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(57) ABSTRACT 

A method and device detect for the presence of defects, 
namely micro-Scratches, in the Surface of a wafer. Light is 
projected onto a medium at the Surface of the wafer, at an 
angle at which light is not reflected by another layer that may 
be located under the medium. Light reflected by the surface 
of the wafer is converted into an electrical Signal but any 
light Scattered by the Surface is excluded as much as possible 
from contributing to the formation of the Signal. The electric 
Signal corresponds to the intensity of the light reflected from 
the Surface of the wafer. AS the light is Scanned across the 
wafer, the values of the electric Signal are compared to yield 
a determination of whether defects are present in the 
medium. Because the light projected onto the Surface of the 
wafer will be Scattered by defects Such as micro-Scratches, 
the wafer can be Successfully monitored for the existence of 
Such micro-Scratches. In particular, defects including micro 
Scratches formed in the medium can be detected regardless 
of the Structure underlying the medium, Such as a pattern 
layer. 
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METHOD OF AND DEVICE FOR DETECTING 
MICRO-SCRATCHES 

BACKGROUND OF THE INVENTION 

0001) 1. Field of the Invention 
0002 The present invention relates to a method of and to 
a device for detecting micro-Scratches in a Semiconductor 
wafer. 

0003 2. Description of the Related Art 
0004. In the manufacturing of semiconductor devices, 
chemical and mechanical planarization (CMP) is a global 
planarization (GP) process for polishing a wafer. In CMP, 
Slurry is sprayed onto the wafer and the wafer is polished 
with the slurry using a polyurethane polishing pad. The 
Slurry contains Silica particles as an abrasive. Some of the 
Silica particles have a diameter equal to or greater than 1 um 
which greatly exceeds the average diameter of the Silica 
particles making up the slurry. These large particles apply 
abnormal Stresses to the wafer during polishing. Portions of 
the wafer to which abnormal Stresses have been applied 
fracture to relieve the StreSS. 

0005 FIG. 1 is a magnified view of the surface of a 
Scratched wafer, and FIG. 2 is a cross-sectional view of a 
Scratched wafer. 

0006. As shown in FIG. 1, scratches shaped like human 
eyebrows are formed on a wafer by CMP. Generally, the 
width of such a scratch is 0.3 to 3.0 lum, the length thereof 
is 3 to 30 um, and the depth thereof is about 200 to 2000 A. 
Although micro-Scratches on the Surface of a wafer can not 
be easily observed after CMP, the micro-scratches are 
enlarged during etching because weaker portions of the 
wafer bearing the micro-Scratches are etched more heavily 
than the other portions of the wafer. The micro-scratches 
once So enlarged can be easily observed. 
0007. It is known that even when large silica particles 
account for only about 0.1% of the slurry, a large number of 
Scratches are produced. However, it is difficult to remove 
large Silica particles from the Slurry, and to measure the 
amount of the large Silica particles. 
0008 Moreover, the polyurethane polishing pad is 
porous and also produces micro-Scratches in the wafer. The 
Surface of the polishing pad has a roughness of Several um 
in Virtue of the pores existing at the Surface of the polishing 
pad. Slurry collects in the pores open at the Surface of the 
polishing pad. When polishing is started in this State, StreSS 
is applied to the polishing pad by the wafer. Thus, polishing 
is performed by part of the Slurry that exists at the Surface 
of the wafer and in the pores of the pad. During this process, 
large Silica particles lodged in the pores of the polishing pad 
Scratch the Surface of the wafer. 

0009 Conventional methods for detecting scratches 
include a method of irradiating monochrome laser light onto 
a Surface and detecting the sizes of Scratches in the Surface 
using the light Scattered from the Surface, a method using 
Scattered light from dies and detecting the Scratches by a 
die-to-die Signal processing, and a method of obtaining a 
highly-magnified Video image of a Surface using white light 
as an optical Source and detecting Scratches in the Surface 
using the Signal difference between pixels of the Video 
Caca. 
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0010. However, these conventional methods of detecting 
Scratches or defects in a wafer cannot effectively detect 
micro-Scratches Since they do not possess a high enough 
degree of resolution or an accurate enough image recogni 
tion ability. 

SUMMARY OF THE INVENTION 

0011. An object of the present invention is to provide a 
method by which defects Such as micro-Scratches in a wafer 
can be effectively detected, and to provide a device for doing 
the Same. That is, an object of the present invention is to 
provide a method of and a device for detecting micro 
Scratches, which method and device provide a high recog 
nition rate of wafer defects and which allow the presence of 
Such defects to be promptly confirmed. 
0012 To achieve this object, the present invention pro 
vides a method of detecting micro-Scratches, in which the 
Surface of a wafer is Scanned with light from a light Source 
while the light remains incident upon the Surface of the 
wafer at a predetermined angle, the light reflected by normal 
portions of the Surface ( i.e., at an angle of reflection 
Substantially identical to that of the angle of incidence) 
propagates to an optical detector, the light received by the 
optical detector is used to generate an electrical Signal 
indicative of the intensity of the received light, values are 
assigned to the electric Signal in correspondence with the 
intensity of the light represented thereby, and whether 
defects are formed at the Surface of the wafer is determined 
by comparing the values assigned to the electrical signal to 
each other. 

0013 Preferably, the light reflected by the surface of the 
wafer is divided into S polarized light and p polarized light, 
and the electrical signal is obtained from the S polarized light 
and/or the p polarized light. 
0014 Furthermore, the method also preferably takes 
measures to lengthen the optical path along which light 
travels from the light source to the wafer and/or from the 
Surface of the wafer to the optical detector, thereby allowing 
flexibility in design for providing an appropriate angle of 
incidence. Such measures include bending the light by 
reflection and/or refraction. Moreover, the method includes 
a step of adjustably controlling the angle of incidence. 
0015. It is also preferable that the measures taken to 
lengthen the optical path cause the light to be confined in a 
first Space located between the light Source and the wafer 
and in a Second discrete Space located between the Surface 
of the wafer and the optical detector. In this case, the light 
is reflected Several times in each of the discrete Spaces. 
0016. The present invention also provides a device for 
detecting micro-Scratches, including a wafer Stage, an opti 
cal System which produces light directed onto the wafer, a 
Scanning mechanism which moves the optical System and 
the Stage relative to one another So that the light is Scanned 
acroSS the wafer, a signal detection System which receives 
the light reflected by the wafer and converts the reflected 
light into an electrical Signal, and a Signal analysis System 
which analyzes the electrical Signal. The optical System 
includes a light Source, and light produced by the light 
Source is directed onto the wafer Surface at a predetermined 
angle. The Signal detection System which receives the 
reflected light generates an electrical Signal indicative of the 
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intensity thereof. The Signal analysis System compares Val 
ues of the electrical Signal with reference to different por 
tions of the wafer Surface which are Scanned by the light, and 
this comparison yields a determination of whether defects 
have been formed in the Surface of the wafer. 

0.017. Furthermore, the signal detection system may 
include a polarization element which divides the reflected 
light into S polarized light and p polarized light, and polar 
ized light detectors for converting the polarized light into 
electrical Signals. The Signal analysis System preferably 
determines from these electrical Signals whether micro 
Scratches are present in the Surface of the wafer. 
0.018. A grazing optical System for lengthening the opti 
cal path is provided between the optical System and the 
wafer and between the wafer and the Signal detection 
System. The grazing optical System has first and Second 
mirrors disposed parallel to each other and perpendicular to 
the planar Surface of the wafer. The light Source projects 
light onto one of the mirrors at a predetermined angle of 
incidence, and light is reflected from one of the mirrors onto 
the Surface of the wafer. 

0019. A third mirror may be provided for reflecting light 
from the light Source onto one of the first and Second 
mirrors. The inclination of the reflective Surface of the third 
mirror is adjustable so that the third mirror controls the 
direction of the incident light. 
0020 Still further, a fourth mirror may be interposed 
between the first and second mirrors. In this case, the fourth 
and first mirrors coact and the Second and fourth mirrors 
coact to confine the light to first and Second discrete Spaces, 
respectively. That is, the path along which light travels from 
the light Source to the wafer, and the path along which the 
light reflected by the wafer travels to the signal detection 
System are separate from one another. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0021. The above and other objects, features and advan 
tages of the present invention will become more apparent by 
referring to the following detailed description of preferred 
embodiments thereof made with reference to the attached 
drawings, of which: 
0022 FIG. 1 is a magnified view of the surface of a 
Scratched wafer; 

0023 
wafer; 
0024 FIG. 3 is a block diagram of a first embodiment of 
a device for detecting micro-Scratches according to the 
present invention; 

FIG. 2 is a magnified sectional view of a scratched 

0.025 FIG. 4 is a schematic diagram illustrating the 
relationship between the optical System and the Signal 
detection system of the first embodiment of the device for 
detecting micro-Scratches according to the present inven 
tion; 
0.026 FIG. 5 is a block diagram of an optical detection 
System of a Second embodiment of a device for detecting 
micro-Scratches according to the present invention; 
0.027 FIG. 6 is a graph showing variations in the reflec 
tivity (Rs) of S polarized light and the reflectivity (Rip) of p 
polarized light in Simulation 1 according to the present 
invention; 
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0028 FIG. 7 is a graph showing variations in the reflec 
tivity (Rip) of the p polarized light wave in Simulation 2 
according to the present invention; 
0029 FIG. 8 is a graph showing variations in the reflec 
tivity (RS) of the S polarized light in Simulation 2 according 
to the present invention; 
0030 FIG. 9 is a graph showing variations in the ratio of 
the reflectivity (Rp) of the p polarized light to the reflectivity 
(RS) of the S polarized light in a State where an underlying 
pattern layer has been considered, in Simulation 2 according 
to the present invention; 
0031 FIG. 10 is a graph showing variations in signal 
to-noise ratio (SNR) and variations in the reflectivity (Rip) of 
p polarized light with respect to the incidence angle, in 
Simulation 3 according to the present invention; 
0032 FIG. 11 is a graph showing variations in SNR and 
variations in the reflectivity (Rs) of s polarized light with 
respect to the incidence angle, in Simulation 3 according to 
the present invention; 
0033 FIG. 12 is a graph showing variations in SNR and 
variations in the ratio of the reflectivity (Rip) of p polarized 
light to the reflectivity (Rs) of S polarized light with respect 
to the incidence angle, in Simulation 3 according to the 
present invention; 
0034 FIG. 13 is a schematic diagram showing the direc 
tion in which a wafer Surface in which micro-Scratches are 
formed is Scanned, in Simulation 4 according to the present 
invention; 
0035 FIG. 14 is a graph showing variations in the ratio 
of the reflectivity (Rip) of the p polarized light to the 
reflectivity (Rs) of the S polarized light with respect to 
variations in incidence angle, in Simulation 4 according to 
the present invention; 
0036 FIG. 15 is a schematic diagram showing the direc 
tion in which a wafer Surface in which micro-Scratches are 
formed is Scanned, in Simulation 5 according to the present 
invention; 
0037 FIG. 16 is a graph showing variations in the ratio 
of the reflectivity (Rip) of the p polarized light to the 
reflectivity (Rs) of the S polarized light with respect to 
variations in incidence angle, in a State where a pattern layer 
under a medium layer has been considered, in Simulation 5 
according to the present invention; 
0038 FIG. 17 is a diagram showing the results of scan 
ning of a wafer Surface in Simulation 5 according to the 
present invention; 
0039 FIG. 18 is a schematic diagram of a third embodi 
ment of a device for detecting micro-Scratches according to 
the present invention; 
0040 FIG. 19 is a schematic diagram of a fourth embodi 
ment of a device for detecting micro-Scratches according to 
the present invention; 
0041 FIG. 20 is a schematic diagram of a fifth embodi 
ment of a device for detecting micro-Scratches according to 
the present invention; 
0042 FIG. 21 is a schematic diagram of a sixth embodi 
ment of a device for detecting micro-Scratches according to 
the present invention; 
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0.043 FIG. 22 is a schematic diagram of a seventh 
embodiment of a device for detecting micro-Scratches 
according to the present invention; 

0044 FIG. 23 is a schematic diagram of an eighth 
embodiment of a device for detecting micro-Scratches 
according to the present invention; and 

004.5 FIG. 24 is a schematic diagram of a ninth embodi 
ment of a device for detecting micro-Scratches according to 
the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

0.046 Referring to FIG. 3, a wafer handler 1 can transfer 
a wafer to be examined to and from a stage 2. An optical 
System 3 irradiates light onto the wafer Supported by the 
Stage 2. A signal detection System 4 detects the light which 
is reflected by the wafer and converts the reflected light into 
an electrical Signal. A signal analysis System 5 determines 
whether the Surface of the wafer has been Scratched, using 
the electrical Signal generated by the Signal detection System 
4. A measurement control System 6 controls items which are 
asSociated with Several types of measurements including the 
optical System 3. A processor 7 Such as a computer controls 
all of the above-mentioned Systems. 

0047 The optical system 3 includes a light source which 
generates light ranging in wavelength from deep ultraViolet 
(DUV) to infrared. The signal detection system 4 and the 
Signal analysis System 8 are configured according to the 
wavelength of light produced by the light Source. 

0.048 Referring now to FIG.4, white light, monochrome 
light or light of a predetermined color radiating from the 
light Source of the optical System 3 is incident upon the 
surface of the wafer 100 to be examined, at a predetermined 
incidence angle (0). Light reflected by the wafer 100 is 
incident upon the Signal detection System 4. 

0049. The signal detection system 4 is provided at a 
location where only light reflected by the surface of wafer 
100 would propagate, i.e., the Signal detection System 4 will 
receive only a minimum amount of Scattered light. In fact, 
preferably none of any light Scattered from the Surface of the 
wafer falls upon the Signal detection System 4. The Signal 
detection System 4 includes an optical detector for convert 
ing incident light into an electrical Signal. 

0050. The incidence angle (0) is within a range where 
most of the light from the optical system 3 will be reflected, 
and is selected based on the refractive index (n) of a target 
material layer (medium) at the Surface of a wafer under 
examination. Here, the incidence angle (0) is greater than 0 
and less than 90 degrees. 

0051 FIG. 5 illustrates an optical detection system 4 of 
a Second embodiment of the present invention. Referring to 
FIG. 5, light which is output from the optical system 3 and 
reflected by the Surface of a wafer is incident upon a beam 
splitter 41 of the optical detection system 4. The beam 
Splitter 41 is inclined at a predetermined angle with respect 
to an optical axis 44. Among the incident light, P polarized 
light is incident upon a P polarization detector 42 via the 
beam splitter 41, and S polarized light is reflected by the 
beam Splitter 41 So as to fall upon an Spolarization detector 
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43. Here, a photo array detector or a CCD camera can be 
used as the P polarization detector 42 and the S polarization 
detector 43. 

0052 An electrical signal obtained by the signal detec 
tion System 4 is Supplied to the Signal analysis System 5. The 
Signal analysis System 5 determines whether micro 
Scratches have been produced in Specific areas of a wafer 
Surface, using the received electrical signal. 

Simulation 1 

0053. This simulation studies the variation in reflectivity 
with respect to the variation in incidence angle of light upon 
a medium layer at a wafer Surface under the conditions 
below. In this simulation, the incidence angle (0) varies 
between 0 and 90 degrees, the light has a wavelength of 
632.8 nm, and Silicon oxide having a refractive index (n) of 
1.462 was used as the medium layer formed at the wafer 
Surface. Also, the Signal detection System of the embodiment 
of FIG. 5 was used, whereby the reflected light was split into 
p polarized light waves and S polarized light waves. 
0054) The reflectivity (Rs) of the spolarized light waves 
and the reflectivity (Rip) of the p polarized light waves with 
respect to the medium layer are defined by Equations 1 and 
2 according to Snell's law: 

0i))} (2) 
0055 wherein 0n denotes the angle of refraction of light 
within a medium. 

0056. The simulation performed under the above-de 
scribed conditions resulted in variations in the reflectivity 
(Rs) of the S polarized light and the reflectivity (Rip) of the 
p polarized light as shown in FIG. 6. 
0057 Referring to FIG. 6, the reflectivity (Rs) of s 
polarized light increases with an increase in incidence angle 
(0i), and sharply increases particularly when the incidence 
angle (0i) exceeds 70 degrees. Also, the reflectivity (Rip) of 
p polarized light decreases up to where the incidence angle 
(0i) is 65 degrees, and then sharply increases after this point. 
Here, the angle at which the reflectivity (Rip) of p polarized 
light is minimum is Brewster's angle at which most of 
incident light passes through the medium. 
0058 According to these results, when the incidence 
angle (0i) is greater than a predetermined value, particularly, 
when the p polarized light is incident at an angle which is 
greater than Brewsters angle, particularly, at least 85 
degrees, light incident upon a medium layer is mostly 
reflected. Therefore, such light is particularly useful for 
detecting defects Such as micro-Scratches in the Surface of 
the medium layer. That is, if the angle of incidence is kept 
at least 85 degrees, defects can be detected based on the 
amount of light incident upon the Signal detection System 4. 
More specifically, if the light is reflected by a normal portion 
of the Surface of the target medium layer, nearly all of the 
reflected light falls on the Signal detection System 4, but if 
the light is Scattered by defects Such as micro-Scratches in 
the layer, only part of the Scattered light falls on the Signal 
detection System 4. 

Simulation 2 

0059. This simulation examines the effect that an under 
lying layer pattern has upon the variation in reflectivity with 
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respect to the variation in incidence angle (0i) when an 
underlying layer pattern exists under the target medium 
layer on the Surface of a wafer. Using these results, this 
Simulation also serves to examine the effect that the under 
lying layer pattern has on the detection of micro-Scratches in 
the Surface of the target medium layer. 

0060. In this simulation, the optical incidence angle (0i) 
ranges from 0 to 90 degrees, the incident light has a 
wavelength of 632.8 nm, and Silicon oxide having a thick 
ness of 10000 to 13000 A and a refractive index (n) of 1.462 
was used as the medium layer formed at the wafer Surface. 
The pattern layer under the medium layer had a thickness of 
35000 A, and the refractive indices of the pattern layer and 
a substrate were 1.3402 and 3.8806, respectively. 

0061 Simulation 2 under the above-described conditions 
produced results such as those shown in FIGS. 7 through 9. 
FIG. 7 shows variations in the reflectivity (Rip) of the p 
polarized light, and FIG. 8 shows variations in the reflec 
tivity (Rs) of the s polarized light. In FIGS. 7 and 8, the 
term contribution ratio denotes a ratio of the reflectivity of 
the medium layer to the reflectivity when the underlying 
pattern layer has been considered. A large contribution ratio 
indicates that the underlying pattern layer exerts only a Small 
influence on the reflectivity of the medium layer. 
0062). As shown in FIG. 7, the reflectivity of p polarized 
light when the underlying pattern has been considered 
decreases when the incidence angle is between 0 and 50 
degrees, and does not appear when the incidence angle is 50 
degrees or more. The surface reflectivity of the medium 
layer gradually decreases as the incidence angle increases 
from 0 to 50 degrees, but gradually increases for incidence 
angles of 50 degrees or more, and sharply increases from 80 
degrees. Also, the contribution ratio is greatly lowered 
around the Brewster's angle and reaches nearly 100% at an 
incidence angle of 70 degrees or more. 

0063 As shown in FIG. 8, the contribution ratio 
increases with an increase in the incidence angle (0i), and is 
90% or more when the incidence angle is 80 degrees or 
OC. 

0064 FIG. 9 shows variations in the ratio of the reflec 
tivity (Rip) of the p polarized light to the reflectivity (Rs) of 
the S polarized light, in a State where an underlying pattern 
layer has been considered. As shown in FIG. 9, the reflec 
tivity ratio (Rp/Rs) decreases together with the contribution 
ratio as the incidence angle (0i) increases, and Sharply 
increases as the incidence angle increases from 50 degrees. 

0065 According to Simulation 2 as described above, the 
contribution ratio of the reflectivity (Rip) of the p polarized 
light is more stable than the contribution ratio of the reflec 
tivity (Rs) of the S polarized light and that of the ratio 
(Rp/Rs) of the reflectivity of the p polarized light to the 
reflectivity of the S polarized light. The contribution ratio of 
the reflectivity (Rip) of the p polarized light is high over a 
wide range. This shows that p polarized light is advanta 
geous in detecting micro-Scratches in a medium layer. 

Simulation 3 

0.066 Simulation 3 examines the signal-to-noise ratio 
(SNR) of the surface reflectivity of a medium layer with 
respect to the change in the pattern of an underlying pattern 
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layer and the variation in incidence angle (0i) when the 
lower pattern layer is provided under the medium layer on 
a wafer Surface. 

0067. In Simulation 3, the optical incidence angle (0i) 
ranges from 0 to 90 degrees, the light has a wavelength of 
632.8 nm, and silicon oxide having a thickness of 1000 to 
13000 A and a refractive index (n) of 1.462 was used as the 
medium layer which is formed on the wafer surface. The 
pattern layer under the medium layer has a thickness of 
35000 A, and the refractive indices of the pattern layer and 
a substrate were 1.3402 and 3.8806, respectively. The reflec 
tivity was measured for different thicknesses of the medium 
layer of between 10000 A0 to 13000 A increased by 
increments of 30 A. Here, the SNR denotes the ratio of the 
mean of reflectivity to the variation in reflectivity with 
respect to the variation in the thickness of the medium layer. 
0068 Referring to FIG. 10, the variation in the reflec 
tivity of p polarized light becomes Smaller than the mean of 
the reflectivity from when the incidence angle is 70 degrees. 
Thus, the SNR sharply increases. 
0069. Referring to FIG. 11, the SNR increases as the 
variations in the reflectivity of S polarized light and the 
incidence angle increase. Particularly, the SNR is 300% or 
more from when the incidence angle is 85 degrees or greater. 
0070 Referring to FIG. 12, with an increase in the 
incidence angle to 50 or 60 degrees or greater, a variation in 
the ratio of the reflectivity (Rip) of p polarized light waves to 
the reflectivity (Rs) of S polarized light waves becomes 
much smaller than the mean of the reflectivity. Thus, the 
SNR sharply decreases. 
0071 According to Simulation 3 as described above, the 
SNR of the reflectivity (Rip) of the p polarized light is more 
stable than the SNR of the reflectivity (Rs) of the spolarized 
light and the SNR of the ratio (Rp/Rs) of the reflectivity of 
the p polarized light to the reflectivity of the S polarized 
light. The SNR of the reflectivity (Rip) of the p polarized 
light is high over a wide range. This shows that p polarized 
light can be useful in detecting micro-Scratches in a medium 
layer. 

Simulation 4 

0072 Simulation 4 examines a variation in the amount of 
light reflected at micro-Scratches in a medium layer formed 
on the Surface of a wafer, with a variation in incidence angle. 
In Simulation 4, the incidence angle ranges from 45.9 to 
64.2 degrees, the wavelength of the incident light is 632.8 
nm, and the incident light was Scanned over a distance of 5 
tim in a direction of crossing a micro-Scratch 101 formed in 
a medium layer of a wafer 100 as shown in FIG. 13. The size 
of a light spot was set to be 5x10 tim. 
0073. By using signal analysis, a corrected value was 
obtained by amplifying a signal using Equation 3 defined 
with reflectivity ratios Data1 and Data2 which were obtained 
from two adjacent Scanned portions: 

corrected value=((Data1-Data2x10)^2)/10 (3) 
0074 wherein reflectivity ratios Data1 and Data2 denote 
ratios of the reflectivity of p polarized light to the reflectivity 
of S polarized light. 
0075 Referring to FIG. 14, with an increase in incidence 
angle, a change in the ratio of the reflectivity of p polarized 



US 2001/0038448 A1 

light to the reflectivity of Spolarized light Starts occurring at 
portions damaged by micro-Scratches, and the magnitude of 
the change gradually increases. 
0076. It can be seen from FIG. 14 that the ratio (Rp/Rs) 
of reflection by micro-Scratches in a medium layer of a wafer 
greatly varies with an increase in incidence angle, and the 
Sensitivity of detection of micro-Scratches greatly increases 
accordingly. 

Simulation 5 

0.077 Simulation 5 examines an actually-measured value 
when areas damaged by micro-Scratches are Scanned using 
a micro-Scratch detection device according to the present 
invention. In Simulation 5, the incidence angle was fixed at 
65.07 degrees, the wavelength of the incident light was 
632.8 nm, and the Scanning intervals in the directions of the 
horizontal axis and the vertical axis were Set to be 5 um and 
10 tim, respectively. The incident light was Scanned acroSS 
a micro-scratch 101 formed in a medium layer of a wafer 
100, as shown in FIG. 15. The size of the light spot with 
respect to the medium layer was set to be 5x10 um. 
0078 Here, the ratio (Rp/Rs) of the reflectivity of p 
polarized light to the reflectivity of S polarized light was 
measured. By using Signal analysis, a corrected value was 
obtained by amplifying a signal using Equation 4 which is 
defined with reflectivity ratios Data1 and Data2 which were 
obtained from two adjacent Scanned portions: 

corrected value=((Data1-Data2x10)^10)/50 (4) 
0079 Referring to FIG. 16, with an increase in incidence 
angle, a change (B) in the ratio of the reflectivity of p 
polarized light to the reflectivity of S polarized light Starts 
occurring at portions damaged by micro-Scratches, and the 
magnitude of the change gradually increases. In FIG. 16, a 
radical change (A) in reflectivity ratio which appears at low 
incidence angles depends on a change in the thickness of a 
pattern layer under the medium layer. 
0080 FIG. 17 is an image of the result of scanning a 
wafer Surface using the aforementioned device. Note, any 
appropriate mechanism 102 known, per Se, can be used to 
move the wafer Stage 2 and the optical System 3 relative to 
one another So that the light is Scanned acroSS the wafer. It 
can be seen from FIG. 17 that the ratio (Rp/Rs) of reflection 
by micro-Scratches in a medium layer of a wafer greatly 
varies with an increase in incidence angle, and the Sensitivity 
of detection of micro-Scratches greatly increases accord 
ingly. 

0081. That is, the present invention can detect the pres 
ence of micro-Scratches in a wafer Surface by maintaining an 
appropriate optical incidence angle with respect to the wafer 
Surface. 

0082. As described above, the reflected light is divided 
into S polarized light and p polarized light, and a signal was 
generated based on the polarized light. According to the 
results of Simulations, the p polarized light was shown to be 
more useful in indicating the presence of micro-Scratches. 
However, as described above, when both S polarized light 
and p polarized light was kept at an incidence angle greater 
than a predetermined incidence angle, micro-Scratches in a 
medium layer were capable of being observed without 
interference of reflected light from a pattern layer under the 
medium layer. Hence, although p polarized light is more 
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appropriate for monitoring for micro-Scratches in a wafer 
Surface, S polarized light can also be used therefor. More 
over, micro-Scratches in the Surface of a wafer can be 
undoubtedly detected by converting reflected light into 
electrical Signals without polarizing the reflected light. 
0083. As described above, it was found that larger inci 
dence angles yield better results in monitoring for the 
presence of micro-Scratches. However, as is evident from 
FIG. 4, an optical structure for directly irradiating light onto 
a wafer 100 is limited in terms of how great of an incidence 
angle it can provide. That is, the optical System 3 must be 
positioned closer to the surface of the wafer 100 as the 
incidence angle increases. However, it is difficult to design 
an optical System which can be positioned very close to the 
wafer Surface, i.e., the design freedom of peripheral devices 
is Severely compromised by Such a requirement. The present 
invention overcomes this problem by providing a structure 
which allows the optical system 3 to be located sufficiently 
far away from the wafer and yet irradiate the wafer with light 
at a Sufficiently large optical angle of incidence. 
0084 FIG. 18 shows such a structure. In this embodi 
ment, a grazing optical System 5 is provided between an 
optical System 3 and a Signal detection System 4. With the 
optical System 3 positioned a significant distance away from 
the wafer 100, the grazing optical system 5 causes light from 
the optical system 3 to fall upon the surface of a wafer 100 
at a large angle, and transmits light which has been reflected 
by the wafer 100 to the signal detection system 4. 
0085 More specifically, the grazing optical system 5 is 
disposed in an optical path between the optical System 3 and 
the Signal detection System 4, and reflects light from the 
optical System 3 Several times and directs the reflected light 
toward the surface of the wafer 100, and also reflects light 
reflected by the wafer 100 several times and directs the 
reflected light toward the Signal detection System 4. 
0086 The grazing optical system 5 includes first and 
second mirrors 51 and 52 which are parallel to each other. 
Light from the optical system 3 is firstly reflected by the 
second mirror 52, and then proceeds toward the first mirror 
51. Light reflected by the first mirror 51 proceeds back 
toward the second mirror 52. Light escapes from the first and 
second mirrors 51 and 52 through this repetition of reflec 
tion, and falls on the wafer 100. Light which has been 
reflected by the wafer 100 is again incident upon the first 
mirror 51 and reflected to the second mirror 52. The light 
from the wafer 100 is reflected several times between the 
first and second mirrors 51 and 52 as described above, and 
thus escapes from the first and second mirrors 51 and 52 and 
propagates toward the Signal detection System 4. 
0087 FIG. 19 shows another embodiment of the present 
invention in which a grazing optical System 5 is provided 
between the optical System 3 and the Signal detection System 
4. In this embodiment, a third mirror 53 establishes the angle 
at which light from the optical system 3 falls on the wafer 
100. Light from the optical system 3 falls upon the second 
mirror 52 via the third mirror 53. In Such a structure, the 
optical System 3 and the Signal detection System 4 may be 
placed on the same side. The third mirror 53 may be fixed 
at one place. Alternatively, the third mirror 53 may be 
rotatable about an axis 531 such that the angle of incidence 
can be varied. Accordingly, the angle of reflection can also 
vary. Also, the rotatable mount of the third mirror 53 allows 
the inclination of the third mirror 53 to be easily correctable. 



US 2001/0038448 A1 

0088 FIG. 20 shows still another embodiment of the 
present invention in which a grazing optical System 5 is 
provided between the optical System 3 and the Signal detec 
tion system 4. The grazing optical system 5 of FIG. 20 
includes a third mirror 53a, e.g., a parabolic mirror, which 
focuses light onto the Second mirror 52. The light focusing 
mirror 53a compensates for the divergence of light due to 
the extended optical distance between the optical System 3 
and the Surface of the wafer 100. Also, the third mirror 53a 
has a focusing power which corresponds to the optical 
distance, and accordingly can form a Spot of a desired size 
on the Surface of the wafer 100. 

0089 FIGS. 21, 22 and 23 show further embodiments, 
respectively, of a micro-Scratch detection device according 
to the present invention, in which a grazing optical System 
5 is provided between the optical system 3 and the signal 
detection system 4. The embodiments shown in FIGS. 21, 
22 and 23 are similar to one another in that a fourth mirror 
54 is provided between the first and second mirrors 51 and 
52. The fourth mirror 54 separates and makes discrete from 
one another the path along which light travels toward the 
wafer 100 and the path along which light travels once 
reflected by the wafer. It can be seen from these figures that 
the first 51, second 52 and fourth 54 mirrors are positioned 
relative to each other Such that the first 51 and fourth 54 
mirrors coact to confine the light to a first Space located 
between the optical system 3 and the wafer 100, and that the 
fourth 54 and second 52 mirrors coact to confine the light to 
a Second Space, discrete from the first Space, located 
between the Signal detection System 4 and the wafer 100. 
0090 The grazing optical system 5 shown in FIG. 21 is 
an application of the embodiment of the grazing optical 
system 5 shown in FIG. 18. Likewise, the grazing optical 
system 5 shown in FIG. 22 is an application of the embodi 
ment of the grazing optical system 5 shown in FIG. 19. The 
grazing optical system 5 shown in FIG. 23 is obviously an 
application of the embodiment of the grazing optical System 
5 shown in FIG. 20. Therefore, a detailed description of the 
operation of the detection devices shown in FIGS. 21-23 is 
unneceSSary. 

0091 FIG. 24 shows another embodiment of a micro 
Scratch detection device according to the present invention. 
In this embodiment, a transparent part of the first mirror 51 
extends upward to the extent that the light 31 is incident 
upon a Surface thereof at an incidence angle of 01. This light 
passes through the first mirror 51 and is refracted at an angle 
of refraction 02 corresponding to the refractive index of the 
transparent part of the mirror 51. The refracted light then 
travels between the first mirror 51 and the second (or fourth) 
mirror 52 (54). Accordingly, the light which travels toward 
the second (fourth) mirror 52 (54) is reflected several times 
and then finally reaches the wafer 100 at an angle of 
incidence of 02. Note, the angle of incidence 01 at the upper 
transparent part of the mirror 51 is preferably designed to 
correspond to Brewsters angle So that most of the light 
passes through the upper part of the first mirror 51. 

0092 According to the present invention as described 
above, micro-Scratches formed on the Surface of a wafer can 
be Successfully detected. In particular, defects Such as 
micro-Scratches formed in the Surface of a medium layer can 
be detected regardless of the Structure under the medium 
layer Such as a pattern layer. 
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0093 Finally, although the present invention has been 
described with reference to the preferred embodiments 
thereof, it will be apparent to those of ordinary skill in the 
art that the these embodiments may be changed or modified 
without departing from the true Spirit and Scope of the 
invention as defined by the appended claims. 

What is claimed is: 
1. A method of detecting micro-Scratches in a medium at 

the Surface of a wafer, Said method comprising the Steps of: 
directing light onto the Surface of the wafer at a prede 

termined angle of incidence and Scanning the light in a 
given direction across the Surface while the angle of 
incidence is maintained; 

detecting light reflected by the Surface, at a predetermined 
angle of reflection, and generating an electrical Signal 
representative of the intensity of the reflected light; 

ascribing respective values to the electrical Signal with 
reference to different portions of the surface from 
which the light Scanning the Surface is reflected, based 
on the intensity of the light reflected from Said portions 
as represented by the electric Signal; and 

comparing the values ascribed to the electric Signal to 
determine whether micro-Scratches are present in the 
medium. 

2. The method of claim 1, wherein the step of detecting 
the light comprises dividing the reflected light into S polar 
ized light and p polarized light. 

3. The method of claim 2, wherein of the S polarized light 
and the p polarized light, the electrical Signal is generated 
from only the p polarized light. 

4. The method of claim 2, wherein the electrical signal is 
generated from a ratio of the p polarized light to the S 
polarized light. 

5. The method of claim 1, wherein the steps of directing 
light onto the Surface of the wafer and detecting the light 
reflected by the Surface comprise positioning the wafer 
relative to a light Source and a light detector, respectively, 
and further comprising the Step of bending the light as the 
light travels from the light source to the Surface of the wafer 
and/or from the surface of the wafer to the light detector, 
whereby the optical path of the light from the light source to 
the light detector is extended. 

6. The method of claim 5, wherein the step of bending the 
light comprises reflecting the light at least once in a Space 
between the light source and the wafer before the light 
reaches the Surface of the wafer. 

7. The method of claim 5, wherein the step of bending 
comprises controlling the angle at which the light is reflected 
in Said Space to thereby Set said angle of incidence. 

8. The method of claim 5, wherein the step of bending 
comprises confining the light within a first space located 
between the light Source and the Surface of the wafer, 
confining the light within a Second Space, Separate and 
discrete from the first Space, located between the Surface of 
the wafer and the light detector, and bending the light at least 
once in each of Said first and Second discrete Spaces. 

9. The method of claim 6, wherein the step of bending 
comprises confining the light within a first space located 
between the light Source and the Surface of the wafer, 
confining the light within a Second Space, Separate and 
discrete from the first Space, located between the Surface of 
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the wafer and the light detector, and bending the light at least 
once in each of Said first and Second Spaces. 

10. A method of detecting micro-Scratches in a medium at 
the Surface of a wafer, Said method comprising the Steps of: 

positioning the wafer relative to a light Source and a light 
detector; 

reflecting light issuing from light Source onto the wafer at 
a predetermined angle of incidence, including by 
reflecting the light Several times in a Space located 
between the Surface of the wafer and the light Source; 

scanning the surface of the wafer with the light while the 
predetermined angle of incidence is maintained; 

reflecting light, reflected by the Surface of the wafer at a 
predetermined angle of reflection, Several times in a 
Space located between the wafer and the light detector; 

detecting the light which has been reflected from the 
Surface at Said predetermined angle of reflection and 
then reflected Several times, using the light detector; 

generating an electrical Signal representative of the inten 
sity of the detected light; 

ascribing respective values to the electrical Signal with 
respect to different portions of the surface from which 
the light Scanning the Surface is reflected, based on the 
intensity of the light reflected from Said portions as 
represented by the electric Signal; and 

comparing the values ascribed to the electric Signal to 
determine whether micro-scratches are present in the 
medium. 

11. The method of claim 10, wherein the step of detecting 
the light comprises dividing the reflected light into S polar 
ized light and p polarized light. 

12. The method of claim 11, wherein of the S polarized 
light and the p polarized light, the electrical Signal is 
generated from only the p polarized light. 

13. The method of claim 10, wherein the electrical signal 
is generated from a ratio of the p polarized light to the S 
polarized light. 

14. The method of claim 10, and further comprising the 
Step of controlling the angle at which the light is reflected in 
Said Space located between the Surface of the wafer and the 
light Source to thereby Set Said angle of incidence. 

15. The method of claim 14, wherein the step of reflecting 
light issuing from the light Source comprises confining the 
light to a first Space located between the light Source and the 
Surface of the wafer, and the Step of reflecting the light 
reflected by the Surface of the wafer comprises confining the 
light to a Second Space, Separate and discrete from the first 
Space and located between the Surface of the wafer and the 
light detector. 

16. The method of claim 10, wherein the step of reflecting 
light issuing from the light Source comprises confining the 
light to a first Space located between the light Source and the 
Surface of the wafer, and the Step of reflecting the light 
reflected by the Surface of the wafer comprises confining the 
light to a Second Space, Separate and discrete from the first 
Space and located between the Surface of the wafer and the 
light detector. 

17. A device for detecting micro-Scratches in a medium at 
the Surface of a wafer, Said device comprising: 

a stage for Supporting the wafer; 
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an optical System, including a light Source, which directs 
light along an optical path extending to the Stage, 
whereby the light falls at a predetermined angle of 
incidence upon a wafer Supported by the Stage; 

Scanning means for moving Said Stage and Said optical 
System relative to another So that the light is Scanned 
across the Surface of a wafer Supported by the Stage 
while Said predetermined angle of incidence is main 
tained; 

a signal detection System which receives light which has 
been reflected at a predetermined angle of reflection by 
the Surface of the wafer, and generates an electrical 
Signal indicative of the intensity of the light; and 

a signal analysis System which ascribes respective values 
to the electrical Signal with reference to different por 
tions of the Surface from which the light Scanning the 
Surface is reflected, based on the intensity of the light 
reflected from Said portions as represented by the 
electric Signal, and which compares the values ascribed 
to the electric Signal in a way that allows a determina 
tion of whether micro-Scratches are present in the 
medium to be made. 

18. The device of claim 17, wherein said signal detection 
System includes a polarizer which divides the reflected light 
into S polarized light and p polarized light, and at least one 
polarized light detector which converts at least one of the S 
polarized light and the p polarized light into an electrical 
Signal representative of the intensity thereof. 

19. The device of claim 18, wherein said signal detection 
System comprises polarized light detectors which convert 
the S polarized light and the p polarized light into discrete 
electrical signals representative of the respective intensities 
thereof. 

20. The device of claim 19, wherein said signal analysis 
System calculates the ratio of a value ascribed to the elec 
trical Signal generated from the p polarized light to a value 
ascribed to the electrical Signal generated from the S polar 
ized light, in confirming the existence of micro-Scratches in 
the medium. 

21. The device of claim 17, and further comprising at least 
one optical element which bends the light as the light travels 
from the light source to the surface of the wafer and/or from 
the surface of the wafer to the light detector, whereby the 
optical path of the light from the light Source to the light 
detector is extended. 

22. The device of claim 21, wherein said at least one 
optical element comprises first and Second mirrors extending 
parallel to each other and perpendicular to an upper wafer 
Supporting Surface of Said Stage. 

23. The device of claim 21, wherein said optical system 
further comprises a third mirror optically interposed 
between Said light Source and one of Said mirrors So as to 
reflect light propagating from Said light Source onto Said one 
of Said mirrors at a predetermined angle of incidence. 

24. The device of claim 23, wherein said third mirror is 
mounted in the optical System Such that the inclination of the 
reflective surface thereof is adjustable, whereby said third 
mirror is repositionable to control the angle at which the 
light first falls upon Said one of Said mirrors. 

25. The device of claim 21, wherein said at least one 
optical element comprises first and Second mirrors extending 
parallel to each other and perpendicular to an upper wafer 
Supporting Surface of Said Stage, and another mirror inter 
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posed between said first and Second mirrors, Said mirrors 
being positioned relative to each other Such that Said first 
mirror and Said another mirror coact to confine the light to 
a first Space located between said light Source and Said Stage, 
and Said another mirror and Said Second mirror confine the 
light to a Second Space, discrete from Said first Space and 
located between Said Signal detection System and Said Stage. 

26. The device of claim 23, and further comprising a 
fourth mirror interposed between Said first and Second 
mirrors, Said first, Second and fourth mirrors being posi 
tioned relative to each other Such that Said first and Said 
fourth mirror coact to confine the light to a first Space located 
between Said light Source and Said Stage, and Said fourth 
mirror and Said Second mirror confine the light to a Second 
Space, discrete from Said first Space, located between said 
Signal detection System and Said Stage. 

27. A device for detecting micro-Scratches in a medium at 
the Surface of a wafer, Said device comprising: 

a stage for Supporting the wafer; 
a wafer handler operative to load and unload the wafer 

onto and from Said Stage; 
an optical System, including a light Source, which directs 

light along an optical path extending to the Stage, 
whereby the light falls at a predetermined angle of 
incidence upon a wafer Supported by the Stage; 

Scanning means for moving Said Stage and Said optical 
System relative to another So that the light is Scanned 
acroSS the Surface of a wafer Supported by the Stage 
while Said predetermined angle of incidence is main 
tained; 

a signal detection System which receives light which has 
been reflected at a predetermined angle of reflection by 
the Surface of the wafer, and generates an electrical 
Signal indicative of the intensity of the light; and 

a signal analysis System which ascribes respective values 
to the electrical Signal with reference to different por 
tions of the Surface from which the light Scanning the 
Surface is reflected, based on the intensity of the light 
reflected from Said portions as represented by the 
electric Signal, and which compares the values ascribed 
to the electric Signal in a way that allows a determina 
tion of whether micro-Scratches are present in the 
medium to be made; and 

a processor operatively connected to Said optical and 
Signal analysis control Systems. 

28. The device of claim 27, wherein said signal detection 
System includes a polarizer which divides the reflected light 
into S polarized light and p polarized light, and at least one 
polarized light detector which converts at least one of the S 
polarized light and the p polarized light into an electrical 
Signal representative of the intensity thereof. 
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29. The device of claim 28, wherein said signal detection 
System comprises polarized light detectors which convert 
the S polarized light and the p polarized light into discrete 
electrical signals representative of the respective intensities 
thereof. 

30. The device of claim 29, wherein said signal analysis 
System calculates the ratio of a value ascribed to the elec 
trical Signal generated from the p polarized light to a value 
ascribed to the electrical Signal generated from the S polar 
ized light, in confirming the existence of micro-Scratches in 
the medium. 

31. The device of claim 27, and further comprising at least 
one optical element which bends the light as the light travels 
from the light source to the surface of the wafer and/or from 
the surface of the wafer to the light detector, whereby the 
optical path of the light from the light Source to the light 
detector is extended. 

32. The device of claim 31, wherein said at least one 
optical element comprises first and Second mirrors extending 
parallel to each other and perpendicular to an upper wafer 
Supporting Surface of Said Stage. 

33. The device of claim 31, wherein said optical system 
further comprises a third mirror optically interposed 
between Said light Source and one of Said mirrors So as to 
reflect light propagating from Said light Source onto Said one 
of Said mirrors at a predetermined angle of incidence. 

34. The device of claim 33, wherein said third mirror is 
mounted in the optical System Such that the inclination of the 
reflective surface thereof is adjustable, whereby said third 
mirror is repositionable to control the angle at which the 
light first falls upon Said one of Said mirrors. 

35. The device of claim 31, wherein said at least one 
optical element comprises first and Second mirrors extending 
parallel to each other and perpendicular to an upper wafer 
Supporting Surface of Said Stage, and another mirror inter 
posed between Said first and Second mirrors, Said mirrors 
being positioned relative to each other Such that Said first 
mirror and Said another mirror coact to confine the light to 
a first Space located between Said light Source and Said Stage, 
and Said another mirror and Said Second mirror confine the 
light to a Second Space, discrete from Said first Space and 
located between Said Signal detection System and Said Stage. 

36. The device of claim 33, and further comprising a 
fourth mirror interposed between Said first and Second 
mirrors, Said first, Second and fourth mirrors being posi 
tioned relative to each other Such that Said first and Said 
fourth mirror coact to confine the light to a first Space located 
between Said light Source and Said Stage, and Said fourth 
mirror and Said Second mirror confine the light to a Second 
Space, discrete from Said first Space and located between Said 
Signal detection System and Said Stage. 


