of the desired in-dimensional diffracted
light in the diffracted lights from the 20 semiconductor wafer 2. In this
case, the inspector operates the keyboard or mouse of the input unit 14 to
set the desired n-dimensional diffracted light. The diffraction angle
calculation unit 16 has a function of calculating the angle of incidence of
the 



25 illuminating light corresponding to the optimum diffraction angle with
respect to the semiconductor wafer 2 whose image is picked up by the image
pickup unit 4 as described above. Concretely, for example, the primary
diffraction angle can be   2 9 DEC 2003 9 obtained by calculation of the
following equation (1). That is, assuming that the diffraction angle is 8d,
the angle of incidence of the illuminating light is 6i, a diffraction order
is m, the pattern pitch of the 5 semiconductor wafer 2 is p, and the
wavelength of the illuminating light is (err), the following equation
results: sin6d-sin6i = m~,/p ... (1). The diffraction angle calculation
unit 16 calculates 10 the above equation (1) to obtain the diffraction
angle Ad. It is to be noted that the above equation (1) is derived as
follows. For diffraction conditions, the diffracted light generated from a
plane lattice 15 (pattern) including a two-dimensional period structure
satisfies the following condition. Kd' - +Ki' G . . . ( 2 ) Ki': component
parallel to a lattice plane of a wave number vector Ki of the incident
light 20 (illuminating light) Kd': component parallel to the lattice plane
of a wave number vector Kd of the diffracted light G: inverted lattice
vector of the plane lattice Here, when the plane lattice is limited to a
one25 dimensional lattice, and an incidence surface is a plane vertical to
a length direction of the lattice, the equation (2) turns to the following:
2 9 DEC 2~3 



to ndkOsin6d = nikOsin6i+mK ... (3), ni: refractive index on the incidence
side, nd: refractive index on the diffraction side, 6i: angle of incidence,
6d: diffraction angle, 5 wherein: k0 = 2Q/,0, ~,0: wavelength of the light
(in vacuum) ; K = 2Q/p, p: period of lattice (pattern pitch); m:
diffraction order; 10 nd = ni = 1, and the equation (3) turns to the
following: sin6d-sin6i = m~,/p. When the angle of incidence of the
illuminating unit 3 is varied, for example, in a range of +20 to 15 -20,
the luminance distribution calculation unit 17 reads the image data
obtained by the image pickup in the image pickup unit 4 from the image
memory 13, and obtains an actual luminance distribution with respect to the
angle of incidence of the illuminating light 20 shown in FIG... 2 from the
image data. The illuminating setting unit 18 sends a command for setting
the angle of incidence of the illuminating unit 3 corresponding to an
m-dimensional diffraction angle calculated by the diffraction angle
calculation 25 unit 16 to the illuminating angle control unit 8 via the
output unit 15. Moreover, the illuminating setting unit 18 compares the
actual luminance distribution obtained by the luminance distribution
calculation unit   2 9 DEC 2~3 11 17 with the diffraction angle calculated
by the diffraction angle calculation unit 16, and selects an angle of a
luminance peak in the luminance distribution which agrees with or is
closest to this diffraction 5 angle as the diffraction angle. The
illuminating setting unit 18 sends a command for setting the angle of
incidence of the illuminating unit 3 to the selected diffraction angle to
the illuminating angle control unit 8 via the output unit 15. 10 In
accordance with the instruction from the illuminating setting unit 18; the
illuminating angle control unit 8 rotates the illuminating unit 3 so as to
obtain the diffraction angle optimum for picking up the image of the
diffracted light in the image pickup unit 4 15 and sets the angle of
incidence with respect to the semiconductor wafer 2. Moreover, the
illuminating angle control unit 8 and stage transfer rotation control unit
6 also have a function of integrally rotating the illuminating unit 3 in a
parallel state with the 20 semiconductor wafer 2 above the semiconductor
wafer 2 and two-dimensionally varying a direction in which the
semiconductor wafer 2 is irradiated with the illuminating light. It is to
be noted that instead, of varying the direction for irradiating the
semiconductor wafer 2 25 with the illuminating light by the illuminating
angle control unit 8, the stage transfer rotation control unit 6 rotates
the stage 1, and the direction in which the   



~ 9 DEC 2003 12 semiconductor wafer 2 is irradiated with the illuminat ing
light may also two-dimensionally be varied. After setting the illuminating
unit 3 to the angle of incidence with respect to the semiconductor wafer 2
5 so that the optimum diffracted light is taken into the image pickup unit
4, the defect inspection unit 19 reads the image data obtained by the image
pickup in the image pickup unit 4 from the image memory 13, and
image-processes the image data to detect the defects 10 such as the damage,
dust, surface irregularity, and dirt in the surface of the semiconductor
wafer 2. The inspection result memory 20 stores information such as a type,
number, position, and area of the defects detected by the defect inspection
unit 19. The image 15 display unit 5 displays the information such as the
type, number, position, and area of the defects detected by the defect
inspection unit 19. The stage transfer rotation control unit 6 moves the
stage 1 on which the semiconductor wafer 2 is laid 20 in one direction (X
direction) at a pitch synchronized with the image pickup in the image
pickup unit 4, and also controls the rotating and positioning of the stage
1. To rotate the semiconductor wafer 2, the stage 1 itself can also be
rotated, but it is preferable to 25 dispose a rotary stage on which the
semiconductor wafer 2 is to be laid on the stage 1 movable along one axis
and to rotate the rotary stage.   2 9 DEC 2003 13 The optical system
control unit 7 controls the light amount of the illuminating unit 3, and
executes a control to insert an interference filter (not shown) in
acquiring an interference image. The illuminating 5 angle control unit 8
controls the angle of incidence with respect to the semiconductor wafer 2
surface of the illuminating unit 3 in response to the instruction of the
main control unit 11 as described above. The substrate conveyance unit 9
takes the semiconductor 



10 wafers 2 one by one from a storage stacker (cassette) (not shown) to lay
the wafer on the stage d, and returns the semiconductor wafer 2 on the
stage 1 into the stacker after the defect inspection. Operation of the
defect detection apparatus 15 configured as described above will be
described hereinafter. First, the substrate conveyance unit 9 removes the
semiconductor wafer 2 which is the inspection object from the stacker (not
shown), and conveys and lays the wafer onto the stage 1. 20 Subsequently,
the stage transfer rotation control unit 6 positions the stage 1 on which
the semiconductor wafer 2 is laid. Thereafter, the following defect
inspection method is executed with respect to the semiconductor wafer 2. 25
A first defect inspection method will be described. First, the method
comprises: taking the design information of the semiconductor wafer 2, such
2: 9 DEC 2003 14 as the pattern pitch, reflectance, pattern shape, and film
thickness of the semiconductor wafer 2, and the wavelength of the
illuminating light output from the illuminating unit 3 into the detection
apparatus main 5 body 10 via the input unit 14 from a predetermined
database or by the operation of the keyboard or mouse by the inspector.
This design information of the semiconductor wafer 2 is sent to the
diffraction angle calculation unit 16. 10 The main control unit 11 reads
the program in the program memory 12, and instructs the diffraction angle
calculation unit 16, illuminating setting unit 18, and defect inspection
unit 19 to operate. The diffraction angle calculation unit 16 calculates
the equation (1) 15 based on the design information of the semiconductor
wafer 2 taken in from the input unit 14, and obtains the angle of incidence
and illuminating direction of the illuminating light with respect to the
semiconductor wafer 2; which are optimum for picking up the image 20 of the
primary diffracted light from the semiconductor wafer 2 by the image pickup
unit 4. For example, with respect to the semiconductor wafer 2 in which
patterns such as DRAM are regularly arranged, the diffraction angle
calculation unit 16 performs the calculation 25 corresponding to a
narrowest pattern pitch. Moreover, 



with respect to the semiconductor wafer 2 in which the patterns such as LSI
are irregularly arranged, the   2;9 DEC 2003 15 diffraction angle
calculation unit 16 performs the calculation corresponding to the pattern
pitch at which a broad inspection is possible. Next, the illuminating
setting unit 18 receives 5 the angle of incidence corresponding to the m
dimensional diffraction angle calculated by the diffraction angle
calculation unit 16, and sends the command of the angle of incidence to the
illuminating angle control unit 8 via the output unit 15. Thereby, 10 the
illuminating unit 3 is set to the instructed angle of incidence by the
driving of the illuminating angle control unit 8. In this case, if there is
an instruction of the two-dimensional direction to irradiate the
semiconductor wafer 2 with the 15 illuminating light, the illuminating
angle control unit 8 integrally rotates the illuminating unit 3 in the
parallel state with the semiconductor wafer 2 above the semiconductor wafer
2, or rotates the staged and varies the direction to irradiate the
semiconductor 20 wafer 2 with. the illuminating light. In this state, the
illuminating light is output from the illuminating unit 3 under the control
of the optical system control unit 7 by the instruction of the main control
unit 11. Then, the semiconductor wafer 2 25 is irradiated with the
illuminating light with the optimum angle of. incidence and illuminating
direction to take in the m-dimensional diffracted light generated by the
pattern of the chip formed in the semiconductor   2 9 DEC 2003 16 wafer 2
or the difference of the pitch. It is to be noted that fine adjustment is
sometimes necessary for the angle of incidence of the illuminating unit 3
automatically set by an error between the manufactured 5 semiconductor
wafer 2 and design information as described above. In this case, the
inspector sends the command of the fine adjustment to the illuminating
angle control unit 8 from the input unit 14 via the output unit 15.
Thereby, the angle of the illuminating 10 unit 3 is adjusted in response to
the instruction by the driving of the illuminating angle control unit 8.
The image of the diffracted light or interference light from the
semiconductor wafer 2 is picked up by the image pickup unit 4, and the
image signal is output 15 from the image pickup unit 4. The image signal is
digitized by the A/D converter (not shown), and stored 



as the image data in the image memory 13 of the detection apparatus main
body 10. The defect inspection unit 19 reads the image data 20 obtained by
the image pickup of the image pickup unit 4 from the image memory 13,
image-processes the image data, and detects the defects such as the damage,
dust, surface irregularity, and dirt in the surface of the semiconductor
wafer 2. The defect inspection unit 19 25 stores the information of the
detected defect in the inspection result memory 20, and displays the
information in the image display unit 5.   Z 9 DEC 2pp3 17 Next, a second
inspection method will be described. First, the method comprises: taking
the design information of the semiconductor wafer 2, such as the pattern
pitch, reflectance, pattern shape, and 5 film thickness of the
semiconductor wafer 2, and the wavelength of the illuminating light output
from the illuminating unit 3 into the detection apparatus main body 10 via
the input unit 14 from the predetermined database or by the operation of
the keyboard or mouse 10 by the inspector. This design information of the
semiconductor wafer 2 is sent to the diffraction angle calculation unit 16.
The main control unit 11 reads the program in the program memory 12, and
instructs the diffraction angle 15 calculation unit 16, luminance
distribution calculation unit 17, illuminating setting unit 18, and defect
inspection unit 19 to operate. The diffraction angle calculation unit 16
calculates the above equation (1) to obtain the angle of incidence and
incidence 20 direction of the illuminating light with respect to the
semiconductor wafer 2, which are optimum for picking up the image of the
primary diffracted light from the semiconductor wafer 2 by the image pickup
unit 4, based on the design information of the semiconductor wafer 2 



25 taken in from the input unit 14. Next, the main control unit 11 issues a
command for varying the angle of incidence of the illuminating   2 9 DEC
Zpp3 is unit 3, for example, in a range of +20 to -20 to the illuminating
angle control unit 8 via the output unit 15. Thereby, by the driving of the
illuminating angle control unit 8, the angle of incidence of the 5
illuminating light with which the surface of the semiconductor wafer 2 is
irradiated from the illuminating unit 3 is varied in the range of +20 to
-20. At this time, the image pickup unit 4 picks up the image of the
diffracted light from the 10 semiconductor wafer 2, and outputs the image
signal. The image signal is digitized by the A/D converter (not shown), and
stored as the image data in the image memory 13 of the detection apparatus
main body 10. Next, the luminance distribution calculation unit 15 17 reads
the image data at the time when the angle of the illuminating unit 3 is
varied in the range of +20 to -20 as described above from the image memory
13, and obtains the actual luminance distribution with respect to the angle
of incidence of the illuminating 20 light from the image data as shown in
FIG. 2. Next, the illuminating setting unit 18 compares the actual
luminance distribution obtained by the luminance distribution calculation
unit 17 with the angle of incidence calculated by the diffraction angle 25
calculation unit 16, and selects the angle of the luminance peak in the
luminance distribution which 



agrees with or is closest to this angle of incidence as   2 9 DEC 2003 19
the diffraction angle. The illuminating setting unit 18 sends the command
for setting the angle of incidence of the illuminating unit 3 corresponding
to the selected diffraction angle to the illuminating angle 5 control unit
8 via the output unit 15. Thereby, the angle of incidence of the
illuminating unit 3 is set to the diffraction angle instructed by the
driving of the illuminating angle control unit 8. In this case, if there is
the instruction of the two-dimensional 10 direction to irradiate the
semiconductor wafer 2 with the illuminating light, the illuminating angle
control unit 8 integrally rotates the illuminating unit 3 in the parallel
state with the semiconductor wafer 2 above the semiconductor wafer 2, or
rotates the stage 1 and 15 varies the direction to irradiate the
semiconductor wafer 2 with the illuminating light. In this state, the
illuminating light is output from the illuminating unit 3 under the control
of the optical system control unit 7 by the instruction of the 20 main
control unit 11. Then, the semiconductor wafer 2 is irradiated with the
illuminating light with the optimum angle of incidence and illuminating
direction to take in the diffracted light generated by the pattern of the
chip formed in the semiconductor wafer 2 25 or the difference of the pitch.
It is to be noted that the fine adjustment is sometimes necessary for the
angle of incidence of the illuminating unit 3 automatically set by the
error   2 9 DEC ~ 20 between the manufactured semiconductor wafer 2 and
design information as described above. In this case, the inspector sends
the command of the fine adjustment to the illuminating angle control unit 8
from the input 5 unit 14 via the output unit 15. Thereby, the angle of the
illuminating unit 3 is adjusted in response to the instruction by the
driving of the illuminating angle control unit 8. The image of the
diffracted light or interference 10 light from the semiconductor wafer 2 is
picked up by the image pickup unit 4, and the image signal is output from
the image pickup unit 4. The image signal is digitized by the A/D converter
(not shown), and stored as the image data in the image memory 13 of the 15
detection apparatus main body 10. The defect inspection unit 19 reads the
image data obtained by the. image pickup of the image pickup unit 4 from
the image memory 13, image-processes the image data, and detects the
defects such as the damage, dust, 20 surface irregularity, and dirt in the
surface of the semiconductor wafer 2. The defect inspection unit 19 stores
the information of the detected defect in the inspection result memory 20,
and displays the information in the image display unit 5. 25 In the first
and second inspection methods, the diffraction angle calculation unit 16
obtains the optimum angle of incidence and illuminating direction of the
illuminating unit 3 for  



2. 9 DEC ~g 21 picking up the image of the diffracted light based on the
design information of the semiconductor wafer 2. However, when diffracted
lights other than the diffracted light obtained by setting the
automatically 5 set diffraction angle are easily observed depending on the
type of the semiconductor wafer 2, the inspector operates the keyboard or
mouse in the input unit 14 to designate the desired n-dimensional
diffracted light to the effect.. Thereby, the diffraction angle calculation
10 unit 16 obtains the optimum angle of incidence and illuminating
direction of the illuminating unit 3 for picking up the image of the
designated n-dimensional diffracted light based on the design information
of the semiconductor wafer 2. 15 Moreover, in the chip pattern formed in
the semiconductor wafer 2, which has two directions, the diffraction angle
calculation unit 1.6 can obtain the angle of incidence and illuminating
direction of the illuminating unit 3 with which the diffracted lights of 20
the respective chips can both be observed by the image pickup unit 4 in
both directions based on the design information of the semiconductor wafer
2. In this case, the image of the diffracted light generated by the
illuminating light output from the 25 illuminating unit 3 which has been
set is picked up by the image pickup unit 4. The image data is
imageprocessed by the defect inspection unit 19, and the defects of each
chip such as the   ~~.9 DEC 2003 22 damage, dust, surface irregularity, and
dirt can be detected in the semiconductor wafer 2 surface of the chip
pattern which has two directions. Moreover, in the semiconductor wafer 2
including a 5 three-dimensional hierarchy structure, the diffraction angle
calculation unit 16 can calculate the diffraction angle in each layer based
on the film thickness of the design information. Thereby, without
calculating the angle of the diffracted light by an influence of a 10
substrate of the semiconductor wafer 2, the diffraction angle is calculated
with respect to the diffracted light generated by the influence of the
surface layer, and the image can be picked up. Furthermore, the stage
transfer rotation control 15 unit 6 can execute rotation control together
with transfer control of the stage 1 as described above. For the rotation
control of the stage d, the control is executed in accordance with the
direction of the pattern of the semiconductor wafer 2 which is the 20
inspection object. While the semiconductor wafer 2 surface is irradiated
with the linear illuminating light from the illuminating unit 3, and the
stage 1 is moved in a linear direction (X direction). In this case, it is
sometimes impossible to pick up the image 25 of the diffracted light
depending on the direction of the pattern of the semiconductor wafer 2. For
example, when the direction of the pattern crosses at 90 with   



~~9 DEC 2003 23 respect to a line direction of the illuminating light, the
image of the diffracted light cannot be picked up. In this case, the stage
transfer rotation control unit 6 controls the rotation of the stage 1, and
rotates the 5 stage 1, for example, by 90 with respect to a vertical line
of the center. Thereby, since the direction of the pattern of the
semiconductor wafer 2 is the same as the line direction of the illuminating
light, the image of the diffracted light can be picked up. 10 Additionally,
the illuminating angle control unit 8 can three-dimensionally control the
inclination angle of the illuminating unit 3 with respect to the
semiconductor wafer 2 surface. In the above-described embodiment, since the
inclination angle of the 15 illuminating unit 3 with respect to the
semiconductor wafer 2 surface is two-dimensionally controlled, the image of
the diffracted light cannot necessarily be picked up in a high directivity
state. However, since the illuminating unit 3 is three-dimensionally 20
operated, the image of the diffracted light having a highest directivity
can be picked up in accordance with the pattern of the semiconductor wafer
2. Thereby, the image of the diffracted light can be picked up from the
pattern which has not been captured only by two 25 dimensionally
controlling the inclination angle. Moreover, even when the stage transfer
rotation control unit 6 controls and three-dimensionally rocks the stage
2 9 DEC 2003 24 1 instead of three-dimensionally controlling the
illuminating unit 3, the similar effect can be obtained. Moreover, the
illuminating unit 3 can be applied 5 to not only the irradiation with the
linear illuminating light but also the irradiation with a radial
illuminating light. In this case, the radial illuminating light is
converted to the line shape in the lens. 10 It is to be noted that in the
above-described present embodiment the semiconductor wafer 2 has been
described as the inspection object, but the present defect detection
apparatus can also be applied, for example, to the defect inspection of the
damage, dust, 15 surface irregularity, and dirt in a glass substrate
surface of a flat display such as a liquid crystal display. As described
above, in the present embodiment, the method comprises: obtaining the angle
of incidence of 20 the illuminating light with respect to the semiconductor
wafer 2, which is optimum for picking up the image of the diffracted
light., based on the design information of the semiconductor wafer 2 (e.g.,
the pattern pitch, reflectance, pattern shape, and film 25 thickness of the
semiconductor wafer 2, or the wavelength of the illuminating light output
from the illuminating unit 3); and setting the angle of   2 9 DEC 2009 25
incidence or illuminating direction of the illuminating unit 3 to the
calculated angle of incidence. Thereby, for example, even when the angle
and direction to take in the primary diffracted light change because of the



5 pattern of the chip formed in the semiconductor wafer 2 or the difference
of the pattern design of the pitch, the illuminating unit 3 can
automatically be set to the optimum angle of incidence and illuminating
direction for taking in the primary diffracted light, and much 10 time is
not required in the inspection. Moreover, when the other n-dimensional
diffracted lights are more easily observed depending on the type of the
semiconductor wafer 2, the desired n-dimensional diffraction data is
designated by the input unit 14, 15 and thereby the angle of incidence of
the illuminating unit 3 and direction optimum for picking up the image of
the diffracted light can be obtained based on the design information of the
semiconductor wafer 2. Furthermore, with respect to the chip pattern 20
formed in the semiconductor wafer 2, which has two directions, the angle of
incidence and direction of the illuminating unit 3 can be obtained based on
the design information of the semiconductor wafer 2 so that the diffracted
lights of the respective chips of the 25 opposite directions can both be
observed. Additionally, the actual luminance distribution obtained by the
luminance distribution calculation unit   2 9 DEC 2pp3 26 17 is compared
with the diffraction angle calculated by the diffraction angle calculation
unit 16, the angle of the luminance peak in the luminance distribution
which agrees with or is closest to this diffraction angle is 5 selected as
the diffraction angle, and the angle of incidence of the illuminating unit
3 is set so as to correspond to the diffraction angle. Thereby, for
example, even when the diffraction angle and diffraction direction to take
in the primary diffracted 10 light change because of the pattern of the
chip formed in the semiconductor wafer 2 or the difference of the pitch,
the illuminating unit 3 can automatically be set to the angle of incidence
and illuminating direction optimum for taking in the primary diffracted
light from 15 a self-measured luminance distribution, and much time is not
required in the inspection. The present invention is not limited only to
the above-described embodiment, and can appropriately be modified and
carried out in a range in which the scope 20 is not changed. Industrial
Applicability According to the present invention, there can be provided a
defect detection apparatus in which an illuminating light can be set to an
optimum angle for 25 taking in a diffracted light necessary for performing
inspection. Moreover, according to the present invention, there can be
provided a storage medium readable by a   2 9 DEC 2003 27 computer, in
which program for setting the illuminating light to the optimum angle for
taking in the diffracted light necessary for performing the inspection is
stored. 



2 9 DEC 2003 28 CLAIMS I. A defect detection apparatus comprising: an
illuminating unit which irradiates an inspection object with illuminating
light; and an image pickup unit which picks up an image of a diffracted 5
light from the inspection object to perform defect inspection of the
inspection object from image data picked up by the image pickup unit, the.
apparatus characterized by further comprising: a diffraction angle
calculation unit to obtain an 1,0 .angle of incidence of the illuminating
light with respect to the inspection object, which is optimum for picking
up the image of the diffracted light, based on design information of the
inspection object; an illuminating angle control unit which changes 15 an
angle of incidence of the illuminating unit with respect to the inspection
object; a luminance. distribution calculation unit which obtains a
luminance distribution with respect to the angle of incidence from the
image data of the image 20 pickup unit obtained by varying the angle of
incidence of the illuminating unit with respect to the inspection object by
the illuminating angle control unit; and' an illuminating setting unit to
compare the luminance distribution obtained by the luminance 25
distribution calculation unit with the angle of 



incidence calculated by the diffraction angle calculation unit and to set
the illuminating unit to   2 9 DEC 2~3 29 the angle of incidence
corresponding to a luminance peak, in the luminance distribution which is
closest to the angle of incidence. 2. A defect detection apparatus 5
according to claim f, characterized in that the diffraction angle
calculation unit obtains the angle of incidence of the illuminating light
with respect to the inspection object based on design information of the
inspection object and a diffraction order of designated 10 diffracted
light. 3. A defect detection apparatus according to claim 1, characterized
in that the diffraction angle calculation unit calculates the diffraction
angle with respect to a surface layer based 15 on a film thickness of the
design information with respect to a hierarchy structure of the inspection
object. 4. A defect detection apparatus according to claim 1, characterized
in that the 20 illuminating angle control unit comprises an input unit
which finely adjusts the angle of incidence of the illuminating unit set by
the illuminating setting unit. A defect detection apparatus according to
claim 1-, characterized in that the design 25 information of the inspection
object comprises at least one of pattern pitch, reflectance, pattern shape,
film thickness, and wavelength of the illuminating light.  



2 9 DEC 2003 30 6. A defect detection apparatus according to claim 1,
characterized in that the diffraction angle calculation unit assumes that
the diffraction angle is Ad, the angle of incidence of the 5 illuminating
light, is 6i, a diffraction order is m, the pattern pitch of the inspection
object is p, and a wavelength of the illuminating light is (err),
calculates sinAd-sin6i = m~,/p, and obtains the diffraction angle. ' 10 7.
A defect detection apparatus according to claim 1, characterized in that
the illuminating angle control unit further has a function of
rotating/controlling the illuminating unit using a center of the inspection
object as an axis, and two 15 ' dimensionally varies the angle 'of
incidence and incidence direction of the illuminating unit with respect to
the inspection object. 8. A defect detection apparatus according to claim
1', characterized in that the 20 illuminating angle control unit further
has a function of rotating/controlling a stage on which the inspection
object is .laid, and two-dimensionally varies the angle of incidence and
incidence direction of the illuminating unit with respect to the inspection
25 object . 9. . A defect detection apparatus according to claim 1,
characterized in that the   2 s DEC ?pp3 30a illuminating unit comprises a
line illuminating unit which irradiates the inspection object with linear
illuminating, further the image pickup unit comprises a line sensor camera
to pick up the image of the 5 diffracted light by a line illuminating light
with which the inspection abject is irradiated, and further 



'the inspection object is laid on a stage which is one dimensionally driven
in a direction intersecting the linear illuminating of the line
illuminating unit. 10 10. A defect detection apparatus according to claim
9, characterized in that the onedimensionally driven stage comprises a
rotary stage on which the inspection object is laid, has a function of
rotating/controlling the rotary stage, and rotates the 15 inspection object
with respect to an incidence direction of the illuminating unit. 11. A
storage medium readable by a computer, characterized in that a program is
stored to irradiate an inspection object with, illuminating light 20 from
an illuminating unit and to pick up an image of a diffracted light from the
inspection object by an image pickup unit and to inspect the inspection
object based on image data, the program allowing a computed to execute: 25
a step of calculating an angle of incidence of the illuminating light with
respect to the inspection object, which is optimum for picking up the image
of   2 9 DEC 2003 30b the diffracted light, based on design information of
the inspection object; a step of obtaining a luminance distribution with
respect to the angle of incidence of the illuminating 5 unit from the image
data acquired by varying the angle of incidence of the illuminating unit
with respect to the inspection object by the image pickup unit; and a step
of obtaining an angle of a luminance peak which is closest to the
calculated/obtained angle of 10 incidence as the angle of incidence of the
illuminating unit from the obtained luminance distribution to control the
incidence angle of the illuminating unit.
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