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An electron beam (area beam) having a ?xed area is irra 
diated onto the surface of a semiconductor sample, and 
re?ected electrons from the sample surface are imaged by 
the imaging lens, and images of a plurality of regions of the 
surface of the semiconductor sample are obtained and stored 
in the image storage unit, and the stored images of the 
plurality of regions are compared With each other, and the 
existence of a defect in the regions and the defect position 
are measured. By doing this, in an apparatus for testing a 
pattern defect of the same design, foreign substances, and 
residuals on a Wafer in the manufacturing process of a 
semiconductor apparatus by an electron beam, speeding-up 
of the test can be realized. 
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FIG. 1 
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FIG. 2a 

8 

w W 

T 

Mm EN nTb 
ETS To E 

SMN CR L NEo am E OLW FE F 
REC EL O 

TCE RE 

CCL Y 
EAE mm 

EH) E 
FEW N 

OHk E 

FL 

mom w 

.H E UWLV BNE mEs TDN YS S RN [CA A DNH DO YE T GHE OC RTR CE E 0 EL NYM SE EB( 

FIG. 2b 

REFLECTED 
ELECTRONS 

A 
ENERGY DISTRIBUTION OF ELECTRONS EMITTED 
BY THE INCIDENCE OF LOW ACCELERATION 
(LESS THAN SEVERAL TEN eV) ELECTRONS 

ENERGY OF ELECTRONS 



Patent Application Publication Aug. 29, 2002 Sheet 3 0f 7 US 2002/0117635 A1 
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FIG. 4 
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PATTERNED WAFER INSPECTION METHOD AND 
APPARATUS THEREFOR 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a method for 
testing the surface status of a sample (a semiconductor 
device, etc.) and apparatus therefor and particularly to an 
inspection method and apparatus therefor for imaging and 
inspecting ?ne pattern defects on the surface of a semicon 
ductor device in high sensitivity and high resolution at high 
speed using an electron beam. 

[0003] 1. Description of the Prior Art 

[0004] As an inspecting method for detecting defects of a 
circuit pattern formed on a Wafer by comparison test in the 
manufacturing process of a semiconductor device, there is a 
method for obtaining images of tWo or more same kind of 
LSI patterns on one Wafer using light, comparing these 
plurality of images, and testing existence of pattern defects 
and it is already put into practical use. The outline of this 
inspecting method is described in “Monthly Semiconductor 
World”, October issue, 1995, pp. 114 to 117. When pattern 
defects in the manufacturing process of a semiconductor 
device are tested by such an optical inspecting method, 
residuals of a silicon oXide ?lm through Which light trans 
mits and a photosensitive resist material cannot be detected. 
Residual etching beloW the resolution of the optical system 
and a nonopening defect of a ?ne conducting hole can be 
neither detected. 

[0005] To solve such a problem in the optical inspecting 
method, a pattern comparison inspecting method using an 
electron beam is described in Japanese Patent Application 
Laid-Open 59-192943, J. Vac. Sci. Tech. B, Vol. 9, No. 6, pp. 
3005-3009 (1991), J. Vac. Sci. Tech. B, Vol. 10, No. 6, pp. 
2804-2808 (1992), SPIE, Vol. 2439, pp. 174 0 183, and 
Japanese Patent Application Laid-Open 05-158703. In this 
case, to obtain a practical inspecting speed, it is necessary to 
obtain pattern images at a very high speed. To reserve the 
S/N ratio of images obtained at high speed, a beam current 
more than 100 times (more than 10 nA) of that of a normal 
scanning electron microscope is used. 

[0006] In the aforementioned prior testing art using an 
electron beam, to form images maintaining the S/N ratio 
Which can be tested, an electron beam having a large current 
is used. HoWever, since the electron beam is limited to a spot 
shape and this spot beam is tWo-dimensionally scanned on 
the surface of a sample, there is a limit to the high speed 
(shortening of the inspecting time). There is also a limit to 
the large current of an electron beam to be used due to the 
brightness of the electron source used and space charge 
effect. For eXample, to obtain a resolution of about 0.1 pm, 
the electron beam current to be used is theoretically limited 
to about several hundreds nA and only about 100 nA can be 
actually used. The S/N ratio of an image is decided by the 
number of electrons to be used so as to form the image, that 
is, the product of beam current and time required to obtain 
the image. In consideration of necessity of reservation of the 
S/N ratio on the image processing ready level, to obtain a 
resolution of 0.1 pm at a beam current of 100 nA, about 100 
seconds or more are required to test an area of 1 cm2 of the 
surface of a sample. On the other hand, in the aforemen 
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tioned conventional optical inspection apparatus, the test 
required time for an inspection area of 1 cm2 is very short 
such as about 5 seconds. 

SUMMARY OF THE INVENTION 

[0007] Therefore, an object of the present invention is to 
shorten the test required time of the pattern comparison 
inspecting method using an electron beam such as equal to 
or less than that of the conventional optical inspecting 
method. 

[0008] To accomplish this object, the present invention is 
a pattern defect inspecting method and apparatus therefor for 
spreading and irradiating an electron beam from the electron 
source to a ?Xed area region on the surface of a sample at the 
same time, imaging backscattering electrons obtained from 
the area region or secondary electrons and forming an 
enlarged image of the area region, moving the sample so as 
to irradiate the electron beam at the desired location of the 
surface of the sample, converting the enlarged image of the 
area region formed by the aforementioned image forming 
means to an image signal, and comparing the image signal 
of one area region on the surface of the sample obtained by 
the aforementioned image signal obtaining means With an 
image signal of another area region and detecting a pattern 
defect in the one area region. 

[0009] Furthermore, the pattern defect inspecting method 
and apparatus therefor of the present invention is character 
iZed in that the method and apparatus include at least ?rst 
electron beam irradiation for spreading and irradiating an 
electron beam from the electron source to a ?rst area region 
on the surface of a sample at the same time, ?rst electron 
image forming for imaging backscattering electrons emitted 
from the ?rst area region or secondary electrons and forming 
a ?rst electron image of the ?rst area region, ?rst image 
signal obtaining for obtaining an image signal of the ?rst 
electron image of the ?rst area region, irradiation position 
movement for moving the electron beam irradiation position 
from the ?rst area region on the surface of the sample to a 
second area region, second electron beam irradiation for 
spreading and irradiating the electron beam from the elec 
tron source to the second area region on the surface of the 
sample at the same time, second electron image forming for 
imaging backscattering electrons emitted from the second 
area region or secondary electrons and forming a second 
electron image of the second area region, second image 
signal obtaining for obtaining an image signal of the second 
electron image of the second area region, and defect detec 
tion for comparing the image signal of the ?rst electron 
image of the ?rst area region obtained at the aforementioned 
?rst image signal obtaining stage With the image signal of 
the second electron image of the second area region obtained 
at the aforementioned second image signal obtaining stage 
and detecting a pattern defect in the ?rst area region or the 
second area region. 

[0010] More concretely, the above object of the present 
invention, that is, speeding-up of the pattern comparison 
inspecting method using an electron beam is realiZed by 
sequentially irradiating an electron beam to a plurality of 
irradiation regions (area regions) of the surface of a sample 
as an area beam having a tWo-dimensional spread instead of 
a spot beam, sequentially forming enlarged images of the 
plurality of irradiation regions by imaging backscattering 
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electrons from the plurality of irradiation regions (area 
regions) or secondary electrons, converting the enlarged 
images of the plurality of irradiation regions to electrical 
image signals, and detecting a pattern defect in each of the 
aforementioned irradiation regions by comparing the image 
signals in the plurality of irradiation regions With each other. 

[0011] Namely, in the patterned Wafer inspection method 
of the present invention, an electron beam from the electron 
source is sequentially irradiated to a plurality of irradiation 
regions (area regions) of the surface of a semiconductor 
sample as a so-called area beam, and enlarged images in the 
plurality of irradiation regions are sequentially formed by 
electron-optically imaging backscattering electrons from the 
plurality of irradiation regions or secondary electrons, and 
the enlarged images in the plurality of irradiation regions are 
sequentially converted to electrical image signals and stored, 
and a pattern defect in each of the aforementioned irradia 
tion regions is detected by comparing the stored image 
signals in the plurality of irradiation regions With each other. 
According to this method, the conventional tWo-dimensional 
scanning by a spot beam in each irradiation region (area 
region) is not necessary, so that the inspection time can be 
greatly shortened and the defect test can be speeded up. 

[0012] The patterned Wafer inspection apparatus of the 
present invention can comprise an electron optical system 
for irradiating an electron beam from the electron source to 
the surface of a semiconductor sample as an area beam and 
forming an enlarged image in the irradiated region by 
imaging backscattering electrons from the irradiation region 
(area region) or secondary electrons, a sample moving stage 
for loading the semiconductor sample and moving the 
semiconductor sample so that the electron beam is irradiated 
at the desired position on the surface of the semiconductor 
sample, an image signal detection means for converting and 
detecting the enlarged image to an electrical image signal, 
and an image signal processing means for detecting a pattern 
defect in each irradiation region by comparing the image 
signal in a plurality of irradiation regions on the surface of 
the semiconductor sample detected by the image signal 
detection means. 

[0013] It is valid to decelerate the electron beam irradiated 
onto the sample surface by applying a negative potential to 
the sample and let the decelerated electron beam enter the 
sample surface or re?ect from the neighborhood of the pole 
Without entering the sample surface. 

[0014] When the sample moving stage is set so as to 
continuously move the sample at almost uniform velocity, 
more speeding-up of the defect inspection can be realiZed. In 
this case, needless to say, by providing a stage position 
monitoring means for monitoring the position of the sample 
moving stage, it is necessary to control so that the electron 
beam irradiation region on the sample surface is kept at the 
same position on the sample surface for a predetermined 
time. 

[0015] Furthermore, the image signal detection means 
converts the enlarged electron image of the irradiation 
region imaged and formed by the electron optical system to 
an optical image by projecting it onto the ?uorescence plate 
and images the optical image on the optical image detection 
device via the optical lens or optical ?ber. Or, the enlarged 
electron image formed by the electron optical system may be 
directly formed on the image detection device having elec 
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tron sensitivity. As an image detection device, a charge 
coupled device (CCD sensor) or a device for integrating and 
outputting an optical signal inputted With the time delayed 
can be used. To read a detection signal from the image 
detection device, a system for reading by many channels in 
parallel is used. 

[0016] On the other hand, a method for setting so that the 
siZe of enlarged images on the surface of a semiconductor 
sample Which can be obtained at the same time by irradiating 
an electron beam at the same time becomes almost equal to 
the siZe of the light receiving surface of the image detection 
device is simpler. On the other hand, by setting the siZe of 
the electron beam irradiation region so that the siZe of 
enlarged images on the surface of a semiconductor sample 
is made smaller than the siZe of the light receiving surface 
of the image detection device, scanning the electron beam on 
the surface of the semiconductor sample, then projecting the 
enlarged images overall the light receiving surface of the 
image detection device for a given period of time, and 
superimposing a signal for correcting the variation factors of 
irradiation position and irradiation range on the scanning 
signal of the electron beam, a method realiZing higher 
precision may be available. 

[0017] To decelerate an electron beam to be irradiated 
onto a semiconductor sample, make the energy value of the 
electron beam When it is irradiated onto the sample suf? 
ciently smaller than the energy value before deceleration, 
and keep the energy dispersion of backscattering electrons 
generated from the sample surface by irradiation of the 
decelerated electron beam Within a range that it Will not 
affect the resolution of the imaging system, a negative 
potential is applied to the semiconductor sample. Or, by 
providing a ?lter for discriminating backscattering electrons 
generated by irradiation of the electron beam or secondary 
electrons in energy and imaging only backscattering elec 
trons or secondary electrons With a speci?c energy Width, 
the problem of high speed test can be solved and the 
resolution can be improved at the same time. 

[0018] The foregoing and other objects, advantages, man 
ner of operation and novel features of the present invention 
Will be understood from the folloWing detailed description 
When read in connection With the accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0019] FIG. 1 is a schematic vieW of the inspection 
apparatus of the ?rst embodiment of the present invention. 

[0020] FIG. 2 (a) and 2 (b) are energy distribution dia 
grams of emitted electrons for explaining the effects of the 
present invention. 

[0021] FIG. 3 is an illustration for the operation of a CCD 
sensor Which is a component of the inspecting apparatus of 
the ?rst embodiment of the present invention. 

[0022] FIG. 4 is an illustration for the operation of the 
inspection apparatus of the second embodiment of the 
present invention. 

[0023] FIG. 5 is an illustration for the operation of a TDI 
sensor Which is a component of the inspection apparatus of 
the third embodiment of the present invention. 

[0024] FIG. 6 is a schematic vieW of the inspection 
apparatus of the ?fth embodiment of the present invention. 
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[0025] FIG. 7 is a schematic vieW of the inspection 
apparatus of the sixth embodiment of the present invention. 

[0026] FIG. 8 is a schematic vieW of the inspection 
apparatus of the seventh embodiment of the present inven 
tion. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0027] The present invention Will be explained in detail 
hereunder With reference to the embodiments. 

EMBODIMENT 1 

[0028] FIG. 1 shoWs a schematic vieW of the inspection 
apparatus Which is an embodiment of the present invention. 
The inspection apparatus of the present invention broadly 
comprises an electron optical system 101, a sample chamber 
102, an image detector 103, an image processor 104, and a 
controller 105. 

[0029] Firstly, the electron optical system 101 Will be 
explained. An acceleration electron beam emitted from an 
electron source 1 Which is given a negative high potential 
from an acceleration poWer source 23 is focused by a 
condenser lens 2 and irradiated onto an aperture 4 having a 
rectangular opening. The electron beam is de?ected by an 
electromagnetic de?ector 3 before it is irradiated onto the 
aperture 4. The electromagnetic de?ector 3 is used to 
separate the path of an incoming electron beam from the 
electron source 1 from the path of a re?ected electron 
(backscattering electron or secondary electron) beam from a 
sample. An incoming electron beam passing through the 
rectangular limiting opening of the aperture 4 is imaged by 
an object lens 6 and forms an image of the rectangular 
limiting opening on the surface of a semiconductor sample 
7. The siZe of the rectangular limiting opening on the 
aperture 4 is, for example, a square of 400 pm and reduced 
to /1;4 by the object lens 6 and a limiting opening image 
(irradiation region) of a square of 100 pm is obtained on the 
surface of the sample 7. The limiting opening image (irra 
diation region) can be moved (or scanned) to an optional 
position on the surface of the sample 7 by a de?ector in an 
illumination system 5. In the electron source 1, a LaB6 
thermionic source having a ?at tip in Which the ?at portion 
is 10 pm or more in diameter is used. By using it, an electron 
beam can be uniformly irradiated in a Wide area (irradiation 
region) on the surface of the sample 7. 

[0030] To the sample 7 and a sample moving stage 8, a 
negative potential loWer (a small absolute value) or slightly 
higher (a large absolute value) than that of the electron 
source 1 is applied by a poWer source 9. Anegative potential 
slightly loWer than the potential of the electron source 1 is 
applied only When backscattering electrons from the sample 
7 are used for inspection. In this case, an incoming electron 
beam is decelerated before the sample 7 by the aforemen 
tioned negative potential, travels toWard the surface of the 
sample 7, and is scattered backWard by atoms of the surface 
of the sample 7. The backscattered electrons are led to an 
imaging lens 11 via the electromagnetic de?ector 3 and a 
de?ector in an imaging system 10 and imaged as a scattered 
electron image 12. Furthermore, When the scattered electron 
image 12 is enlarged and projected on a ?uorescence plate 
15 by magnifying lenses 13 and 14, a ?uorescence image 
(microscopic image) re?ecting the surface pattern of the 
sample 7 can be obtained. 
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[0031] In the sample chamber 102, the sample 7 is loaded 
on the sample moving stage 8 movable in the tWo-dimen 
sional directions (X, Y, O) and the aforementioned negative 
potential is applied to the sample 7 by the poWer source 9. 
The sample moving stage 8 is equipped With a stage position 
measuring apparatus 27 and accurately measures the stage 
position in real time. The reason is that images are obtained 
by continuously moving the stage 8. As the stage position 
measuring apparatus 27, for example, a laser interference 
meter is used. To accurately measure the height of the 
surface of a semiconductor sample (Wafer), an optical 
sample height measuring apparatus 16 is also mounted. As 
the measuring apparatus, for example, a system for entering 
light obliquely into the inspection region on the Wafer 
surface and measuring the height of the Wafer surface from 
a change in the position of the re?ected light can be used. In 
addition, in the sample chamber 102, an optical microscope 
30 used to position the inspection region is also mounted. 

[0032] Next, the image detector 103 Will be explained. For 
image detection, the ?uorescence plate 15 for converting an 
enlarged image of the scattered electron image 12 to an 
optical image and an optical image detection device (for 
example, CCD device) 17 are optically connected by an 
optical ?ber bundle 16. By doing this, the optical image on 
the ?uorescent plate 15 is imaged on the light receiving 
surface of the optical image detection device 17. The optical 
?ber bundle 16 comprises thin optical ?bers Whose number 
is equal to the number of pixels. It is possible to use an 
optical lens instead of the optical ?ber bundle 16 and form 
an optical image on the ?uorescence plate 15 on the light 
receiving surface of the optical image detection device 
(CCD) 17 by the optical lens. On both sides of the ?uores 
cence plate 15, an electrode 300 and a transparent electrode 
301 are mounted and the transparent electrode 301 side 
applies a positive high voltage betWeen both electrodes so as 
to prevent the electron beam from scattering. The optical 
image detection device (CCD) 17 converts and outputs the 
optical image formed on the light receiving surface to an 
electrical image signal. The outputted image signal is sent to 
the image processor 104 and the image signal process is 
performed there. 

[0033] The image processor 104 comprises image signal 
storage units 18 and 19, an operation unit 20, and a defect 
detecting unit 21. The fetched image signal is displayed as 
an image by a monitor 22. An operation instruction and 
operation conditions of each unit of the apparatus are 
inputted and outputted from a control computer 29 in the 
controller 105. To the control computer 29, conditions such 
as an acceleration voltage When an electron beam is gener 
ated, electron beam de?ection Width, de?ection speed, 
sample stage moving speed, and image signal fetching 
timing from the image detection device are inputted before 
hand. Upon receipt of an instruction from the control com 
puter 29, a beam controlling system 28 generates a correc 
tion signal on the basis of signals from the stage position 
measuring apparatus 27 and the sample height measuring 
apparatus 26 and sends a correction signal to an object lens 
poWer source 25 and a scanning signal generator 24 so that 
an electron beam is alWays irradiated to the correct position. 

[0034] By indicating the operation conditions of the 
inspecting apparatus, hoW much the test is speeded up 
compared With a conventional pattern inspecting apparatus 
using an electron beam Will be described hereunder. To test 
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a pattern defect by the image comparison inspecting method, 
the image S/N ratio is required to be 10 or more. Symbol S 
of the S/N ratio is de?ned as a mean signal amount of 
electrons and N is de?ned as a 30 value of a signal. The (I 
value is decided by the shot noise of the number of irradiated 
electrons and equal to the square root (VS) of the number of 
electrons S irradiated per pixel. Therefore, the S/N ratio 
becomes S/(3\/S)=\/S/3. Furthermore, in consideration of 
emission of electrons from the sample, the S/N ratio 
becomes VS/(3V2). For example, to obtain an S/N ratio of 
about 18, 526250 and it is necessary to irradiate 6250 
electrons per pixel. On the other hand, the resolution nec 
essary for defect test is 0.1 pm or less. Therefore, in the 
conventional method for limiting an electron beam to a spot 
shape and scanning it on the surface of a sample, it is 
necessary to limit the electron beam to 0.1 pm or less. To 
generate such a ?ne beam, the beam current is limited due 
to the brightness of the electron source and the space charge 
effect and only about 100 nA at maximum can be obtained 
as a beam current. When the irradiated beam current is 100 

nA, 100 (nA)/(1.6><10—19 (C))=6.25><10+11 electrons are 
irradiated per second. Therefore, to irradiate 6250 electrons 
per pixel, an irradiation time of 10 ns is necessary. To test an 
area of 1 cm2, a inspecting time of (1 cm/0.1 pm)2><10 
ns=100 s is necessary. 

[0035] On the other hand, in the case of the inspection 
apparatus of this embodiment, an electron beam (area beam) 
having a beam current I is irradiated in a square region With 
a side of X (hereinafter, this is called 1 shot). It is assumed 
that by doing it, backscattering electrons n times of the 
irradiation current are emitted. Acase that an enlarged image 
of the sample surface is formed by the backscattering 
electrons and it is detected by the image detection device 
(CCD) as an image of a resolution of 0.1 pm Will be 
considered. As a comparison condition, the necessary num 
ber of signals (the number of backscattering electrons) from 
a square of 0.1 pm is assumed as 6250 Which is the same as 
that of the conventional example. Assuming the required 
time of 1 shot as t and the time required to test an area of 1 
cm2 as T, t is expressed by the folloWing formula. 

[0037] An actual value is substituted in this formula and 
the test required time T is obtained. 

[0038] In this embodiment, an area beam of 100 pA is 
irradiated into an area region of 100 pm><100 pm for 1 shot. 
An image detection device (CCD) having 1024x1024 pixels 
is used and the magni?cations of the electron optical system 
and the imaging optical system to the CCD device are set so 
that 1 pixel on the CCD device corresponds to a 0.1 pm 
square on a sample. In this case, a distortion is generated in 
the periphery of an image. If an optical lens is used instead 
of the optical ?ber bundle 16 so as to correct this distortion, 
an aspherical lens is used. Furthermore, a distortion Which 
cannot be fully corrected by it is corrected by image pro 
cessing before use. In this case, assuming the 11 value in the 
aforementioned formula as 0.2, the required time t for 1 shot 
is 50 us and the test required time T per an area of 1 cm2 is 
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calculated as 0.5 s. The test required time requested from the 
shot noise of the number of irradiation electrons is greatly 
shortened like this and it is found that a rapid test can be 
realiZed. 

[0039] Next, the setting time of the sample moving stage 
8 Will be described. Assuming the stage 8 moving method, 
for example, as a step and repeat system, the stage 8 setting 
time is required to be a time of the order of ms and hence the 
inspecting time cannot be fully shortened. Therefore, the 
stage 8 moving method is of a continuous moving system 
that the stage alWays moves at uniform velocity. By doing 
this, the restriction on the inspecting time due to the stage 
setting time is eliminated. HoWever, When the stage 8 is 
continuously moving, the stage 8 moves even for the time of 
1 shot, for example, for a period of 50 us and the irradiation 
position on the sample surface is changed. Therefore, to 
prevent the irradiation position from changing for a period 
of 1 shot, the irradiation electron beam is made folloW the 
movement of the stage 8 by the de?ector 5. VieWed from the 
electron optical system Which is a still coordinate system, 
the electron beam irradiation position moves, so that the 
image 12 formed by the imaging lens 11 also moves. To 
prevent this movement, the de?ector 10 is made operate in 
link motion With the de?ector 5. 

[0040] Next, the reading time of the image detection 
device (CCD) Will be described. In this embodiment, electric 
charges accumulated in the CCD 17 can be read by many 
channels in parallel from the reading ports of 32 channels at 
a reading speed of 1M line/second. The number of pixels per 
line is 32 and the reading required time per line is 1 us. 
Therefore, the reading required time per pixel is 1 (us)/32 
(pixels)=32 ns. On the other hand, When a 1-channel system 
is used for reading image data from the CCD, reading at a 
very high speed such that the reading required time per pixel 
is 1 ns is required and it cannot be realiZed by the current art. 
In this embodiment, since a system that the reading ports of 
image data from the CCD are divided into 32 channels and 
image data is read by the 32 channels concurrently in 
parallel is used, the reading required time per pixel is set at 
32 ns and a reading speed Which can be suf?ciently realiZed 
is obtained. FIG. 3 shoWs it schematically. The number of 
channels for reading image data from the CCD 17 is 32 and 
each channel has 32 pixels><1024 lines, so that the time 
required to read data of one image from the CCD is about 1 
ms. Namely, an image signal in a 1-shot region of a square 
of 100 pm can be fetched in 1 ms and the test required time 
per a surface area of 1 cm2 of a sample is 10 seconds. As 
mentioned above, compared With the test required time 100 
seconds per a sample area of 1 cm2 by the conventional 
system, speeding-up of 10 times can be realiZed. In this 
embodiment, the test required time is decided by the signal 
reading speed from the CCD device. Therefore, if a higher 
speed data reading system is realiZed in the CCD device in 
the future, more speeding-up of the test can be expected. 

[0041] The improvement effect of inspecting speed is 
explained above. The other characteristics Will also be 
described hereunder. In this embodiment, a negative high 
voltage is applied to the semiconductor sample 7 and the 
irradiation electron beam is suddenly decelerated immedi 
ately before the sample surface and irradiated. By doing this, 
the characteristics shoWn beloW can be obtained. Namely, 
When the electron beam is irradiated onto a solid sample, 
secondary electrons and re?ected electrons are generated. 
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Incoming electrons give energy to electrons in the solid and 
the electrons given the energy in the solid are emitted into 
the vacuum as secondary electrons. Therefore, the energy 
held by secondary electrons spread greatly. On the other 
hand, incoming electrons change the orbit by the interaction 
With atomic nuclei and electrons in the solid and are emitted 
into the vacuum once again as re?ected electrons. When the 
interaction is only elastic scattering in this case, re?ected 
electrons having the same energy as the incoming energy are 
emitted. FIG. 2 shoWs it schematically. When the energy of 
incoming electrons is high, the number of electrons entering 
deep inside the solid increases, so that the number of 
re?ected electrons emitted into the vacuum once again 
reduces. Furthermore, since inelastic scattering increases, a 
Wide plain is formed on the loW energy side and the spread 
of energy increases ((a) of the draWing). When electrons 
having a Wide spread of energy are imaged by the electron 
optical system, a problem arises that the resolution reduces 
due to the chromatic aberration. On the other hand, When 
electrons With loW energy are irradiated, the rate of elastic 
scattering increases. Therefore, the plain on the loW energy 
side reduces and emission of secondary electrons also 
reduces, so that the status shoWn in (b) of the draWing 
appears. Namely, in this embodiment, When electrons of loW 
energy enter the sample surface, emission of secondary 
electrons having a Wide spread of energy is suppressed ?rst 
and the emission rate of re?ected electrons, that is, back 
scattering electrons increases. Furthermore, since the energy 
spread of backscattering electrons can be minimiZed, there 
is a characteristic that an image of high resolution can be 
formed. 

[0042] Next, the procedure for an actual inspection Will be 
explained. Firstly, the alignment method using the optical 
microscope 30 and an electron beam image Will be 
explained. The sample 7 is loaded on the sample moving 
stage (X-Y-G stage) 8 and moved under the optical micro 
scope 30. An image of the optical microscope on the surface 
of the sample 7 is observed by the monitor 22 and an 
optional pattern appearing, for example, at the center of the 
screen is stored. In this case, the pattern to be selected is to 
be a pattern Which can be observed even on the electron 
beam image. 
[0043] Next, the circuit pattern on the surface of the 
sample (semiconductor Wafer) 7 is rotated and corrected by 
the X-Y-G stage 8 so that it is set in parallel With or 
perpendicularly to the stage moving direction using the 
aforementioned image of the optical microscope. During 
rotation and correction, an optical image of an optional 
pattern portion in an optional chip of the circuit pattern on 
the surface of the Wafer 7 at a stage position is fetched and 
displayed on the monitor 22 and a marking is put at an 
optional location on the displayed screen. And, the optical 
image signal is stored in the storage unit 8. Next, the stage 
8 is moved in the x or y direction by the distance of several 
chips of the circuit pattern on the surface of the Wafer 7 and 
an optical image of the same pattern portion as that in a neW 
chip is fetched and displayed on the monitor 22. A marking 
is also put at the location corresponding to the previous 
marking location and the neW optical image signal is stored 
in the storage unit 19. Next, the operation unit 20 compares 
and operates the optical image signals stored in the storage 
units 18 and 19 and calculates the shift amount of the 
marking location betWeen both images. From the shift 
amount of the marking location and the stage moving 

Aug. 29, 2002 

distance betWeen both images, the operation unit 20 calcu 
lates the rotation angle error of the Wafer 7, rotates the stage 
8 by the error, and corrects the rotation angle. The afore 
mentioned rotation correction operation is repeated several 
times until the rotation angle error is reduced beloW the 
predetermined value. Furthermore, the circuit pattern on the 
surface of the Wafer 7 is observed using the image of the 
optical microscope, and the chip position on the Wafer and 
the distance betWeen chips (for example, the repetitive pitch 
of the repetitive pattern such as the memory cell) are 
measured beforehand, and the values are inputted to the 
control computer 29. The chip to be tested on the surface of 
the Wafer 7 and the region to be tested in the chip are set on 
the image of the optical microscope of the monitor 22. The 
optical microscope image can be observed at a compara 
tively loWer magni?cation and even if the circuit pattern on 
the surface of the Wafer 7 is covered With a transparent ?lm 
such as a silicon dioxide ?lm, the base thereof also can be 
observed. Therefore, the layout of the intra-chip circuit 
pattern can be simply observed and the inspection region can 
be set simply. 

[0044] Next, the sample (Wafer) 7 is moved under the 
electron optical system. Then, an electron beam is irradiated 
onto the region Which is expected to include the inspection 
region previously set on the optical microscope image and 
an electron beam image is obtained. In this case, the afore 
mentioned inspection region is set so as to be included in the 
electron beam irradiation region of 1 shot. The stage 8 is 
moved so that the pattern in the previously marked location 
appears on the same screen as that used to mark on the 

previous optical microscope image even on this electron 
beam image. By doing this, the electron beam irradiation 
position and the optical microscope observation position can 
be associated With each other before start of the test and the 
electron beam irradiation position can be calibrated. On this 
electron beam image, the same operation as that previously 
performed on the optical microscope image is executed. By 
doing this, simple checking of the observation position and 
positioning and adjustment of the electron beam irradiation 
position can be realiZed. Furthermore, by using an electron 
beam image Which has a higher resolution compared With an 
optical microscope image and can obtain a high-poWered 
image after a certain degree of rotation correction is 
executed, more highly accurate rotation correction can be 
performed. In addition, by use of this electron beam image, 
the inspection region or the same pattern region can be 
observed, checked, and corrected at a high magni?cation 
and With high precision. HoWever, When the Whole (or a 
part) of the surface of the semiconductor Wafer 7 is covered 
With an insulator, if an electron beam is irradiated, the 
insulator is charged and the location Where the electron 
beam is irradiated once may not be inspected. Therefore, to 
irradiate an electron beam for setting of inspection condi 
tions prior to the aforementioned inspection, it is desirable 
to select a location Which is a region not scheduled to be 
actually inspected and has the same pattern as that of the 
inspection region. 
[0045] When the aforementioned setting of inspection 
conditions is completed, an electron beam image of a part of 
the inspection region on the surface of the semiconductor 
Wafer 7 is formed under the same conditions as the actual 
inspection conditions and information of the image bright 
ness depending on the material and shape of the inspection 
region and its variation range are calculated, given in a table, 
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and stored. The stored table is referred to in the later 
inspection process and decision conditions for deciding 
Whether the pattern portion in the inspection region Which is 
actually imaged and detected is defective or not are deter 
mined. 

[0046] When the setting of the inspection region and 
defect detecting conditions is completed by the aforemen 
tioned procedure, the test is actually started. During the test, 
the stage 8 With the sample (semiconductor Wafer) 7 loaded 
continuously moves in the X direction at a constant speed. 
During the period, the electron beam is irradiated into the 
same irradiation region (area region) on the surface of the 
Wafer 7 for a ?xed shot time (50 us or more in this 
embodiment) for each 1 shot. Since the stage 8 continuously 
moves, the electron beam is de?ected and scanned by the 
de?ector 5 by folloWing the movement of the stage 8. 

[0047] The irradiation region or irradiation position of the 
electron beam is alWays monitored by the stage position 
measuring apparatus 27 and the sample height measuring 
apparatus 26 installed on the stage 8. These monitor infor 
mations are transferred to the control computer 29, and the 
position shift amount is grasped in detail, and this position 
shift amount is accurately corrected by the beam controlling 
system 28. By doing this, accurate positioning necessary for 
the pattern comparison test is executed at high speed and 
With high precision. 

[0048] The surface height of the semiconductor Wafer 7 is 
measured in real time by a means other than an electron 
beam and the focal lengths of the object lens 6 and the 
imaging lens 11 for irradiating an electron beam are dynami 
cally corrected. As a means other than an electron beam, for 
example, the optical height measuring apparatus 26 by a 
laser interference system or a system for measuring a 
position change of re?ected light is used. By doing this, an 
electron beam image focusing on the surface of the inspec 
tion region can be alWays formed. By measuring the Warp of 
the Wafer 7 before starting the test and executing the 
aforementioned focal length correction on the basis of the 
measured data, measurement of the surface height of the 
Wafer 7 may be made unnecessary during the actual test. 

[0049] The electron beam is irradiated onto the surface of 
the semiconductor Wafer 7 and an enlarged optical image of 
the desired inspection region (area region) on the surface of 
the Wafer 7 is formed on the ?uorescence plate 15 by 
re?ected electrons (backscattering electrons). The enlarged 
optical image is converted to an electrical image signal by 
the CCD device 17 and the image signal is fetched by the 
image processor 104. Upon receipt of an instruction from the 
control computer 29, the image signal is stored in the storage 
unit 18 (or 19) as an electron beam image signal of the area 
region corresponding to the electron beam irradiation posi 
tion given by the controller 28. 

[0050] When the pattern comparison test is to be executed 
betWeen the adjacent chips A and B having the same design 
pattern formed on the surface of the semiconductor Wafer 7, 
an electron beam image signal of the inspection region in the 
chip Ais fetched ?rst and stored in the storage unit 18. Next, 
an image signal of the inspection region in the adjacent chip 
B corresponding to the aforementioned inspection region is 
fetched and stored in the storage unit 19 and compared With 
the stored image signal in the storage unit 18 at the same 
time. Furthermore, an image signal of the corresponding 
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inspection region in the next chip C is fetched and it is 
overWritten and stored in the storage unit 18 and compared 
With the stored image signal of the inspection region in the 
chip B in the storage unit 19 at the same time. Such an 
operation is repeated and image signals of the inspection 
regions corresponding to each other in all the testing chips 
are sequentially stored and compared. 

[0051] In addition to the aforementioned method, a 
method for storing an electron beam image signal of the 
desired inspection region of a standard acceptable (non 
defective) sample in the storage unit 18 beforehand may be 
used. In this case, the inspecting region and inspection 
conditions of the aforementioned acceptable sample are 
inputted to the control computer 29 beforehand, and the test 
is executed With the aforementioned acceptable sample on 
the basis of these inputted data, and the obtained image 
signal of the desired inspection region is stored in the storage 
unit 18. Next, the sample 7 to be inspected is loaded on the 
stage 8 and the test is executed according to the same 
procedure as the previous one. The obtained image signal of 
the inspection region corresponding to the aforementioned 
one is fetched into the storage unit 19 and the image signal 
of this sample to be inspected and the image signal of the 
acceptable sample stored in the storage unit 18 beforehand 
are compared at the same time. By doing this, the existence 
of a pattern defect of the aforementioned desired inspection 
region of the sample to be inspected is detected. As the 
aforementioned standard (acceptable) sample, a sample 
(Wafer) Which is found beforehand not to have a pattern 
defect may be used separately from the sample to be 
inspected or the region (chip) on the surface of the sample 
to be inspected Which is found beforehand not to have a 
pattern defect may be used. For example, When a pattern is 
to be formed on the surface of a semiconductor sample 
(Wafer), an alignment shift defect may be generated betWeen 
the loWer layer pattern and the upper layer pattern overall the 
Wafer. If this occurs, When the comparison objects are 
patterns in the same Wafer or the same chip, the aforemen 
tioned defect (failure) generated overall the Wafer may be 
overlooked. HoWever, according to this embodiment, an 
image signal of the region Which is found beforehand to be 
acceptable (non-defective) is stored and this stored image 
signal and the image signal of the region to be tested are 
compared, so that the aforementioned defect generated over 
all the Wafer can be detected precisely. 

[0052] Both image signals stored in the storage units 18 
and 19 are fetched into the operation unit 20 respectively and 
various statistics (concretely, a mean value of image densi 
ties, statistics of dispersion and others) and differential 
values betWeen peripheral pixels are calculated on the basis 
of the already obtained defect detecting conditions. Both 
image signals subjected to these processes are transferred 
into the defect detecting unit 21 and compared by it and a 
difference signal betWeen both image signals is extracted. 
This difference signal and the already obtained and stored 
defect detecting conditions are compared and a defect is 
decided. The image signal of the pattern region Which is 
decided as defective and image signals in the other regions 
are discriminated. 

[0053] By forming an image by re?ected electrons (back 
scattering electrons or secondary electrons) generated from 
the semiconductor sample 7 and comparing and testing an 
image signal of the corresponding pattern region by the 
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inspecting method and inspection apparatus described 
above, the existence of a pattern defect can be detected. By 
doing this, compared With a conventional inspection appa 
ratus using an electron beam, a very rapid test can be 
realiZed. 

EMBODIMENT 2 

[0054] In the aforementioned Embodiment 1, the area of 
the electron beam irradiation region of 1 shot is considerably 
large such as 100 pm><100 pm, so that a problem may arise 
that a distortion is generated in the periphery of the enlarged 
image of the semiconductor sample or that the beam current 
density in the irradiation region becomes ununiform. When 
an image distortion or ununiformity of current density is 
?xedly generated, it can be corrected by changing the ?ber 
strand layout of the optical ?ber bundle 16. The obtaining 
sensitivity of an image signal and Weighting of the image 
process can be corrected. HoWever, if they vary in time, it is 
hard to handle by those methods. In this embodiment, the 
irradiation region of 1 shot is a square of 5 pm and it is 
designed to prevent the problems of distortion and ununi 
formity of current density. The irradiation electron beam 
current is 5 pA per 1 shot. In this case, assuming the electron 
scattering ef?ciency 11 as 0.2, from the formula (1) shoWn 
previously, the electron beam irradiation time t per 1 shot is 
2.5 us. After the electron beam is irradiated into an irradia 
tion region (5 pm square) for a shot time of 2.5 ps, the 
electron beam is moved into the next adjacent irradiation 
region (5 pm square) by the de?ector 5. The electron beam 
moves to the irradiation position one by one in this Way and 
irradiates the Whole range of 100 pm in the X direction><100 
pm in the y direction by 20><20=400 shots. 

[0055] In this case, an enlarged image is obtained in the 
position on the CCD device corresponding to the electron 
beam irradiation position at that time for each 1 shot and the 
enlarged image position obtained on the CCD device also 
moves according to the movement of the electron beam 
irradiation position due to scanning of the electron beam. 
FIG. 4 shoWs this situation. As the CCD device 17, a CCD 
device of 1024 ><1024 pixels is used. 1 pixel on the CCD 
device is equivalent to a region of a square of 0.1 pm on the 
surface of the sample 7 and hence the irradiation region (5 
pm square) of 1 shot on the surface of the sample 7 is a 
region of 50x50 pixels (equivalent to 1/400 of the Whole light 
receiving surface of the CCD device) on the light receiving 
surface of the CCD device. The Whole light receiving 
surface of the CCD device can cover a region of a square of 
100 pm on the sample surface. Therefore, to obtain an 
enlarged image of a region of a square of 100 pm on the 
sample surface, 2.5 (us)><400 (shots)=1 (ms) is required. 
[0056] When an image of a region of a square of 100 pm 
on the surface of the sample 7 is formed on the CCD for 1 
ms as mentioned above, the image signal accumulated in the 
CCD is stored in the image storage unit 18 as a digital signal. 
To obtain an image signal of the next adjacent region on the 
sample surface, it is necessary to move the stage 8 100 pm. 
For this stage movement, the system that the stage 8 
continuously moves at a constant speed is used in the same 
Way as With Embodiment 1. In this case, the irradiation 
electron beam is de?ected and scanned by the de?ector 5 by 
folloWing the movement of the stage 8 so that the stage 8 
enters the state that as if it is at a standstill for the irradiation 
electron beam. By doing this, the useless time generated 
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When the stage 8 is moved or stopped is reduced to Zero. For 
folloWing scanning of the irradiation electron beam to 
continuous movement of the stage 8, the beam controlling 
system 28 refers to a signal from the stage position mea 
suring apparatus 27, calculates a de?ection correction signal, 
sends the de?ection correction signal to the de?ector 5, and 
makes the de?ector 5 control the de?ection of the irradiation 
electron beam. Furthermore, by superimposing a distortion 
of an enlarged image of a sample due to the electron beam 
and a correction regarding a position drift on the aforemen 
tioned de?ection correction signal, these corrections are also 
carried out. When the de?ector 10 is operated in link motion 
With the de?ector 5, the position of the enlarged image of the 
sample on the CCD Will not be affected by the beam position 
movement due to the folloWing of the stage. By doing this, 
the useless time due to stage movement is eliminated and a 
test at high speed and With high precision can be realiZed. 
The image process for the defect test after the aforemen 
tioned process is the same as that of the aforementioned 
Embodiment 1. 

[0057] When the test proceeds according to the aforemen 
tioned procedure, the time T required to sequentially form an 
enlarged image per 1 cm2 of the sample surface on the CCD 
is 10 seconds. On the other hand, an image signal is read 
from the CCD at a reading speed of 1M line/second in the 
same Way as With the aforementioned Embodiment 1, so that 
1 ms is required to read one image (image of a square of 100 
pm of the sample surface) and hence 10 seconds are required 
for a surface area of 1 cm2 of the sample. Since image 
forming on the CCD device and reading of an image signal 
are carried out in parallel, the time required for the test is the 
longer time among the time required for image forming and 
the time required for image signal reading. In this embodi 
ment, the time required for image forming and the time 
required for image signal reading are equal to each other 
such as 10 seconds per a surface area of 1 cm2 of the sample 
and hence the test required time for a surface area of 1 cm2 
of the sample in this embodiment is 10 seconds. 

[0058] In this embodiment, compared With the aforemen 
tioned Embodiment 1, the electron beam irradiation area per 
1 shot is smaller. Therefore, a small irradiation beam current 
is acceptable, so that as the electron source 1, compared With 
the LaB6 electron source Whose end is spread in the afore 
mentioned Embodiment 1, an LaB6 electron source Whose 
end is sharper is used. In this embodiment, a heat ?eld 
emission type electron source, for example, a Zr/O/W elec 
tron source may be used in place of the LaB6 electron 
source. 

[0059] In the above explanation, an example of a case that 
the electron beam irradiation region of 1 shot is ?xed to the 
siZe of a square of 5 pm is shoWn. It is possible to make the 
siZe of this electron beam irradiation region variable accord 
ing to the pattern repetitive pitch on the surface of the 
semiconductor sample 7. As mentioned above, in this 
embodiment, the electron beam irradiation region of 1 shot 
is set smaller. Therefore, even if a slight distortion is 
generated in the connection of each irradiation region, a 
nearly similar distortion is alWays generated in the same 
location and distortions on tWo images to be mutually 
compared are generated in the same Way, so that the problem 
of maldetection due to distortion is eliminated. By doing 
this, a highly reliable patterned Wafer inspection can be 
realiZed. 
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EMBODIMENT 3 

[0060] In this embodiment, as a device for converting a 
sample surface image to an electric signal, a time accumu 
lative CCD sensor is used. This sensor is called a TDI sensor 
and generally used in an optical inspecting apparatus. The 
constitution other than it is the same as that of the afore 
mentioned Embodiment 2. The operation concept of the TDI 
sensor Will be explained by referring to FIG. 5. The TDI 
sensor operates so as to move the charge generated accord 
ing to the intensity of the light received by each light 
receiving region to the line in the X direction and sequen 
tially add the charge generated according to the intensity of 
the light received by the moving destination at the same 
time. Upon arrival at the last line of the light receiving 
surface, the TDI sensor outputs it to the outside as an electric 
signal. Therefore, When the moving speed of the charge in 
the X direction is made equal to the moving speed of an 
image on the light receiving surface in the X direction, a 
signal during moving of the image on the sensor is integrated 
and outputted. 

[0061] In this embodiment, in the same Way as With the 
CCD sensor in the aforementioned Embodiments 1 and 2, 
signal reading is divided into 32 channels and the channels 
read signals in parallel With each other and hence a reading 
speed of 1M line/second is realiZed. The siZe of the light 
receiving region is 64 piXels in the X direction and 1024 
piXels in the y direction. The length of one line in the X 
direction is equivalent to 0.1 pm on the sample surface and 
the length in the y direction is equivalent to about 100 pm. 
In this case, an image 0.1 pm in length and 100 pm in Width 
is outputted at a speed of 1 M/s, so that the continuous 
moving speed of the stage is set at the same speed (0.1 pm/ 1 
ps=100 mm/s). As mentioned above, the movement of the 
inspection region in the X direction is carried out by moving 
the stage 8. On the other hand, since the irradiation region 
of 1 shot is a square of 5 pm, as shoWn in FIG. 5, it is 
necessary to scan the electron beam so as to move the 

irradiation region in the y direction. Namely, it is necessary 
to scan the electron beam 100 pm in the y direction While the 
stage 8 moves in the X direction for 1 shot (5 pm). Assuming 
the required time for 1 shot as 2.5 us, it requires 50 us to scan 
100 pm (for 20 shots) in the y direction. On the other hand, 
since the moving speed of the stage 8 in the X direction is 
100 mm/s, the time required for movement of just 1 shot (5 
pm) of the stage 8 in the X direction is 50 us. By matching 
the time required for movement of 1 shot (5 pm) of the stage 
in the X direction With the time required for scanning of 20 
shots (100 pm) of the electron beam in the y direction like 
this, an occurrence of useless time is prevented. To obtain an 
image of a surface area of 1 cm2 of the sample by this 
method, a time of 2x105 times of the scan required time (50 
us) for the aforementioned unit scanning region of 5 
pm><100 pm, so that the test required time per a surface area 
of 1 cm2 of the sample is 10 seconds. If the signal output 
speed from the TDI sensor can reach 2M line/s Which is 2 
times of the aforementioned eXample, the test required time 
Will be halved such as 5 seconds. 

[0062] As mentioned above, in this embodiment, the stage 
moving speed depending on the signal output speed of the 
TDI sensor is 100 mm/s, so that the movement of the 
inspection region in the X direction due to stage movement 
is suf?ciently available. Moreover, a sufficient time can be 
reserved for scanning of the electron beam in the y direction 
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in the inspection region during the period. Furthermore, in 
this embodiment, the signal output speed of the TDI sensor 
decides the inspecting speed. Therefore, if the signal output 
speed is improved, a more rapid test can be realiZed. 

EMBODIMENT 4 

[0063] In the aforementioned Embodiments 1 to 3, a 
decelerated electron beam is irradiated onto the surface of a 
semiconductor sample. HoWever, in this embodiment, so as 
to alloW an electron beam to re?ect immediately before the 
surface of a sample Without entering the sample surface, a 
negative potential slightly higher than the acceleration volt 
age of the electron beam is applied to the sample surface. To 
form a surface image of the sample, the electron beam 
re?ected immediately before the sample is used. The con 
stitution other than it is eXactly the same as that of the 
aforementioned Embodiment 1. Recently, the surface grind 
ing process such as CMP or CML has been introduced into 
the semiconductor process and there is a trend that the 
uneven surface of a semiconductor sample is ?attened. In 
this embodiment, ?ne irregularities of the surface after such 
a ?attening process can be detected With high sensitivity 
compared With the aforementioned Embodiment 1. Namely, 
the characteristic of this embodiment is that the negative 
voltage to be applied to a sample can be made higher 
compared With the aforementioned Embodiments 1, 2, and 
3. Therefore, a condition that an irradiation electron beam 
does not actually enter a semiconductor sample, interacts 
With atomic nuclei and electrons eXisting on the sample 
surface, and is re?ected immediately before the sample 
surface is set. When the test is eXecuted under such a 
condition, an advantage can be obtained that a defect of the 
process Which appears as a change of ?ne irregularities of 
the surface can be detected With higher sensitivity than the 
case of Embodiment 1. 

EMBODIMENT 5 

[0064] In the aforementioned Embodiments 1 to 4, an 
electron beam image is converted to an optical image using 
a ?uorescence plate and then the image is detected by an 
optical sensor (CCD or TDI). In this embodiment, a sensor 
57 Which is directly sensitive to an electron beam is used and 
hence the ?uorescence plate and optical ?ber bundle in the 
aforementioned Embodiments 1 to 4 are omitted. FIG. 6 
shoWs its schematic vieW. The sectional structure of the 
sensor 57 is that a conductive ?lm of several hundreds 
angstroms is coated on the outer surface of the light receiv 
ing surface of a normal optical sensor. By doing this, an 
image of the sample surface by the electron beam can be 
directly detected, so that an optical ?ber bundle (or an 
optical lens in place of it) and a ?uorescence plate as 
indicated in the aforementioned Embodiments 1 to 4 are not 
necessary and the apparatus constitution is simpli?ed. As a 
result, error factors are reduced and a more highly reliable 
test can be eXecuted. 

EMBODIMENT 6 

[0065] In the aforementioned Embodiments 1 to 3 and 5, 
a negative potential is applied to the semiconductor sample 
7 and the energy of electrons irradiated onto the sample is 
made smaller, so that an effect that the energy dispersion of 
backscattering electrons emitted from the sample is made 
smaller can be obtained. In this embodiment, an energy ?lter 
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31 is newly installed between the semiconductor sample 7 
and the imaging lens 11 and the energy dispersion of 
electrons forming a testing image is made more smaller. 
FIG. 7 shoWs an example of the apparatus constitution. As 
the energy ?lter 31, a ?lter called a Wien ?lter combining 
electrostatic de?ection and electromagnetic de?ection is 
used. The Wien ?lter functions to alloW an electron beam 
having some speci?c energy to go straight on Without 
de?ection by offsetting the electrostatic de?ection action and 
the electromagnetic de?ection action each other. Therefore, 
When an aperture 32 is installed behind the imaging lens 11 
at the later stage of the energy ?lter 31, it is possible that 
only the electron beam having speci?c energy passes 
through the opening of the aperture 32 and forms an electron 
beam image of the sample. Therefore, there is an effect that 
the chromatic aberration by the imaging lens 11 and the 
magnifying lenses 13 and 14 is reduced and the resolution of 
an image formed on the sensor 57 (or the ?uorescence plate 
15) is improved. 

EMBODIMENT 7 

[0066] In this embodiment, an aperture-sensor 204 Which 
has the same function as that of the sensor 57 used in the 
previous Embodiment 5 (FIG. 6) and Embodiment 6 (FIG. 
7) and is equipped With a beam passing hole at its center is 
installed in just the location Where a reverse space image 
(Fourier transformation image) of the electron beam irra 
diation region on the semiconductor sample 7 is formed. An 
electron beam intensity distribution image (signal) from the 
aperture-sensor 204 is inputted to the image storage units 18 
and 19 in the image processor 104 via a signal sWitching 
apparatus 205. Namely, upon receipt of a control signal from 
the control computer 29, the signal sWitching apparatus 205 
functions so as to select one of an image signal from the 
aperture-sensor 204 and an image signal from the CCD 17 
and supply it to the image storage units 18 and 19 in the 
image processor 104. 

[0067] The reverse space image (Fourier transformation 
image) of the electron beam irradiation region on the surface 
of the semiconductor sample 7 is formed on the surface 
Where backscattering electrons emitted from the sample 
surface at the same scattering angle are imaged at one point 
by the object lens 6. Since a circuit pattern formed on the 
surface of a semiconductor sample is generally based on the 
Well-regulated repetitive structure, its reverse space image is 
a simple image comprising a small number of spots and 
lines. Therefore, comparison betWeen reverse space images 
of different regions is easier than comparison betWeen 
respective corresponding real space images. Therefore, by 
use of this reverse space image comparison, decision of 
existence of a defect in the electron beam irradiation region 
can be executed more effectively and With higher reliability 
compared With a case using real space image comparison. 
HoWever, needless to say, form the aforementioned reverse 
space image comparison, the location in the electron beam 
irradiation region Where a defect exists can be identi?ed. 
Therefore, in this embodiment, ?rstly by the comparison 
inspection using a reverse space image signal from the 
aperture-sensor 204, the existence of a defect in the region 
to be tested is decided simply and quickly. Next, by the 
comparison test using a real space image signal from the 
CCD sensor 17, the existing position of the defect can be 
accurately identi?ed. By doing this, the outline of the defect 
occurrence region can be simply knoWn prior to the detailed 
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defect position identi?cation by the real space image com 
parison and a highly ef?cient defect inspection can be 
realiZed. 

[0068] Needless to say, the installation position of the 
aperture-sensor 204 is not alWays limited only to the later 
stage position of the object lens like this embodiment if it is 
a position Where a reverse space image of the electron beam 
irradiation region is formed. Furthermore, needless to say, if 
the aforementioned Embodiments 1 to 6 are also subjected 
to the same constitution change as that of this embodiment, 
the same effect as that of this embodiment can be realiZed. 

[0069] According to the present invention, the inspection 
speed of a Wafer pattern inspection apparatus using an 
electron beam is greatly speeded up. 

The invention claimed is: 
1. A patterned Wafer inspection apparatus, comprising an 

electron beam irradiation apparatus for spreading and irra 
diating an electron beam from an electron source to a ?xed 
area region on a sample surface at the same time, an image 
forming apparatus for imaging backscattering electrons 
obtained from said area region or secondary electrons and 
forming an enlarged image of said area region, a sample 
moving stage for moving said sample so as to irradiate said 
electron beam at a desired location of said sample surface, 
an image signal obtaining apparatus for converting said 
enlarged image of said area region formed by said image 
forming means to an image signal, and a defect detection 
apparatus for comparing said image signal of one area 
region on said sample surface obtained by said image signal 
obtaining means With an image signal of another area region 
and detecting a pattern defect in said one area region. 

2. A patterned Wafer inspection apparatus according to 
claim 1, Wherein said electron beam irradiation apparatus is 
a beam deceleration mechanism for decelerating said elec 
tron beam When said electron beam from said electron 
source is to be irradiated onto said sample surface. 

3. A patterned Wafer inspection apparatus according to 
claim 2, Wherein said beam deceleration mechanism decel 
erates said electron beam to be irradiated onto said sample 
surface by applying a negative potential to said sample 
surface. 

4. A patterned Wafer inspection apparatus according to 
claim 2, Wherein said beam deceleration mechanism decel 
erates said electron beam so that said electron beam to be 
irradiated onto said sample is re?ected in the neighborhood 
of the pole of said sample surface Without entering said 
sample surface. 

5. A patterned Wafer inspection apparatus according to 
claim 1, Wherein said sample moving stage continuously 
moves said sample at almost uniform velocity. 

6. A patterned Wafer inspection apparatus according to 
claim 5, Wherein said sample moving stage has a sample 
stage for loading said sample and continuously moving at 
almost uniform velocity and a stage position measuring 
mechanism for measuring the position of said sample stage 
and said electron beam irradiation means has an electron 
beam de?ection control mechanism for controlling the 
de?ection of said electron beam in link motion With the 
movement of said stage so that said electron beam is ?xedly 
irradiated into the same region of said sample surface for a 
given time regardless of continuous movement of said stage 
on the basis of a measurement signal from said stage 
position measuring mechanism. 
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7. A patterned Wafer inspection apparatus according to 
claim 1, Wherein said image signal obtaining apparatus 
converts said enlarged image of said area region formed by 
said image forming means to an optical image by projecting 
said enlarged image on a ?uorescence plate, projects said 
optical image on a light receiving surface of an optical image 
detection device, and obtains said image signal as an output 
signal from said optical image detection device. 

8. A patterned Wafer inspection apparatus according to 
claim 7, Wherein said optical image detection device is a 
CCD sensor or a TDI sensor. 

9. A patterned Wafer inspection apparatus according to 
claim 7, Wherein said optical image detection device can 
read a detected image signal in parallel by many channels. 

10. A patterned Wafer inspection apparatus according to 
claim 1, Wherein said image signal obtaining apparatus 
directly projects said enlarged image of said area region 
formed by said image forming apparatus on a light receiving 
surface of an electron image detection device having detec 
tion sensitivity for electrons and obtains said image signal as 
an output signal of said electron image detection device. 

11. A patterned Wafer inspection apparatus according to 
claim 10, Wherein said electron image detection device is a 
CCD sensor or a TDI sensor. 

12. A patterned Wafer inspection apparatus according to 
claim 10, Wherein said electron image detection device reads 
a detected image signal in parallel by many channels. 

13. A patterned Wafer inspection apparatus according to 
claim 7, Wherein the siZe of said light receiving surface of 
said optical image detection device is set to be almost equal 
to the siZe of an optical image of a ?xed area region on said 
sample surface projected on said light receiving surface. 

14. A patterned Wafer inspection apparatus according to 
claim 10, Wherein the siZe of said light receiving surface of 
said electron image detection device is set to be almost equal 
to the siZe of an electron image of a ?xed area region on said 
sample surface projected on said light receiving surface. 

15. A patterned Wafer inspection apparatus according to 
claim 7, Wherein the siZe of said light receiving surface of 
said optical image detection device is set to be larger than the 
siZe of an optical image of a ?xed area region on said sample 
surface projected on said light receiving surface. 

16. A patterned Wafer inspection apparatus according to 
claim 10, Wherein the siZe of said light receiving surface of 
said electron image detection device is set to be larger than 
the siZe of an electron image of a ?xed area region on said 
sample surface projected on said light receiving surface. 

17. A patterned Wafer inspection apparatus according to 
claim 2, Wherein said beam deceleration mechanism decel 
erates said electron beam Within an energy range that the 
energy dispersion of said backscattering electrons emitted 
from said sample surface by irradiation of said electron 
beam decelerated by said beam deceleration mechanism 
little affects the resolution of said enlarged image of said 
sample surface formed by said image forming apparatus. 

18. A patterned Wafer inspection apparatus according to 
claim 1, Wherein said image forming apparatus has an 
energy ?lter for discriminating said backscattering electrons 
emitted from said sample surface by irradiation of said 
electron beam onto said sample surface by energy and is 
structured so that said enlarged image of said area region is 
formed only by backscattering electrons Within a speci?c 
energy Width. 
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19. A patterned Wafer inspection apparatus according to 
claim 1, Wherein said electron beam irradiation means is 
structured so as to form said electron beam from said 
electron source into a beam having a rectangular sectional 
shape via the rectangular aperture opening and irradiate said 
beam having a rectangular sectional shape onto said sample 
surface. 

20. A patterned Wafer inspection apparatus according to 
claim 1, Wherein said image forming apparatus further has 
a function for forming a reverse space image of said electron 
beam irradiation region by said backscattering electrons 
emitted from said electron beam irradiation region by irra 
diation of said electron beam onto said sample surface or 
secondary electrons, and said image signal obtaining appa 
ratus further has a function for converting said reverse space 
image to an image signal, and said defect detection appa 
ratus further has a function for comparing an image signal of 
a reverse space image of one area region on said sample 
surface obtained by said image signal obtaining means With 
an image signal of a reverse space image of another area 
region and detecting existence of a pattern defect in said one 
area region. 

21. Apatterned Wafer inspection method including at least 
a ?rst electron beam irradiation stage for spreading and 
irradiating an electron beam from an electron source to a ?rst 
area region on a sample surface at the same time, a ?rst 
electron image forming stage for imaging backscattering 
electrons emitted from said ?rst area region or secondary 
electrons and forming a ?rst electron image of said ?rst area 
region, a ?rst image signal obtaining stage for obtaining an 
image signal of said ?rst electron image of said ?rst area 
region, an irradiation position moving stage for moving the 
irradiation position of said electron beam from said ?rst area 
region on said sample surface to a second area region, a 
second electron beam irradiation stage for spreading and 
irradiating said electron beam from said electron source to 
said second area region on said sample surface at the same 
time, a second electron image forming stage for imaging 
backscattering electrons emitted from said second area 
region or secondary electrons and forming a second electron 
image of said second area region, a second image signal 
obtaining stage for obtaining an image signal of said second 
electron image of said second area region, and a defect 
detection stage for comparing said image signal of said ?rst 
electron image of said ?rst area region obtained at said ?rst 
image signal obtaining stage With said image signal of said 
second electron image of said second area region obtained at 
said second image signal obtaining stage and detecting a 
pattern defect in said ?rst area region or said second area 
region. 

22. A patterned Wafer inspection method according to 
claim 21, Wherein When said electron beam is to be irradi 
ated onto said sample surface at said ?rst and second 
electron beam irradiation stages, before said electron beam 
from said electron source reaches said sample surface, said 
electron beam is decelerated and then irradiated onto said 
sample surface. 

23. A patterned Wafer inspection method according to 
claim 23, Wherein said electron beam is decelerated by 
applying a negative potential to said sample surface. 

24. A patterned Wafer inspection method according to 
claim 22, Wherein said electron beam is decelerated under 
the condition that said electron beam to be irradiated onto 
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said sample is re?ected in the neighborhood of said sample 
surface Without entering said sample surface. 

25. A patterned Wafer inspection method according to 
claim 21, Wherein said electron beam is irradiated onto said 
sample surface at said ?rst and second electron beam 
irradiation stages by continuously moving said sample. 

26. A patterned Wafer inspection method according to 
claim 25, Wherein said electron beam is irradiated onto said 
sample surface at said ?rst and second electron beam 
irradiation stages by controlling the de?ection of said elec 
tron beam in link motion With the movement of said sample 
so that said electron beam is ?xedly irradiated into the same 
region of said sample surface for a given time regardless of 
continuous movement of said sample. 

27. A patterned Wafer inspection method according to 
claim 21, Wherein an image signal is obtained at said ?rst 
and second image signal obtaining stages by projecting said 
?rst and second electron images obtained at said ?rst and 
second electron image forming stages onto a ?uorescence 
plate and converting said electron images to optical images 
once and then projecting said optical images onto a light 
receiving surface of an optical image detection device and 
converting said optical images to said image signals. 

28. A patterned Wafer inspection method according to 
claim 27, Wherein said optical image detection device is a 
CCD sensor or a TDI sensor. 

29. A patterned Wafer inspection method according to 
claim 27, Wherein said optical image detection device can 
read a detected image signal concurrently in parallel by 
many channels. 

30. A patterned Wafer inspection method according to 
claim 21, Wherein an image signal is obtained at said ?rst 
and second image signal obtaining stages by directly pro 
jecting said ?rst and second electron images obtained at said 
?rst and second electron image forming stages onto a light 
receiving surface of an electron image detection device 
having detection sensitivity for electrons and converting said 
electron images to said image signals. 

31. A patterned Wafer inspection method according to 
claim 30, Wherein said electron image detection device is a 
CCD sensor or a TDI sensor. 

32. A patterned Wafer inspection method according to 
claim 30, Wherein said electron image detection device can 
read a detected image signal concurrently in parallel by 
many channels. 

33. A patterned Wafer inspection method according to 
claim 27, Wherein the siZe of said light receiving surface of 
said optical image detection device is set to be almost equal 
to the siZe of an optical image of a ?Xed area region on said 
sample surface projected on said light receiving surface. 

34. A patterned Wafer inspection method according to 
claim 30, Wherein the siZe of said light receiving surface of 
said electron image detection device is set to be almost equal 
to the siZe of an electron image of a ?Xed area region on said 
sample surface projected on said light receiving surface. 

35. A patterned Wafer inspection method according to 
claim 27, Wherein the siZe of said light receiving surface of 
said optical image detection device is set to be larger than the 
siZe of an optical image of a ?Xed area region on said sample 
surface projected on said light receiving surface. 

36. A patterned Wafer inspection method according to 
claim 30, Wherein the siZe of said light receiving surface of 
said electron image detection device is set to be larger than 
the siZe of an electron image of a ?Xed area region on said 
sample surface projected on said light receiving surface. 

37. A patterned Wafer inspection method according to 
claim 22, Wherein said electron beam is decelerated Within 

Aug. 29, 2002 

an energy range that the energy dispersion of backscattering 
electrons emitted from said sample surface by irradiation of 
said electron beam after deceleration does not substantially 
affect the resolution of an electron image of said sample 
surface formed by said backscattering electrons. 

38. A patterned Wafer inspection method according to 
claim 21, Wherein When an electron image is to be formed 
at said ?rst and second electron image forming stages, said 
backscattering electrons emitted from said sample surface 
by irradiation of said electron beam onto said sample surface 
are discriminated by energy using an energy ?lter and said 
electron image is formed only by backscattering electrons 
Within a speci?c energy Width. 

39. A patterned Wafer inspection method according to 
claim 21, Wherein said electron beam is irradiated at said 
?rst and second electron beam irradiation stages by forming 
said electron beam from said electron source into a beam 
having a rectangular sectional shape via a rectangular aper 
ture opening and irradiating said beam having a rectangular 
sectional shape onto said sample surface. 

40. Apatterned Wafer inspection method including at least 
a ?rst electron beam irradiation stage for spreading and 
irradiating an electron beam from an electron source to a ?rst 
area region on a sample surface at the same time, a ?rst 
reverse space image forming stage for imaging backscatter 
ing electrons emitted from said ?rst area region or secondary 
electrons and forming a reverse space image of said ?rst area 
region, a ?rst image signal obtaining stage for obtaining an 
image signal of said ?rst reverse space image of said ?rst 
area region, an irradiation position moving stage for moving 
the irradiation position of said electron beam from said ?rst 
area region on said sample surface to a second area region, 
a second electron beam irradiation stage for spreading and 
irradiating said electron beam from said electron source to 
said second area region on said sample surface at the same 
time, a second reverse space image forming stage for 
imaging backscattering electrons emitted from said second 
area region or secondary electrons and forming a second 
reverse space image of said second area region, a second 
image signal obtaining stage for obtaining an image signal 
of said second reverse space image of said second area 
region, and a defect detection stage for comparing said 
image signal of said ?rst reverse space image of said ?rst 
area region obtained at said ?rst image signal obtaining 
stage With said image signal of said second reverse space 
image of said second area region obtained at said second 
image signal obtaining stage and detecting a pattern defect 
in said ?rst area region or said second area region. 

41. A patterned substrate inspection apparatus, compris 
ing an electron beam irradiation apparatus for spreading and 
irradiating an electron beam from an electron source to a 
?Xed area region on a sample surface at the same time, an 
image forming apparatus for imaging backscattering elec 
trons obtained from said area region or secondary electrons 
and forming an enlarged image of said area region, a sample 
moving stage for moving said sample so as to irradiate said 
electron beam at a desired location of said sample surface, 
an image signal obtaining apparatus for converting said 
enlarged image of said area region formed by said image 
forming means to an image signal, and a defect detection 
apparatus for comparing said image signal of one area 
region on said sample surface obtained by said image signal 
obtaining means With an image signal of another area region 
and detecting a pattern defect in said one area region. 


