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(57) ABSTRACT 

A defect inspection apparatus for detecting defects existing 
on a surface of a semiconductor sample and/or inside the 
sample based on light information from the sample obtained 
by irradiating a light beam onto the sample is provided, 
Which comprises a detecting means for detecting positions in 
the depth direction Where the defects exist and distribution 
of the defects based on the light information; a setting means 
for setting a position in the depth direction Where defects 
exist; and a means for displaying the distribution of the 
defects obtained by the detecting means, the displaying 
means displaying the distribution of the defects correspond 
ing to the position in the depth direction set by the setting 
means. 

6w COMPUTER 

1s 26 c/ 36 

PEAK HOLD CIRCUIT15 

5 ___r PEAK HOLD 

\ CIRCUIT 35 
\ 
\ 

14 /34 PEAK HOLD 
. CIRCUIT 25 

13 24 

LIGHT DETECTOR12 
[Y 23 3 & 

11,1,“ 21 LIGHT 
DETECTOR22 

)2 
4 532mm 

LASER“) 3 LASER20 

so 

j E31 \fLlGHT 
WAFER n DETECTOR 32 
FIXING JIG 44”’ /-\/ FLA \ 

ROTATING STAGE41 

R-STAGE 43 50 

I DRIVER 40 

DRIVER 42 



Patent Application Publication Aug. 23, 2001 Sheet 1 0f 6 US 2001/0015802 A1 

6d‘ COMPUTER 

1 6 26 '-\_/ 36 

PEAK HOLD C|RCU|T15 

5 ____r \\PEAK HOLD 
\\ CIRCUIT 35 

14 \ 
/34 PEAK HOLD 

CIRCUIT25 
13 24 “—' 

LIGHT DETECTOR12 
ZX/‘ZIB 3 & 
DETECTOR22 

LASER‘I 0 

444g 
532mm 

LASER 2O 

30 

j E31 \-'~LIGHT 
\/\ 

WAFER J ,1‘ b F I‘ DETECTOR 32 
FIXING JIG 44 /\/ \ ;-—_—_.F\ 

ROTATING STAGE41 5 ) ‘1:1 DRIVER 40 
R-STAGE 43 5° 

DRIVER42 



US 2001/0015802 A1 Patent Application Publication Aug. 23, 2001 Sheet 2 0f 6 

F162 

(a) SCATTERED LIGHT 
SIGNAL 

(b) OUTPUT OF 
AMPLIFIER 

(c) OUTPUT OF 
COMPARATOR 

/\ 5 HOLD (d) OUTPUT OF LOGICAL SUM j 
CIRCUIT " = 

(e) OUTPUT OF 
PEAK HOLD 

(f) A/D CONVERSION BY 
A/D CONVERTER 

RESET INTERRUPTION 

(9) DATA ACQUISITION 
BY COMPUTER 



Patent Application Publication Aug. 23, 2001 Sheet 3 0f 6 US 2001/0015802 A1 

FIG.3A 

303 

PARTICLE SIZE (mm) 6 ? 
50 

° I | | 1 I I 
0.0 1.0 2.0 3.0 4.0 5.0 

<—-| 
WAFER POSTION IN DEPTH DIRECTION ( pm) 

Y DIRECTION (m) —-> 
Q ‘g; a s s 

Y DIRECTION (m) -> 2: g 2 O s s a s 

lllll] 

~80 4020020406080 
8. 8 lllllll 

-50-40-20020406OBO 

X DIRECTION (mm) '9 X DIRECTION (m) -> 



Patent Application Publication Aug. 23, 2001 Sheet 4 0f 6 US 2001/0015802 A1 

FIG.4A 

DEFECT DEPTH 0.5 -¢- ~ 5.0 % pm 

DEFECT ‘ __i_ 
PARTICL SIZE 20 ' ~ 100 ' "m 

OK CANCEL 

FIG.4B 

FIG.4C FIG.4D 
% 403 404 EL) 405 406 

II ‘,2 n: ‘,2 
L" o “J 0 
CD Lu m Lu 
2 u. E u. 
:2 w 3 U1 
2 o 7 z 0 

PARTICL SIZE POSITION IN DEPTH 
DIRECTION 



Patent Application Publication Aug. 23, 2001 Sheet 5 0f 6 US 2001/0015802 A1 

FIG.5 

0.7/1‘ U ...//A /, 



Patent Application Publication Aug. 23, 2001 Sheet 6 0f 6 US 2001/0015802 A1 

STEP1 

S1 ,S2 
MEASURING \ 
(EQUATIONS DATA TABLE OF MEASURED RESULTS 
3,4) m ( 6) 532mm SCATTERING 810mm SCATTERING 

LIGHT STRENGTH s1 LIGHT STRENGTH S2 

STEP 2 DATA TABLE OF SELECTED 
RESULTS 

DEPTH AND SIZE 
CALCULATIOSN (I) (9) (Z) (d) 
(EQUATIONS 5,8) , 

INPUT OF DEPTH 
AND SIzE BY 
DISPLAY PLANE 

STEP 3 DATA TABLE OF 
SELECTION OF SELECTED RESULTS 
DEPTH AND SIzE > (r) (a) (2) (d) 

_ STEP 4 

DEFECT 
DISTRIBUTION IMAGE OF DEFECT 
DISPLAY DISTRIBUTION 



US 2001/0015802 A1 

DEFECT INSPECTION METHOD AND 
APPARATUS FOR SILICON WAFER 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to a defect inspection 
apparatus and particularly to an apparatus of measuring a 
precipitated particle in a semiconductor Wafer and a crystal 
defect such as a stacking fault and to a Wafer surface 
extraneous substance inspection apparatus. 

[0002] As the integration of an LSI (large scale integrated 
circuit) is being increased, decrease in a conforming item 
acquisition ratio and decrease in reliability caused by a 
failed MOS (metal oxide semiconductor) transistor compos 
ing the LSI becomes a large problem. As causes of the failed 
MOS transistor, dielectric breakdoWn of a gate oxide ?lm 
and excessive leak current in a junction are typical problems. 
It is not preferable that a crystal defect is formed in a surface 
area having elements in a silicon Wafer because a failed 
MOS transistor occurs, as described above. 

[0003] Therefore, defect measurement is important in the 
quality control of silicon crystal. In regard to the method 
measuring such a defect, there is a method in Which an 
infrared ray transmissible through the silicon is irradiated 
and the scattered light is detected. 

[0004] Crystal defects exist and are distributed at any 
positions inside a single crystal. In general, in manufacturing 
devices such as IC or the like, it is required to develop a 
Wafer Which does not have any crystal defect Within a range 
from the crystal surface (mirror surface) to a level of 0.5 pm 
depth and contains high density defects in the deep Zone. 

[0005] In developing such a Wafer, it is necessary to 
observe these crystal defects to re?ect the observed result to 
the development. In regard to the observing method, there is 
described a technology in “Extended Abstracts of the 1996 
International Conference on Slid State Devices and Mate 
rials, Aug. 26-29, 1996” and “Applied Physics, Vol. 65, No. 
11 (1996)”, pages 1162-1163. 

SUMMARY OF THE INVENTION 

[0006] In such a prior art, tWo kinds of light beams having 
different Wave length Which has different characteristics 
relating to absorption degree of silicon Wafer are irradiated 
on a silicon Wafer, light scattered from crystal defect to 
inhere in the silicon Wafer is detected and is analyZed, 
thereby distribution situation of the crystal defect is indi 
cated, or total number of the crystal defect in a predetermied 
depth from the surface of the Wafer is measured and is 
indicated. 

[0007] When the crystal defect to inhere in the silicon 
Wafer is observed, and it is analyZed, the distribution situ 
ation of these crystal defects and the total number of the 
crystal defects in every depth from the surface of the Wafer 
are very important factors, and the crystal defect display 
device for displaying these defects brought results in its oWn 
Way. 

[0008] The person Whom present invention invents hoW 
ever foresaW that it is extremely important that the crystal 
defect display device displays What kind of particle siZe and 
hoW many of the crystal defects are distributed in the 
respective predetermined depth position of the silicon Wafer. 
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[0009] For example, in a case of hydrogen anneal heat 
treatment, progress conditions of the heat treatment is dis 
tinguished by observing What kind of particle siZe and hoW 
many sludge of SiO2 are distributed in the predetermined 
depth position of the silicon Wafer By such observation 
result, heat treatment condition such as temperature and 
treatment time in the hydrogen anneal heat treatmen can be 
decided ideally. 

[0010] Moreover COP(Cristal Originated Particle) With 
many parts Which are indistinct in its generating behavior till 
noW is traces of the groWn-in defects remained as pits on the 
surface of the silicon Wafer, and analysis of the most suitable 
condition of the process that does not produce COP becomes 
possible to be done easily, If it can be observed hoW deep 
they are distributed in the silicon Wafer. 

[0011] In this Way, object of the present invention is in 
providing a crystal defect inspection apparatus Which is 
possible to observe What kind of particle siZe and hoW many 
of the crystal defects are distributed in verious predeter 
mined depths of the silicon Wafer. 

SUMMARY OF THE INVENTION 

[0012] In such a prior art, tWo kinds of light beams having 
different Wave length Which has different characteristics 
relating to absorption degree of silicon Wafer are irradiated 
on a silicon Wafer, light scattered from crystal defect to 
inhere in the silicon Wafer is detected and is analyZed, 
thereby distribution situation of the crystal defect is indi 
cated, or total number of the crystal defect in a predetermied 
depth from the surface of the Wafer is measured and is 
indicated. 

[0013] When the crystal defect to inhere in the silicon 
Wafer is observed, and it is analyZed, the distribution situ 
ation of these crystal defects and the total number of the 
crystal defects in every depth from the surface of the Wafer 
are very important factors, and the crystal defect display 
device for displaying these defects brought results in its oWn 
Way. 

[0014] The person Whom present invention invents hoW 
ever foresaW that it is extremely important that the crystal 
defect display device displays What kind of particle siZe and 
hoW many of the crystal defects are distributed in the 
respective predetermined depth position of the silicon Wafer. 

[0015] For example, in a case of hydrogen anneal heat 
treatment, progress conditions of the heat treatment is dis 
tinguished by observing What kind of particle siZe and hoW 
many sludge of SiO2 are distributed in the predetermined 
depth position of the silicon Wafer By such observation 
result, heat treatment condition such as temperature and 
treatment time in the hydrogen anneal heat treatmen can be 
decided ideally. 

[0016] Moreover COP(Cristal Originated Particle) With 
many parts Which are indistinct in its generating behavior till 
noW is traces of the groWn-in defects remained as pits on the 
surface of the silicon Wafer, and analysis of the most suitable 
condition of the process that does not produce COP becomes 
possible to be done easily, If it can be observed hoW deep 
they are distributed in the silicon Wafer. 

[0017] In this Way, object of the present invention is in 
providing a crystal defect inspection apparatus Which is 
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possible to observe What kind of particle siZe and hoW many 
of the crystal defects are distributed in verious predeter 
mined depths of the silicon Wafer. 

[0018] In order to attain the above objects, the present 
invention provides a defect inspection apparatus for detect 
ing defects existing on a surface of a sample and/or inside 
the sample based on light information from the sample 
obtained by irradiating a light beam onto the sample, Which 
comprises a detecting means for detecting positions in the 
depth direction Where the defects exist and distribution of 
the defects based on the light information; a setting means 
for setting a position in the depth direction Where defects 
exist; and a means for displaying the distribution of the 
defects obtained by the detecting means, the displaying 
means displaying the distribution of the defects correspond 
ing to the position in the depth direction set by the setting 
means. 

[0019] By providing the defect inspection apparatus as 
described above, defects of Which cause of defect occur 
rence is different depending on the position in the depth 
direction can be selectively displayed by setting a speci?ed 
position in the depth direction. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0020] FIG. 1 is a schematic diagram shoWing the con 
struction of a defect inspection apparatus in accordance With 
the present invention. 

[0021] FIG. 2 is a chart shoWing timing acquiring a 
scattered light signal. 

[0022] FIGS. 3A, 3B, 3C are relational diagrams shoWing 
detectable range by the scattered light signal. 

[0023] FIGS. 4A, 4B, 4C, 4D are ?gures shoWing 
examples of a selective display of defect distribution. 

[0024] FIG. 5 is a vieW shoWing an example of an 
at-a-glance display of defect distribution. 

[0025] FIG. 6 shoWs a ?oWchart for being performed in 
the computer 6 and for outputting the defect information 
obtained by setting the depth of the defects. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

[0026] The details Will be described in the column of 
Preferred Embodiments. 

[0027] A method of measuring crystal defect and an 
apparatus for measuring crystal defect in accordance With 
the present invention Will be described beloW, referring to 
embodiments. FIG. 1 is a block diagram shoWing the overall 
construction of an embodiment of an apparatus for measur 
ing crystal defect in accordance With the present invention. 
The Whole-surface scanning of irradiation light to a silicon 
Wafer is performed in a form of spiral scanning by irradi 
ating a light beam on the silicon Wafer Which is rotationally 
being moved and of Which the center is linearly being 
moved. At a moment When a scattering body passes through 
the irradiating region, a pulse of scattered light is generated. 
A light beam from a laser 10 of 532 nm Wavelength and a 
light beam from a laser 20 of 810 nm Wavelength are 
irradiated as the irradiating light on a sample Wafer 1 ?xed 
onto a Wafer ?xing jig 44 on a rotating stage 41. Oxygen 
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precipitating particles (SiO2 particles) and crystal defects 
such as transition contained in the sample Wafer 1 and 
extraneous particles attached onto the Wafer surface are 
detected as scattering bodies by detecting scattered light 2 
from each of the defects. 

[0028] The scattered light 2 from the defect is concen 
trated by an objective lens 3, being branched by a dichroic 
mirror 4, being separated to a light beam of 810 nm 
Wavelength and a light beam of 532 nm Wavelength, being 
respectively concentrated by lenses 11 and 21, then being 
respectively detected using light detectors 12 and 22. The 
detected signals are respectively ampli?ed by ampli?ers 13 
and 23, and peak signal intensities respectively held by peak 
hold circuits 15 and 25 are output and digitiZed by A/D 
converters 16 and 26 to be acquired in a computer 6. 

[0029] There is provided a system for detecting scatted 
light scattered in an angle larger than BreWster angle to the 
Wafer surface. The scatted light scattered in an angle larger 
than BreWster angle is concentrated by a lens 50, and select 
scattered light of 532 nm Wavelength using a ?lter 30. Then, 
the selected light is concentrated to a light detector 32 using 
a lens 31, and the output signal is ampli?ed by an ampli?er 
33, and the peak signal intensity held by a peak hold circuit 
35 is output and digitiZed by an A/D converter 36 to be 
acquired in the computer 6. 

[0030] On the other hand, scattered light measurement is 
performed While the rotating stage 41 and an R-stage 43 are 
scanned in a rotating direction (0 direction) and a radial 
direction (R direction) using drivers 40, 42 by the computer 
6 and While coordinates (R, 0) of a rotation encoder and a 
linear encoder attached to the Wafer ?xing jig 44 are being 
monitored. Coordinates (R, 0) at an instant When scattered 
light from a defect occurs is acquired together With the 
scattered light intensity signal to the computer 6. 

[0031] A display (not shoWn in the ?gure) is connected to 
the computer 6 to display defect information to be described 
later. 

[0032] Data acquisition timing at occurrence of scattered 
light from the defect Will be described beloW, referring to the 
scattered light signal acquisition timing chart shoWn in FIG. 
2. As shoWn in FIG. 2 (a), a light beam having 532 nm 
Wavelength and a light beam having 810 nm Wavelength are 
irradiated on and scattered by a defect. The scattered light is 
acquired by each of the detectors. Taking the light beam 
having 532 nm Wavelength, When an output signal of the 
ampli?er 13 exceeds a preset threshold value 201 as shoWn 
in FIG. 2 (b), an output signal,, shoWn in FIG. 2 (c), from 
a comparator 14 gives a trigger output to the peak hold 
circuit 15 through a logical sum circuit 5 shoWn in FIG. 2 
(a), and the peak hold circuit 15 holds a peak intensity of the 
ampli?er 13 as shoWn in FIG. 2 (e). In regard to a scattered 
light signal of the light having 810 nm Wavelength or a 
scattered light intensity signal, a peak intensity is held in the 
peak hold circuit 25 or 35 similarly to the case of the 
scattered light signal of the light having 532 nm Wavelength. 

[0033] The peak intensity values are respectively digitiZed 
by the A/D converters 16, 26, 36 at a certain time after the 
trigger output from the logical sum circuit 5 as shoWn in 
FIG. 2 (f), and acquired to the computer 6 and stored in a 
memory after completion of the A/D conversion as shoWn in 
FIG. 2 At that time, the computer 6 also stores the 
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coordinates (R, 0) of the rotation encoder and the linear 
encoder at a time as a position at the Wafer surface position 
of Which the scattered light occurs. After the data is acquired 
in the computer 6, the output of the logical sum circuit and 
the peak hold are reset. In this embodiment, the coordinates 
are stored together With a kind of the unit region to Which the 
coordinates belong. 
[0034] FIG. 3A is a graph shoWing the relationship 
betWeen position in the depth direction Where a defect is 
detectable and dimension of the defect When each of the 
scattered light intensity signals exceeds each of the threshold 
values of the detectors. When any one of the scattered light 
intensity signal (the signal of the light detector 12) of 532 
nm Wavelength, the scattered light intensity signal (the 
signal of the light detector 22) of 810 nm Wavelength and the 
scattered light intensity signal by the light detector 32 
exceeds a certain threshold value, as described above, by 
acquiring the scattered light intensity and the coordinates of 
the Wafer surface at that time it is possible to detect the 
defects in all the ranges of the defect detection range 301 by 
the trigger of the detector for detecting surface extraneous 
particles, the defect detection range 302 by the trigger of the 
detector for scattered light of 532 nm Wavelength and the 
defect detection range 303 by the trigger of the detector for 
scattered light of 810 nm Wavelength. Thereby, for example, 
in an epitaxial Wafer Which Will be Widely used, it is possible 
to detect defects in epitaxial layer including a substrate 
under the epitaxial layer other than defects in the epitaxial 
layer of nearly 1 pm thickness by a single measurement of 
Whole Wafer surface scanning. Since characteristics of 
defects in the epitaxial layer are different from characteris 
tics of defects in the substrate under the epitaxial layer, the 
capability of detecting the defects in both of the Zones 
together can provide useful information for analyZing cause 
of failure in a Wafer manufacturing process. For example, 
defects in the epitaxial layer can be found by the defect 
detection by the trigger of the scattered light detector of 532 
nm Wavelength, as shoWn in FIG. 3B, but defects in a deeper 
position cannot be detected even if they exist. In the defect 
detection by the trigger of the scattered light detector of 810 
nm Wavelength, defects called as slippage existing in a 
deeper portion up to 5 pm could be detected, as shoWn in 
FIG. 3C. The slippage is a defect Which is generated in an 
edge portion of a Wafer caused by temperature difference 
betWeen the central portion and the peripheral portion When 
the Wafer is heat treated, and it is a serious problem When the 
Wafer has a large diameter. From the slippage generated in 
the peripheral portion of the Wafer in this embodiment, it is 
possible to obtain information that there is a problem in the 
Work for inserting the Wafer into a heat treatment furnace. 

[0035] In the irradiation feature described above, the mea 
surement may be performed by displacing the irradiating 
position of the light beam of 532 nm Wavelength so that the 
light beam of 532 nm Wavelength is irradiated earlier than 
the light beam of 810 nm Wavelength in time as the light 
beams are scanned. The system is designed so that only the 
signal of 810 nm Wavelength is acquired When the scattered 
light intensity signal (the signal of the light detector 12) of 
532 nm Wavelength does not exceed the threshold value and 
the scattered light intensity signal (the signal of the light 
detector 22) of 810 nm Wavelength exceeds a certain thresh 
old value. In this case, since defects of Which the position in 
the depth direction can be determined are Within the pen 
etrable depth of the light beam of 532 nm Wavelength, it is 
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unnecessary to derive positions in the depth direction for the 
data that the scattered light intensity signal (the signal of the 
light detector 12) of 532 nm Wavelength has a value smaller 
than the certain threshold value. 

[0036] The position in the depth direction and the dimen 
sion (particle siZe) of defect of the embodiment in accor 
dance With the present invention are calculated as folloWs. 

[0037] The calculation procedure for obtaining the defect 
position in the depth direction Will be described beloW. 
Letting a refractive index of a substance for wavelength 9» be 
n and an attenuation coefficient be k, the penetrable depth P 
where an amplitude of the incident light becomes 1/e of a 
value just beloW the surface of the substance can be 
expressed by Equation 1. 

r=mnk (1) 

[0038] Therefore, an intensity at a depth Z from the surface 
of light incident to the substance from air atmosphere With 
an incident angle 0 is attenuated from the intensity at just 
beloW the surface by exp((—2Z/l“) cos(arcsin(sin0/n))). 
Therefore, When the light beam is irradiated from air atmo 
sphere onto the substance at the incident angle 0, an intensity 
of scattered light from a defect Which exists at a position of 
a depth Z from the surface of the substance can be expressed 
by Equation 2. Therein, o is an integrated scattering cross 
section When scattered light toWard the sample surface is 
detected With a certain solid angle, and I is an intensity of the 
incident light beam. 

[0039] Where Ti is a transmissivity of the incident light 
beam from the air atmosphere to a position just beloW the 
surface of the substance, and Tf is a transmissivity of the 
scattered light from a position just beloW the surface of the 
substance to the air atmosphere. 

[0040] Letting refractive indexes of a substance for Wave 
lengths k1, L2 be n1, n2, penetrable depths be Fl, F2, 
intensities of incident light beams be I1, I2, intensities of 
measured scattered light be S1, S2, integrated scattering 
cross sections be O1, O2, transmissivities of the incident 
light beam from the air atmosphere to a position just beloW 
the surface of the substance be T1i, T21, and transmissivities 
of the scattered light from a position just beloW the surface 
of the substance to the air atmosphere be T1f, T2f, respec 
tively, Equation 3 and Equation 4 are stis?ed. 

[0041] From the above equations, the position Z of the 
defect in the depth direction can be expressed by Equation 
5 to Equation 7. 

depth direction in the present invention, it is necessary to 
calculate a dimension of the defect in advance. If a light 
beam of a wavelength )»1 capable of penetrating the sample, 
that is, a light beam of a wavelength )»1 having a sufficiently 
large F1 (l“1>>l“2) is used in Equation 3, an integrated 
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scattering cross section 01 in a certain detecting solid angle 
can be expressed by Equation 8. 

[0043] Since the values T1i, T1f can be calculated from 
the optical principle, the value of the integrated scattering 
cross section 01 can be calculated by measuring S1 if the 
value I1 is measured in advance. Therefore, When a refrac 
tive index of the defect is knoWn, a dimension of the defect 
can be calculated from conventional Mie’s scattering theo 
retical equation. 

[0044] Since a value of the integrated scattering cross 
section 02 in a certain detecting solid angle by light having 
a Wavelength k2 absorbed in the sample can be calculated 
When the dimension of the defect is knoWn, a ratio 01/02 of 
the integrated scattering cross sections can be determined. 
Similarly to the above, the values T2i, T2f are calculated 
from the optical principle, the value C2 can be calculated 
from Equation 7 by measuring the value I2 in advance. The 
value C1 can be also calculated by Equation 1 using a 
material constant and an experimental condition. By substi 
tuting these values into Equation 5, the position Z in the 
depth direction can be obtained. 

[0045] The dimension (particle siZe) of a defect may be 
also obtained by Rayleigh scattering. 

[0046] The position of a defect in the depth direction and 
the dimension of the defect obtained as described above are 
used in order to perform the folloWing display based on the 
scattered light intensity signals, the coordinates and the kind 
of unit region to Which the coordinates belong described 
previously. 
[0047] FIG. 4 shoWs an example of a selective display of 
defect distribution in accordance With the present invention. 
There is provided a means for specifying a range of positions 
of defects in the depth direction and a range of particle siZe 
on polyester basis as the dimension of defects by inputting 
numerals, as shoWn in FIG. 4 (a), and the defects Within the 
speci?ed ranges are displayed as planar distributions of 
defects inside the surface layer 410 and extraneous particles 
on the surface 402 as shoWn in FIG. 4 

[0048] Since a range of a speci?c problem Zone affecting 
device forming or a range of defect dimension can be 
arbitrarily speci?ed by direct inputting after Whole surface 
scanning measurement of a Wafer as described above, it is 
possible to arbitrarily and selectively display a distribution 
of crystal defects existing inside the surface layer near the 
surface or a distribution of surface extraneous particles. 

[0049] A particle siZe and an existing depth of a defect 
(including a ?aW) formed in a Wafer may be different 
depending on Which process out of the manufacturing pro 
cesses the defect is produced in. That is, if a particle siZe and 
an existing depth of a defect can be checked, it is possible 
to specify Which process out of the manufacturing processes 
the defect is produced in. 

[0050] Therefore, if a speci?ed particle siZe, a speci?c 
depth or the both can be selectively set and the defects ?t to 
the setting can be selectively displayed, it is easy to observe 
the features of Which process defects are produced in and 
What number of defects are produced. 

[0051] In the example of planar distribution disclosed in 
“Applied Physics, Vol. 65, No. 11 (1996)”, pages 1162-1163 
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described in the article “Background of the Invention”, it is 
dif?cult to selectively check defects having speci?c infor 
mation because all the defects are displayed. 

[0052] In this embodiment in accordance With the present 
invention, since a defect existing depth and/or a dimension 
(particle siZe) of defects can be set and distribution of the 
defects of a Wafer can be displayed based on the setting, it 
is possible to understand a process in Which the defects are 
produced and the feature of the produced defects from the 
defect existing depth and the dimension of the defects. An 
embodied example Will be described beloW in detail. 

[0053] Asemiconductor Wafer (silicon Wafer) is manufac 
tured by slicing a single crystal ingot obtained through a 
single crystal manufacturing method such as CZ method, FZ 
method or the like into a disk, then by lapping and etching 
the sliced disk in shaving processes, and ?nally cleaning the 
disk after polishing. In a case of an epitaxial Wafer, an 
epitaxial layer is vapor groWn after that, and treatment such 
as polishing is performed again. There may be other pro 
cesses depending on kind of the Wafer. 

[0054] Defects (?aWs)in connection With polishing among 
the above-mentioned processes are apt to be formed on the 
Wafer surface over a Wide range of particle siZes. Defects 
(COP) Which have large particle siZes and appear on the 
surface are apt to be increased in number by performing heat 
treatment in a single crystal manufacturing process. In the 
cleaning process, defects appearing on the Wafer surface are 
apt to be increased in number. 

[0055] Further, crystal defects formed inside the Wafer are 
produced, for example, in the groWing process of epitaxial 
layer, and particularly, oxygen precipitation particles (SiO2) 
among the crystal defects are apt to be increased in number 
toWard the depth direction of the Wafer. 

[0056] There are the defect characteristics depending on 
the manufacturing processes as described above. Therefore, 
by displaying the defects speci?c to each of the manufac 
turing processes distinguishing from the other defects, a 
trend of the defects produced in each of the processes can be 
speci?ed. 
[0057] For example, by setting a position in the depth 
direction, it is possible to judge Whether or not the defects 
are crystal defects existing inside the Wafer or Whether or not 
the defects are defects produced by polishing or cleaning. 
Further, by a Wafer image not containing these kinds of 
defects, it is possible to easily judge a trend and a degree of 
defects produced a speci?c cause of defect occurrence. 

[0058] Since the electric characteristic of a device is 
deteriorated if the device is formed at a position Where 
crystal defects exist, the device cannot be generally formed 
at the position Where the crystal defects exist. HoWever, an 
alloWable depth of defect existence differs depending on 
kinds of devices. Therefore, it is possible to perform quality 
control corresponding to kinds of Wafers by observation 
based on setting of a position in the depth direction. 

[0059] It is also possible to observe Whether or not vapor 
groWing of an epitaxial layer is favorably performed. 

[0060] Further, it is also possible that number of defects 
for each particle siZes and number of defects for each of 
positions in the depth direction are displayed in the form of 
histogram as shoWn in FIG. 4 (c), and a planar distribution 
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as shown in FIG. 4 (b) is displayed using a pointing device 
such as a mouse on the graphs to specify a minimum particle 
siZe by a trace cursor 403, a maximum particle siZe by a 
trace cursor 404, a position of the minimum depth by a trace 
cursor 405 and a position in the maximum depth by a trace 
cursor 406. By doing so, it is possible to visually select a 
range of a speci?c problem region Where number of defects 
is actually large, to display by selectively setting a particle 
siZe or a depth of Which number of defects are large, and to 
selectively display a distribution of crystal defects existing 
near the surface or a distribution of surface extraneous 
particles in a region Where some problem is considered to 
actually exist. 

[0061] Although defects existing in a set depth are dis 
played distinguishing from the other defects in this embodi 
ment, it is possible, for example, that only the defects 
existing in the set depth are displayed. 

[0062] FIG. 5 is a vieW shoWing an example of an 
at-a-glance display of defect distribution in accordance With 
the present invention. In this embodiment, defects existing 
in each of divided unit regions are three-dimensionally 
displayed on a display simulating a Wafer by a cylindrical 
shape for each unit region, and number of the defects is 
expressed by the height of the cylinder and a position of the 
defect existence is expressed by coloring. 

[0063] The display for each of the unit regions is useful to 
specify the trend of defect occurrence compared to a simple 
defect distribution diagram. 

[0064] The maximum particle siZe of defects existing each 
position in the depth direction is proportionally displayed by 
the diameter of the cylinder. Further, surface extraneous 
particles are expressed by a cube. By doing so, the feature 
of distribution of defect regions on the Wafer surface and 
inside the surface layer can be identi?ed at a glance, and 
accordingly a problem region can be speci?ed speedy. 

[0065] It becomes easy to distinguish betWeen surface 
Working failure and inner crystal failure, for example, to 
judge Whether or not the detects uniformly distribute inde 
pendently of the depth, Whether or not most of the defects 
distribute near the surface layer, or Whether or not most of 
the defects distribute in the deep Zones. Further, it is also 
possible to judge at a glance that the defects are surface 
extraneous particles or crystal defects. 

[0066] According to the above-mentioned display, the 
cylindrical rod graph is employed so as to easily understand 
number of defects, a depth and a maximum particle siZe in 
each the unit regions. The rod graph of this type is easy to 
understand the relationship among plural kinds of informa 
tion. Further, information on number of defects or maximum 
particle siZe differs depending on the depth, the difference 
can be visually and easily judged by the display shoWn in 
FIG. 5. 

[0067] In the apparatus of this embodiment, positions in 
the depth direction, dimensions and number of defects are 
detected. Therefore, defect analysis can be easily performed 
by judging a trend of defect occurrence based on the plural 
kinds of information. 

[0068] As described above, according to the present 
invention, since defect distribution is displayed based on 
setting of a speci?ed particle siZe, a speci?c depth or the 
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both, it is possible to specify the feature of produced defects 
and it is easy to specify in Which process defects are 
produced and What kind of defects are produced. 

[0069] Further, since the defect information for each of the 
unit regions is displayed, it is easy to specify the trend of 
defect occurrence. 

[0070] Thereby, it becomes easy to analyZe the defects, 
and it is possible to provide a defect inspection apparatus 
suitable for performing the quality control of products and 
for specifying the cause of occurrence of defects. 

[0071] According to the calculation stated above per 
formed by the computer 6, a ?oWchart for outputting the 
defect information obtained corresponding to the location of 
the Wafer surface by setting the depth of the defects Will be 
explained. 
[0072] That is, according to step 1 based on equations 3, 
4, strengths S1, S2 of the scattering light beams are detected 
on coordinate positions radius (R), direction (0) of the stage 
top Where the Wafer is mounted and a data table thereof is 
formed. In step 2, depth (Z) of the defect and particle siZe (d) 
are calculated based on these detected scattering light 
strength S1, S2 according to equations 5, 8, and a data table 
of the depth (Z) and the particle siZe (d) is formed corre 
sponding to the coordinate position of the radius (R) and the 
direction 

[0073] In step 3, using a display screen Which shoWn in 
FIG. 4 (a), the depth (Z) and the particle siZe (d) of the 
defect are input to be selected, and a data table as a selected 
result is provided. 

[0074] When indication of the distribution of the defects is 
ordered in step 4, the defects in the depth (Z) and the particle 
siZe (d) of the selected defects are indicated on the stage of 
the radius (R) and the direction (0) and a display screen of 
the defect distribution is provided as shoWn in FIG. 4 

What is claimed is: 
1. A defect inspection method for inspecting defects 

inherent in a Wafer by scanning the Wafer With a light beam 
and detecting light scattered from the defects, comprising 
the steps of: 

generating at least tWo light beams having Wavelengths 
different from each other; 

detecting light information scattered from said defects by 
scanning said Wafer With said light beams; 

setting up depth information and particle siZe information 
of said defects; 

outputting information about said defects at each scan 
position on said Wafer from said light information 
corresponding to said set up information; and 

indicating said output information about said defects 
corresponding to each of said scan positions. 

2. A defect inspection method for inspecting defects 
inherent in a Wafer as de?ned in claim 1, Wherein said output 
information about said defects relates to said particles siZe of 
said defects. 

3. A defect inspection method for inspecting defects 
inherent in a Wafer as de?ned in claim 2, Wherein said step 
of indicating said particle siZe of said defects is displayed 
corresponding to said set up information. 
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4. A defect inspection method for inspecting defects 
inherent in a Wafer as de?ned in claim 1, Wherein said 
information about said defects relates to the number of said 
defects at each scan position of said Wafer. 

5. A defect inspection method for inspecting defects 
inherent in a Wafer as de?ned in claim 4, Wherein said step 
of indicating the number of said defects is displayed at each 
scan position on said Wafer corresponding to at least one set 
up information. 

6. A defect inspection method for inspecting defects 
inherent in a Wafer as de?ned in claim 1, Wherein said steps 
of indicating said particle siZe and number of said defects are 
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displayed corresponding to at least one of said set up 
information and position of said defects on said Wafer. 

7. A defect inspection method for inspecting defects 
inherent in a Wafer as de?ned in claim 1, Wherein said step 
of indicating distribution of said defects is displayed corre 
sponding to at least one of said set up information and 
positions of said defects on said Wafer. 

8. A defect inspection method for inspecting defects 
inherent in a Wafer as de?ned in claim 4, Wherein said step 
of indicating distribution of said defects is displayed corre 
sponding to at least one of said set up information and 
position of said defects on said Wafer. 

* * * * * 


