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1

METHOD AND APPARATUS FOR CREATING
IMAGING RECIPE

Matter enclosed in heavy brackets [ ]| appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue.

CROSS REFERENCE 10 RELATED APPLICATION

Notice: More than one reissue application has been filed

for Reissue Pat. No. 7,559,047. The reissue applications num-
bers arve Ser. No. 12/614,358, filed Nov. 6, 2009 (the present

application) and Ser. No. 12/621,307, filed Nov. 6, 2009 (a
continuation of Ser. No. 12/614,358), the contents of which

are incovporated herein by reference.

BACKGROUND OF THE INVENTION

The present invention relates to a method and apparatus for
creating 1maging recipe used to acquire 1mages at any posi-
tion on a sample with a critical-dimension scanning electron
microscope (CD-SEM) or the like. The imaging recipe
defines not only coordinates of imaging points of addressing
point and evaluation point (end measuring point), but also the
image templates or imaging conditions (or the like) that are
associated with the above coordinates. The mvention 1s also
concerned with an apparatus (SEM apparatus) for evaluating
shapes of patterns formed on semiconductor wafers.

Traditionally, CD-SEMs and the like are most commonly
used to mspect the workmanship of the highly accurate wiring
patterns formed on semiconductor waters. In SEM appara-
tuses such as the CD-SEMS, dimensionally critical points on
the semiconductor patterns to be inspected are observed as
measuring points through the SEM, then various dimensional
data on the patterns, such as wiring widths, are measured from
the images acquired during the observation process, and the
dimensional data 1s monitored to detect changes 1n process
parameters.

To perform these mspections, 1t 1s necessary to create the
imaging recipe that defines the coordinates of imaging points,
imaging conditions, image templates ol each imaging point,
and other data.

Japanese Patent Laid-Open Nos. 2002-328015 and 2000-
236007 disclose examples of a known technique for creating
imaging recipe used with such a SEM apparatus.

Japanese Patent Laid-Open No. 2002-3280135 describes a
semiconductor mnspection system constituted by two sub-
systems. One 1s a navigation system that stores CAD data and
other design information on a semiconductor water and uses
the stored design information to set the imaging/inspection
conditions including the regions of the semiconductor water
that are to be inspected. The other 1s a scanning electron
microscopic system that acquires images of the semiconduc-
tor wafer 1n accordance with the set imaging/inspection con-
ditions and 1s executed inspection of patterns. According to
Japanese Patent Laid-Open No. 2002-328013, this semicon-
ductor inspection system also has a function that detects the
position of an addressing point (AP) from the CAD data and
registers the CAD data of this detected position as a template.
In addition, this system has a function that acquires a SEM
image associated with the Al, then matches between the
acquired SEM 1mage and the registered CAD template at the
AP, and after re-registering as another template the SEM
image associated with the position of the CAD template, uses
the re-registered SEM template subsequently.
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Also, Japanese Patent Laid-Open No. 2000-236007
describes a method of creating sequence files for automatic

detection with a scanning electron microscope. This file-
creating method includes five process steps: acquiring design
data from CAD data; acquiring pattern data of any region
from the design data; extracting pattern contour edge data on
the basis of the pattern data; specifying from the pattern
outline edge data the sections to be measured; and setting
template edge data from the pattern outline edge data associ-
ated with the specified sections.

For the semiconductor inspection system described in
Japanese Patent Laid-Open No. 2002-328015, however, a
linear 1image created from the CAD data (for example, an
image on which only the boundary of a mask for forming
pattern on aresist is represented as edges) 1s used to determine
imaging points manually or automatically. Therefore, there
has been the problem that appropriate imaging points cannot
be selected because of a significant difference in visual or
apparent position between the above linear image and an
actual SEM 1mage.

Also, using the method based on optical simulation or
resist shape simulation, described in Japanese Patent Laid-
Open No. 2000-236007, requires setting resist information
(atomic composition ratio, film thickness, negative/positive
attribute, light transmittance, light absorption energy, and
others), the optical constants (wavelength, numerical aper-
ture, s, the kind of mask, and others) of the light exposure
apparatus used, developing agent information (composition,
developing rate coellicient, developing time, and others), and
other various simulation parameters. In addition, these simu-
lation parameters are not easy to set. Furthermore, the simu-
lation parameters could include those which vary according
to the particular position on the water surface or a particular
time.

SUMMARY OF THE INVENTION

The present invention relates to an apparatus and method
designed to create an 1imaging recipe (including: coordinates
of 1maging points, imaging conditions, and 1image template
information) for evaluating shapes of patterns by measuring
clectrical wiring widths and other various dimension values
of the patterns from observation 1mages. In the above appa-
ratus and method, analysis using CAD 1mages converted from
CAD data can create (generate) the imaging recipe automati-
cally and within a minimum time.

The present invention relates to an apparatus and method
for evaluating shapes of patterns formed on semiconductor
walers. In the apparatus and method, a SEM apparatus (or the
like) with an 1maging recipe creation device can be used to
measure at high speed and accurately a large number of
sections to be mspected, estimate semiconductor device char-
acteristics and manufacturing process states, and feed back
measurement and estimation results into various manufactur-
INg Processes.

More specifically, an aspect of the present invention 1s an
imaging recipe creation apparatus and method for creating an
imaging recipe for SEM-based observation of semiconductor
patterns by use of a scanning electron microscope. The above
apparatus and method comprise a CAD data file which
obtains by recerving and storing CAD data that contains
layout information of the above semiconductor patterns, and
a CAD immage creation unit which creates CAD 1mages by
converting the stored CAD data within the CAD data file into
image form. The apparatus and method are designed so as to
create the imaging recipe by using the CAD 1mages that have
been created by the CAD 1image creation unit.
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In addition, the CAD image creation unit 1n the above
aspect of the present invention includes an image-quantizing

width determination section which creates the above CAD
images by converting the above CAD data into image form by
use of the image-quantizing width determined from the CAD
data on the basis of reference pattern width to be noted. In the
image-quantizing width determination section, the reference
pattern width to be noted includes a minimum line width or
mimmum inter-pattern distance of the semiconductor pat-
terns to be noted. Furthermore, the CAD 1mage-creation unit
in the above aspect of the present invention 1s constructed so
that the mimimum line width or minimum 1nter-pattern dis-
tance of the semiconductor patterns 1s either calculated from
the CAD data automatically, assigned by a user, or calculated
from the CAD data automatically on the basis of user-set
parameters (conditions). Besides, the above reference pattern
width has its value specified in a header (or the like) of the
CAD data or displayed in GUI (Graphic User Interface)
screen mode. Moreover, 1f the reference pattern width differs
between the CAD data regions extracted, the CAD data 1s
converted into 1mage form with image-quantizing widths dii-
terent for each of the extracted CAD data regions. Determin-
ing 1mage-quantizing widths in this way prevents an image
s1ze from becoming redundant and makes 1t possible to gen-
erate the CAD 1images that have held a pattern structure to be
noted.

Another aspect of the present invention 1s a semiconductor
pattern shape evaluation apparatus that conducts SEM-based
observations on a semiconductor pattern formed on a semi-
conductor water 1n accordance with an 1maging recipe by
using a scanning electron microscope and evaluates a shape
and dimensions of the semiconductor pattern on the basis of
the SEM-based observations. The semiconductor pattern
shape evaluation apparatus includes an 1maging recipe cre-
ation device that creates the imaging recipe for the SEM-
based observations mentioned above.

According to the present invention, automatic determina-
tion of imaging points (including a part or all of an addressing
point, focusing point, stigmatism control point, brightness
and contrast control point, or end measuring point) or the like
from the CAD image 1s possible by using a CAD 1mage that
has been created based on 1image-quantizing width, assigned
brightness, geometrical deformation, and/or the like, for
which reason, the imaging creation that has conventionally
been manually conducted can be implemented more easily
and at higher speed.

According to the present invention, during actual observa-
tion of 1imaging points through a SEM, 1t 1s also possible to
match a CAD image (template) whose coordinates are known
and a SEM 1mage very accurately, and consequently to evalu-
ate a shape and dimensions of a pattern very accurately.

These and other objects, features, and advantages of the
invention will be apparent from the following more particular
description of preferred embodiments of the invention, as
illustrated in the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic block diagram showing an embodi-
ment of a SEM apparatus according to the present invention;

FIG. 2A 1s a perspective view schematically showing a
state of the electrons emitted from the surface of a semicon-
ductor water when the waler surface 1s scanned with focused
clectron beams 1n the SEM apparatus, and FIG. 2B 1s a dia-
gram showing a method of converting into 1mage form the
signal quantities obtained by detecting the electrons emitted
from the semiconductor water surface:
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FIG. 3 1s a diagram showing an example of an 1maging
sequence 1n the SEM apparatus according to the present
invention;

FIG. 4 1s a diagram of the CAD data showing various
imaging positions in a low-magnification image according to
the present invention;

FIG. SA 1s a diagram that shows layout data of design
patterns according to the present invention, and FIG. 3B 1s a
diagram showing an example of a file format of the layout
data;

FIG. 6 1s a diagram showing an example of a total process
flow 1n a CAD 1mage-creating unit according to the present
imnvention;

FIG. 7A 1s a diagram showing a process flow for determin-
ing a quantizing width of an 1mage after extracting a ROI, and
FIG. 7B 1s a diagram showing a process tlow for calculating
reference pattern width and determining a quantizing width
of an 1image before extracting a ROI;

FIG. 8A 1s a diagram showing a semiconductor pattern
shape, FIG. 8B 1s a diagram showing another semiconductor
pattern shape, FIG. 8C 1s a diagram showing yet another
semiconductor pattern shape, FIG. 8D 1s a diagram showing
a shape of a pattern to be formed on a water, and FIG. 8E 1s a
diagram showing the pattern shape derived by optical prox-
imity correction of CAD data;

FIG. 9A 1s a diagram showing a semiconductor pattern
shape 1n which a minimum inter-pattern distance 1s given as
714, FIG. 9B 1s a diagram showing a semiconductor pattern
shape 1n which a minimum inter-pattern distance 1s given as
717, and FIG. 9C 1s a diagram showing a semiconductor
pattern shape 1n which a minimum inter-pattern distance 1s
given by 721;

FIG. 10 1s a diagram showing a case 1n which an original
minimum line width cannot be determined because of one
pattern being split by a boundary of an extraction region;

FIG. 11A 1s a diagram showing a resist pattern formed on
a water, and FIG. 11B 1s a diagram showing two exposure
masks for forming the resist pattern of FIG. 11A;

FIG. 12 1s a diagram explaining an example of determining,
minimum line width by the number of votes;

FIG. 13A 1s a diagram showing a CAD 1mage created from
CAD data, FIG. 13B i1s a diagram showing a CAD 1mage of a

ROI created from CAD data, FIG. 13C 1s a diagram showing
a case 1n which a width 811 of a reference pattern on a CAD
image of a ROI created from CAD data 1s greater than a width
808 of the reference pattern 1in FIG. 13B, and FIG. 13D 1s a
diagram showing a CAD 1image formed so that a width of a
reference pattern becomes a pixel size;

FIG. 14 A 1s a diagram showing an example of a calculation
method for minimum line width, and FI1G. 1413 1s a diagram
showing an example of a calculation method for a minimum
inter-pattern distance;

FIG. 15A 15 a diagram showing a CAD image of a mask
pattern, FIG. 15B 1s a diagram showing a CAD 1mage of the
same mask pattern as that of FIG. 15 A, but different 1n image-
quantizing width, and FIG. 15C 1s a diagram showing a CAD
image of the same mask pattern as that of FIG. 15A, but
different from the CAD images of FIGS. 15A and 15B 1n
terms of 1mage-quantizing width;

FIG. 16A 1s a diagram showing an example of CAD 1mage
generation 1 which information on partial mask removal 1s
used as attribute information, the diagram representing a
binary image of a pattern color-coded 1n accordance with the
partial mask removal information, FIG. 16B i1s a diagram
showing a binary image of the same mask pattern as that of
FIG. 16 A, but different in 1mage-quantizing width, and FIG.
16C 1s a diagram showing a binary image of the same mask
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pattern as that of FIG. 16A, but different from the binary
images of FIGS. 16A and 16B in terms of image-quantizing
width;

FI1G. 17A 1s a diagram showing a CAD 1mage that includes
a plurality of patterns and two kinds of underlayers, and FIG.
178 1s a diagram showing a CAD 1mage that incorporates
differences 1n brightness values of a SEM 1mage;

FIG. 18A 1s a diagram showing a CAD 1mage with two
layers displayed 1n overlapped form, FIG. 18B 1s a diagram
showing a case 1n which a boundary of the patterns observed
on a SEM 1mage 1s extracted from a positional relationship
between the upper and lower layers on the CAD image, and
FIG. 18C 1s a diagram showing a CAD image on which
patterns present on layers are color-coded for each layer;

FIG. 19A (a) 1s a diagram showing a CAD image with a
plurality of mixed patterns each having a diflerent line width,
FIG. 19A (b) 1s a diagram showing a CAD image with
changes 1n color-coding brightness value between a logic
block and a memory block 1n the plurality of mixed patterns
of different line widths, FIG. 19B (a) 1s a diagram showing a
CAD image with an entire region color-coded in the mixed
state of the plural patterns each having a different line width,
and FIG. 19B (b) 1s a diagram showing a CAD 1mage having
a region color-coded by combining the color-coding methods
of FIGS. 19A (b) and 19B (a) in the mixed state of the plural
patterns each having a different line width;

FI1G. 20 1s a diagram showing an example of a process flow
for simulating a pattern shape actually generated from CAD
data (mask data) 1n a pattern shape-deforming unmit according
to the present invention;

FI1G. 21 A 1s a diagram showing a mask pattern, FIG. 21B 1s
a diagram that shows simulation results on an on-water lumi-
nous intensity distribution obtained during the light exposure
that uses the mask pattern of FIG. 21A, and FIG. 21C 1s a
diagram showing a contour shape of a luminous intensity
distribution of a sliced surface obtained by slicing the lumi-

nous intensity distribution of FIG. 21B at a luminous intensity
level “th™;

FIG. 22A 1s a diagram that shows CAD data of a mask,
FIG. 22B 1s a diagram of a photomask pattern to which partial
mask removal (unmasking) mformation 1s appended, FIG.
22C 15 a diagram showing a multivalued 1image obtained by
smoothing the photomask pattern of FIG. 22B, and FIG. 22D
1s a diagram that shows binarization results on the multival-
ued image of FI1G. 22C;

FI1G. 23 A 1s a diagram that shows CAD data, FIG. 23B1s a
diagram showing a shape obtained by cutting several tens of
percent of line width at corners of the pattern of FIG. 23 A, and
FIG. 23C 1s a diagram showing a shape obtained by replacing
the corner section of the pattern of FIG. 23A with sectors;

FIG. 24 A shows a CAD 1mage with a pattern depicted by
line drawing, and FIG. 24B shows a CAD image drawn allow-
ing for an edge effect of a boundary of a pattern;

FIG. 25A 1s a diagram showing an example of a GUI for
displaying a CAD 1mage, the diagram being an overlapped
representation of design data and a CAD 1mage drawn allow-
ing for an edge effect of a boundary of a pattern, and FI1G. 25B
1s a diagram showing another example of a GUI for display-
ing a CAD i1mage, the diagram being a representation of a

SEM 1mage disposed next to the CAD 1image and design data
of FIG. 25A.

DESCRIPTION OF THE PR
EMBODIMENTS

L1
=y

ERRED

Embodiments of a SEM apparatus with an imaging recipe
creation function according to the present invention, namely,
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a semiconductor pattern shape evaluation apparatus using a
scanning e¢lectron microscope such as a critical-dimension
scanning electron microscope (CD-SEM), will be described
hereunder using FIGS. 1 to 25.

Factors such as decreases in design margins, coupled with
turther fineness and high density of LSI patterns, are substan-
tially increasing the number of sections to be inspected to
dimensionally manage semiconductor patterns. These ten-
dencies are bringing about a strong demand for the improve-
ment of the throughputs and automation ratios of the SEM
apparatuses and other apparatuses used as dimensional man-
agement tools.

To use a SEM apparatus (or the like) to observe measuring,
points as dimensionally critical points on the semiconductor
patterns to be mnspected, and evaluate the shapes of these
patterns by measuring the wiring widths and other various
dimensions of the patterns from associated observation
images, 1t 1s necessary to determine the coordinates of the
imaging points mcluding a part or all of an addressing point
(AP), a focusing point (FP), a stigmatism control point (a
stigmatic point) (SP), a brightness/contrast control point
(BP), and an evaluation point (an end measuring point) (EP).
It 1s also necessary to determine imaging conditions (an 1imag-
ing magnification coelificient and other factors related to
image quality, such as an electron beam dose rate, focus, and
stigmatism). In addition, 1mage templates at each imaging,
point must be registered. Information of the coordinates of
cach 1maging point, information of the imaging conditions,
and information of image template are collectively called an
1maging recipe.

In order to effectively utilize the semiconductor pattern
design data managed as CAD data, the present invention
creates an 1imaging recipe automatically or within a minimum
time by appropriately converting the CAD data into image
data and conducting analyses using the CAD images obtained
by the conversion. Consequently, the use of the SEM appa-
ratus or the like makes that 1t possible to measure at high
speed and accurately a large number of sections to be
ispected, estimate semiconductor device characteristics and
manufacturing process states, and feed back measurement
and estimation results into various process data.

1: SEM Apparatus (Semiconductor Pattern Shape Evaluation
Apparatus Using a Scanning FElectron Microscope)
1.1: SEM Apparatus Configuration

FIG. 1 1s a schematic block diagram of a scanning electron
microscope (SEM) which acquires a secondary electron
image (SE 1mage) or backscattered electron image (BSE
image) ol a sample in the present invention. The SE image and
the BSE image are collectively called a SEM 1image. Also, the
image acquired here includes a part or all of either a top-down
image ol an object-under-measurement when the object 1s
observed from a vertical direction, or a tilt image of the object
when observed from any oblique direction.

An electron optical system 102 includes an electron gun
103 that generates an electron beam (primary electron) 104, a
condenser lens 105 that converges the electron beam 104
generated from the electron gun 103, a deflector 106 that
deflects the converged electron beam 104, an ExB deflector
107 that detects a secondary electron, and an objective lens
108 that forms an 1mage of the sample (semiconductor water)
101 on the surface thereof by acquiring the converged elec-
tron beam. Sample 101 1s rested on an XY stage 117. The
deflector 106 and the objective lens 108 then work together to
control an irradiation position and aperture stop of the elec-
tron beam such that any position on the sample 101 rested on
the stage 117 will be 1rradiated with the electron beam 1n a
focused condition thereof. The XY stage 117 moves the
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sample 101 and enables an 1mage of the sample at any posi-
tion thereon to be acquired. Changing an observing position
by moving the XY stage 117 1s called “stage shifting”, and
changing the observing position by deflecting the electron
beam via the deflector 106 1s called “beam shifting.”

In the meantime, a secondary electron and backscattered
clectrons are emitted from the sample 101 that has been
irradiated with an electron beam. The secondary electron 1s
detected by a secondary electron detector 109, whereas the
backscattered electrons are detected by backscattered elec-
tron detectors 110, 111. The backscattered electron detectors

L ] it

110 and 111 are installed to face 1n directions different from
cach other. The secondary electron and backscattered elec-
trons that have been detected by the secondary electron detec-
tor 109 and the backscattered electron detectors 110, 111,

respectively, are each converted into digital signal form by
A/D converters 112, 113, 114. These digital signals, after

being input to a processing/control unit 115 and stored into an
image memory 1152, are sent to a CPU 1151 to undergo
image processing appropriate for particular needs. The CPU
1151 executes processing shown 1n FIG. 3, for example, to
measure various dimension values of a pattern, such as wiring,
width, and monitor these dimension values to detect changes
in process parameters. Geometry of the semiconductor pat-
tern, including the above dimensions, 1s thus evaluated.

To acquire (1mage) AP, FP, SP, BP, or EP based on 1imaging,
recipes created by an 1maging recipe creation device 1235, the
processing/control unit (computer system) 115 sends a con-
trol signal to a stage controller 119 and/or a deflection con-
troller 120 and evaluates the geometry of the semiconductor
pattern by conducting various types ol image processing and
control operations on an observation 1image of the sample
101. Also, the processing/control unit 115 is connected to the
stage controller 119 that observes a global alignment mark on
the water 101 via an optical microscope (not shown) and
controls a position and movement of the stage 117. The con-
trol of the stage position and movement includes the global
alignment control conducted to compensate for any devia-
tions of the water 101 from a home position thereof and for
any rotational errors of the wafer. The processing/control unit
115 1s also connected to the deflection controller 120 that
controls electron beam shifting (beam detlection) by control-
ling the deflector 106, and to a focus controller 121 that
controls focus by controlling the objective lens 108. Addi-
tionally, the processing/control unit 115 i1s connected to a
display unit 116 having an input device, and thus has func-
tions such as a graphic user interface (GUI) to display images
and others to a user.

Although an example of a SEM apparatus configuration
with two backscattered electron 1mage detectors 1s shown in
FIG. 1, this number of backscattered electron image detectors
can be etther reduced or increased. Also, part or all of the
above-mentioned processing and control functions of the
computer system 115 can be allocated to a plurality of differ-
ent processing terminals to provide required processing and
control.

Several methods are usable to obtain a tilt image of an
object to be measured, namely, an image of the object when
observed from any oblique direction, by using the apparatus
shown in FIG. 1. Examples of these methods include the
following:

(1) Scheme for forming an inclined 1image by deflecting an
irradiated electron beam via an electron optical system and
inclining an 1rradiation angle of the electron beam, as
described 1n, for example, Japanese Patent Laid-Open No.

2000-348658
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(2) Scheme by inclining the stage 117 itself that moves a
semiconductor wafer 101 (in FIG. 1, the stage 1s inclined at a
t1lt angle 118)

(3) Scheme by mechanically inclining the electron optical
system 1tself.

The processing/control unit 115 1s further connected to an
imaging recipe creation device 125 via a network, a bus, or the
like. The imaging recipe creation device 125 creates imaging
recipes, each of which defines coordinates of the 1maging
points including either an addressing point (AP), a focusing
point (FP), a stigmatism control point (SP), a brightness/
contrast control point (BP), or an evaluation point (an end
measuring point) (EP), or a plurality or all thereof. Each
imaging recipe also includes imaging templates of the above
coordinates, 1imaging conditions (an 1maging magnification
coellicient and other factors related to 1mage quality), and
other information. The imaging recipe creation device 125 1s
connected to a CAD system 130 via the network or the like 1n
order to acquire CAD data.

The 1imaging recipe creation device 125 includes a CAD
data file 507 for storing CAD data, a CPU (CAD image
creation unit) 1251 having an image-quantizing width deter-
mination section 12511, a brightness information providing
section 12512, and a pattern shape deformation processing
section 12513, and a CAD image memory 1253 for storing
the CAD 1images created by the CPU 1251. The image-quan-
tizing width determination section 12511, the brightness
information providing section 12512, and the pattern shape
deformation processing section 12513 may use programs to
execute respective processing. The imaging recipe creation
device 125 includes an 1imaging recipe creation umt which
creates an 1maging recipe by using a CAD image created by
the CAD 1mage creation unit 1251. Additionally, the imaging
recipe creation device 125 1s connected to a display unit 126
having an imnput device, and thus has functions such as a GUI
to display images and others to the user. Furthermore, the
imaging recipe creation device 125 1s connected to a storage
device 127 for storing various data.

Next, a method 1n which, when the surface of the semicon-
ductor water 1s scanned with electron beams and 1rradiated
therewith, signal quantities of the electrons emitted from the
semiconductor water surface are converted into image form,
will be described using FIGS. 2A and 2B. For example, the
electron beams are, as shown 1n FIG. 2A, irradiated as beams
201-203 or 204-206 to conduct scans 1n X- and y-directions.
Changing a deflecting direction of the electron beams enables
a scanning direction to be changed. Three locations on the
semiconductor wafer that has been irradiated with the elec-
tron beams 201-203 1n the x-direction are denoted as GG, to G5,
respectively. Stmilarly, three locations on the semiconductor
waler that has been 1rradiated with the electron beams 204-
206 1n the y-direction are denoted as G, to G, respectively.
The signal quantities of the emitted electrons at the locations
G, to G, are expressed as brightness values of pixels H, to H,
within the image 209 shown 1n FIG. 2B. Subscripts 1 to 6 at
lower right portions of the locations G are associated with
subscripts 1 to 6 respectlvely, assigned to the locations G, H.
Retference number 208 1s a coordinate system (Ix, Iy) that
denotes the x- and y-directions on 1mage 1.

1.2: SEM Imaging Sequence

Next, an 1maging sequence for observing any evaluation
point (end measuring point) (EP) will be described using FI1G.
3. A section to be imaged in the imaging sequence, and
imaging conditions to be used therein (1.e., an imaging mag-
nification coellicient and other data related to image quality),
and evaluation conditions at EP are created as an imaging
recipe by the imaging recipe creation device 125. After being
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created, the 1maging recipe 1s stored into, for example, a
storage device 123 and managed properly.

First, sample 101 1s set up on the stage 117 of the SEM
apparatus 1n step S31. Next, i step S32, the processing/
control unit 115 calculates a deviation of the sample from a
home position thereof and a rotational deviation of the sample
by observing the global alignment mark on the watfer through
an optical microscope (not shown), and conducts corrections
by controlling the stage 117 via the stage controller 119 on the
basis of those deviations. In step S33, the processing/control
unit 115 moves the 1imaging position to an addressing point
(AP) 1in accordance with the imaging conditions and coordi-
nates of the imaging point, created by the imaging recipe
creation device 125, by moving the stage 117, and acquires an
image using lower-magnification imaging conditions than
those of EP (end measuring point).

A supplementary description of AP 1s given here. For direct
observation of EP, mn order to solve the problem that the
associated section to be observed may become disturbed for
reasons of stage-positioming accuracy and the like, the pro-
cessing/control unit 115 first observes AP whose coordinates
created by the imaging recipe creation device 125 beforehand
for pre-positioning and registered in the storage device 123,
for example, are known. Next, the processing/control unit 1135
conducts position matching between an 1image template at the
AP previously created by the imaging recipe creation device
125 and stored 1nto, for example, the storage device 123, and
a SEM 1mage at the above-observed AP. The processing/
control unit 115 thus detects the vector denoting a deviation
between central coordinates of the image template and those
of the AP when this point 1s actually observed. Next, the
processing/control unit 115 subtracts the above-detected
deviation vector from a relative vector between the coordi-
nates of the image template and those of EP, and then controls
the deflector 106 via the detlection controller 120 according,
to the difference vector subtracted. This control operation
moves the imaging position by beam shifting (beam 1ncident
direction 1s tilted to change an 1rradiation position) to enable
the observation of EP, whereby EP can be imaged with high
coordinate accuracy (in general, positioning accuracy by
beam shifting 1s higher than the positioning accuracy of the
stage).

Therelore, the AP created by the imaging recipe creation
device 125 and stored into, for example, the storage device
123, should desirably satisty conditions such as ease of
matching between the registered 1mage template and the
observed SEM 1mage. There are three reasons for that. A first
reason 1s that since the AP 1s a pattern present at a distance
through which the imaging position can be moved from EP by
beam shifting, and since contamination at EP 1s to be sup-
pressed, a field of view (FOV) for EP imaging may not need
to be included in FOV of AP imaging. A second reason 1s that
since the pattern needs to allow for the positioning accuracy
of the stage, it 1s necessary for the AP to be correspondingly
lower than EP 1n terms of imaging magnification. A third
reason 1s that the pattern for the AP needs to be characteristic
in terms of shape or brightness (the pattern for the AP 1s of a
shape convenient for matching or has brightness).

As described later herein, according to the present imven-
tion, a CAD image that incorporates features of a more prac-
ticable SEM 1mage can be generated as an image template
while considering the above-described conditions during
selection of a point as AP in the imaging recipe creation
device 125. Moreover, automatic selection of an appropriate
imaging point for purposes such as evaluating the 1image 1n
terms of specificity, complexity, and the like, also becomes
possible. In addition, during manual selection of the imaging,
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point, a CAD that incorporates features of an actual SEM
image can be displayed in, for example, a GUI screen mode of
the display unit 126 in order to provide an operator with more
judgment criteria.

In order to avoid image acquisition intended only to regis-
ter a CAD 1mmage or a SEM 1mage or, as disclosed 1n Japanese
Patent Laid-Open No. 2002-328015, an image template, one
possible variation of an AP image template registration
method 1s by first registering an image template as a CAD
template 1 the storage device 123, for example, and then
re-registering the SEM 1mage actually acquired at AP, as the
image template. As described later herein, according to the
present invention, since the CAD 1mage that incorporates
features of a more practicable SEM image can be generated as
an 1mage template, 1t becomes possible to match the CAD
image to an observed SEM 1mage more appropriately than by
registering the CAD 1mage as a template.

Next, 1in step S34, beam shifting based on the control and
processing of the processing/control unit 115 1s conducted to
move the imaging position to a focusing point (FP), at which
an 1mage 1s then acquired and automatic focusing parameters
are calculated. Automatic focusing based on the calculated
automatic focusing parameters 1s thus conducted. A supple-
mentary description of FP 1s given here. During imaging at
EP, automatic focusing 1s conducted to acquire a clearer
image. Extended 1rradiation of the sample 101 with electron
beams, however, causes contamination to stick to the sample.

For mimimum sticking of contamination at EP, therefore,
before observing EP on the basis of automatic focusing
parameters, the processing/control unit 1135 observes a coor-
dinate point present near EP, as FP, and calculates the auto-
matic focusing parameters. For these reasons, the FP regis-
tered 1n the storage device 123 should desirably satisiy
several conditions. A first condition to be satisfied 1s that the
FP 1s a pattern present at a distance through which the 1imag-
ing position can be moved from the AP and EP by beam
shifting and the field of views (FOV) for the AP and EP
imaging must not be included in the FOV of FP imaging. A
second condition to be satisfied 1s that the imaging magnifi-
cation at the FP must be of much the same level as that of EP.
A third condition to be satisfied 1s that the FP needs to have a
pattern shape convenient for execution of automatic focusing
(1mage blurring due to an out-of-focus event must be easy to
detect). During the selection of FP, 1t 1s effective for the
processing/control unit 1135 to use the CAD 1mage created by
the 1imaging recipe creation device 125, as 1n the selection of
AP. During FP selection, therefore, 1t 1s possible to provide
operator support by conducting automatic FP selection that
uses the above CAD 1mage, or by making a GUI-based dis-
play of the above CAD 1mage on the display unit 116.

Next, in step S35, beam shifting based on the control and
processing of the processing/control unit 1135 1s conducted to
move the imaging position to a stigmatic point (a stigmatism
control point) (SP), at which an image 1s then acquired and
stigmatism correction parameters are calculated. Automatic
stigmatism correction based on the calculated parameters 1s
thus conducted.

A supplementary description of SP 1s given here. During
imaging at EP, stigmatism correction 1s conducted to acquire
a distortionless 1mage. Similarly to AP and FP, however,
extended 1rradiation of the sample 101 with electron beams
causes contamination to stick to the sample. For minimum
sticking of contamination at EP, therefore, before observing
EP on the basis of stigmatism correction parameters, the
processing/control unit 115 observes a coordinate point
present near EP, as SP, and calculates the stigmatism correc-
tion parameters. For these reasons, the SP registered 1n the
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storage device 123 should desirably satisty several condi-
tions. A first condition to be satisfied 1s that since the SP 1s a
pattern present at a distance through which the imaging posi-
tion can be moved from AP and EP by beam shifting, the field
of view (FOV) for AP and EP imaging must not be included
in FOV of SP imaging. A second condition to be satistied 1s

that the imaging magnification at the SP must be of much the
same level as that of EP. A third condition to be satisfied 1s that
the SP needs to have a pattern shape convenient for execution
of stigmatism correction (1image blurring due to stigmatism
must be easy to detect). During the selection of the SP, it 1s
elfective for the processing/control unit 115 to use the CAD
image created by the imaging recipe creation device 125, as1n
the selection of AP. During SP selection, therefore, it 1s pos-
sible to provide operator support by conducting automatic SP
selection that uses the above CAD image, or by making a
GUI-based display of the above CAD 1mage on the display
unit 116.

Next, n step S36, beam shifting based on the control and
processing of the processing/control unit 115 1s conducted to
move the 1maging position to a brightness and contrast con-
trol point (BP), at which an image 1s then acquired and bright-
ness and contrast correction parameters are calculated. Auto-
matic brightness and contrast correction based on the
calculated parameters 1s thus conducted.

A supplementary description of BP 1s given here. During
imaging, in order to acquire a clearer image having an appro-
priate brightness value and contrast, a voltage value and other
parameters of a photomultiplier in the secondary electron
detector 109, for example, are adjusted so that, for example,
the highest level portion of an 1mage signal and the lowest
level portion are set to obtain full contrast or a contrast level
close thereto. Similarly to AP and FP, however, extended
irradiation of the sample with electron beams causes contami-
nation to stick to the sample. For minimum sticking of con-
tamination at EP, therefore, before observing EP on the basis
of brightness and contrast correction parameters, the process-
ing/control unit 115 observes a coordinate point present near
EP, as BP, and calculates the brightness and contrast correc-
tion parameters. For these reasons, the BP registered in the
processing/control unit 115 should desirably satisty several
conditions. A first condition to be satisfied 1s that since the BP
1s a pattern present at a distance through which the imaging
position can be moved from AP and EP by beam shifting, the
FOV for AP and EP imaging must not be included in the FOV
of SP imaging. A second condition to be satisfied 1s that the
imaging magnification at the BP must be of much the same
level as that of EP. A third condition to be satisfied 1s that to
obtain appropriate brightness and contrast of the 1image that
will be acquired at an end measuring point (an evaluation
point) using the parameters adjusted at the BP, the BP needs
to have a pattern shape similar to that of the end measuring,
point (the evaluation point). During the selection of the BP, 1t
1s effective for the processing/control unit 115 to use the CAD
image created by the imaging recipe creation device 125, as1n
the selection of AP. During BP selection, therefore, 1t 1s pos-
sible to provide operator support by conducting automatic BP
selection that uses the above CAD image, or by making a
GUI-based display of the above CAD 1mage on the display
unit 116.

There 1s a vanation in which, for example, as the case may
be, part or all of the automatic focusing, automatic stigmatism
correction (control), and automatic brightness and contrast
correction (control) processes described above 1n steps S34,
S35, and S36, respectively, are omitted or execution order of
these steps 1s arbitrarily changed or the coordinates of FP, SP,
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and/or BP overlap (e.g., automatic focusing and automatic
stigmatism correction are conducted in the same place).

Finally, in step S37, beam shifting based on the control and
processing of the processing/control unit 115 1s conducted to
move the 1maging position to an evaluation point (EP), at
which an 1image 1s then acquired and pattern dimensions are
measured using assigned evaluation conditions to evaluate
the shape of the semiconductor pattern.

An example of template positioning of imaging points AP
401, FP 402, SP 403, BP 405, and EP 404 on lower-magni-
fication CAD data 400 than for EP 1s shown with dotted-line
frames 1n FIG. 4.

An 1mage template at AP being registered in the storage
device 123 1s one possible variation of a CAD image ora SEM
image or a method of for example first registering the 1mage
template as a CAD template and then re-registering the SEM
image actually acquired at AP, as the image template, in order
to avoid image acquisition intended only to register an image
template as disclosed 1 Japanese Patent Laid-Open No.
2002-328015.

2: Image Generation

The following describes an embodiment of a method of
using the imaging recipe creation device 123 to convert CAD
data 601 into image form and view or process the image data
in order to conduct the foregoing CAD data-based imaging-
point determining operations or 1image template registering
operations on the storage device 123. Information of the CAD
data 601 written 1n a CAD data file 507 1s first described.
Design information on the semiconductor patterns shown 1n
FIG. SA 1s assumed as an example in the description. In the
figure, three layers, 504 to 506, are schematically shown and
three patterns, 501 to 503, are shown on top layer 504. The
pattern 501 includes four apexes, P1 to P4. CAD data gener-
ally contains segment information that denotes a contour or
profile of a pattern shape, represented by x- and y-coordinates
of the apexes P1-P4, and layer information of the layers
504-506. The x- and y-coordinates are expressed 1n an arbi-
trary reference coordinate system 300, each having a unit of
nanometers or the like.

The three process steps required for, or becoming effective
during processing subsequent to, the conversion of the CAD
data 601 into a CAD 1mage 605 by the CPU (CAD image
creation unit) 1251 of the imaging recipe creation device 125,
will be next described. The three process steps are, as shown
in FIG. 6, an image-quantizing width determination step S61,
a brightness information providing step S62 based on various
attributes, and a pattern shape deformation step S63. Refer-
ence number 606 denotes a CAD i1mage created with an
arbitrary image-quantizing width 1n step S61, 607 denotes a
CAD 1mage provided with brightness information in step S62
on the basis of arbitrary attribute information, and 608
denotes a CAD 1mage to which a change in SEM signal
quantity, associated with pattern shape (profile) deformation
or an edge effect or the like, 1s provided as a change 1n
brightness value 1n step S63.

2.1: Image-Quantizing Width Determination Step

An example of executing image-quantizing width determi-
nation step S61 using the image-quantizing width determina-
tion section 12511 will be described using FIGS. 7 to 14. The
ROI (Region Of Interest) data determined by, the minimum
line width/minimum inter-pattern distance data calculated by,
reference width “Dp” data within the calculated ROI, the
image-quantizing width “r” (=Di/Dp) data and other data
determined by the image-quantizing width determination
section 12511 using the CAD data 601 are stored into the
storage device 127, for example. The CAD 1mage 606 (605)

that has been formed by converting the CAD data including
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the template position coordinates of observation points (AP,
FP, SP, BP, EP) 1s stored into the CAD 1mage memory 1253.
2.1.1: Example of Reference Pattern Width “Dp”” (Minimum
Line Width, Minimum Inter-Pattern Distance)

First, 1n step S611, a region 1s extracted from the written
CAD data within the CAD data file 507 and determined as an
imaging region in order to convert the CAD data 601 into
image form. Heremafiter, this region 1s called a ROI (Region
Of Interest). Next, the number of pixels equivalent to the
image-quantizing width (the unit pattern dimension, say, 1
nm, written 1n the CAD data file 507) on the image 1s deter-
mined. Determination of the image-quantizing width 1tself,
however, 1s an important factor. That 1s to say, inadvertent
reduction of the image-quantizing width will result 1n an
image size redundant for complexity of the shape of the
pattern drawn. Thus, more 1mage memory space than neces-
sary will be used and a greater deal of calculation time will be
spent 1n various image processing. Conversely, increasing the
image-quantizing width too much will result in the patterns
being concatenated or disappearing during quantization or in
some other inconvenience of the on-1mage pattern shape sig-
nificantly differing from the pattern shape actually required.

Inthe present invention, therefore, during the conversion of
the extracted CAD data into image data, since a pattern struc-
ture needs to have been saved during subsequent CAD 1image
processing, the image-quantizing width 1s determined with
the pattern width to be noted, as a reference (hereinatter, this
reference 1s called the reference pattern width). A minimum
dimension (mimimum line width of the pattern or the mini-
mum 1inter-pattern distance) 1s used as an example of the
reference pattern width.

The minimum line width 1s a minimum dimension of the
pattern width used 1n semiconductor circuit design, and this
dimension 1s typically given as gate length (or the like) of a
transistor. In the present invention, the minimum line width
also contains the minimum pattern width of all patterns or any
pattern within the ROI. When the semiconductor pattern
shapes 701, 703, 705 shown 1n FIGS. 8A to 8C by way of
example are viewed alone, the minimum line width 1s given as
distances 702,704,706, respectively. Also, as shown in FIGS.
8D, 8E, when a pattern shape (e.g., 709) of the CAD data
provided with optical proximity correction (OPC) performed
to prevent deformation of a resist pattern due to a diffraction
phenomenon of light during exposure 1s taken as an input with
respect to a pattern shape to be created on the water (e.g., for
the pattern 707, the minimum line width 1s given as the
distance 708), it 1s possible to select a dimension of the
narrowest section 711 of the pattern existing before OPC 1s
conducted, as the mimimum line width, or to select a dimen-
s1on of the narrowest section 710 of the pattern existing after
OPC has been conducted, as the minimum line width.

The minimum inter-pattern distance 1s the minimum inter-
pattern dimension used i1n semiconductor circuit design.
When the semiconductor pattern shapes 712-713 or 715-716
shown 1n FIGS. 9A, 9B by way of example are viewed alone,
the minimum line width 1s given as distances 714, 717,
respectively. However, 1n perspective of the measure of the
potential hazard that thickness of the patterns may cause
short-circuiting therebetween, when the distance 717 1s bro-
ken down 1n x- and y-directions and a distance 718 1n the
x-direction and a distance 719 in the y-direction are taken as
Dy and Dx, respectively, the minimum inter-pattern distance
between the pattern shapes 715-716 1s given as the greater of
the two distances, that 1s, in FIG. 9B, as Dy (Dy>Dx). As the
case may be, the minimum inter-pattern distance includes
such a distance 721 between sections 1n one pattern as given

by the pattern shape 720 of FIG. 9C.
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If the ROI contains a plurality of patterns and the above
minimum line width or mimimum inter-pattern distance dii-
fers between the plurality of patterns, respective minimum
values can be defined as a minimum line width or minimum
inter-pattern distance within the ROI.

An increase or decrease 1n the pattern thickness with
respect to a dimensional design value could cause a device
defect such as a short circuit or an open state. The minimum
line width or minimum inter-pattern distance within the ROI
has connection with circuit design margins against the above
device defect such as a short circuit or an open state. It 1s
therefore effective to determine the 1image-quantizing width
on the basis of the minimum line width or minimum 1nter-
pattern distance within the ROI, and to determine a to-be-
monitored EP for an oniginal design pattern on the basis of
image data concerning a design pattern free of pattern disap-
pearance, concatenation, and the like. The image data con-
cerning a design pattern free of pattern disappearance, con-
catenation, and the like, 1s also effective for determining AP,
FP, BP, SP.

A more specific example of converting a ROI 802 from
CAD data 801 of FIG. 13 A into image data will be considered
next. FIG. 7A shows a process flow of the image-quantizing
width determination step S61. First, a region to be extracted
from the CAD data in order to conduct the conversion into
image data 1s determined as a ROI 1n step S611. Next, during
definition of the reference pattern width as the minimum line
width within the ROI (there can be a variation of using the
minimum line width or the minimum inter-pattern distance as
the reference pattern width, or using the minimum line width
or the minimum inter-pattern distance, whichever 1s the
smaller, as the reference pattern width), the minimum line
width 1s calculated for each pattern within the ROI 1n step
S612. In step S613, reference pattern width “Dp” (expressed
in nanometers, for example) within the ROI 1s calculated as,
for example, the minimum line width of each pattern men-

tioned above. That 1s to say, as shown 1n FIG. 13B, minimum
line width 808 (=Dp) within the ROI 1s calculated from the

ROI 802.

Next, image-quantizing width “r” (pixels/nm) 1s deter-
mined on the basis of reference pattern width “Dp™ 1n step
S614. Image-quantizing width “r” 1s given as “r=Di/Dp”
using the dimension “D1” (pixels) on the image of the refer-
ence pattern width “Dp”.As shown 1n FI1G. 13B, the reference
pattern width “Dp” 808 (nm) on the CAD image 809 created
from the CAD data 802 becomes “Di1” 810 (pixels). The
dimension “D1” on the 1mage 1s assigned the value that does
not cause inconvenience during the arbitrary analysis (data
viewing, 1mage processing) conducted after image conver-
s10on, and the “D1”” value can be changed according to particu-
lar details/kind of analysis, or for each manufacturing process
tor the semiconductor, or for each position on the water, or for
cach set of SEM 1mmaging conditions (including an imaging
magnification, image quality data, and others).

Conversely, for similar analysis, as shown 1n FIGS. 13B,
13C as an example, the 1mage-quantizing width differs
according to the ROI actually set up, and even 11 the above-
mentioned ROI 1s of the same region size (actual size), the
CAD image that has been obtained by the conversion can
differ in region size (1mage size). That 1s to say, the reference
pattern width “Dp” within ROI 803, denoted as 811 1n FIG.
13C, 1s greater than the reference pattern width “Dp” within
ROI 802, denoted as 808 in FIG. 13B, 1n other words, the
pattern line width included 1n ROI 803 1s greater than the
pattern line width included 1n ROI 802. Accordingly, i1 such
image quantizing 1s conducted that causes the respective ret-
erence pattern widths “Dp” 808, 811 of ROIs 802, 803 to
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become the same value on the image, the CAD images 809,
812 created from the ROIs differ in image si1ze. The reference
pattern widths “D1” 810, 813 on the CAD images 809, 812,
however, are equal and when the line widths 1s noted, similar
analytical results will be obtained between both 1mages.
2.1.2: Problem-Causing Varnation in Reference Pattern Width
Determination (Image Edges, Pattern Splitting, and an
Example of Minority 1n Votes)

Next, a supplementary description will be given of a varia-
tion of an 1image-quantizing width determining method.

First, the following problem occurs when mimmum line
width within a ROI 1s to be calculated 1n relation with a
method of determining reference pattern width “Dp”. That 1s
to say, for example, when as shown 1n FIG. 10, respective
mimmum line widths of patterns 723, 724, 725 within a ROI
are calculated and the smallest of the calculated values 1s
defined as the minimum line width within the ROI, as with the
pattern 725, one pattern originally formed by combining the
pattern 725 of a solid line and the pattern 726 of a dotted line
1s split by a boundary of an extraction region 722. In that case,
an after-extraction mimmimum line width 728, not an original
mimmum line width 727, will be obtained, even 11 the pattern
725 of a solid line 1s processed.

Calculation of the line width that originally does not exist
could occur, depending on a particular manner of setting up
such an extraction region. The calculation can be avoided
using any one of five methods. A first method 1s by setting up
an extraction region ROI so that the ROI does not span over
one pattern. A second method 1s by extruding the minimum
line width that has been calculated from the pattern posi-
tioned at an end/edge of an extraction region, from the use
intended for processing during calculation of desired pattern
width. A third method 1s by calculating minimum line width
from before-extraction pattern shape information. A fourth
method 1s by acquiring as preliminary mput information the
line width that can exist as minimum line width, and if line
width values smaller than the preliminary mput information
are calculated, not using those values. A fifth method 1s by
creating a histogram from the minimum line width that has
been calculated from each pattern within a ROI, and calcu-
lating the reference pattern width existing in the ROI, from
the distribution obtained.

A supplementary description 1s given below of the above
third method of calculating the minimum line width from the
before-extraction pattern shape information. To know the line
width existing before extraction, 1t 1s effective, after deter-
mimng the extraction region ROI, to 1identily the pattern posi-
tioned at the boundary of the region, and examine the contour
shape existing before the extraction. Alternatively, it 1s eflec-
tive to calculate line widths of each pattern before the extrac-
tion, and manage these line widths as a set of pattern
attributes. For example, 1t 1s effective to calculate minimum
width information for each pattern, as denoted by 510 1n FIG.
5B, and write the information into a data file or the like. Since
the minimum width information 1s shared before and after the
extraction, actual minimum width information 1s not lost by
the extraction. When the minimum inter-pattern distance and
other pattern-dependent attributes described later are calcu-
lated before or after ROI extraction, managing the above
distance and attributes by use of the file 507 or displaying the
distance and attributes in the GUI screen mode of the display
unit 126 1s likewise effective 1n arbitrary analysis.

FI1G. 7B shows a process tlow of converting CAD data 1nto
image data by, before starting the ROI extraction, calculating
reference pattern width from obtained attributes such as the
minimum line width. First, in order to determine reference
pattern width in the step S613, the minimum line width and
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other information to be used as reference 1s calculated for
cach pattern in step S612. Next, the ROI 1s determined 1n step
S611. Subsequent steps are the same as those described 1n
FIG. 7A.

Also, the following problem occurs when the minimum
distance between patterns within the ROl 1s to be calculated in
relation with a method of determining reference pattern width
“Dp”. That 1s to say, the two exposure masks 730, 731 shown
in FIG. 7 11B may be used to create on the water the resist
pattern 729 shown in FIG. 11A, for example. If a distance 732
between the exposure masks 730, 731 1s very short, the pat-
terns created will also be concatenated by concatenating
between these exposure masks 730, 731 on the luminous
intensity distribution obtained during exposure, so the expo-
sure masks themselves will not be affected. However, for
example, 1f calculating the mimimum inter-pattern distance
from the exposure masks 730, 731 1s attempted, the distance
732 that originally does not exist could be calculated as the
minimum inter-pattern distance. This can be avoided using
cither of two methods. A first method 1s by acquiring as
preliminary mput information the distance that can exist as
the minimum 1nter-pattern distance (>the distance between
the patterns concatenated during exposure), and 11 line width
values smaller than the preliminary input information are
calculated, not using those values. A second method 1s by
creating a histogram from the minimum inter-pattern distance
that has been calculated from each pattern within a ROI, and
calculating the reference pattern width existing in the ROI,
from the distribution obtained.

The above method “by creating a histogram from the mini-
mum line width or mimnimum 1nter-pattern distance that has
been calculated from each pattern within a ROI, and calcu-
lating the reference pattern width existing in the ROI, from
the distribution obtained” will be described 1n further detail
using FI1G. 12. A method of calculating the reference pattern
width from the mimimum line width within the ROI 1s
described below as an example. First, the minimum line width
1s calculated for each pattern within the ROI and then as
shown 1 FIG. 12, votes are conducted on the histogram,
wherein a horizontal axis denotes a distance (in this example,
the mimmimum line width) and a vertical axis denotes the
number of votes). The shortest distance that has been voted
for 1n this example 1s a distance 733, but the number of votes
for patterns associated with the distance 733 1s very small. It
1s therefore possible to incorporate processing 1in which the
distances whose number of votes 1s less than a threshold value
737 of the number of votes arbitrarily given (1in FIG. 12,
distances 733, 734) will be excluded from calculation of the
minimum line width within the ROI. It 1s also possible to
incorporate processing in which the line width (e.g., 738) that
can exist as minimum line width will be acquired as prelimi-
nary imput information, and 11 the line width values (1n FIG.
12, line widths 733, 7344) that are smaller than the prelimi-
nary input information are calculated, those values will not be
used as the minimum line widths. Such processing will make
it possible to prevent minor line widths and other line widths
not important in device characteristics, as with the line width
807 shown 1n FIG. 13, from being selected as typical mini-
mum line widths within the ROI.

2.13: More Specific Methods of Calculating the Minimum
Line Width and the Minimum Inter-Pattern Distance

Direct calculation from CAD data (numeric data of the
apex coordinates of the pattern) and calculation from the
CAD image obtained by converting CAD data with a suitable
image-quantizing width value are available as more specific
methods of calculating the minimum line width and the mini-
mum inter-pattern distance in each pattern or the ROI. In the
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latter of the above two methods, the minimum line width or
mimmum inter-pattern distance obtained will have a quantiz-
ing error ol inaccuracy equivalent to the suitable 1image-quan-
tizing width value.

An example of a calculation method for a minimum line
width of a pattern 1001 1s shown 1n FIG. 14A. The pattern
1001 has eight apexes, P1 to P8. For example, a straight line
1s drawn from the apex P8, 1n an x-direction of an X/y coor-
dinate system 1000 and 1n an internal direction of the pattern,
and a position at which the line first intersects with the pattern
1s determined as a crossing point Q8x. During direct calcula-
tion from CAD data, whether crossing points exist between
the line 1002 drawn from the apex P8, and each segment
constituting a contour of the pattern 1001 (a segment between
apexes P1, P2, a segment between apexes P2, P3, and so on up
to a segment between apexes P8, P1) 1s sequentially examined
by calculation, as an example of determining the crossing
point Q8x.

During calculation from the CAD image obtained by con-
verting CAD data with a suitable 1image-quantizing width
value, the pattern 1s scanned along a straight line 1002, from
the apex P8, in the internal direction of the pattern, and a
coordinate point at which a boundary of the pattern first
appears 1s taken as a crossing point. Similarly, a straight line
1s drawn from the apex P8, 1n a y-direction and 1n the internal
direction of the pattern, and a position at which the line first
intersects with the pattern 1s determined as a crossing point
Q8y. Distances 1002, 1003 from the apex P8 to ends of the
pattern in the x- and y-directions are thus calculated. The
same 15 also conducted for each of the other apexes (distances
from the apex P4 to the ends of the pattern 1n the x- and
y-directions are given as 1004, 1005 in another example). The
shortest of the thus-obtained distances 1002 to 1005 1s taken
as the minimum line width of the pattern 1001.

An example of a calculation method for a minimum 1inter-
pattern distance of a pattern 1006 1s shown in FI1G. 14B. In this
figure, three patterns, 1006 to 1008, are shown and these
patterns have apexes P9-P12, P13-P16, and P17-P22, respec-
tively. First, a straight line 1s drawn, for example, from the
apex P10 to an apex of another pattern (say, P16, P17), and a
distance between the apexes 1s calculated (e.g., distance 1011,
1012). The example here assumes that the above line does not
pass through an arbitrary pattern inclusive of the own pattern
1006 and another pattern (1007, 1008). 11, as with the distance
721 shown 1n FI1G. 9C, the distance 721 between sections on
one pattern 1s to be included 1in the minimum inter-pattern
distance, the above distance includes both a distance of the
segment drawn from the apex P10 to an apex of another
pattern, and a distance of the segment drawn from the apex
P10 to another apex of the pattern 1006. The example here
assumes that the line, even 11 drawn between apexes of the
same pattern, does not pass through there. In actuality, how-
ever, such a line does not exist 1n the example shown. A
similar inter-apex distance calculation 1s also conducted for
other apexes of the pattern 1006.

Next, a straight line 1s drawn, for example, from the apex
P11, in the x-direction of the x/y coordinate system 1000 and
in an external direction of the pattern, and a position at which
the line first intersects with the pattern 1s determined as a
crossing point Q11x. Similarly, a straight line 1s drawn from
the apex P11, in the y-direction and 1n the external direction of
the pattern, and a position at which the line first intersects
with the pattern 1s determined as a crossing point Q11y.
Distances 1009, 1010 from the apex P11 to ends of the pattern
in the x- and y-directions are thus calculated. The same 1s also
conducted for each of the other apexes of the pattern 1006.
Finally, the shortest of the above-mentioned 1nter-apex dis-
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tance (e.g., distance 1011, 1012) and distances 1009, 1010 in
the x- and y-directions 1s taken as the minimum inter-pattern
distance. In this example, the distance 1009 1s taken as the
minimum inter-pattern distance. The minimum inter-pattern
distance between the pattern shapes 715-716 1n FIG. 9B 1s
determined by calculating the distance 718 1n the x-direction
and distance 719 in the y-direction, both obtained when the
distance 717 1s broken down 1n the x- and y-directions, and
taking the distances 718 and 719 as Dx and Dy, respectively.
The mimimum inter-pattern distance between the pattern
shapes 7135-716 1s there given as Dy (Dy>Dx). Similarly, the
larger of the components obtained by breaking down an
appropriate distance 1n the x- and y-directions can be used as
the inter-apex distance mentioned above.

2.1.4: Vanations of a Reference Pattern Width Determining
Method

A method 1n which the smallest value of the minimum fine
widths or minimum inter-pattern distances of each pattern 1s
used as reference pattern width has been described in the
foregoing example. Several other variations are also usable as
methods of determining reference pattern width. That 1s, the
reference pattern width selected depends on how the CAD
image that has been generated from reference pattern width 1s
used.

For example, consider a case in which an AP position 1s
determined from the CAD image that has been created using
the CAD data 801 of FIG. 13A as an example. For the CAD
data 801, patterns whose line widths can be broadly divided
into two kinds exist in mixed form. The patterns with the
smaller line width (typical line width 814) are distributed 1n a
region 805, and the patterns with the greater line width (typi-
cal line width 815) are distributed in aregion 806. Since AP 1s
an addressing point, this imaging region has a characteristic
pattern, so for proper detection of a deviation between an
actual observing position of AP and an initially set AP posi-
tion, changes in correlation value between an actual observa-
tion image and a registered AP template image desirably have
high sensitivity against the deviation. Also, AP 1s imaged at a
magnification lower than that of EP. If the smaller line width
814 distributed in the region 805 1s observed 1n a collapsed or
color-coded state or does not form a characteristic pattern
shape 1n the low-magnification SEM image that has been
observed for AP use, the pattern shapes of the smaller line
width 814 do not always need to have been saved in a CAD
image. In that case, image-quantizing width may be deter-
mined with the greater line width (typical line width 815)
taken as reference pattern width. As a result, a CAD 1mage
818 can be obtained by converting CAD data into image data
such that as shown 1n, for example, FIG. 13D, the reference
pattern width (nm) 815 becomes to an 1mage size (pixels)
819.

Also, consider a case 1n which an EP position 1s deter-
mined. Since EP 1s an imaging position intended for high-
magnification monitoring of such an end measuring point (a
dimension-measuring point) that leads to a device defect,
there 1s a need to conduct the above determination allowing
for small line width values such as the line width 814, so
image-quantizing width may be determined with the line
width 814 taken as reference pattern width. As aresult,a CAD
image 816 can be obtained by converting CAD data into
image data such that as shown 1n, for example, FIG. 13D, the

reference pattern width (nm) 814 becomes to an 1mage size
(pixels) 817.

In the above-mentioned determination of AP or EP, the
reference pattern width and the reference pattern width exist-
ing aiter the image conversion has been made can be arbi-
trarily given to calculate image-quantizing width suitable for
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various 1mage processing, or to calculate the image-quantiz-
ing width used to appropnately express the line width that
wants to be noted during data viewing. The reference pattern
width and the reference pattern width existing atter the image
conversion can be either managed as defaults for each process
by the system used for imaging, or arbitrarily given by a user.
In addition, the image-quantizing width at which the magni-
fications of the SEM 1mage and the CAD image agree can be
given for matching between both images.

2.2: Brightness Information Provision Based on Various
Attributes

Next, examples of using the brightness information pro-
viding section 12512 to execute brightness information pro-
viding step S62 based on various attributes will be described
using FIGS. 16 to 18, 19A, and 19B. A CAD 1mage 607 (605)
to which brightness information based on various attribute
information has been assigned to each pixel 1s stored into the
CAD mmage memory 1253 or temporarily stored into the
storage device 127. That 1s, a description will be given of a
method 1n which, when CAD data 601 1s converted into the
CAD mmage, brightness information convenient for any
analysis (data viewing, image processing) with the CAD
image 1s assigned to each pixel of the CAD image 607 on the
basis of attribute information. The above attribute informa-
tion imncludes part or all of mask pattern partial removal infor-
mation (1.e., whether a particular location at a resist mask 1s a
resist-photosensitizing location), or the kind of material of the
sample surface (semiconductor pattern) at an associated posi-
tion, or lower layers, or manufacturing processes (process
steps), or layers, or pattern shapes, or roughness/fineness
levels of the patterns, or design margins.

Effective analysis of an effective CAD 1mage becomes
possible by incorporating various attribute information into
brightness data as described above. More specifically, explic-
itly expressing the various attribute information enables the
analysis that simultaneously allows for both the various
attribute information and a distribution thereof on the water.
The explicitly expressing the various attribute information 1s
particularly effective in automatic searching for AP, FP, SP,
BP, EP during image processing. Depending on the kind of
various attribute information allowed for, CAD images hav-
ing brightness patterns similar to those of an actual SEM
image can also be generated, in which case, essentially the
same analysis as that which uses the SEM 1mage 1s possible.
2.2.1: Attribute Example 1 (Differences 1in Partial Unmasking
Information Volume)

Using mask pattern partial removal information as attribute
information will be described as an example of CAD image
generation based on the foregoing attribute information. FIG.
15A shows a CAD immage of a mask pattern. This figure
assumes that a resist material has its polarity inverted accord-
ing to a positive/negative state. The figure also assumes, for
example, that the inside of pattern 1102 1s a region optically
sensitized to form the pattern, and that a region 1103 1s a
region formed as an underlayer without being optically sen-
sitized. The 1image obtained by drawing the pattern 1102 and
other elements with contour lines in this way 1s hereinafter
called a contour image As shown 1n FIG. 16A, however,
partially unmasked regions may each be color-coded with a
different brightness value according to a particular difference
in partially removed mask pattern state. A monochrome

binary image with patterns color-coded in black, inclusive of
a pattern 1110, 1s shown 1n FIG. 16 A. Any brightness values
other than black and white can be combined. Hereinafter, the
image having the regions color-coded 1n accordance with the
attribute i1nformation represented by mask pattern partial
removal information is called a color-coded 1mage.
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An example of the effect of incorporating the difference 1n
partially removed mask pattern state into brightness data 1s
described below. When image processing 1s used to determine
what position (ROI) 1s to be registered as AP by use of the
CAD mmage 1101, whether the AP 1s an appropriate imaging
region may be judged using factors such as an index of
whether a selected pattern 1s characteristic. For example, a

ROI11104 1s selected as the AP in FIG. 15A. When those CAD
images 1105, 1107 of FIGS. 15B, 15C that are of the same
CAD data as that of respective original CAD images but differ
in 1mage-quantizing width are subjected to similar judging
processing, the results obtained are likely to significantly
differ between both images. For example, ROIs 1106, 1108
are likely to be selected as APs.

In an 1image 1109 with the patterns color-coded on the basis
of unmasking information, when AP searches are conducted
onthe CAD images 1113, 1115 of FIGS. 16B, 16C that differ
in 1image-quantizing width, similar results are obtainable and
improved stability of the AP searches 1s anticipated. This 1s
because color-coded images 1109, 1113, 1115 are greater
than contour images 1101, 1105, 1107 1n terms of a rate of the
number of pixels indicating each pattern within the ROI, and
thus because features of these color-coded i1mages are
expected to be more readily and more accurately 1dentifiable
in terms ol pattern shape. Also, the difference 1in 1mage-
quantizing width causes deformation of the pattern shape due
to a quantizing error, but a rate of the deformation in the ROI
1s lower 1n the color-coded 1images. For the contour images,
however, all pixels indicating the each pattern are basically
alfected by a quantizing error.

2.2.2: Attnibute Example 2 (Differences 1n the Kind of Mate-
rial and 1n Manufacturing Process)

Another example of attribute information will be next
described 1in perspective of differences 1n the kind of sample’s
material at an associated position or 1n manufacturing pro-
cess. The differences 1n the kind of sample’s material or in the
kind of manufacturing process (e.g., surface roughness of the
sample differs according to the kind manufacturing process of
CMP (chemical mechanical polishing) process etc.) cause a
change 1n the quantity of secondary electrons emitted from
the sample surtace after electron beam irradiation, and lead to
changes 1n brightness values of SEM 1mages. It these factors
changing the brightness values of the SEM 1mages are man-
aged as attribute information and the attribute information 1s
incorporated into brightness values of CAD 1mages, 1t will be
possible to generate a CAD image that incorporates charac-
teristic differences 1n SEM signal quantity due to the above
differences 1n attributes.

The CAD mmage 1201 shown 1n FIG. 17A includes a plu-
rality of patterns (e.g., 1202) and two kinds of underlayers
1203, 1204. The underlayers 1203, 1204 have a difference 1n
the kind of material of the sample surface or a difference in the
kind of manufacturing process in which, for example, the
sample surface differs 1n surface roughness according to the
kind of manufacturing process of the CMP process etc. The
underlayers 1203, 1204 have respective different brightness
values 1n actual SEM 1mages. Accordingly, these differences
are expressed as the differences in the brightness values of
CAD mmages. Such a state 1s shown 1n FI1G. 17B, for instance.
In this figure, a CAD image 1s generated as a multivalued
image (in this example, three-level 1mage) whose pattern
section, e.g., 1208, and underlayers 1209 and 1210 each have
a difference brightness value. The fact that results equivalent
to more practical SEM imaging results can be obtained during
any analysis 1s anticipated by generating such a CAD 1mage.
Although a template with a characteristic brightness pattern 1s
to be selected as AP during AP determination based ona CAD
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image, the conventional CAD i1mage 1201 of FIG. 17A 1s
likely to be judged that since a ROI 1205 has a more complex

pattern than a ROI 1206, the ROI 1205 1s appropriate as AP.
As amatter of fact, however, the ROI 1206 has a difference in
brightness value between the underlayers 1203 and 1204 in a
SEM 1mage, and this characteristic contrast level may render
the ROI 1206 appropniate as AP. Such information cannot be
considered during line drawing only with a pattern contour

such as that ofthe CAD image 1201. For the CAD 1mage 1207
shown 1in FIG. 17B, however, a ROI 1212 can be selected as

AP since the above contrast information 1s mcorporated in
brightness information of the CAD image.
2.2.3: Attribute Example 3 (Difference in Lower Layer)

Yet another example of attribute information will be next
described 1n perspective of whether a lower layer 1s present at
an associated position. As shown 1n FIG. SA, a plurality of
layers (e.g., 304 to 506) are stacked to form semiconductor
patterns. In a SEM 1mage, not only the pattern existing on the
uppermost layer but also the patterns existing on lower layers
may require observation. FIG. 18A 1s an overlapped repre-
sentation of two layers mn a CAD mmage 1213, in which
representation, a pattern on the upper layer 1s drawn with a
solid line (e.g., upper-layer pattern 1214 ) and a pattern on the
lower layer 1s drawn with a broken line (e.g., lower-layer
pattern 1215). In this case, the pattern boundary 1217, 1218
observed 1n the SEM 1mage 1s extracted on the basis of a
relationship in position between the layers 1n a CAD image
1216, as shown 1n FIG. 18B, and the patterns on the layers
1220, 1221 are color-coded for each layer, as shown in FIG.
18C. Thus, a CAD image 1219 1s generated.

2.2.4: Attnbute Example 4 (Differences in Pattern Line
Width, 1n Pattern Roughness/Fineness Level, and i Design
Margins)

Still another example of attribute information will be next
described 1n perspective of a difference in pattern shape or 1in
pattern roughness/fineness level. As shown 1 FIG. 19A (a),
the sample may have a plurality of mixed patterns each having,
a different line width (e.g., line widths 1307 to 1310). A CAD
image 1s generated with each pattern color-coded according
to the particular line width thereof. More specifically, in a
region 1302, for example, the patterns with the line width
1307 or 1308 (line width similar to the line width 1307) or
with a line width similar thereto are present, and 1n a CAD
image 1301, these patterns are color-coded with one desired
brightness value. Similarly, 1n a region 1305, for example, the
patterns with the line width 1309 or with a line width similar
thereto are present, and 1n the CAD image 1301, these pat-
terns are color-coded with one desired brightness value (dif-
terent from the color-coding brightness value 1n the region
1302).

Even 1n a region with patterns of the same line width, the
color-coding brightness value can be changed between alogic
block 1303 and a memory block 1304, as shown 1n FIG. 19A
(b). Patterns with such changes in the color-coding brightness
value are generally called repeated patterns.

Color-coding an underlayer of the pattern, not the inside
thereot, or as shown 1n FIG. 19B (a), color-coding all regions
such as regions 1303 to 1306 are usable as variations of
color-coding methods. It 1s also possible, as shown 1n FIG.
19B (b), to combine such a color-coding method as 1n FIGS.
19A (a), (b), and such a color-coding method as 1n FIG. 19B
(b). In this combination of color-coding methods, a region
(e.g.,1305, 1306) that includes a shape of a desired pattern to
be noted can have only the 1nside of the pattern color-coded,
and other regions (e.g., 1303, 1304) can each be color-coded
in a specific color. In addition, a region range can be definitely
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displayed by color-coding an underlayer with a desired
brightness value, as 1n the region 1305.

A description mainly of line width has been described
above as attribute information. However, 1t 1s possible to
color-code the patterns or underlayers that each include, as
attribute information, a mmmimum inter-pattern distance, or
pattern roughness/fineness levels based on the minimum
inter-pattern distance or the like, or pattern shapes, or design
margins (e.g., shiits 1n position of, the amounts of deforma-
tion of, or other factors of patterns capable of maintaining a
connected relationship with respect to contact holes 1n upper
or lower layers), and are based on the above attribute infor-
mation. Region color-coding by region segmentation based
on the above attributes 1s also possible. In addition, although
the color-coding brightness value can be given arbitrarily, 1t 1s
possible to select a brightness value close to that of an actual
SEM 1mage.

2.3: Pattern Shape Deformation

Next, examples concerning the pattern shape deformation
step S63 executed by the pattern shape deformation processor
12513 will be described using FIGS. 20 to 24. The CAD
image 608 (605) that has gone through the pattern shape
deformation step 1s stored into the CAD 1image memory 1253
or temporarily stored into the storage device 127. CAD data
601 such as design data or resist mask data 1s likely to result
in a pattern shape different from that actually generated on the

L] [T

waler. Therefore, any differences between the pattern in the
CAD 1mage 608 (605) that has been generated from the CAD
data 601, and the pattern 1n the SEM 1mage obtained by
imaging the pattern generated on the water, may cause incon-
venience during matching between both patterns or during
CAD image-based processing similar to SEM 1mage process-
ing. Accordingly, a method of approximating the pattern in
the CAD image 608 to the pattern in the SEM 1mage will be
described below.

2.3.1: Contour Shape Deformation

2.3.1.1: Pattern Deformation Method Using a Photolitho-
graphic Simulator

Approximation of the pattern in the CAD 1mage 608 gen-
crated from the CAD data 601, to the pattern in the SEM
image obtained by imaging the pattern generated on the
waler, can be accomplished by simulating the pattern forma-
tion 1n a semiconductor process by use of the CAD data 601.

This method 1s described below using the process tlow
chart shown in FIG. 20. First, 1n step S631, on the basis of
CAD data 1401 of the mask stored within the CAD data file
507, the pattern shape deformation processing section 12513
uses image-forming simulation to consider a diffraction phe-
nomenon and others of light and calculate the luminous 1nten-
sity distribution optically transierred onto a resist film present
on the wafer. Input parameters for the image-forming simu-
lation 1include the CAD data 1401 and image-forming expo-
sure conditions 1407 (wavelength A of the light, numerical
aperture NA, the kind of photomask, exposure time, and
others).

Next, i step S632, on the basis of the above-calculated
luminous intensity distribution, the pattern shape deforma-
tion processing section 12513 conducts developing simula-
tion to compute the process parameters that dissolve the resist
film of the water, then to calculate the shape of the resist
pattern 1404 formed on the watfer, and to store calculation
results 1nto the storage device 127, for example. Input param-
cters for the developing simulation include the calculated
luminous 1ntensity distribution, developing process param-
cters 1408, namely, resist information (composition ratio of
the material used, thickness, transmittance, absorption
energy, and others), developing agent information (develop-
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ing rate coelficient, developing time, and others), and under-
layer information (thickness, refractivity, absorption coefli-
cient, and others).

Next, 1 step S633, the pattern shape deformation process-
ing section 12513 conducts electron beam simulation to cal-
culate the above-calculated resist pattern CAD 1mage data
(data of an 1mage close to the pattern shape 1n the SEM 1mage
obtained by imaging the pattern) and then to store calculation
results 1nto the CAD 1mage memory 1253. During the elec-
tron beam simulation, for example, parameters relating to the
process of mtra-substance electron scattering of the electron
incident on the resist pattern are computed using the Monte
Carlo method, and strength of the secondary electrons emit-
ted from the substance surface and detected by SEM 1s cal-
culated. The above two types of arithmetic operations are
repeated at various points on the resist pattern, whereby the
SEM 1mage data that has been obtained by imaging the resist
pattern are calculated. Input parameters 1409 on the electron
beam simulation include the above-calculated resist pattern
shape, SEM measuring conditions (acceleration voltage,
probe current, and others), and material information (compo-
sition ratio, thickness, and others). It 1s possible, by such
processing, to simulate the pattern formation 1n the semicon-
ductor process by use of the CAD data 1401 of the mask, and
calculate a shape close to the pattern shape in the SEM 1mage
obtained by imaging the pattern generated on the water.

In the foregoing process flow shown 1n FIG. 20, however,
there are problems such as increased process costs and diifi-
culty with process parameter setup. The following describes
alternative techniques for solving these problems.
2.3.1.2: Simplified Method of Estimating the Pattern Shape
from the Luminous Intensity Distribution

Parameter setup becomes unnecessary by using the tech-
nique shown i FIGS. 21A to 21C, mstead of the above-
described developing simulation shown i1n FIG. 20. More
specifically, the luminous mtensity distribution 1502 1n FIG.
21B, obtained from the mask pattern 1501 1n FIG. 21A by the
image simulation in step S631, 1s sliced using desired lumi-
nous intensity “th”, and as shown in FIG. 21C, a contour
shape 1503 of the luminous intensity distribution on that slice
surface 1s calculated. The luminous intensity “th™ for extract-
ing the slice surface (hereinatfter, “th™ 1s called the slice level)
1s determined by changing the slice level “th” so that the
contour shape of the luminous intensity distribution on the
slice surface will be closest to a contour shape of a pattern
present 1n the actual SEM 1mage obtained by imaging the
pattern on the wafer.

In the processing/control unit 115, during matching
between the CAD 1mage created by the CPU (CAD image
creation unit) 1251 of the imaging recipe creation device 125,
and the SEM 1mage obtained by pattern imaging, the slice
level “th” and the matching position are varied as described
above. Matching will be complete when the CAD 1mage that
has been generated using the slice level “th”, and the SEM
image that has been obtained by pattern imaging best match in
position with each other.

During the AP, FP, SP, BP, EP searches and/or other opera-
tions using the CAD 1mage generated by the imaging recipe
creation device 125, when the above SEM 1mage 1s not to be
acquired, the processing/control unit 115 can also use a pre-
viously learnt slice level “th” (e.g., based on learning with the
SEM 1mage acquired by imaging the pattern that has been
exposed and developed under the same conditions). Alterna-
tively, the user can give any slice level “th.”
2.3.1.3: Pattern Deformation Method that Uses Smoothing,

A simplified method of approximating the pattern in the

CAD mmage 608 generated from the CAD data 601, to the
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pattern 1n the SEM image obtained by imaging the pattern
generated on the watler, 1s by providing the former pattern
with 1mage processing for reduced high-frequency pattern
components. A method that uses Gaussian filtering 1s shown
in FIGS. 22A to 22D as one such example. This method

includes generating a photomask pattern 1602 with partial
mask removal information added thereto, from CAD data
1601 of a mask, then conducting a smoothing process (e.g.,
Gaussian filtering) on the photomask pattern 1602, and gen-
erating a multivalued image 1603. Additionally, the generated
multivalued image 1603 1s binarized with a desired brightness
value, and the resulting contour shape 1604 1s calculated. The
brightness value used for the binarization 1s determined 1n the
same manner as that of the slice level “th”. This method,
unlike a simulator-based one, has advantages that 1t requires
no setup of process parameters or other parameters and cal-
culation costs are low.

2.3.1.4: Pattern Deformation Method that Uses Profile Defor-
mation of Corners

Another simplified method of approximating the pattern in
the CAD 1mage 608 generated from the CAD data 601, to the
pattern in the SEM 1mage obtaimned by imaging the pattern
generated on the wafer, 1s by providing the former pattern
with 1mage processing for deformed corners of the pattern.
This method deforms a corner shape of a pattern in CAD data
1701 selectively to obtain a shape close to an actual pattern
shape 1n a SEM 1mage, as shown 1n FIGS. 23A to 23C. For
example, generating a shape 1702 having several tens of
percent of line width cut at corners of a pattern contour shape,
or generating a shape 1703 having the above corners replaced
with sectors makes 1t possible to obtain approximately a
pattern shape in the SEM 1mage acquired by imaging the
pattern generated on the water.

The methods of deforming the pattern shape by smoothing
or by cutting corners are only examples. Simplified process-
ing with these methods make 1t possible to obtain an approxi-
mated CAD image 608 close to an actual SEM 1mage, with
minimum setup of process parameters and at low process
costs. Better results can be obtained during processing by the
processing/control unit 115, such as matching between a
CAD 1mage and a SEM 1mage.

2.3.2: Edge Effect

For a SEM 1mage, very high brightness values are occa-
sionally detected at, for example, boundary lines of step-
shaped sections of the image. This characteristic phenom-
enon of the SEM image 1s called the edge effect. The edge
clfect arises from the fact that the number of secondary elec-
trons excited by electron beam 1rradiation and jumping out-
ward from the surface layer of the sample differs between the
planar sections and step-shaped sections of the SEM image.
The characteristic brightness pattern of the SEM image
caused by the edge effect 1s not represented 1n conventional
CAD images. Similarly to the foregoing pattern shape defor-
mation, however, CAD 1mages closer to SEM 1mages can be
obtained.

FIG. 24A shows a CAD image 1801 expressed by line
drawing of a pattern 1802. A brightness profile between sec-
tions A and B of the above pattern 1s shown as reference
numeral 1803. Since contour lines of the pattern are usually
drawn 1n pixel units, a width 1804 of the contour lines drawn
in black in the figure 1s 1 pixel. In contrast to this, FIG. 24B
shows a CAD image 1805 having a boundary drawn with the
edge effect taken into account. In this figure, both pattern
interior 1807 and underlayers are color-coded at the same
time. In the present mvention, line width of a boundary sec-
tion 1806 of the pattern 1s expanded to a line width 1809 of
several pixels, as shown by C-D brightness profile 1808.
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Additionally, selectively providing a smoothing filter in the
entire CAD 1mage or near a pattern boundary section thereof
makes 1t possible to obtain a profile closer to an actual SEM
image profile, as shown by C-D brightness profile 1810.

2.4: Vanation of CAD Image Generation (Arbitrary Combi-
nation of the Methods Described in Items 2.1 to 2.3)

Methods of generating a CAD 1mage 605 from CAD data
601 have heretofore been described. When the CAD 1mage
603 1s generated, however, 1t 1s possible to combine part or all
of the 1image-quantizing width determining step S61, the
attributes-based brightness information providing step S62,
or the pattern deformation step S63.

In addition, it 1s desirable that the brightness levels or
pattern shapes in an SEM image, obtained dependently on
various conditions such as exposure conditions (1mage-form-
ing exposure conditions and developing process conditions
included) and 1mage acquisition conditions (1maging magni-
fication and 1mage quality-related factors included), should
differ and that the brightness levels or pattern shapes obtained
in an associated CAD image 603 should resemble those of the
SEM 1mage. In order to respond to these vaniations of bright-
ness or shape, appropriate parameters are desirably assigned
when such changes in CAD 1mage-generating parameters
(image-quantizing width, brightness, and shape deformation)
can be predicted 1n, for example, the 1imaging recipe creation
device 125 beforehand. If the prediction 1s difficult, a plural-
ity of CAD 1mages should be created by combiming arbitrary
different parameters. Changes in SEM 1mage state can then
be tlexibly accommodated by, during, for example, process-
ing such as matching to the SEM image by the processing/
control unit 115, conducting sequential matching operations
using the plural CAD images created by the imaging recipe
creation device 125, and adopting the CAD image having the

highest correlation.
3: Application Using a CAD Image

EXAMPLE OF UTILIZING A CAD IMAGE

Various kinds of analyses (data viewing, image processing)
in the SEM apparatus or equivalent that uses, for example, a
CAD i1mage created by the imaging recipe creation device
125, will be described hereunder.

According to a method of generating a CAD 1mage accord-
ing to the present invention, an appropriate image size that
does not collapse a pattern-of-interest having an arbitrary
attribute(s) can be determined during GUI-based display on a
display unit or the like, during data viewing, or during arbi-
trary 1mage processing. Also, the above arbitrary attribute(s)
can be made visible 1n the CAD i1mage, or a process that
incorporates the attribute(s) can be conducted during arbi-
trary 1mage processing. In addition, during data viewing or
arbitrary 1mage processing, analyses equivalent to those of
the SEM 1mage acquired from an actual pattern can be con-
ducted by, for example, adding exposed-pattern deformation
from design data or adding the edge effect or other changes 1n
SEM signal state. Above arbitrary 1image processing includes
a process step such as determining AP, FP, SP, BP, EP coor-
dinates or image sizes (field sizes) and other imaging condi-
tions, or registering a CAD 1mage as an AP, FP, SP, BP, or EP
template, or matching the CAD 1mage and the SEM 1mage
and measuring any differences in coordinate position oifsets
between both images or 1n pattern shape therebetween. Auto-
mating a part or all of these process steps improves an auto-
mation ratio of the entire process flow from EP setup on the
waler to SEM-based image acquisition, dimension measure-
ment/OPC shape evaluation, and feedback 1into process data.
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In addition, the minimum line widths or minimum inter-
pattern distances or reference pattern widths 1n each pattern or
in a plurality of in-field patterns are effective not only during
generation of a CAD 1mage, but also determination of process
parameters 1n arbitrary image processing that uses the CAD
image. In other words, for example, when AP, FP, BP, EP 1s
determined from any CAD 1mage, a smoothing filter size can
be determined based on line width 1n order to blur pattern
being not more than the line width that wants to be noted.
Furthermore, during such processing as described above, 1t 1s
considered processing sequences that a desired mput CAD
image may be generated with the image-quantizing width for
saving a reference pattern width that wants to be noted during
any analytical operation, or a CAD 1mage 1s generated with
general-purpose 1mage-quantizing width (for example,
image-quantizing width at which all patterns will be saved)
and then a desired mput CAD image may be generated by
repeating the quantization for the CAD image with any
image-quantizing width according to an analytical content
conducted or obtained thereafter, or a desired mput CAD
image may be generated by processing a CAD 1mage by using

appropriate process parameters (such as a smoothing param-
eter).

4. GUI Display and File Output

4.1: GUI Display

A description will be given of a method 1n which the CAD
image that has been created according to the present invention
1s displayed in GUI (Graphic User Interface) screen mode of
the display unit 116, 126. The above CAD image can be
displayed 1n GUI screen mode, at which time, a plurality of
images ceach different in conditions can be simultaneously
displayed next to one another or 1n overlapped form, depend-
Ing on partlcular needs. The above conditions include a partor
all of a difference in magnification or a difference 1n 1image
type (SEM 1mage or CAD mmage) or differences in CAD
image generating scheme (differences in the attributes
emphasized). An example 1n which a CAD 1mage 1901 (hav-
ing a CAD pattern 1903 whose contour shape 1s approxi-
mated to a SEM 1mage shape) and original related design data
1904 (shown with a dotted line) are displayed 1n overlapped
form with a SEM 1mage 1909 further displayed next to the
overlapped display 1s shown 1n FIG. 25 as an example of the
above image display method. The SEM image 1909 can either
have its as-acquired SEM 1mage displayed as 1t 1s, or have an
internal pattern 1910 of the image displayed linearly by pro-
cessing such as contour extraction. In addition, a scale 1905,
minimum line width 1906 (or 1907), and an actual size/pixel
ratio 1908 can each be displayed as an analog or digital
indicator 1n an overlapped or side-by-side arranged format on
the above display. The scale 1903 indicates how long 1n the
CAD i1mage an arbitrary unit dimension 1n full size 1s. For
example, the scale 1905 makes a scale indication of the length
in an 1mage of a 100-nm full size.

The above minimum line width 1906 make a scale indica-
tion or a numerical value indication of the minimum line
width of a pattern, or patterns (pattern group), within the
image, and sections with a line width equivalent to the mini-
mum line width can also be displayed as 1097. Typical values
for each pattern or within a display range can be displayed as
the display of the mimmum line width 1906 and 1907, and
these typical values can be simultaneously displayed as, for
example, typical line widths 1307 to 1310 1n FIGS. 19A and
19B. In addition, although the above GUI display method has
been described taking the mimimum line width as an example,
the minimum inter-pattern distance or reference pattern width
or any attribute value can be displayed as a scale or a bright-
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ness value or digitally (a numerical value) on an associated
pattern, or at any location, in GUI screen mode.
4.2: File Output

A numerical representation of the minimum line width or
mimmum inter-pattern distance or various attribute mnforma-
tion in the present invention can be written into a CAD data
file or other files, for management. A method of integrated
management with the CAD data file 5077 will be described as
an example using FI1G. 5B. FIG. 5B shows an example of afile
format 1n which the CAD data in FIG. 5A 1s written. At the top
layer 504 shown therein, three patterns 501 to 503, are shown
and the pattern 501 includes four apexes P1 to P4. Segment
information 511 that 1dentifies a contour of a pattern shape
represented by x- and y-coordinates of the apexes P1 to P4,
and layer information 509 such as 504 to 506 are generally
written for each pattern 1n the CAD data file 507 (the above
two kinds of information are listed as 512, 513, for each
pattern). The x- and y-coordinates are expressed in any ref-
erence coordinate system 500 and have a unit such as nanom-
eters.

In the present invention, 1n addition to the above, part or all
ol a numerical representation of the minimum line widths or
mimmum inter-pattern distances or various attribute informa-
tion for each pattern can be expressed as 510, for example.
Additionally, part or all of typical values or distribution infor-
mation 1n any region (including extraction region ROI) of the
mimmum line widths or minimum inter-pattern distances or
desired pattern widths or various attribute information for
cach pattern can be written into a file header 508. The above
attribute information includes part or all of mask pattern
partial removal information (1.e., whether a particular loca-
tion at a resist mask 1s a resist-photosensitizing location), or
the kind of sample’s material at an associated position, or
manufacturing processes, or pattern shapes, or roughness/
fineness levels of the patterns, or design margins.

In addition, the CAD 1mage generating method, analytical
method, display method, or file management method
described 1n the present invention can be utilized not only 1n
SEM apparatuses, but also optical microscope apparatuses,
scanning probe microscopes (heremafter, called SPMs), or
the like. That 1s to say, setup of AP and EP may be required in
the above optical microscope apparatuses or SPMs as well,
and in an SPM, for instance, the SEM images heretofore
described will be the depth information acquired by the SPM,
or will be 1image conversion results on the depth information
(depth data will be converted into brightness data of images).

As described above, 1n embodiments of the apparatus or
method for creating an imaging recipe in a SEM apparatus, an
optical microscope apparatus, or an SPM apparatus (or the
like) according to the present embodiment, at least the fol-
lowing six advantageous effects can be obtained:

(1) It 1s possible, by determining 1image-quantizing width
based on the pattern width that should be noted determined by
the minimum line width or minimum ter-pattern distance of
patterns, to determine appropriate 1image-quantizing width
for the complexity of the pattern to be noted and obtain
processing results at high speed and accurately 1n various
Image-processing.

(2) Any differences 1n, for example, SEM signal quantity
due to the differences 1n attributes that are detected 1n, for
example, an actual SEM 1mage, can be represented in a CAD
image by representing any differences in mask pattern partial
removal imformation, material mmformation of the sample,
information on processing states, or other attribute informa-
tion, as ditferent brightness values, and assigning these values
to the CAD 1mage. On the result of assigning these values to
the CAD 1mage, in AP template searches etc. 1t 1s possible to
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conduct AP template searches in consideration of {for
example, SEM signal quantity that appears in feature due to
the above differences 1n attributes. In addition, there 1s an
advantage that the template searches improve in stability with
respect to conventional linear images or that highly accurate
relationship can be established during matching between the
CAD i1mage and, for example, the SEM 1mage.

(3) Provision of image processing which deforms the pat-
tern profile written 1n CAD data makes 1t possible for the
deformation of the pattern on, for example, a SEM 1mage, due
to any differences 1n exposure process conditions or image
acquisition conditions, or the like, to be represented ina CAD
image as well. Improved accuracy 1n matching between both
images 1s thus anticipated.

(4) Changes 1n SEM 1mage state, for example, can be
flexibly accommodated by creating betorehand a plurality of
CAD 1mages each different in part or all of image-quantizing
width, a brightness providing method based on attributes, or
a shape deformation method and level.

(5) For example, SEM 1mage acquisition only for deter-
mining the coordinates of the imaging points including a part
of AP, FP, SP, BP, or EP, or all thereot, and for determining
image acquisition conditions becomes unnecessary by using
the CAD 1mage created according to the above-mentioned
image-quantizing width, brightness providing method, or
shape deformation method. That 1s to say, the coordinates of
the above 1maging points, and 1image acquisition conditions
can be determined from the CAD 1mage, and the CAD 1mage
itself can be registered as a template. For example, when
using a SEM apparatus to actually observe any one of the
above 1maging points, 1t 1s necessary to match a CAD 1mage
(template) whose coordinates are known, and a SEM 1mage,
for example, and estimate the 1imaging position. According to
the present embodiment, however, both 1mages can be
matched very accurately as described 1n 1tem (3) above.

(6) Automatic determination of the imaging points and the
like from a CAD image 1s possible, for which reason, the
imaging recipe creation that has conventionally been manu-
ally conducted can be implemented more easily and at higher
speed.

The present invention can be applied to a SEM apparatus
such as a CD-SEM.

The mvention may be embodied in other specific forms
without departing from the spirit or essential characteristics
thereof. The present embodiment 1s therefore to be consid-
ered 1n all respects as illustrative and not restrictive, the scope
of the mvention being indicated by the appended claims,
rather than by the foregoing description, and all changes that
come within the meaning and range of equivalency of the
claims are therefore intended to be embraced therein.

What 1s claimed 1s:

1. An apparatus for creating an 1imaging recipe to observe,
by using a scanning electron microscope, a semiconductor
pattern formed on a sample, the apparatus comprising:;

a CAD data file within which 1s input and stored CAD data
that contains layout information of the pattern formed on
the sample, the CAD data being in the form of segment
information represented by X and Y coordinates of
apexes of the pattern and layer information;

a CAD image creation unit which creates a CAD 1mage by
converting the stored CAD data within the CAD datafile
into an 1mage format; and

an 1maging recipe creation device which creates the imag-
ing recipe by using the CAD image created by the CAD
image creation unit.

2. The apparatus according to claim 1, wherein the CAD

image creation unit includes an image-quantizing width
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determining section which creates the CAD 1mage by con-
verting the CAD data 1nto an 1image using 1image-quantizing,
width determined based on a pattern width of a predetermined
reference pattern.

3. The apparatus according to claim 2, wherein, 1n the
image-quantizing width determining section, the pattern
width of the predetermined reference pattern includes a mini-
mum line width or minimum inter-pattern distance of the
predetermined reference pattern.

4. The apparatus according to claim 3, wherein, 1n the
image-quantizing width determining section, the minimum
line width or minimum 1nter-pattern distance of the predeter-
mined reference pattern 1s calculated from the CAD data.

5. The apparatus according to claim 1, wherein the CAD
image creation unit includes a brightness information provid-
ing section which creates the CAD 1mage by converting the
CAD data into a multivalued 1mage having various attributes
assigned as brightness data.

6. The apparatus according to claim 35, wherein, 1n the
brightness information providing section, the attributes
include any one of, or a plurality of, or all of, mask pattern
partial removal information, material or manufacturing pro-
cess information, layer information, shape information on the
pattern, a roughness/fineness level of the pattern, and design
margins.

7. The apparatus according to claim 5, wherein: in the
brightness information providing section, the various
attributes include mask pattern partial removal information;
and the CAD i1mage creation umit includes a pattern shape
deformation processing section which creates the CAD
image by conducting a deforming process on the pattern
shape written 1n the CAD data.

8. The apparatus according to claim 7, wherein, 1n the
pattern shape deformation processing section, the deforming,
process 1ncludes image processing which 1s conducted to
round the pattern shape at a corner section thereof or/and
change the pattern 1n width.

9. The apparatus according to claim 1, wherein the CAD
image creation unit includes:

an 1mage-quantizing width determination section which
creates the CAD 1mage by converting the CAD data into
an 1mage using the image-quantizing width determined
based on a pattern width of a predetermined reference
pattern;

a brightness information providing section which creates
the CAD image by converting the CAD data into a
multivalued image having various attributes assigned as
brightness data; and

a pattern shape deformation processing section which cre-
ates the CAD 1mage by conducting a deforming process
on the pattern shape written 1n the CAD data.

10. The apparatus according to claim 1, wherein the imag-
ing recipe created by the imaging recipe creation device
includes coordinates of an 1maging point, and an image tem-
plate at the coordinates, or imaging conditions for SEM
observation.

11. The apparatus according to claim 10, wherein the imag-
ing point includes any one of, or a plurality of, or all of; an
addressing point, a focusing point, a stigmatism control point,
and a brightness and contrast control point, and an evaluation
point.

12. A method for creating an 1maging recipe to observe, by
using a scanning electron microscope, a semiconductor pat-
tern formed on a sample, the method comprising the steps of:

transterring CAD data in which layout information of the
semiconductor pattern 1s written, to a CAD data file, the
CAD data being 1n the form of segment information
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represented by X and Y coordinates of apexes of the
pattern and layer information;

creating a CAD 1mage by conducting an image conversion
based on the CAD data transterred to the CAD data file
in the transierring step;

creating the imaging recipe by using the CAD image cre-
ated 1n the CAD 1mage creating step; and

outputting the imaging [receipt] recipe to a display unit
through a graphic user interface.

13. The method according to claim 12, wherein the CAD

image creating step further includes:

an 1mage-quantizing width determining step that creates
the CAD mmage by converting the CAD data into an
image using the image-quantizing width determined
based on a reference pattern width;

a brightness information providing step that creates the
CAD image by converting the CAD data into a multi-
valued 1mage having various attributes assigned as
brightness data; and

a pattern shape deformation processing step that creates the
CAD mmage by conducting a deforming process on the
pattern shape written in the CAD data.

14. The method according to claim 12, wherein the 1mag-
ing recipe created in the step of creating the imaging recipe
includes coordinates of an 1maging point, and an 1image tem-
plate at the coordinates, or imaging conditions for SEM
observation.

15. An apparatus for evaluating a shape of a semiconductor
pattern formed on a sample, the apparatus comprising:

an observation device which observes the pattern formed
on the sample, through a scanning electron microscope
in accordance with an imaging recipe;

an 1maging recipe creation device which creates the imag-
ing recipe for imaging with the scanning electron micro-
scope to observe the pattern by use of the observation
device; and

an evaluation device which evaluates a shape of the pattern
on the basis of the results obtained during the observa-
tion by the observation device;

wherein the 1imaging recipe creation device includes:

a CAD data file within which 1s input and stored the CAD

data that contains layout information of the pattern
formed on the sample, the CAD data being 1n the form of
segment mformation represented by X and Y coordi-
nates of apexes of the pattern and layer information;

a CAD image creation unit which creates a CAD 1mage by
converting the stored CAD data within the CAD datafile
into an 1mage format; and

an 1maging recipe creation unit which creates the imaging,
recipe by using the CAD mmage created by the CAD
image creation unit.

16. An apparatus for creating an imaging rvecipe to
observe, by using a scanning microscope, a semiconductor
pattern formed on a sample, the apparatus comprising:

a CAD data file within which is input and stored CAD data
that contains layout information of the pattern formed
on the sample, the CAD data being in the form of seg-
ment information represented by X and Y coovdinates of
apexes of the pattern and layer information,

a CAD image creation unit which creates a CAD image by
converting the stoved CAD data within the CAD data file
into an image format; and

an imaging vecipe creation device which creates the imag-
ing recipe by using the CAD image created by the CAD

image creation unit,
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wherein the CAD image creation unit converts template
position coordinates of the CAD data to reference X-Y
coordinates of apexes of the pattern and layer informa-
tion.

32
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