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S11: Polarize light in the fixed polarized azimuthal angle P to 
obtain the polarized light. 

S12: Polarized light illuminates the target surface at the 
incident angle 0 and is reflected, thus acquiring characteristic 

information of the target surface. 

S13: Analyze the characteristics light after reflection from the 
target surface 105 in the fixed analyzed azimuthal angle A, and 

split the p and S components of the characteristics light. 

S14: Detect the light intensity of the pands components 
corresponding to the target surface 105 and determine the 

phase relationship of the pands components. 

S15: Use the light intensity of the pands components and use 
the pre-determined method to obtain the thickness of the target 

surface 105. 

Fig. 2 
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S11: Polarize light in the fixed 
polarized azimuthal angle P + &P to 

obtain the polarized light. 

S12: Polarized light illuminates the 
target surface at the incident angle 0 

and is reflected, thus acquiring 
characteristic information of the target 

surface. 

S13: Analyze the characteristics light 
after reflection from the target surface 
105 in the fixed analyzed azimuthal 
angle A + 8A, and split the pands 
components of the characteristics 

light. 

S14: Detect the light intensity of the p 
ands components corresponding to the 
target surface 105 and determine the 
phase relationship of the pands 

components. 

S201: Use the reference surface 105, polarize 
light in fixed polarized azimuthal angle P + 8P to 

get the polarized light. 

S202: Polarized light illuminates the target surface 
105 at the incident angle 0 to get the reflection 
characteristics light of the target surface 105'. 

S203: Analyze the characteristics light in the fixed 
analyzed azimuthal angle A + 8A, and and split the 
p and s components of the characteristics light. 

S204: Detect the light intensity of the pands 
components corresponding to the target surface 
105 and determine the phase relationship of the p 

ands components. 

S205: Determine 
whether P + 8P, 0, and/or A + 8A 

are able to be determined. 

S206: Use the obtained light intensity 
information corresponding to the 

reference surfaces to determine P + 8P, 
0, and/or A - 8A. 

S15': Use the light intensity information corresponding to the 
target surface 105 and confirmed fixed polarized azimuthal angle, 
incident angle and fixed analyzed azimuthal angle, to confirm the 
thickness of the target surface 105 by the pre-determined method. 

US 2012/0038920 A2 
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S31: Polarize light in the fixed polarized 
azimuthal angle P to obtain the polarized light. 

S32: Polarized light illuminates the target surface 
at the incident angle 0 and is reflected, thus 

acquiring characteristic information of the target 
Surface. 

S33: Split the characteristics light into two 
splitting lights L1 and L2 corresponding to the 

target surface 605. 

S34: Analyze the splitting lights L1 and L2 in the 
fixed analyzed azimuthal angles A1 and A2, and 

split the p1 and S1 and p2 and S2 components. 

S35: Detect the light intensity of the p1 and S1 and 
p2 and S2 components corresponding to the target 
surface 605 and determine the phase relationship 

information. 

S36: Use the light intensity of the p1 and S1 and p2 
and s2 components and use the pre-determined 
method to obtain the thickness of the target 

Surface 605. 

Fig. 7 
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S3 1: Polarize light in the fixed 
polarized azimuthal angle P + 8P 

to obtain the polarized light. 

S32: Polarized light illuminates 
the target surface at the incident 
angle 0 and is reflected, thus 

acquiring characteristic 
information of the target surface. 

S33: Split the characteristics light 
into two splitting lights Li and L2. 
corresponding to the target surface 

605. 

S34: Analyze the splitting lights 
L1 and L2 in the fixed analyzed 

azimuthal angles A1 + 6A1 and A2 
+ 6A2 and split the p1 and s1 and 

p2 and S2 components. 

S35: Detect the light intensity of 
the p1 and S1 and p2 and S2 

components corresponding to the 
target surface 605 and determine 
the phase relationship information. 

16, 2012 Sheet 7 of 8 

S401: Use the reference surface 605, polarize light 
in fixed polarized azimuthal angle P + 8P to get the 

polarized light. 

S402: Polarized light illuminates the target surface 
605 at the incident angle 0 to get the reflection 
characteristics light of the target surface 605. 

S403: Split the characteristics light into two splitting 
lights L1 and L2 corresponding to the target surface 

605. 

S404: Analyze the splitting lights L1 and L2 in the 
fixed analyzed azimuthal angles A1 + 8A and A2 + 
8A2 and split the p1 and S1 and p2 and S2 components. 

S405: Detect the light intensity of the pi and s and 
p2 and s2 components corresponding to the target 

surface 605. 

S406: Determine whether 
P+ 8P, 0, and/or A1 + 8A and A2 -- 

8A2 are able to be determined. 

S407: Use the obtained light intensity information 
corresponding to the reference surfaces to determine 

P + 6P, 0, and/or A1 + 6A1 and A2 + 8A2. 

S36: Use the light intensity of the p1 and s1 and p2 and s2 
components corresponding to the target surface 605 and confirmed 
fixed polarized azimuthal angle, incident angle and fixed analyzed 
azimuthal angle, to confirm the thickness of the target surface 605 

by the pre-determined method. 

US 2012/0038920 A2 
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METHOD AND APPARATUS FOR ELLIPSOMETRY 
MEASUREMENT 

1. FIELD OF THE INVENTION 

0001. This application generally relates to optical mea 
Surement methods, and more particularly relates to measur 
ing methods and apparatuses utilizing ellipsometric tech 
niques on semiconductor devices and wafer Surfaces and 
other materials. 

2. DESCRIPTION OF THE BACKGROUND ART 

0002 The ellipsometric technique is a powerful multi 
functional light division technology, used to obtain charac 
teristics information about target Surfaces by detecting elec 
tromagnetic waves. The characteristics information may 
include reflectivity, thickness, refractive index, extinction 
parameters, polarization, Surface microstructure, particles, 
defects, and roughness of the target Surface or the thin film 
Surface, and so on. Because the ellipsometric technique is a 
highly sensitive, non-destructive, and no-contact measure 
ment technique, it is widely used in a variety of fields from 
basic research to industrial applications, including semicon 
ductor physics, microelectronics, and various areas of biol 
Ogy. 

0003. Existing ellipsometric measurement technology 
works as follows: A light Source emits light which passes 
through a first polarizing plate (often called the polarizer) to 
generate a polarized light. Then the polarized light illumi 
nates a target Surface. The polarized light changes its polar 
ization state after interacting with the target Surface. The light 
then passes through a second polarizer (often called the ana 
lyZer), and then enters a detecting device. The ellipsometric 
technology analyzes light intensity, phase, and polarization 
states of the light reflected by the target samples, and accord 
ingly obtains the characteristics information that is detected 
by the electromagnetic waves as they interact with the target 
surface. This technique works even if the thickness of the 
target is shorter than the wavelength of the detecting light, 
e.g., a thickness that is equal or even less than a single atomic 
layer. 
0004. In general, ellipsometry is a technique based on light 
mirror reflection, in which the incident angle is equal to the 
reflection azimuthal angle, and the incident light path and the 
reflected light path are in the same plane (called the incident 
plane). In the text to follow, the components of the electric 
field of the polarized light that are parallel with and perpen 
dicular to this incident plane are respectively defined as “p' 
and 's' components of the polarized light. The polarization 
state of the polarized light upon interaction with the target 
Surface can change due to various mechanisms, including 
reflection, transmission, diffraction, and so on. In this appli 
cation, without loss of generality, the main conditions for 
reflection are introduced. Because in existing ellipsometry 
techniques, each measurement can only obtain one set of 
experimental data, these techniques generally use a rotating 
ellipsometry method. According to this method, a first motor 
rotates the polarizer to change the polarizer's azimuthal 
angle. Similarly, a second motor rotates the second polarizer 
(the analyzer) to change the analyzer azimuthal angle. Based 
on all the polarizer azimuthal angles, a set of data can be 
obtained, and accordingly the characteristics of the target 
Surface can be determined. Therefore, since the existing tech 
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niques require a set of data, these techniques suffer some 
shortcomings, such as long data measuring time, method 
complexity, and expensive hardware. 

SUMMARY OF THE INVENTION 

0005 Various embodiments address problems, such as 
long time data measuring, complex measuring method and 
expensive measuring hardware caused by rotating the polar 
izer. In various embodiments, the ellipsometric technique 
polarizes the light from the light source in a certain azimuthal 
angle, and then the polarized light is directed onto the target 
surface. After being reflected by the target surface, the light 
characteristics could be interpreted based on Some relation 
ship information. Finally, based on the obtained light inten 
sity of the reflected light, the characteristics information of 
the target surface could be determined. In the traditional 
systems, when conducting the measurement, there always 
exist deviations in the polarized azimuthal angle, the incident 
angle, and the analyzed azimuthal angle. To avoid Such devia 
tion, various embodiments provide a reference surface for 
calibration before the measurement for the target surface's 
characteristics begins. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0006. In the following detailed description, the character, 
target, and advantages will be shown better. In the drawings, 
same or similar drawings stand for same or similar steps or 
units or devices. 

0007 FIG. 1 shows a light division ellipsometry system 
based on Surface reflection in accordance with an embodi 
ment. 

0008 FIG. 2 illustrates a method of ellipsometric mea 
Surement in accordance with an embodiment. 

0009 FIG.3a shows variations of the Fourier coefficients 
as a function of the thickness of the target in accordance with 
an embodiment. 

0010 FIG. 3b shows variations of the Fourier coefficients 
as a function of the thickness of the target in accordance with 
an embodiment. 

0011 FIG. 4a shows the variations in ellipsometry param 
eters as a function of the thickness of the target in accordance 
with an embodiment. 

0012 FIG. 4b shows the variations in ellipsometry param 
eters as a function of the thickness of the target in accordance 
with an embodiment. 

0013 FIG. 5 illustrates a method of ellipsometric mea 
Surement, which includes calibration, in accordance with an 
embodiment. 

0014 FIG. 6 shows a light division ellipsometric system 
based on Surface reflection for determining the characteristics 
information in accordance with an embodiment. 

0.015 FIG. 7 shows a flow chart for a light division method 
for detecting characteristics information of a surface via the 
electromagnetic waves in accordance with an embodiment. 
0016 FIG. 8 illustrates a method of ellipsometric mea 
Surement, which includes calibration, in accordance with an 
embodiment. 
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0017 FIG. 9 shows a measurement system in accordance 
with an embodiment. 

0018 FIG.10 shows a measurement system in accordance 
with an embodiment. 

DETAILED DESCRIPTIONS OF THE 
PREFERRED EMBODIMENTS 

0019 Based on FIGS. 1 to 10, the following detailed 
description describes several embodiments. 

First Embodiment 

0020 FIG. 1 shows a light division ellipsometry system 
100 based on surface reflection in accordance with the first 
embodiment. The system includes a light source 101, a first 
condenser hole 102, a polarizer 103 (at azimuthal angle 45 
degrees), a second condenser hole 104, a target surface 105, 
an analyzer device 107, and a detection-processing device 
108. Also, in system 100, detection-processing unit 108 is 
connected to a computing device and a calibration device, 
which are not shown in FIG. 1. 

0021. In FIG. 1, the azimuthal angle of polarizer 103 is 45 
degrees, and the azimuthal angle of analyzer 107 is 0 degrees. 
Consistent with an embodiment, target surface 105 may be a 
SiO film. Detection-processing unit 108 receives the output 
of analyzer 107, namely, p and S components of the light, and 
detects the light intensity information to obtain the p and S 
components and the phase relationship between the compo 
nents. Moreover in FIG. 1, polarized light incident angle 0 is 
near the target Surface Brewster azimuthal angle. 
0022 Consistent with an embodiment, light source 101 
may be a He Ne laser for which the output wavelength is 
632.8 nm. However, light source 101 can use other types of 
light Sources as known by persons of ordinary skill in the art, 
for example, high-power red LED light sources. 
0023. In FIG. 1, first condenser hole 102 is used to better 
focus the incident light, and hole 104 is used to avoid partial 
outputs from other polarized light beams into the measure 
ment light path. Use of holes 102 and 104 improves the 
accuracy of measurement. However, as understood by per 
sons of ordinary skill in the art, hole 102 or hole 104 is not 
necessary to implement embodiments. 
0024 FIG. 2 illustrates a method 200 of ellipsometric 
measurement in accordance with an embodiment. The 
method 200 may be performed on a target surface SiO film, 
as further described in relation to FIGS. 2, 3a, and 3b. Con 
sistent with an embodiment, a characteristic of the target 
surface is the thickness of the target. The light source 101 
emits light, the emitted light goes through condenser hole 102 
and is focused by hole 102 and then illuminates polarizer 103. 
0025. In step S11, polarizer 103 polarizes a single wave 
length light at a fixed polarizer azimuthal angle P to generate 
a single wavelength polarized light. 
0026. Then, the polarized light goes through second con 
denser hole 104. Second condenser hole 104 only allows one 
polarized light passed through polarizer 103, and blocks the 
rest of polarized lights in order to avoid their impact on the 
measurement. 

0027. In step S12, the polarized light is incident at the 
incidentangle 0 onto target surface 105. As known by persons 
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of ordinary skill in the art, without second condenser hole 
104, the light path of the polarized light passed through polar 
izer 103 may be quite different from the light path of the 
polarized light passed through second condenser hole 104 as 
shown in FIG. 1. However, in the first case, the additional 
light will not be reflected by target surface 105 and thus will 
not reach analyzer device 107. So, the effect to the measure 
ment result can be ignored or even this effect will not be 
generated. Thus, as mentioned above, second condenser hole 
104 is not necessary. 
0028. The illuminated polarized light is reflected by target 
surface 105 and reaches analyzer 107. After the reflection, the 
nature of the polarized light changes due to the target Surface 
105, and acquires the characteristic information of the target 
surface. In the step S13, analyzer 107 analyzes the character 
istics light reflected by the target surface 105 in the fixed 
analyzer azimuthal angle A. Analyzer 107 separates the p 
component and the S component of the characteristic light and 
provides them to the detection-processing device 108. 
0029. In step S14, detection-processing device 108 
receives and detects the light intensity of the p component and 
the S component of the characteristics light, obtains light 
intensity information corresponding to the target Surface 105. 
and obtains the phase difference between the p component 
and the S component. Detection-processing device 108 pro 
vides the obtained light intensity information to calculation 
device 109, which has an electromagnetic connection with 
the detection-processing device 108 and is not shown in FIG. 
1. Specifically, detection-processing device 108 may include 
a light intensity detecting device and a processing device, 
wherein the light intensity detecting device is used to detect 
the light intensity of the p component and the S component of 
the detected characteristics light, and the processing device is 
used to obtain the phase difference between the p component 
and the S component. The processing device may be a micro 
processing device, executing appropriate programs to calcu 
late the phase difference information. The processing device 
may include firmware, ASIC, or DSP devices. The specific 
method of detection of light intensity and calculation of p and 
S components of the phase component is known to persons of 
ordinary skill in the art. 
0030 Finally, in step S15, calculating device 109 deter 
mines the thickness of the target surface 105 based on the light 
intensity of the p and S components of the characteristic light. 
As can be understood by persons of ordinary skill in the art, 
there are several ways to determine the thickness information, 
not limited by ways shown in this embodiment. Consistent 
with an embodiment, the principles of the determination are 
as follows. 

0031. The basic formula for the intensity of the output 
light after passing through polarizer 103 and analyzer 107 is, 

2tan'tan Peos.A . (1) 
2A - - - - sin2A OS tan2y+tan2P." 

tank-tan P 
(P., A) = 1 + out ( ) tan2 + tan2P 

0032. In equation (1), P=TL/4, A=0, JL/2, tan is the ampli 
tude ratio of the p and S components of the light, and A is the 
phase difference between the p and s components of the 
characteristics light. Light intensities I (L/4.0) and I (L/4. 
JL/2) can be used to calculate the Fourier coefficient 

cut 
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tank - 1 
C. : 

tan2+ 1 

and to further calculate the ellipsometry parameters tan I, 
that is: 

( / 4, 0) - ( (4, 7 /2). (2) 
" If 4.0), it? 4, 12). 

y - thout tan' = 1/4/2) 

0033) Moreover 

2tan'cos A 
T tan2+ 1 

is the first-order Fourier coefficient of the output light inten 
sity. 

0034. In various embodiments, variation of the Fourier 
coefficients as a function of the thickness of the target can be 
determined in advance. FIG. 3a shows the results of such 
determination in accordance with an embodiment. In FIG.3a, 
the angle 0 is 75.55 degrees, and the light source 101 is a 
He Ne laser and outputs light with wavelength 632.8 nm. 
FIG. 3a, shows variations in the Fourier coefficients as func 
tions of thickness of the surface, when the thickness of the 
surface changes in the range of 0 to 500 nm. As seen in FIG. 
3a, the Fourier coefficients are periodic functions of the sur 
face thickness. 

0035 FIG. 3b shows the variations in the Fourier coeffi 
cients when the wavelength of the output light is 632.8 nm, 
the incident angle of the polarized light is 75.55 degrees, and 
when the thickness of the surface varies in the range of 0 to 50 
nm. FIG. 3b shows that when the thickness is within 0 to 50 
nm, the Fourier coefficient is a monotonic function of the 
Surface thickness. 

0.036 FIG. 4a shows the variations in the ellipsometry 
parameterstan I and Cos(A) as a function of the thickness of 
the target. In FIG. 4a, the wavelength of the output light is 
632.8 nm, the incident angle of the polarized light is 75.55 
degrees, and the thickness of the Surface varies in the range of 
0 to 500 nm. FIG. 4a shows that when the thickness varies 
between 0 and 500 nm, the ellipsometric parameters tan I 
and Cos(A) vary as periodic functions of the Surface thick 
CSS. 

0037 FIG. 4b shows the variations of the ellipsometry 
parameterstan I and Cos(A) as a function of the thickness of 
the target, when the wavelength of the output light is 632.8 
nm, the incident angle of the polarized light is 75.55 degrees, 
and when the thickness of the surface varies in the range of 0 
to 50 nm. FIG. 4b shows that, when the thickness is within the 
range 0 to 50 nm, the ellipsometry parameters tan I and 
Cos(A) are monotonic functions of the Surface thickness. 
0038. During the measurement process, the Fourier coef 
ficient can be calculated based on equation (2). When all the 
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azimuthal angles, including the polarized azimuthal angle, 
analyzer azimuthal angle, and the incident angle between the 
polarized light and the target Surface are determined, and 
when the wavelength of the laser and also the refractive index 
of the target surface are known, all the Fourier coefficients C. 
B are thus known. Thus a control method can be used to find 
the specific Fourier coefficient within the range of values 
from the known Fourier coefficients that is most similar to the 
measured Fourier coefficients. Accordingly, the thickness of 
the target Surface can be deduced to be equal to the thickness 
corresponding to the specific Fourier coefficient. 

0039. In theory, the Fourier coefficients C.B are functions 
of the thickness, the polarized light incident angle 0, the 
wavelength, light constants of the material of the target Sur 
face, the polarizerazimuthal angle and the analyZerazimuthal 
angle. In particular, the thickness, the polarized light incident 
angle 0, the wavelength, and light constants of the material of 
the target Surface affect the ellipsometry parameters and the 
ellipsometry parameters in turn affect the Fourier coeffi 
cients. When using a fixed wavelength light source, and 
because the light constants of the material are fixed, their 
effects on the measurement can be ignored. Thus, the thick 
ness of the target surface is the only factor that determines the 
Fourier coefficients C. B. Based on this principle, in a single 
range. Fourier coefficients vary with the thickness and each 
Fourier coefficient is a monotonic function of the thickness. 
Thus, according to the relationship between the Fourier coef 
ficients and the thickness, the thickness can be calculated. 

0040. This exemplary embodiment describes the relation 
ship between the Fourier coefficients and the ellipsometry 
parameters and the thickness when the light source 101 out 
puts light with the wavelength 632.8 nm, and the incident 
angle of the polarized light is 75.55 degrees. As is widely 
understood by the persons of ordinary skill in the art, when 
the light wavelength and the incident angle are different, the 
relationship will change between the Fourier coefficients C, B 
on the one hand, and the ellipsometry parameters and the 
thickness on the other hand, but the principles of this disclo 
sure will still be applicable. 

0041 Because, in addition to being related to the thickness 
of the target Surface, each Fourier coefficient has a one-to-one 
relationship with the reflectivity, refractive index, extinction 
coefficient, polarization, Surface microstructure, particles, 
defects and other Surface roughness features as well, the 
methods of this disclosure are not limited to finding the thick 
ness of the target Surface, and other characteristics of the 
surface can also be measured. Persons of ordinary skill in the 
art can understand that methods and systems of this disclo 
Sure can also used to measure other kinds of target Surfaces 
and their characteristic information. Thus, for the sake of 
brevity, methods are not described for other situations. 

0042. The above-described embodiments show the mea 
surement method when the fixed polarized azimuthal angle P 
and the fixed analyzer azimuthal angle A are all in the ideal 
state, that is P=TL/4, A=0, TL/2, and when 0=75.55 degrees. In 
the process of real measurement, due to the deviation in the 
measuring device and the light path, this condition is difficult 
achieve. Thus, when there is a deviation in polarized azi 
muthal angle, incident angle, or the fixed analyzer azimuthal 
angle, a calibration action must be taken on the deviation 
azimuthal angle, to determine the actual fixed polarized azi 
muthal angle, the incident angle, and the fixed analyzer azi 
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muthal angle and, based on those actual values, to obtain the 
real thickness of the target Surface. 

0043. To perform calibration, the method 500 of measur 
ing the thickness of the target surface, shown in FIG. 5, will 
also include steps S20. In steps S20, calibration is performed 
at the fixed polarizer azimuthal angle, the incident angle, and 
the fixed-analyzer azimuthal angle to obtain the actual values 
of the fixed polarizer azimuthal angle, the incident angle, and 
the fixed-analyzer azimuthal angle. The method shown in 
FIG. 5 also includes the above-described steps S11 to S14, 
respectively labeled S11 to S14', for determining light inten 
sity information about the p component and S component. 
Consequently, in step S15', based on the determined light 
intensity information about the p and S components, and also 
using the fixed polarizer azimuthal angle, the incident angle 
and the fixed analyzer azimuthal angle, the thickness of the 
target Surface can be determined. 
0044) The calibration process for the polarized azimuthal 
angle, the analyzer azimuthal angle, and the incident angle 
shown is shown in FIG. 5 with some reference to FIGS. 1 and 
2. Before the calibration, first target surface 105 should be 
replaced with a reference target surface 105’ used for the 
calibration. Consistent with an embodiment, this reference 
target surface is preferably a SiO film. 

0045. The calibration process works as follows. Suppos 
ing there is an azimuthal angle deviation between the polar 
izer and the analyzer, these angles are denoted as P+öP. 
A+6A, where 6P represents the deviation between the actual 
azimuthal angle and the current theoretical value (e.g., L/4), 
and where 6A represents the deviation between the actual 
analyzer azimuthal angle A and the current theoretical value 
(e.g., 0 and C/2). In this case, the output light intensity after 
passing through polarizer 103 and analyzer 107 is determined 
by the following equation: 

1 + (3) 

tan?! - tan’ (P + 6P) 
I (P+ oP, A + oA) = lo tan2i + tan2(P + 6P) 

2tan'tan(P+ dP)cos A 
tan2 + tan2(P+ 6P) 

= (1 + a cos2(A + 6A) + (8 sin2(A + 6A)) 

cos2(A + dA) + 

sin2(A + dA) 

1 + (a 'cos20A + 3'sin20A)cos2A + 
(-a'sin20A + (8 cos20A)sin2A 

0046) in which, 

tan?! - tan’ (P + 6P) 
tan2 + tan2(P + 6P) 
2tan'tan(P+ dP)cos A 

T tan2 + tan2(P + 6P) 

represents the theoretical Fourier coefficients, and A is the 
phase difference between the p and s components of the 
characteristic light. 

0047 The theoretical value of the polarized azimuthal 
angle is P=TL/4, its deviation is 6P, the theoretical value of the 
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analyzer azimuthal angle is A=0, TL/2, and its deviation is ÖA. 
Therefore, the two light intensities are, 

0048 Based on equation (4), the light intensity can be 
calculated as: Io-(I+I)/2 
0049. After normalization, the intensities are determined 
aS 

I'=1+C'cos 28A+B'sin 28A 
I'=1-C'cos 28A-B' sin 28A (5) 

0050 Thus, the objective function is 

(6) 
X(i. OP 0, 0A, n, k, a) S. y (1,-ideo) 

i=l i=1 

0051 where, it is the thickness of the surface, 0 is the 
incident angle, 6P is the deviation of the polarizer azimuthal 
angle of the polarizer 103, ÖA is the deviation of the analyzer 
azimuthal angle of the analyzer 107. n is the refractive index 
of the reference surface, k is the extinction coefficient for the 
reference surface, and is the wavelength. In equation (6), I, 
is the normalized obtained light intensity and I, theory is the 
theoretically calculated light intensity. Further, in the sums of 
equation (6), the index i runs over the p and S components, and 
the index j runs over various the reference surfaces uses for 
calibration. 

0052 Considering the calibration equation (6), supposing 
that m reference surfaces with different known thicknesses 
are used for calibration, and that the wavelength of the used 
light is constant, then n, k will also be constant. Thus X has 
2m variables. After removing the linear dependencies among 
related variables, there remains m variables that could be 
used. There are 3 unknown variables including the variation 
in the polarized azimuthal angle ÖP, the incident angle 0 and 
the analyzer azimuthal angle 6A. Using the basic calculating 
method, all the unknown parameters could be found only 
when mid-3. 

0053) If one or more of the variables: polarizer 103, azi 
muthal angle P+öP, incident angle 0, and the analyzer azi 
muthal angle A+6A are known, then in the calibration step, 
remaining variables will be calibrated. Since the number of 
unknown parameters is high, then the required number of 
nonlinear equations and then the corresponding measure 
ments on the reference surface time is reduced. 

0054 The above description and the related theory 
explained the principle of the calibration method provided by 
this disclosure. The following description addresses the steps 
in the calibration process, with reference to FIGS. 1 and 5: 
0.055 FIG.5 shows a flow chart for a light division method 
for detecting characteristics information of a surface via the 
electromagnetic waves inaccordance with an embodiment. In 
step S201, polarizer 103 polarizes the light at the fixed polar 
ized azimuthal angle P+öP to generate the polarized light. In 
step S202, the polarized light illuminates the known reference 
surface 105 at the incident angle 0 and is reflected off the 
surface as characteristic light. In step S203, analyzer 107 
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analyzes the characteristic light reflected from the reference 
surface 105 at a fixed analyzed azimuthal angle A+8A, and 
separates the pands components of the characteristic light. In 
step S204, detection-processing device 108 detects the light 
intensity of the p and S components of the characteristics light 
to obtain one set of light intensity information corresponding 
to reference Surface 105'. 

0056) 
of the reference surfacet, the deviation of the fixed polarizer 
azimuthal angle 6P, the incident angle 0, the fixed polarizer 

In equation (6), the variables include the thickness 

azimuthal angle deviation 6A, the refractive index n of the 
reference surface 105", the light extinction coefficient k of 
the reference surface 105", and the wavelength v. Using 
numerical approximation methods, assuming the light inten 
sity of the detected p and S components and the square of the 
Sum of their corresponding theoretical light intensity devia 
tion to be determined, equation (6) provides a nonlinear equa 
tion for finding the thickness of the reference surface 105'. 
0057 Still referring to FIG. 5, in step S205, based on the 
relationship between the foresaid function number and the 
unknown parameters number, and based on the nonlinear 
equations corresponding to the target Surface 105", it is 
decided whether it is possible to determine all the unknown 
parameters, that is, the fixed polarized azimuthal angle P+öP. 
the incident angle 0, and the fixed analyzer azimuthal angle 
A+6A. If all those unknown parameters could not be deter 
mined, the reference surface 105 will be replaced with 
another reference surface 105", and steps S201 to S205 will 
be repeated, until all the above listed unknown parameters, 
that is, azimuthal angle parameters in the fixed polarized 
azimuthal angle P+6P, the incident angle 0, and the fixed 
analyzer azimuthal angle A+ÖA can be determined by solving 
a plurality nonlinear equations corresponding to a plurality of 
reference Surfaces. 

0.058 When it is possible to determine all the unknown 
parameters according to one or more nonlinear equations 
corresponding to one or more reference Surfaces, the method 
shown in FIG. 5 moves to steps S206. Based on one or more 
nonlinear equations corresponding to the one or more refer 
ence Surfaces, and using the relationships between the light 
intensity and Surface characteristics information, derived 
from nonlinear optimization theory, all of the unknown 
parameters are determined, that is, the polarized azimuthal 
angle P+6P, the incident angle 0, and the fixed analyzer azi 
muthal angle A+6A are determined. 
0059. The calculating method could be the non-linear 
optimization method L-M, or could be any other method that 
could analyze the non-linear equations. The detailed calcula 
tion method depends on the available method. In some 
embodiments, the calculation process is performed by the 
calibration device 110. In some embodiments, the calibration 
device 110 could be a micro-processor that runs a program to 
perform the calibration process. Alternatively, in some other 
embodiments, the calibration device could be a correspond 
ing firmware, ASIC, or DSP devices. 
0060 Independent of the above-described steps S201 to 
S205, and similar to steps S11 to S14 of FIG. 2, the process 
500 also includes steps S11' to S14", as shown in FIG. 5. In 
steps S201 to S206, the light intensities of the p and scom 
ponents, and the phase relationship information between the 
p and S component are determined. It is noted that all the 
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azimuthal angles, that is, the fixed polarized azimuthal angle 
P+6P, the incident angle is 0 and the fixed analyzer azimuthal 
angle A+6A are the same during the detecting process (steps 
S11" to S15') and the calibration process (steps S20). 
0061. After determining the fixed polarized azimuthal 
angle P+6P, the incident angle 0, and the fixed analyzer azi 
muthal angle A+ÖA, the known light parameters of the refer 
ence surface 105", that is, in and k, and the detected azi 
muthal angle parameters, are inserted into equation (6) and, 
using the L-M method, the thickness is determined. Other 
nonlinear functions could also be used to determine the thick 
ness, and the specific method does not change the focus of this 
disclosure. The calculating process could be completed by the 
calculating device 109. In various embodiments, calculating 
device 109 can be a microprocessing device performing the 
process for conducting the calibration process, or a firmware, 
ASIC, or DSP devices. 

Second Embodiment 

0062. In the second embodiment, one or more dividers are 
installed between the Surface and the analyzer along the light 
path. The one or more dividers divide the characteristics light 
reflected off the surface. The divided lights are polarized at a 
fixed azimuthal angle and their light intensities are detected. 
According to the light intensity of the p and S components of 
all the divided lights, the characteristic information of the 
target Surface is determined. 
0063 FIG. 6 shows a light division ellipsometric system 
based on surface reflection for determining the characteristic 
information in accordance to the second embodiment. The 
system shown in FIG. 6 includes a light source 601, a first 
condenser hole 602, a polarizer 603 (at an azimuthal angle 45 
degrees), a second condenser hole 604, a target surface 605 
(preferred to be a SiO film), a light divider 606, a first ana 
lyzer device 607a (at an azimuthal angle 0 degrees), and a first 
detection-processing device 608a. First detection processing 
device 608a receives the output of first polarizer 607a, 
wherein the output includes a p-polarized light component 
and an S-polarized light component, and detects the light 
intensity information of the S and p components, and also 
detects the phase relationship between the S and p compo 
nents. The system in FIG. 6 further includes a second analyzer 
device 607b (at an azimuthal angle of 45 degrees), and a 
second detection-processing device 608b. Second detection 
processing device 608b receives the output of second polar 
izer 607b, wherein the output includes a p-polarized light 
component and an S-polarized light component. Second 
detection-processing device 608b further detects the light 
intensity information of the S and p components and the phase 
relationship between the sand p components. Polarized light 
incident angle 0 is near the target Surface Brewster azimuthal 
angle. Further, in the system shown in FIG. 6, first and second 
detection-processing units 608a and 608b are connected to a 
computing device 609 and a calibration device 611, which are 
not shown in FIG. 6. 

0064. In the embodiment shown in FIG. 6, light source 601 
uses a He—Nelaser with an output light wavelength of 632.8 
nm. As understood by persons of ordinary skill in the art, light 
source 601 is not limited to the He–Ne laser, and can include 
other high-power red LED light sources. First condenser hole 
602 is used to better focus the incident light. However, as 
known by persons of ordinary skill in the art, first condenser 
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hole 602 is not necessary to implement the embodiments. 
Second condenser hole 604 is used the prevent partial output 
from other polarized light beams into the measurement light 
path, and thus to avoid the impact of those outputs on the 
measurement results. Further, as also known by persons of 
ordinary skill in the art, second condenser hole 604 is also not 
necessary to implement the embodiments. Usually, the use of 
first and second condenser holes 602 and 604 help to improve 
accuracy of the measurements of the Surface characteristics 
information by the electromagnetic waves. 
0065 FIG.7 shows a flow chart for a light division method 
for detecting characteristics information of a surface via the 
electromagnetic waves. In particular, the method 700 uses 
Surface reflection and light division ellipsometry techniques, 
consistent with an embodiment. The following description 
describes steps of the ellipsometry measurement method for 
a target surface-SiO film, in relation to FIGS. 6 and 7. That is, 
in this embodiment, the characteristic information of the tar 
get Surface is the thickness of the target. 
0.066 First, at the start of the method, light source 601 
emits light, the emitted light goes through first condenserhole 
602, is focused hole 602, and then illuminates polarizer 603. 
In step S31, polarizer 603 polarizes a single wavelength light 
at a fixed polarizer azimuthal angle P to generate a polarized 
light. Then, the polarized light goes through second con 
denser hole 604. Second condenser hole 604 only allows one 
polarized light passed through polarizer 603, and blocks the 
rest of polarized lights in order to avoid their impact on the 
measurement. Thus, in step S32, the polarized light is inci 
dent at the incident angle 0 onto target surface 605. As known 
by persons of ordinary skill in the art, without condenser hole 
604, the light path of the polarized light pass through polar 
izer 603 may be quite different from the light path of the 
polarized light passed through second condenser as shown in 
FIG. 6. However, in the first case, the additional light will not 
be reflected by target surface 605 and thus will not reach first 
and second analyzers 607a and 607b. So the effect to the 
measurement result can be ignored, or even this effect will not 
be generated. So, as mentioned above, second condenser hole 
604 is not necessary. 
0067. The illuminated polarized light is reflected by target 
surface 605 as a result of which the nature of this polarized 
light changes. In step S33, light divider 606 divides the char 
acteristics light, which is reflected by the target surface, to 
generate the corresponding characteristic lights L and L. 
and then divided light L and L. reach two analyzers 607a and 
6O7E. 

0068. In step S34, first analyzer 607a analyzes character 
istics light L at the fixed analyzer azimuthal angle, separates 
the pands components, which are the p and S component of 
the L, and then provides p and S to second detection 
processing device 608a. Second analyzer 607b analyzes char 
acteristics light L. at the fixed analyzer azimuthal angle, 
separates the p and S components, which are the p and S 
components of light L. and then provides p and S to second 
detection-processing device 608b. 
0069. In step S35, first and second detection-processing 
devices 608a and 608b receive and detect the light intensity of 
the p and S, and p and S components, obtain the light 
intensity information corresponding to the target Surface, and 
obtain the phase difference between the p and S compo 
nents, and the phase difference between the pands compo 
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nents. First and second detection processing devices 608a and 
608b then provide the obtained light intensity information to 
calculation device 609, which has electromagnetic connec 
tions with first and second detection-processing devices 608a 
and 608b, and is not shown in FIG. 6. Specifically, first and 
second detection-processing devices 608a and 608b may 
include light intensity detecting devices and the processing 
devices, wherein the light intensity detecting device is used to 
detect the light intensity of the p component and the S com 
ponent of the detected characteristics lights L and L2, and the 
processing device is used to obtain the phase differences 
between the p and the S components, p and S or p and S. 

0070 Finally, in step S36, calculating device 609, using 
the light intensity of the pands components and the p and 
S. components, determines the thickness of the target Surface 
using a predetermined method. It can be understood by per 
sons of ordinary skill in the art that there are several ways to 
determine the thickness information, and the method is not 
limited to those detailed in this embodiment. Consistent with 
an embodiment, the principles of this determination method 
are as follows. 

0071. The basic equation for the intensity of the output 
light after passing through the polarizer and the analyzer is 

tan't!" - tan P 
- - CO 
tan2+ tan2P 

2tantanPoosa (7) 
2A -- - - - - S tan2 + tan2P." (P., A) = 1. -- 

0072 For the light passing through the analyzer 607a, 
P=TL/4, A=A=0, TL/2, tan I is the amplitude ratio of the p and 
S components of the light, and A is the phase difference 
between the p and S components. Light intensities I(L/4.0), 
and I(L/4.71/2) can be used to calculate the Fourier coeffi 
cient 

tank - 1 
a2, ... 1 

and to further calculate the ellipsometric parameters tan I, 
that is: 

I(t/4,0) 
I (it 4, 0) 

- I (7 f4, 7 f2), 
I/4 (2) tan 

I(T/4.0), (8) 
I (it 4, it 2) 

(iii 
C 

(iii (iii 

0073 For the light passing through analyzer 607b, P=TL/4, 
A=A=-tTL/4, which, from equation (7), results in light inten 
sities I(L/4, L/4), I(L/4,-7L/4). Moreover, 

2tancos.A 
T tan2+ 1 
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stands for the first-order Fourier coefficient. Therefore, 

(9) 
(iii (iii 

- 
(iii (iii 

0074 Consistent with an embodiment, the Fourier coeffi 
cient can be calculated in advance. The variations of the 
Fourier coefficients O.B for different thicknesses are similar 
to those discussed for the first embodiment. When the inci 
dent angle 0 is 75.55 degrees, the helium-neon laser outputs 
the incident light of 632.8 nm wavelength, the variations of 
the Fourier coefficients and of the ellipsometry parameters 
are similar to those shown in FIGS. 3a, 3b, 4a, and 4b. 

0075. The above-described embodiments show the mea 
surement method when the fixed polarized azimuthal angle P 
and the fixed analyzer azimuthal angles A and A are all in 
the ideal state, that is P=TL/4, A=0.7L/2, A=i-JL/4, and when 
0=75.55 degrees. In the process of real measurement, due to 
the deviation in the measuring device and the light path, this 
condition is difficult to achieve. Thus, when there is a devia 
tion in polarized azimuthal angle P, incident angle 0, or the 
fixed analyzer azimuthal angles A and A, a calibration 
action must be taken to determine the deviation in the fixed 
polarized azimuthal angle P and the incident angle 0, and 
based on the determined fixed polarized azimuthal angle P 
and the incident angle 0, to obtain the thickness of the target 
Surface. 

0.076 To perform calibration, a method of measuring the 
thickness of the target surface, shown in FIG. 8, will also 
include steps S40. In steps S40, calibration is performed at the 
fixed polarizer azimuthal angle, the incident angle and the 
fixed-analyzer azimuthal angles A and A, to obtain the 
actual value of the fixed polarizer azimuthal angle, the inci 
dent angle, and the fixed-analyzer azimuthal angle. The 
method of FIG. 8 also includes the above-described steps S31 
to S35, labeled as steps S31' to S35", respectively, for deter 
mining light intensity information about the p, S, p, and S 
components. Consequently, in step S36', based on the deter 
mined light intensity information about p and S components 
and pands components, and also using the fixed polarizer 
azimuthal angle, the incident angle, and the fixed analyzer 
azimuthal angle, the thickness of the target Surface can be 
determined. 

0077 Below is described the method of calibration for the 
polarized azimuthal angle, the analyzer azimuthal angle, and 
the incident angle. Based on the obtained azimuthal angles 
and on the obtained light intensities of the p and S compo 
nents, the thickness is measured. 

0078. In FIG. 8, steps S40 show the calibration flow chart 
for the calibration method of the polarized azimuthal angle, 
the analyzer azimuthal angle, and the incident angle for the 
system shown in FIG. 6, which uses the surface reflection and 
light division technique. The calibration process in accor 
dance with an embodiment is described below. 

0079. Before the calibration, first target surface 605 in 
FIG. 6 is replaced with reference surface 605' used for cali 
bration. The calibration process works as follows. Supposing 
there is an azimuthal angle deviation between polarizer 603 
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and analyzers 607a and 607b, these angles are denoted as 
P+öP. A+6A and A+8A, where ÖP represents the devia 
tion between the actual azimuthal angle P and the current 
theoretical value (e.g., L/4), and ÖA and ÖA respectively 
represent the deviations between the actual analyzer azi 
muthal angles A and A and the current theoretical value 
(e.g., 0 and TL/2, TL/4 and -7L/4). The output light intensity is 
thus determined by the following equation: 

1 + (10) 

tan?! - tan’ (P + 6P) 
I(P + 6P, A + 6A) = Iotan 2 + tan2(P + P) 

2tantan(P+ dP)cos A 
tan2 + tan2(P + 6P) 

cos2(A + dA) + 

sin2(A + dA) 

= (1 + a cos2(A + 6A) + (8 sin2(A + 6A)) 

0080) in which 

- tant - tan(P+ 6P) 
tan 2y tan2(P + op) 
2tantan(P+ 8P)coSA f3 = antant )cos 
tan2 + tan2(P + 6P) 

represents the theoretical Fourier coefficients, and A is the 
phase deviation between the p and S component for the char 
acteristic light. 

0081. The theoretical value of the polarized azimuthal 
angle is P=TL/4, its deviation is 6P, the theoretical value of the 
analyzer 607a azimuthal angle A is 0/90, its deviation is 
ÖA, the theoretical value of the analyzer 607b azimuthal 
angle A is 45°/-45°, and its deviation is 8A. Therefore, the 
4 light intensities are 

0082. After the normalization, the light intensities are 
determined as: 

12 
= 1 + a 'cos26A1 + B'sin28A1 (12) 

0. 
I 

2 
I = = 1 - a cos20A1 - B sin26A1 

0. 

I = = 1 - a sin20A1 + f3 cos26A1 
O2 

IA = = 1 + a sin20A1 - 3 cos26A1 
O2 
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I0083) Thus the objective function is, 

I0084) in which it is the thickness of the surface, 0 is the 
incident angle. ÖP is the deviation of the polarizer azimuthal 
angle of polarizer 3, ÖA is the deviation of the analyzer 
azimuthal angle for first analyzer 607a, 8A is the deviation of 
the analyzer azimuthal angle for second analyzer 607b, n is 
the refractive index of the reference surface, k is the extinc 
tion coefficient for the reference surface, and w is the wave 
length. In equation (13). It is the normalized obtained light 
intensity and I, theory is the theoretically calculated light inten 
sity. Further, in the sums in equation (13), the index i runs over 
the pands, p, and S. components, and the index j runs over 
various reference surfaces used for calibration. 

0085 Considering calibration equation (6), supposing that 
m reference surfaces with different known thicknesses are 
used for calibration, and that the wavelength of the used light 
is constant, then n, k will also be constant. Thus, X has 4m 
Variables. After removing the linear dependencies among 
related variables, there remains 2m variables that could be 
used. There are m+4 unknown variables including the varia 
tions öP. ÖA, 8A, the incident angle 0, and m unknown 
thicknesses of the reference target surfaces. Using the basic 
calculating method, all the unknown parameters could be 
found only when 2m->m+4, that is ma. 
0086) If one or more of polarizer 603 azimuthal angle 
P+öP, incident angle 0, and analyzer azimuthal angles 
A+8A and A+8A of the first and second analyzers 607a 
and 607b are known, then in the calibration step, the remain 
ing variables can be calibrated. Since the number of unknown 
parameters is not high, then the required number of nonlinear 
equations and then the corresponding measurements on the 
reference surface time is reduced. 

0087. Above, the calibration and its supporting theory 
were described in accordance with the embodiments. The 
following detailed description describes the steps in the cali 
bration process, in reference to FIGS. 8 and 6. 
0088. In step S401, polarizer 603 polarizes the light at the 
fixed polarized azimuthal angle P+öP to generate the polar 
ized light. In step S402, the polarized light illuminates the 
known reference surface 605 at the incident angle 0 and is 
reflected off the surface as characteristic light. In step S404, 
light divider 606 divides the characteristics light to generate 
divided characteristic lights L and L. 
0089. In step S404, analyzers 607a and 607b analyze char 
acteristic lights L and L at fixed analyzed azimuthal angles 
A+6A and A+6A2, respectively, and analyze the pands, 
and p and S. components of characteristic light L and L. 
0090. In step S405, first and second detection-processing 
devices 608a and 608b detect the light intensity of the p and 
S1, and p2 and S2, components to obtain the light intensity 
information corresponding to reference surface 605'. 
0091 Inequation (13), the variables include the thickness 
of the reference surface 605", the fixed polarizer azimuthal 
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angle P+öP, the incident angle 0, the fixed analyzer azimuthal 
angle A+6A and A+6A, the refractive index n of the ref 
erence surface 605, the light extinction coefficient k of the 
reference surface 605', and the wavelength. Using numeri 
cal approximation methods, assuming the light intensity of 
the detected p and S components and the square of the sum of 
the corresponding theoretical light intensity deviation to be 
determined, equation (13) provides a nonlinear equation for 
finding the thickness of the reference surface 605. 
0092. In step S406, based on the relationship between the 
foresaid function number and the unknown parameters num 
ber, and based on the nonlinear equations corresponding to 
the reference surface 605, it is decided whether it is possible 
to determine all the unknown parameters, that is, the fixed 
polarized azimuthal angle P+öP, the incident angle 0, and the 
fixed analyzer azimuthal angles A+6A and A+6A. If all of 
them could not be determined, the reference surface 605 will 
be replaced with another reference surface 605", and steps 
S401 to S406 will be repeated, until all the above-listed 
unknown parameters, that is, azimuthal angle parameters in 
the fixed polarized azimuthalangle P+6P, the incident angle 0 
and fixed analyzer azimuthal angles A+6A and A+öA can 
be determined by solving a plurality of nonlinear equations 
corresponding to the plurality of reference surfaces. 
0093. When it is possible to determine all the unknown 
azimuthal angle parameters according to one or more nonlin 
ear equation (13) corresponding to one or more reference 
surfaces, the method moves to step S407. In step S407, based 
on one or more nonlinear equations corresponding to one or 
more reference surfaces, and using the relationships between 
the light intensity and surface characteristics information, 
derived from nonlinear optimization theory methods, all of 
the unknown parameters are determined, that is, the polarized 
azimuthal angle P+öP, the incident angle 0, and the fixed 
analyzer azimuthal angles A+öA and A+6A are deter 
mined. The calculating method could be the non-linear opti 
mization method L-M, or could be any other method that 
could analyze the non-linear equations. The detailed calcula 
tion method depends on the available method. Consistent 
with an embodiment, calibration device 611 performs the 
calculating process. 

0094) Independent of the above-described steps S401 to 
S407 and steps S31 to S35, the calibration process also 
includes steps S31' to S35', as shown in FIG.8. In steps S31' 
to S35", light intensities of the pands, pands, components 
are determined. It is noted that all the azimuthal angles, that is, 
the fixed polarized azimuthalangle is P+öP, the incidentangle 
is 0, and the fixed analyzer azimuthal angles A+öA and 
A+8A2 are the same during the detecting process (steps S31'- 
S35") and the calibration process (steps S401-S407). 
0095) After determining the fixed polarized azimuthal 
angle P+öP, the incident angle 0, and the fixed analyzer azi 
muthal angles A+öA and A+6A, in step S36', the known 
light parameters of the reference surface 605, that is, in and 
k, and the detected azimuthal angle parameters, are inserted 
into equation (13), and using the L-M method the thickness is 
determined. In some embodiments, the calculating process is 
performed by the calculating device 609. Of course, other 
nonlinear functions could be used to determine this thickness, 
and the detailed determination method is not the focus of this 
disclosure. 
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0096. In another embodiment, the ellipsometry measure 
ment devicestores one or more characteristic information and 
the ellipsometric parameters, such as T and A in a measure 
ment database. Specifically, after the system calibration with 
above method, the obtained characteristic information of sev 
eral target Surfaces in the same conditions and their corre 
sponding ellipsometric parameters are stored along with their 
corresponding relationship. In another embodiment, the cor 
responding relationship may be conducted from the outside. 
Then, when the characteristic information of the target sur 
face by the electromagnetic waves, the azimuthal angle of the 
ellipsometric measurement remain constant, use the obtained 
corresponding ellipsometric parameters corresponding to the 
current target Surface, based on the corresponding relation 
ship between the ellipsometric parameters and the character 
istic information pre-reserved in the database, the character 
istic information could be obtained from this corresponding 
relationship by the obtained ellipsometric parameters. 

0097. The above description is a method, after using the 
target reflection change the ellipsometric state of the incident 
light, after the measurement for the characteristic information 
of the reflected characteristic light, of the characteristic infor 
mation confirmation. This invention is not limited to the 
method of using the target reflection change the ellipsometric 
state of the incident light, besides, the using the target trans 
mittance or diffraction change the ellipsometric state of the 
incident light, to get the corresponding characteristic light 
information then get the target characteristics. 

0.098 FIG. 9 shows a system in accordance with an 
embodiment. The system of FIG. 9 includes a light source 
901, a first condenser hole 902, a polarizer 903 (at an azi 
muthal angle of 45 degrees), a second condenser hole 904, a 
target surface 905 (preferred to be the SiO film), a light 
divider 906, a first analyzer device 907a (at an azimuthal 
angle of 0 degrees), and a first detection-processing device 
908a. First detection-processing device 8a receives the out 
put of first polarizer 907a, wherein the output is includes a 
p-polarized light component and an S-polarized light compo 
nents, and detects the light intensity information of the S and 
p components and also detects the phase relationship between 
the s and p components. The system of FIG.9 also includes a 
second analyzer device 907b (at an azimuthal angle of 45 
degrees), and a second detection-processing device 908b. 
Second detection-processing device 908b receives the output 
of second polarizer 907b, wherein the output includes p polar 
ized and S-polarized light components. Second detection 
processing device 908b further detects the light intensity 
information of the S and p components and determines the 
phase relationship between the Sandp components. Polarized 
light incident angle 0 is near the target Surface Brewster 
azimuthal angle. Further, in the system of FIG. 9, first and 
second detection-processing units 908a and 908b are con 
nected to a computing device 909, which is not shown. The 
steps of the ellipsometry measurement method for determin 
ing the target Surface thickness, and the fixed polarized azi 
muthal angles, the incident angle, or the calibration process 
are all similar with the previously described second embodi 
ment. It is understood in this field that, the light divider 906, 
the analyzer 907b, and the detection-processing device 908b 
could be eliminated, in which case, the ellipsometric mea 
Surement steps for the target Surface thickness and the cali 
bration measurement steps will all be similar to the first 
embodiment, and will not be described again. 
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0099 FIG. 10 shows a system consistent with an embodi 
ment, using light division ellipsometry light road map of 
surface diffraction and light division techniques for the char 
acteristic information identification by electromagnetic 
waves. Various sections of the system are similar to the cor 
responding sections of the system shown in FIG. 6. The 
system shown in FIG. 10 can be used in a manner similar to 
that described for the second embodiment. It is understood in 
this field that, light divider 1006, analyzer 1007b, and the 
detection-processing device 1008b could be eliminated, with 
the methods applied to system of FIG. 10 being similar to 
those described for the first embodiment. 

0100. It is understood that the disclosed embodiments are 
not limited to light reflection techniques, light transmission 
techniques, or light diffraction techniques. It is to be under 
stood that this invention can be used to obtain polarized light 
characteristics via reflection, transmission, or diffraction, and 
then based on the obtained light characteristics to obtain the 
characteristic information of the target Surface by electro 
magnetic waves. Using general techniques of this disclosure, 
the calibration and measurement steps of the ellipsometric 
measurement method can be improved. The methods of the 
invention are not limited of one of above-disclosed embodi 
ments, and all kinds of variations or modifications could be 
applied to arrive at the scope of the following claims. 

1.-33. (canceled) 
34. A method for measuring a value of a characteristic of a 

target Surface based on ellipsometry techniques, the method 
comprising: 

polarizing incident light via a polarizer adjusted at a polar 
izer azimuthal angle to generate polarized light; 

illuminating via the polarized light the target Surface at an 
incident angle to generate characteristic light; 

analyzing the characteristic light via an analyzer at an 
analyzer azimuthal angle to obtain a p-component of the 
characteristic light and an S-component of the character 
istic light; 

detecting a first light intensity corresponding to the p-com 
ponent and a second light intensity corresponding to the 
S-component; 

detecting a phase relationship between the p-component 
and the S-component; and 

determining the value of the characteristic for the target 
Surface based on a relationship among the value of the 
characteristic, the first light intensity, the second light 
intensity, and the phase relationship. 

35. The method of claim 34, further comprising calibrating 
to determine one or more of the polarizer azimuthal angle, the 
analyzer azimuthal angle, and the incident angle. 

36. The method of claim 35, wherein the calibrating com 
prises: 

polarizing the incident light via the polarizer adjusted at the 
polarizer azimuthal angle to generate polarized light; 

illuminating via the polarized light a calibrating target 
Surface at the incident angle to generate a calibrating 
characteristic light, wherein a value of the characteristic 
for the calibrating target Surface is known; 

analyzing the calibrating characteristic light via the ana 
lyZerat the analyzer azimuthal angle to obtain a calibrat 
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ing p-component of the calibrating characteristic light 
and a calibrating S-component of the calibrating charac 
teristic light; 

detecting a first calibrating light intensity corresponding to 
the calibrating p-component and a second calibrating 
light intensity corresponding to the calibrating S-com 
ponent; 

detecting a calibrating phase relationship between the cali 
brating p-component and the calibrating S-component; 
and 

determining one or more of the polarizer azimuthal angle, 
the analyzer azimuthal angle, and the incident angle 
based on the relationship among the value of the char 
acteristic for the calibrating target Surface, the first cali 
brating light intensity, the second calibrating light inten 
sity, and the calibrating phase relationship. 

37. The method of claim 34, further comprising: 
dividing the characteristic light via a divider into a plurality 

of divided characteristic lights; 
for each of the plurality of divided characteristic lights: 

obtaining, via one of a plurality of analyzers, a divided 
p-component and a divided S-component; 

detecting a first divided light intensity corresponding to 
the divided p-component and a second divided light 
intensity corresponding to the divided S-component; 
and 

detecting a divided phase relationship between the 
divided p-component and the divided S-component; 
and 

determining the value of the characteristic for the target 
Surface based on a relationship among the value of the 
characteristic and the first divided light intensity, the 
second divided light intensity, and the divided phase 
relationship for each of the plurality of divided charac 
teristic lights. 

38. The method of claim 37, further comprising calibrating 
to determine one or more of the polarizer azimuthal angle, a 
plurality of analyzer azimuthal angles each for one of the 
plurality of analyzers, and the incident light. 

39. The method of claim 38, wherein the calibrating com 
prises: 

polarizing the incident light via the polarizer adjusted at the 
polarizer azimuthal angle to generate polarized light; 

illuminating via the polarized light a calibrating target 
Surface at the incident angle to generate a calibrating 
characteristic light, wherein a value of the characteristic 
for the calibrating target Surface is known; 

dividing the calibrating characteristic light via a divider 
into a plurality of divided calibrating characteristic 
lights; 

for each of the plurality of divided calibrating characteris 
tic lights: 
obtaining, via one of the plurality of analyzers, a divided 

calibrating p-component and a divided calibrating 
S-component; 

detecting a first divided calibrating light intensity corre 
sponding to the divided calibrating p-component and 

Feb. 16, 2012 

a second divided calibrating light intensity corre 
sponding to the divided calibrating S-component; 

detecting a divided calibrating phase relationship 
between the divided calibrating p-component and the 
divided calibrating S-component; and 

determining one or more of the polarizer azimuthal 
angle, the incident light, and the plurality of azimuthal 
angles for the plurality of analyzers based on the 
relationship among the value of the characteristic for 
the calibrating target surface, the first divided cali 
brating light intensity, the second divided calibrating 
light intensity, and the divided calibrating phase rela 
tionship for each of the plurality of divided calibrating 
characteristic lights. 

40. The method of claim 34, wherein determining the value 
of the characteristic for the target Surface comprises: 

calculating one or more values for one or more of a Fourier 
coefficient and an ellipsometry coefficient for the first 
light intensity and the second light intensity; and 

using a monotonic relationship between the value of the 
characteristic and the calculated one or more values to 
obtain the value of the characteristic. 

41. The method of claim 40, wherein calculating the one or 
more values comprises applying numerical approximation to 
derive the monotonic relationship. 

42. The method of claim 34, wherein the characteristic 
light results from one or more of reflection, transmission, or 
diffraction of the polarized light by the target surface. 

43. The method of claim 42, further comprising calibrating 
to determine one or more of the polarizer azimuthal angle, the 
analyzer azimuthal angle, and the incident angle. 

44. The method of claim 43, wherein the calibrating com 
prises: 

polarizing the incident light via the polarizer adjusted at the 
polarizer azimuthal angle to generate polarized light; 

illuminating via the polarized light a calibrating target 
Surface at the incident angle to generate a calibrating 
characteristic light, wherein a value of the characteristic 
for the calibrating target Surface is known; 

analyzing the calibrating characteristic light via the ana 
lyZerat the analyzer azimuthal angle to obtain a calibrat 
ing p-component of the calibrating characteristic light 
and a calibrating S-component of the calibrating charac 
teristic light; 

detecting a first calibrating light intensity corresponding to 
the calibrating p-component and a second calibrating 
light intensity corresponding to the calibrating S-com 
ponent; 

detecting a calibrating phase relationship between the cali 
brating p-component and the calibrating S-component; 
and 

determining one or more of the polarizer azimuthal angle, 
the analyzer azimuthal angle, and the incident angle 
based on the relationship among the value of the char 
acteristic for the calibrating target Surface, the first cali 
brating light intensity, the second calibrating light inten 
sity, and the calibrating phase relationship. 

45. The method of claim 42, wherein determining the value 
of the characteristic for the target Surface comprises: 
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calculating one or more values for one or more of a Fourier 
coefficient and an ellipsometry coefficient for the first 
light intensity and the second light intensity; and 

using a monotonic relationship between the value of the 
characteristic and the calculated one or more values to 
obtain the value of the characteristic. 

46. The method of claim 45, wherein calculating the one or 
more values comprises applying numerical approximation to 
derive the monotonic relationship. 

47. A light division ellipsometry system for measuring a 
value of a characteristic of a target Surface based on ellipsom 
etry techniques, the system comprising: 

a polarizer adjustable to a polarizer azimuthal angle to 
polarize incident light to generate polarized light to illu 
minate the target Surface at an incident angle and gener 
ate characteristic light; 

an analyzer adjustable to an analyzer azimuthal angle to 
analyze the characteristic light to obtain a p-component 
of the characteristic light and an S-component of the 
characteristic light; 

an intensity detector to detect a first light intensity corre 
sponding to the p-component and a second light inten 
sity corresponding to the s-component; 

a phase detector to detect a phase relationship between the 
p-component and the S-component; and 

a processing device to determine the value of the charac 
teristic for the target Surface based on a relationship 
among the value of the characteristic, the first light 
intensity, the second light intensity, and the phase rela 
tionship. 

48. The system of claim 47, wherein the characteristic light 
results from one or more of reflection, transmission, or dif 
fraction of the polarized light by the target surface. 

49. The system of claim 47, further comprising a calibrator 
to determine one or more of the polarizer azimuthal angle, the 
analyzer azimuthal angle, and the incident light. 

50. The system of claim 49, wherein the calibrator deter 
mines one or more of the polarizer azimuthal angle, the ana 
lyZer azimuthal angle, and the incident angle based on a 
relationship among a value of the characteristic for a calibrat 
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ing target Surface for which the value of the characteristic is 
known, a first calibrating light intensity, a second calibrating 
light intensity, and a calibrating phase relationship, wherein 
the first calibrating light intensity, the second calibrating light 
intensity, and the calibrating phase relationship are derived by 
applying the light division ellipsometry system to the cali 
brating target Surface. 

51. The system of claim 47, further comprising 
a divider to divide the characteristic light into a plurality of 

divided characteristic lights; and 
for each of the plurality of divided characteristic lights: 

one of a plurality of analyzers to obtain a divided p-com 
ponent and a divided S-component; 

a division light detector to detect a first divided light 
intensity corresponding to the divided p-component 
and a second divided light intensity corresponding to 
the divided S-component; and 

a division phase detector to detect a divided phase rela 
tionship between the divided p-component and the 
divided S-component, 

wherein the processing device determines the value of the 
characteristic based on a relationship among the value of 
the characteristic and the first divided light intensity, the 
second divided light intensity, and the divided phase 
relationship for each of the plurality of divided charac 
teristic lights. 

52. The system of claim 51, further comprising a calibrator 
to determine one or more of the polarizer azimuthal angle, a 
plurality of analyzer azimuthal angles each for one of the 
plurality of analyzers, and the incident light. 

53. The system of claim 47, wherein the processing device 
determines the value of the characteristic for the target sur 
face by calculating one or more values for one or more of a 
Fourier coefficient and an ellipsometry coefficient for the first 
light intensity and the second light intensity; and using a 
monotonic relationship between the value of the characteris 
tic and the calculated one or more values to obtain the value of 
the characteristic. 


