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FIG. 1 
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CONFOCAL MICROSCOPE AND WIDE FIELD 
MICROSCOPE 

[0001] The present application claims the bene?t of J apa 
nese Patent Application No. 2000-013622 Which is hereby 
incorporated by reference. 

BACKGROUD OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] The present invention relates to a microscope 
Which is capable of observing a super ?ne structure of a 
specimen, and particularly, to a microscope Which is capable 
of obtaining an image With the maXimum contrast by 
adjusting an aperture stop to the optimal in accordance With 
the degree of unevenness of the surface of the specimen. 

[0004] 2. Related Background Art 

[0005] When a super ?ne structure of a specimen is to be 
observed by a microscope, the resolution 6 thereof can be 
obtained by the folloWing eXpression (1): 

6=M2NA (1), 

[0006] Where 9» is the Wavelength of an illumination light 
of the microscope, and NA is the numerical number of the 
objective lens. As seen from the eXpression (1), in order to 
improve the resolution 6 of the microscope, it is required to 
reduce the wavelength 9» of the illumination light, or to 
enlarge the numerical aperture NA of the objective lens. 

[0007] When an object to be observed is a living specimen 
such as a cell, if the wavelength 7» of the illumination light 
is reduced to be beloW the ultraviolet spectral range, the 
living specimen itself is damaged due to a photochemical 
reaction, or the like. For this reason, it is not advantageous 
to reduce the wavelength 9» of the illumination light. It is 
generally conducted to enhance the resolution 6 by enlarging 
the numerical aperture NA of the objective lens. 

[0008] On the other hand, if an object to be observed is an 
inorganic substance such as a material and the resolution 6 
is required to be largely enhanced, the numerical aperture 
NA of the objective lens is enlarged and the Wavelength of 
the illumination light is reduced, at the same time. 

[0009] For instance, in the ?eld in Which a semiconductor 
Wafer or the like is to be observed, the scale of a ?ne 
structure typically of a integrated circuit is gradually reduc 
ing. Thus, a repeating periodic structure of the ?ne structure 
called a line-and-space in a semiconductor process reaches 
a range beloW 0.25 pm. 

[0010] In order to observe such ?ne structure, a micro 
scope using deep ultraviolet rays having the wavelength 9» of 
300 nm or less as its illumination light is recently used. For 
instance, a laser for continuously emitting deep ultraviolet 
rays having the wavelength 9» of 266 nm, Which are higher 
harmonics four times as high as those emitted from Nd-YAG 
laser, is used as a light source, and an objective lens having 
a high numerical aperture NA of 0.9 or around is employed, 
so as to obtain the resolution of 0.10 pm or around. 

[0011] In such a conventional microscope, if a ?at speci 
men having less unevenness on its surface is to be observed, 
an image With large resolution 6 and an excellent contrast 
can be obtained by reducing the wavelength 9» of the 
illumination light and by maXimiZing the numerical aperture 
NA of the objective lens. 
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[0012] HoWever, When the surface of the specimen has the 
unevenness in height substantially equivalent to the Width of 
the specimen in the plane direction, an image With eXcellent 
contrast can be obtained more frequently With a reduced 
aperture stop, Which is not a problem limitedly related to a 
microscope using deep ultraviolet rays, but becomes par 
ticularly conspicuous With a microscope having a high 
resolution for observing a super ?ne structure by employing 
the deep ultraviolet rays. 

[0013] FIG. 10 illustrates the above case. FIG. 10 is 
cross-sectional vieW of a specimen 704 With the surface 
having unevenness (including conveX portions and concave 
portions) in height h substantially equal to the Width W 
thereof in the plane direction. For observing such specimen 
704 by means of a microscope, ambient light rays of a light 
?uX 701 having a high numerical aperture are intercepted by 
the conveX portions of the sample 704 and fail to reach a 
focusing surface 703. Also, the ambient light rays of the light 
?uX 701 are scattered on the surface of the specimen 704, so 
as to decrease the contrast of the image. 

[0014] Accordingly, by adjusting the numerical aperture 
NA of the light ?uX 701 With the aperture stop, it is possible 
to enhance the contrast and the comprehensive quality of the 
image since, if a light ?uX such as a light ?uX 702 shoWn in 
the draWing is employed as the illumination light, there is no 
scattered light on the surface of the conveX portions of the 
specimen. 

[0015] HoWever, a value for the numerical aperture for 
obtaining the optimal contrast depends on the Width W and 
the height h of the unevenness of the structure of the 
specimen 704. For this reason, the observer has to adjust the 
aperture stop through trial and error for each specimen 
having different Width W and height h, Which makes a great 
burden for the observer. 

[0016] Moreover, in case of a microscope having a high 
resolution and utiliZing deep ultraviolet rays, the specimen 
704 is damaged by the deep ultraviolet rays so that it is 
necessary to reduce the time for adjusting the aperture stop 
to the minimum. 

SUMMARY OF THE INVENTION 

[0017] Accordingly, an object of the present invention is to 
provide a microscope of high resolution for observing a 
super ?ne structure of a specimen, in Which the aperture stop 
is set to be corresponding to the height of the unevenness of 
the surface of the specimen, so as to obtain an image With 
the maXimum contrast in a short period of time. 

[0018] In order to achieve the above object, according to 
one aspect of the present invention, there is provided a 
confocal microscope for observing, by scanning a spot light 
for illuminating an object to be observed through an objec 
tive lens, an image of said object to be observed, Which 
comprises: an aperture stop for adjusting the numerical 
aperture of the objective lens; and a control unit for calcu 
lating the contrast of the image of the object in accordance 
With each focal position While varying the focal position of 
the objective lens along the direction of the optical aXis to 
obtain the height of the unevenness of the surface of the 
object from a ?uctuation of said contrast, thereby setting the 
aperture stop in such a manner that the depth of focus is 
substantially equal to the height of said unevenness. 
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[0019] According to the present invention, it is possible to 
acquire an image With the optimal contrast in a short period 
of time since the height of the unevenness of the surface of 
the object is measured and the aperture stop is automatically 
set to have the depth of focus corresponding to the height of 
the unevenness of the object by using the sectioning function 
of the confocal microscope. 

[0020] In order to achieve the above object, according to 
another aspect of the present invention, there is provided a 
Wide ?led microscope for illuminating an object to be 
observed With uniform light through an objective lens to 
observe the image of the object, Which comprises: an 
aperture stop for adjusting the numerical aperture of the 
objective lens; and a control unit for calculating a contrast of 
the image of the object While varying the aperture stop and 
the focal position of the object lens so as to set the aperture 
stop and the focal position at the positions at Which the 
contrast becomes the maximum. 

[0021] According to the present invention, since the con 
trast of the image of the object to be observed is calculated 
by varying the aperture stop and the focal position so as to 
automatically set the aperture stop and the focal position at 
the positions at Which the contrast reaches the maximum, it 
is possible to obtain an image With the optimal contrast in a 
short period of time. 

[0022] In order to achieve the above object, according to 
still another aspect of the present invention, there is provided 
a microscope for observing an image to be observed through 
an objective lens, Which comprise: an aperture stop for 
adjusting the numerical aperture of the objective lens; and a 
control unit for receiving the height of the unevenness of the 
surface of the object so as to set the aperture stop to have the 
depth of focus substantially equal to the height of the 
unevenness. 

[0023] Also, the control unit is adapted to change a set 
value for the aperture stop in accordance With the height of 
the unevenness so as to set the aperture stop and the focal 
position of said object lens at the positions at Which the 
contrast of the objective image becomes the maximum. 

[0024] According to the present invention, it is possible to 
directly input a designed value for the height of the uneven 
ness of the object to be observed and a value of deviation 
from the designed value, so as to automatically determine 
the depth of focus for giving the optimal contrast. Accord 
ingly, it is possible to obtain an image With the optimal 
contrast in a short period of time When the object has a clear 
pro?le of the unevenness and a distinct deviation such as a 
semiconductor device. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0025] FIG. 1 is a vieW for shoWing the con?guration of 
a confocal laser scanning microscope according to a ?rst 
embodiment of the present invention; 

[0026] FIG. 2 is a ?oWchart of an operation of the 
confocal laser scanning microscope; 

[0027] FIG. 3 is a ?oWchart of the operation of the 
confocal laser scanning microscope (sequel to FIG. 2); 

[0028] FIGS. 4A and 4B are vieWs for explaining a 
specimen to be observed; 
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[0029] FIG. 5 is a vieW for explaining a method of 
obtaining the height of the unevenness of the specimen; 

[0030] FIGS. 6A to 6C are graphs for shoWing changes of 
the intensity of an image signal With different focal positions 
on a monitor scanning line; 

[0031] FIG. 7 is a vieW for shoWing the con?guration of 
a Wide ?eld microscope according to a second embodiment 
of the present invention; 

[0032] FIG. 8 is a ?oWchart of an operation of the Wide 
?eld microscope; 

[0033] FIG. 9 is a ?oWchart of the operation of the Wide 
?eld microscope (sequel to FIG. 8); and 

[0034] FIG. 10 is a vieW for explaining a relationship 
betWeen the structure of the specimen to be observed and an 
illumination light. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0035] Preferred embodiments of the present invention 
Will be described beloW With reference to draWings. HoW 
ever, these embodiments are not to limit the scope of the 
present invention. 

[0036] FIG. 1 is a vieW for shoWing the con?guration of 
a confocal laser scanning microscope according to the ?rst 
embodiment of the present invention. In the confocal laser 
scanning microscope, a pin hole is set at a confocal position 
to eliminate the light rays out of focus, so that the image of 
a specimen having unevenness can be obtained With the 
surface thereof at a predetermined height in focus. 

[0037] In the confocal laser scanning microscope, a laser 
beam 102 emitted from a deep ultraviolet laser 101 is passed 
through a shutter 103, is adjusted to have an appropriate 
light amount by an attenuating ?lter in an attenuating ?lter 
changing unit 104, and then is re?ected by mirrors 123 and 
124. Then, the laser beam is expanded by a beam expander 
105 to a light ?ux 107 Which ?lls the pupil diameter of an 
objective lens 111. 

[0038] The light ?ux 107 is, after passing through an 
aperture stop 106 and a beam splitter 108, tWo-dimension 
ally scanned by a tWo-dimensional scanner unit 109 having 
mirrors 125 and 126 along the directions crossing to each 
other at right angles. Then, the light ?ux 107 is passed 
through a mirror 127 and a relay lens 110 and forms a small 
spot light 113 on a specimen 112 by the objective lens 111. 

[0039] The specimen 112 is mounted on a specimen stage 
114, and the specimen stage 114 is movable along the 
direction of the optical axis indicated by the arroW 128. The 
small spot light 113 is re?ected by the specimen 112, and is 
passed through the objective lens 111, the relay lens 110, the 
mirror 127 and the tWo-dimensional scanner unit 109 to 
become a stationary light beam 115 again. 

[0040] The stationary light beam 115 is re?ected by the 
beam splitter 108, and is condensed by a condenser lens 116. 
Only a light, out of this stationary light beam 115, passed 
through the pin hole 117 is photoelectrically converted by a 
detector 118, and then converted by an image processing 
unit 119 into an image signal to be displayed on a display 
120. 
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[0041] The confocal laser scanning microscope has the 
sectioning function for eliminating a light out of focus by 
means of the pin hole 117, so that, When the specimen 112 
to be observed has unevenness, the contrast of the image 
varies With a change of the focal position. Accordingly, a 
position of the specimen stage 114 at Which the contrast 
varies to reach a predetermined value is measured by an 
unrepresented encoder, or the like, thereby measuring the 
height of the unevenness of the specimen 112. 

[0042] A control unit 121 is adapted to control the image 
processing unit 119, While controlling the diameter of the 
aperture stop 106 and the position of the specimen stage 114. 
Also, in order to reduce a damage on the specimen 112 
Which may be caused by the deep ultraviolet rays, the light 
amount of the deep ultraviolet rays is controlled by the 
attenuating ?lter changing unit 104. Further, When the 
damage on the specimen 112 reaches a predetermined limit 
value, the shutter 103 is closed to stop the application of the 
deep ultraviolet rays. Note that the confocal laser scanning 
microscope is mounted on an anti-vibration table 122 in 
order to secure a high image quality. 

[0043] Next, description Will be made on an operation for 
observing a specimen by means of the confocal laser scan 
ning microscope of the present embodiment, With reference 
to the ?oWcharts shoWn in FIGS. 2 and 3. In the present 
embodiment, the height of the unevenness of the surface of 
the specimen is measured by utiliZing the sectioning func 
tion described above, so as to automatically adjust the 
aperture stop to have the focal depth corresponding to the 
height of such specimen. Thus, an image With the optimal 
contrast can be obtained in a short period of time. 

[0044] Here, the structure of a specimen to be observed 
Will be described With reference to FIG. 4. The specimen 
112 to be observed has, as shoWn in the plan vieW of FIG. 
4A and in the cross-sectional vieW of FIG. 4B, 21 structure 
With convex and concave portions (unevenness), like a 
pattern structure 201 of a semiconductor Wafer. In the 
folloWing description, the height of the unevenness of the 
specimen 112 is to be obtained by measuring the intensity of 
an image signal along a monitor scanning line 202 shoWn in 
FIG. 4A. 

[0045] As shoWn in the ?oWcharts of FIGS. 2 and 3, in 
order to observe the specimen by means of the microscope 
of the present embodiment, ?rst substantially the middle 
position of the unevenness of the specimen 112 is focused 
(step S1), and then the focal position is stored as a start point 
(step S2). 
[0046] The relationship betWeen the specimen 112 and the 
focal position in this case is shoWn in FIG. 5. A small spot 
light 113 condensed by the objective lens 111 is tWo 
dimensionally scanned on the surface of the specimen 112 
With the focal position remaining ?xed. In the steps S1 and 
S2, the middle position 301 of the height of the unevenness 
306 of the specimen 112 is stored in a memory of the control 
unit 121 as a start point on a scanning surface With respect 
to the direction of the optical axis. 

[0047] Next, a structure for monitoring the contrast of an 
image is speci?ed (step S3), and then a threshold value for 
the contrast and an amount of focus movement are speci?ed 
(step S4). For instance, in case of FIG. 5, a structure 308 is 
speci?ed for monitoring the contrast, as a structure having a 
greatest unevenness in the specimen or a structure having a 
typical unevenness. 
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[0048] The threshold value for the contrast is, as described 
later, a threshold value for measuring the height of the 
unevenness of the specimen by using a change of the 
contrast. Also, the amount of focus movement is an amount 
of movement of the scanning surface With respect to the 
direction of the optical axis. 

[0049] Next, the surface of the specimen 112 is tWo 
dimensionally scanned by the small spot light 113, and the 
image of the specimen 112 is displayed on the display 120, 
Whereby the intensity of the image signal on the monitor 
scanning line 202 is received (step S5). 

[0050] FIGS. 6A to 6C are graphs for shoWing changes of 
the intensity of the image signal along the monitor scanning 
line 202. Note that each of the ordinates in FIGS. 6A to 6C 
represents a percent of the image signal intensity. For 
instance, if the digital conversion of an image signal inten 
sity is conducted in 8 bits, the image signal intensity of 0 is 
represented by 0%, and the image signal intensity of 255 by 
100%. Also, the abscissa in these graphs represents the 
horiZontal coordinate of the image, that is, the position of a 
sampling picture element. 

[0051] FIG. 6A shoWs a case in Which the focal position 
is the upper boundary position 304 of the unevenness shoWn 
in FIG. 5, FIG. 6B shoWs a case in Which the focal position 
is the middle position 301 of the unevenness, and FIG. 6C 
shoWs a case in Which the focal position is the loWer 
boundary position 305 of the unevenness. Note that the 
image signal intensities I1 and I2 plotted along the ordinate 
respectively represent the minimum value and the maximum 
value for the image signal intensity. 

[0052] Based on the above data of the image signal 
intensity, a contrast C of the image Will be calculated in 
accordance With the folloWing expression (step S6): 

[0053] Next, the current focal position 301 is moved 
upWard only by the distance speci?ed in step S4 (step S7), 
Whereby the focal position becomes, for instance, the posi 
tion 302 shoWn in FIG. 5. In the present embodiment, the 
upWard movement of the focal position is conducted by 
moving the specimen stage 114 doWnWard, but may be 
conducted by moving the objective lens 111 upWard. Note 
that the moving distance is set arbitrarily, but preferably may 
be one tenth as large as an estimated height of the uneven 
ness of the specimen 112 to be observed, e.g., in a range 
from 0.1 pm to 0.2 pm. 

[0054] Next, it is judged Whether or not the contrast C 
calculated in step S6 is smaller than the threshold value 
speci?ed in step S4 (step S8). If the contrast value C is not 
smaller than the threshold value (No), the How returns to 
step S5 to calculate the contrast C for the second time With 
the focal position moved upWard (step S6). 

[0055] On the other hand, in step S8, if the contrast C is 
smaller than the threshed value speci?ed in step S4 (Yes), 
the focal position is stored in the memory as the upper 
boundary position 304 of the specimen 112 (step S9). The 
threshold value may be set arbitrarily, but preferably is 10% 
or around. 

[0056] Next, the focus is moved to the ?rst start point 301 
(step S10), and then the focal position is moved doWnWard 
by the amount of movement speci?ed in step S4 (step S11). 
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Then, the same processings as those in steps S5 to S8 are 
conducted in steps S12 to S15, so as to obtain the loWer 
boundary position 305 of the specimen 112 to be stored in 
the memory (step S16). 

[0057] In the confocal laser scanning microscope, the light 
is radically decreased in amount When it is deviated from the 
focus surface, so that the upper and loWer boundary posi 
tions 304 and 305 can be obtained With accuracy. Accord 
ingly, the height 306 of the unevenness of the specimen 112 
can be obtained from a difference betWeen the upper and 
loWer boundary positions 304 and 305 (step S17). 

[0058] Next, a value for the aperture stop for giving the 
focal depth A equivalent to the height 306 of the unevenness 
of the specimen 112 is calculated (step S18), and the 
aperture stop 106 of the microscope is set at the calculated 
value (step S19). In this case, the focal depth A is given by 
the folloWing expression: 

A=2t/ (2 * NA2) (3). 

[0059] The optimal numerical aperture NA is obtained by 
varying the expression (3) to the folloWing expression (4) 
for the required focal depth A: 

[0060] The aperture stop value also has a proportional 
relationship With the numerical aperture NA, and is deter 
mined one-conditionally With respect to the other optical 
systems. 

[0061] Next, the focal position is moved to a position for 
bisecting the upper boundary position 304 and the loWer 
boundary position 305 (step S20), and an image is received 
to be froZen (step S21), Whereby the shutter is closed (step 
S22), to complete a series of operations. Note that in step 
S20, the focal position may be moved to a position at Which 
the contrast reaches the maximum. 

[0062] According to the present embodiment, as described 
above, the height 306 of the unevenness of the surface of the 
specimen 112 is measured by utiliZing the sectioning func 
tion, so that the aperture stop 106 is automatically deter 
mined to obtain the focal depth A corresponding to the 
height 306 of the unevenness. Thus, it is possible to obtain 
an image With the optimal contrast in a short time of period. 

[0063] Note that in the above description the image signal 
intensities are latched along the single monitor scanning line 
202. HoWever, the measurement may be conducted across a 
plurality of scanning lines in the range of observation, so as 
to calculate the average of the image signal intensities, 
thereby enhancing the accuracy in measurement. Also in the 
above description, the focal position is moved upWard from 
the initial focal position 301 and then moved doWnWard at 
the time of obtaining the height 306 of the unevenness of the 
specimen 112. HoWever, the focal position may be moved in 
a different order. 

[0064] Next, the second embodiment of the present inven 
tion Will be described. FIG. 7 is a vieW for shoWing the 
con?guration of a Wide ?eld microscope according to the 
second embodiment. Though having no sectioning function, 
the Wide ?eld microscope can illuminate an entire specimen 
With uniform deep ultraviolet rays. Thus, a damage on the 
specimen caused by the deep ultraviolet rays is less, com 
pared With that in the confocal laser scanning microscope for 
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illuminating a specimen With a spot light. Note that a Wide 
?eld microscope is also called a Koehler illumination type 
microscope. 
[0065] In the Wide ?eld microscope, a laser beam 602 
emitted from a deep ultraviolet laser 601 is passed through 
a shutter 603, is adjusted to have an appropriate light amount 
by an attenuating ?lter in an attenuating ?lter changing unit 
604, and then is re?ected by mirrors 623 and 624. Then, the 
laser beam is turned to a tWo-dimensional light source beam 
having a limited siZe on a diffusion plate 605 and then 
expanded by a beam expander 605 to ?ll the pupil diameter 
of an objective lens 611 as an expanded light ?ux 607. 

[0066] The light ?ux 607 is, after passing through a relay 
lens 608 and an aperture stop 609, re?ected by a beam 
splitter 610 to be turned to a uniform illumination light 613 
(indicated by the solid line) for uniformly illuminating a 
specimen 612 through an objective lens 611. The specimen 
612 is mounted on a specimen stage 614, and the specimen 
stage 614 is movable along the direction of the optical axis 
indicated by the arroW 628 in the draWing in order to adjust 
the focal position. 

[0067] The re?ected light 615 (indicated by the broken 
line) from the specimen 612 is returned to the objective lens 
611 and, after passing through the beam splitter 610, is 
imaged on a CCD (Charge Coupled Device) camera 617 by 
means of a second objective lens 616. The image on the 
CCD camera 617 is photoelectrically converted and then is 
converted by an image processing unit 618 into an image 
signal to be displayed on a display 619. 

[0068] A control unit 620 is adapted to control the image 
processing unit 618, While controlling the diameter of the 
aperture stop 609 and the position of the specimen stage 614. 
Also, in order to reduce a damage on the specimen 612 
Which may be caused by the deep ultraviolet rays, a light 
amount of the deep ultraviolet rays is controlled by the 
attenuating ?lter changing unit 604. Further, When the 
damage on the specimen 612 reaches a predetermined limit 
value, the shutter 603 is closed to stop the application of the 
deep ultraviolet rays. Note that the Wide ?eld microscope is 
mounted on an anti-vibration table 621 to secure a high 
image quality. 
[0069] The confocal laser scanning microscope of the ?rst 
embodiment is capable of measuring the height of the 
unevenness of a specimen by utiliZing the sectioning func 
tion, so as to automatically determine the focal depth for 
giving the optical contrast from the height value. On the 
other hand, since having no sectioning function, the Wide 
?eld microscope of the second embodiment is not capable of 
measuring the height of the unevenness of a specimen. 

[0070] Accordingly, in the Wide ?eld microscope of the 
second embodiment, a designed value for the height of the 
unevenness of a specimen and an estimated amount of 
deviation from the designed value are directly input so as to 
automatically determined the focal depth for giving the 
optimal contrast, Which is feasible When the specimen is a 
semiconductor element, or the like, since a designed value 
for the height of the unevenness of the specimen is distinct, 
so that an image With the optimal contrast can be obtained 
in a short period of time by inputting such designed value. 

[0071] Next, description Will be made on an operation for 
observing a specimen With a knoWn designed value for the 
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height of the unevenness thereof according to the present 
embodiment, With reference to the ?oWcharts of FIGS. 8 
and 9. In the present embodiment, ?rst a designed value for 
the height of the unevenness of the specimen and an esti 
mated amount of deviation from the designed value are input 
(step S31). 

[0072] An estimated amount of deviation is input since an 
actual specimen is not alWays prepared as designed and a 
value for the aperture stop for giving the maximum contrast 
is not determined only from the designed value for the height 
of the unevenness. In this embodiment, it is assumed that 
?ve values are to be input, including a designed value for the 
height of the specimen, a value equivalent to 110% of the 
designed value, a value equivalent to 120% thereof, a value 
equivalent to 90% thereof, and a value equivalent to 80% 
thereof. 

[0073] Next, ?ve values for the aperture stop for giving the 
focal depths corresponding to the above ?ve heights are 
calculated (step S32), and the aperture stop 609 of the 
microscope is set at one of the above ?ve values (step S33). 

[0074] Next, in steps S34 to S41, like in steps S1 to S8 of 
the ?rst embodiment, the focal position is moved upWard to 
calculate the contrast C. Then, in steps S42 to S47, like in 
steps S10 to S15 of the ?rst embodiment, the focal position 
is moved doWnWard to calculate the contrast C. 

[0075] Then, the focal position Which gives the maximum 
contrast betWeen the upper and loWer boundary values is 
stored in a memory (step S48). This combination of the focal 
position and the value for the aperture stop determined in 
step S33 is one of the candidates for the focal position and 
the value for the aperture stop for ?nally latching the image. 

[0076] Next, the value for the aperture stop 609 of the 
microscope is changed to another aperture stop value Which 
is calculated in step S32 (step S49). Then, it is judged 
Whether all of the ?ve values for the aperture stop calculated 
in step S32 have been set for the measurement (step S50). 

[0077] In this case, if all of the values for the aperture stop 
have not been set (No), the How returns to step S33, to set 
another value for the aperture stop in steps S34 to S48, 
Whereby the focal position for giving the maximum contrast 
is stored. 

[0078] On the other hand, it is judged that all of the 
aperture stop values are set (Yes), the aperture stop 609 of 
the microscope is set at a value Which gives the maximum 
contrast determined by the foregoing measurement (step 
S51), thereby moving the focal position to a position for 
giving the maximum contrast (step S52). 

[0079] Subsequently, an image is latched to be froZen (step 
S53), and then the shutter is closed (step S54). Note that in 
the above description ?ve values are input for the height 
assuming that an estimated amount of deviation for the 
height of the unevenness of the specimen is + or —10% to 
20%. HoWever, the operator can arbitrarily determine a 
range for the estimated amount of deviation in accordance 
With the characteristics of the specimen. 

[0080] As described above, in the Wide ?eld microscope 
of the present embodiment, the designed value for the height 
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of the unevenness of the specimen and the estimated amount 
of deviation from the designed value are directly input, 
thereby automatically determining a value for the aperture 
stop Which gives the optimal contrast. As a result, When the 
designed value for the height of the specimen can be 
distinctly knoWn, such as that of a semiconductor element, 
the designed value and the estimated amount of deviation 
therefrom are input to thereby automatically obtain an image 
With the optimal contrast in a reduced period of time. 

[0081] Next, the third embodiment, Which is a simpli?ed 
modi?cation of the second embodiment, Will be described. 
In the third embodiment, if a specimen is prepared to have 
the height of the unevenness substantially equal to a 
designed value, that is, if an amount of deviation of the 
height of the unevenness is not more than + or —1% to 2% 
of the designed value, a value for the aperture stop is 
determined based only on the designed value. 

[0082] According to the third embodiment, it is no longer 
required to calculate a focal position Which gives the maxi 
mum contrast across a plurality of aperture stop values, in 
the ?oWcharts of FIGS. 8 and 9, so that the time required 
for obtaining the image With the optimal contrast can be 
further reduced, Which proves to be particularly effective 
means When a specimen is damaged very badly because of 
its being exposed to deep ultraviolet rays. 

[0083] The scope covered by the present invention is not 
limited to the above described embodiments, but includes 
the inventions described in the foregoing claims and equiva 
lents thereto. 

[0084] In accordance With the present invention, the aper 
ture stop is automatically determined to have the focal depth 
corresponding to the height of the unevenness of an object 
to be observed, by measuring the height of the unevenness 
of the surface of the object by the use of the sectioning 
function of the confocal microscope, so that an image With 
the optimal contrast can be obtained in a short period of 
time. 

[0085] Also in accordance With the present invention, the 
contrast of the image of an object to be observed is calcu 
lated by varying the aperture stop and the focal position so 
that the aperture stop and the focal position are automati 
cally determined to the positions at Which the contrast 
reaches the maximum. Thus, an image With the optimal 
contrast can be obtained in a short period of time. 

What is claimed is: 
1. A confocal microscope for observing the image of an 

object to be observed by scanning a spot light for illumi 
nating the object through an objective lens, comprising: 

an aperture stop for adjusting the numerical aperture of 
said objective lens; and 

a control unit for calculating a contrast of the image of the 
object corresponding to each focal position While vary 
ing the focal position of said objective lens along the 
direction of the optical axis so as to determine the 
height of the unevenness on the surface of the object 
from a change of the contrast, thereby setting said 
aperture stop to have the focal depth substantially equal 
to said height of the unevenness. 
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2. A confocal microscope according to claim 1, wherein 
said control unit is adapted to set the focal position of said 
objective lens at a position at Which said contrast becomes 
the maximum. 

3. AWide ?eld microscope for observing the image of an 
object to be observed by illuminating said object With 
uniform light through an objective lens, comprising: 

an aperture stop for adjusting the numerical aperture of 
said objective lens; and 

a control unit for calculating a contrast of the image of the 
object While varying said aperture stop and the focal 
position of said objective lens so as to set said aperture 
stop and said focal position at positions at Which said 
contrast becomes the maXimum. 
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4. A microscope for observing the image of an object to 
be observed through an objective lens, comprising: 

an aperture stop for adjusting the numerical aperture of 
said objective lens; and 

a control unit for receiving the height of the unevenness 
on the surface of said object so as to set said aperture 
stop to have the focal depth substantially equal to said 
height of the unevenness. 

5. A microscope according to claim 4, Wherein said 
control unit is adapted to vary a set value for the aperture 
stop in accordance With a change of the height of the 
unevenness so as to set said aperture stop and the focal 
position of said objective lens at positions at Which the 
contrast of the image of said object becomes the maXimum. 

* * * * * 


