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  A new high speed photometric ellipsometer consisting of simple optical elements, electronics and personal computer is  
developed. Data acquisition time of the new ellipsometer is only limited by the response time of the photodetector’s circuitry. 
This ellipsometer, having no moving parts, is suitable for measuring film thickness moving fast in the process line, where n
conventional ellipsometer can be applied. In this proposed apparatus, a certain polarized light( ex. linearly or circularly) is 
used as an incident beam and the reflected beam from the object is split into 3 beams through the beam splitter which consis
of 3 or 4 optical parallels. The intensity of each beam transmitted through the analyzer with a certain azimuth angle is  
measured by the photodetector. Each intensity signal multiplied by the gain factor for each channel, denoted by I1, I2, I3  can
be used to derive the two ellipsometric parameters. The analysis with Jones vector representation shows that the ellipsometr
parameters cosΔ, tanΨ are expressed as follows; 
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where incident beam is linearly polarized( azimuth -45°), the azimuth angle of each analyzer is 0°(ch.1), 45°(ch.2), -45°

(ch.3) respectively, and σ1σ2 is a constant determined by the refractive index and the angle between the reflected beam and
the beam splitter. The precision of cosΔ and tanΨ by this ellipsometer is on the order of 5.0×10-4. This new ellipsometer is 
applied to measure oil film with thickness order of 0 ~ 100Å coated on tinned steel sheet moving at a speed of 300 m/min.  
In this case, the following considerations are further taken into account. 

1)  Linear relation between ellipsometric parameter cosΔ and film thickness d is used. 
2)  Two lasers (He-Ne laser, Ar laser) with different wavelength λ1 ,λ2  are used to eliminate the ellipsometric  

parameter cosΔ0 of substrate which changes continuously. 
Oil film thickness measured by the new ellipsometer and those by the conventional off-line method ( hydrophil balance  
method) are agreed within the uncertainty of 1 mg/m2 ( corresponding thickness is about 11Å ). 

 
 Key Words Key Words Key Words Key Words :  high speed ellipsometer, personal computer, beam splitter, analyzer, film thickness  

in-line measurement 
  

1.1.1.1.    IntroductionIntroductionIntroductionIntroduction    
 

Ellipsometer is known as an instrument which  
measures film thickness or complex index of refrac- 
tion of a surface of the object. In the steel- manufac- 
turing industry, there is a great need to adopt this 
instrument for the on-line measurement of thin films 
thickness such as oil films or oxidized chromate films 
on steel sheet’s surfaces. In steel-manufacturing proc-  

esses, however, there are some problems which m
it difficult to adopt this instrument for actual opera
tion, such that an object to be measured moves fas
more than several m per sec, there exists severe en
ronmental conditions such as vibrations and large 
temperature change, and optical characteristics of 
surface of steel sheet can be changed considerably 
from point to point. In order to overcome these pro
lems, a 3-channel ellipsometer consisting of simple
optical elements, electronics and personal compute
developed. The speed of data acquisition of the new
ellipsometer is extremely fast and only limited by t
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photodetector’s response time. To eliminate the influ- 
ence of changes of optical characteristics of a surface 
on a real time basis, two lasers with different wave- 
length are used as a light source of the ellipsometer.  
The new ellipsometer was applied to an on-line oil  
film thickness meter for the tinned steel manufac- 
turing line. In this study, the principles of the 3-chan- 
nel ellipsometer, the real time correction method for  
surface change and the results of the on-line test of  
the ellipsometer are described. 
 

2.2.2.2.    Measurement PrinciplesMeasurement PrinciplesMeasurement PrinciplesMeasurement Principles    
2.12.12.12.1    Descripsion of ellipsometryDescripsion of ellipsometryDescripsion of ellipsometryDescripsion of ellipsometry    

ment, it is possible to obtain the film thickness d by  
solving the equation (1) with known values N0, N1, N2 
φ0, andλ. The instrument to measure these two pa- 
rameters Δ and Ψ is called the ellipsometer and 
various types of ellipsometers have been proposed to 
date. 
 
2.2  Conventional ellipsometers2.2  Conventional ellipsometers2.2  Conventional ellipsometers2.2  Conventional ellipsometers    

The ellipsometers widely used at present can be 
divided into two types, the null ellipsometer and the 
photometric ellipsometer, well known as a rotating 
analyzer ellipsometer. Fig.2 shows a basic optical sys- 
tem of those conventional ellipsometers.  
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Fig.1 shows an example of a single-layer film with a  
film thickness of d on the substrate. Ellipsometry is a  
method to measure the ratioρof Rp, amplitude re- 
flection coefficient of the polarization vector parallel to 
the plane of incidence and Rs, amplitude reflection co- 
efficient of the polarization vector perpendicular to the 
plane of incidence. ρ is a complex number and is de- 
fined by two real parameters Δ and Ψ. ρ is also 
related to N0 the complex index of refraction of the 
ambient, N1 the complex index of refraction of the film 
N2  the complex index of refraction of the substrate, 
film thickness d, incident angle φ0 , and wavelength 
λ by a certain equation. Please refer to references 1)  
and 2) for the details of the equation. In this report, ρ 
shall be defined by the equation (1) as follows: 
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As an example of null ellipsometers, a fully comput- 
rized automatic ellipsometer which servo-controls  
he angles of the polarizer PPPP and the analyzer AAAA was  
eveloped3),, however, it is slow and usually takes  
ore than one second to measure Δ and Ψ. For the  

emands of high-speed operation, another instrument  
hich uses Faraday cell for polarizer and analyzer4),  
s well as the instrument which uses Pockels cell for  
ompensator have also been proposed5). However,  
hese types of instruments have not been practically 
sed much because the thermal and dispersive char- 
cteristics of such cells are too large, and also the actu- 
l instruments would be too complex. The rotating  
nalyzer type, on the other hand, is most widely used  
s a high-speed ellipsometer. Its optical system is such  
hat analyzer AAAA rotates at a constant speed with the  
olarizer PPPP and the compensator CCCC    being fixed, the  
ptical intensity signal synchronized with the angular  
osition is fed to a computer to calculate both Δ and 
 by discrete Fourier transform6) . 
he rotation speed of the analyzer is 300 rpm and  
oth Δ and Ψ can be measured at a speed as high 
s 0.2 second. If this instrument is to be adopted for a 
teel-making process line which runs at a speed of 5  



 

 

m/s, however, the measurement point will 
during the course of one measurement. As
characteristics such as the index of refract
roughness continuously change, accurate m
ment cannot be expected without improvin
ment speed.  
 
2.3  32.3  32.3  32.3  3----Channel ellipsometerChannel ellipsometerChannel ellipsometerChannel ellipsometer    

The ellipsometer to be used for on-line p
required to be durable against temperatur
and vibrations in addition to high-speed p
As an optical system which satisfies these 
ments, a 3-channel ellipsometer shown in 
been developed. 

  In this optical system, the polarizer is fix
compensator is not always necessary. A bea
provided in the reflected light beam to divi
three beams. Each divided beam is sent to
lyzers with transmission azimuth angles o
and -45゜and two ellipsometric parameter
Ψ are obtained through the calculation by
sonal computer with the three optical powe
from each photodetecter. At this time, it is 
that the changes in amplitude and phase d
mission and reflection at the beam splitter
same in at least two channels. For beam sp
one consisting of three or four optical paral
of a transparent and homogeneous optical 
ranged in parallel as shown in Fig.4, is use
necessary to use only the beam transmitte
flected once at each optical parallel, as sho
 
2.4  Derivation of equations for 32.4  Derivation of equations for 32.4  Derivation of equations for 32.4  Derivation of equations for 3----chachachacha
ellipsometerellipsometerellipsometerellipsometer    

When Jones vector representation1), whi
venient for analysis of the polarization field
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h. 1   EEEE1111=k1 RRRR(-A1)  1  0  RRRR(A1) BBBBtttt2  S ES ES ES Eiiii                 (2) 
                                                                         0  0    

 

 polarized electric field vector incident to each  
todetector of the 3-channel ellipsometer shown in 
.3 can be expressed by equations (2) to (4). 

h. 2   EEEE2222=k2 RRRR(-A2)  1  0  RRRR(A2) BBBBrrrr B B B Btttt  S ES ES ES Eiiii         (3) 
0  0 

h. 3   EEEE3333=k3 RRRR(-A3)  1  0  RRRR(A3) BBBBtttt B B B Brrrr  S ES ES ES Eiiii            (4) 
                                                                            0  0    
ere, it is assumed that the basis of the Jones 

tors would be taken at the axis P parallel to the 
ne of incidence and at the axis S which is perpen- 
ular to the axis P, and the beam splitter consisting  
hree optical parallels as shown in Fig.4 would be  
d. The following are the descriptions of the quanti-  
 used in the equations (2) to (4).  
1) Constants k1 to k3  :  total transmission coeffi- 

cients at each channel   
2)  EEEEiiii    :  polarization vector of incident light, and 

can be defined as follows; 
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3)  SSSS :  Jones reflection matrix of the object to be  
measured, and can be defined as follows; 

        ( It is assumed that the matrix is isotropic. ) 
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Jones vectors expressed in equations (2) to (4). 

When the equations (5), (6), (7), and (9) are substi- 
tuted for equation (10), the following equations (11) to  
(13) are obtained. R
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:  Jone’s matrix which expresses the 
on and transmission characteristics at 
 parallel. By excluding multiple reflection, 
gonal elements σ1 and σ2 will be real 
e values. 

c1 to c3 are the constants indicating the product of  
all the amplitude coefficients outside each matrix and 

∆Ψ== j

s

p e
R

tanρ

}sintancossin

)cos(tantan2cos{tan

1
224

211

2
21

222
1

2
11

APAA

PAck i

σ

ϕσ

+

×−∆Ψ+Ψ=Φ

 

}sintancossin

)cos(tantan2cos{tan

2
222

2
2

122

212
222

2
2

22

APAA

PAck i

σσ

ϕσσ

+

×−∆Ψ+Ψ=Φ

}sintancossin

)cos(tantan2cos{tan

3
222

2
2

133

213
222

3
2

33

APAA

PAck i

σσ

ϕσσ

+

×−∆Ψ+Ψ=Φ

(13) 
2 2)(1)( π− Drr
=

 

 

d
D
n
c
u

h

h

     0 σ1
0
22

2
01

01
2 sin,

)(1
, θ

λ
δσ −=

−
= n

r p

s  (8) 

Fresnel reflection cofficient of an optical 
parallel 

thickness and index of refraction of an 
optical parallel 
incident angle to an optical parallel, to be 
greater than Brewster angle θB 
wavelength 
 be noted that both σ1 and σ2 do not 
 and are not influenced by D. If multiple 
 is not excluded, bothσ１ and σ２ will 
omplex numbers including D and it will  
lt to assume them as constants. 

 Jones matrix which ex- 
presses the analyzer of the 

vector. The optical power Φj is converted into voltage 
signal by the photodiode with linear characteristics. 
When the total gain of the measurement system of 
each channel including the conversion coefficient and 
the gain factor of the electronic circuit are expressed 
by G1 to G3 , the voltage output Ij of each channel is 
expressed by equation (14). 
           jjj GI Φ=  ,  j=1~3       (14) 

The value for the gain Gj should be determined in 
such a manner that the voltage output from all chan- 
nels would be equal when the analyzer angle Aj of  
each channel is set to 0°. Here, let the output of each 
channel (for a some measurement point ρ0 =tanΨ0×  

ejΔ0 ) with A1, A2, and A3  being all set to zero be ex- 
pressed by equation (15). 

On inserting equation (15) into equations (11) to (13),  
the gain Gj is determined as follows. 
R(-Aj) 1  0 R(Aj) : 
      0  0 

                               
  cosAj   -sin Aj                  (9) 
sin Aj    cos Aj 

le Aj of the transmission axis. R R R R(Aj) is a 
 rotates a coordinate system by Aj degree 
xis along which light propagates.  

l power Φj of each channel can be ex- 
e square of the absolute value of the 

Wh
and
0°
each
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jjj EEE t
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( t denotes transposition) 
en equation (16) is substituted for e
 the analyzer angle of each channel
, A2 = 45°, and A3 = -45°, the outp
 channel is expressed by equations
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which moves at an extremely high speed.  
(2)  The entire optical system is fixed and has no 

moving portions. As the optical system consists  
of only simple and stable elements, it is rugged  
and suitable for on-line use.  

(3) As the parameters cosΔ and tanΨ are given 
by I1 to I3 in a dimensionless form, they are not  
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Then, two ellipsometric parameters Ψ and Δ are 

iven by equations (20) and (21) through the equa- 
ions (17) to (19). 

            
 
 

 
 
here, tanP and iϕ  are the polarization parame- 

ers defined by equation (5).  For example, when an  
ncident light is assumed to be a linearly polarized 
ight with an azimuth angle of -45°, P and iϕ  can 
e set to 45°and π, respectively, and the equations 
20) and (21) are rewritten as equations (20)’ and (21)’. 

As is clear from equation (21), the expression of pa- 
ameterΨ of the 3-channel ellipsometer incorporates  
he constants σ1 and σ2 . These values, however, 
an be calculated by using equation (8).  When four 
ptical parallels as shown in Fig. 4 are used, only the 
atrix BBBBtttt2222 in equation (2) changes to BBBBrrrrBBBBtttt2222 and the final 

quations (20) and (21) remain valid as they are.  

.5 .5 .5 .5     Characteristics ofCharacteristics ofCharacteristics ofCharacteristics of 3 3 3 3----channel ellipsometerchannel ellipsometerchannel ellipsometerchannel ellipsometer 
The characteristics of a 3-channel ellipsometer can 

e outlined as follows: 
 (1)  Since the ellipsometric parameters Δ and Ψ 

can be obtained from the simultaneous infor- 
mation I1 to I3, it can be applicable to the object 

affected by the fluctuation of optical power.  
(4)  As the reflected light is divided and a certain 

amount of light is lost by the beam splitter, the 
effective amount of light is only 10% of the total 
reflected light. Therefore, a strong light source 
like laser is necessary.  

(5)  when a linearly polarized light is used as an in- 
cident light, the measurement accuracy is de- 
graded around Δ= 0°and π since the phase  
parameter Δ is given in a form of cosΔ.  

This problem can be solved, however, as the  
parameter Δ will be given in a form of sinΔ,  
by changing incident light into circular polari- 
zation.  

    
2.6  Thickness measurem2.6  Thickness measurem2.6  Thickness measurem2.6  Thickness measurement of the thin ent of the thin ent of the thin ent of the thin filmfilmfilmfilm    
coated on the steel sheetcoated on the steel sheetcoated on the steel sheetcoated on the steel sheet    
1)1)1)1)    Linear approximationLinear approximationLinear approximationLinear approximation    
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 Generally, it is necessary to solve the equation 
shown in equation (1) to measure film thickness by
means of an ellipsometer. However, as to a transpa
ent and extremely thin film on an opaque substrat
such as a steel sheet, a linear relation is generally 
formed between the film thickness d and ellipsome
parameters Δ,Ψ or cosΔ, tanΨ7) . Fig.6 shows th
relationship between the oil film thickness and the
5555
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difference of cosΔ from that of the substra
lated through the equation (1). The coeffici
line remains constant within 2% of uncerta
as the deviation of the complex refractive in
substrate N2 from its average value is wit
magnitude. Accordingly following equation
assumed between thin oil film thickness d 
for certain wavelength and incident angle. 
    
  where, 

cosΔ: ellipspmetric phase paramete
 object to be measured 

cosΔ0 : ellipspmetric phase paramet
substrate  

k : constant ( sensitivity coefficient
d : oil film thickness 

With regard to tanΨ, there exists also a lin
tionship. However, as the sensitivity is less
order as compared with cosΔ in this case, 
not used here.  
  
2)  2)  2)  2)  Correction method for variation ofCorrection method for variation ofCorrection method for variation ofCorrection method for variation of

substratesubstratesubstratesubstrate’’’’s s s s coscoscoscosΔΔΔΔ0000                
On-line measurement, cosΔ is the only 

we can measure. A problematic point in eq
is that the substrate phase value cosΔ0 flu
to surface roughness and so on. According t
obtained by measuring substrate samples,
ation width of cosΔ0  will be large enough 
some correction method. A method to take 
ence between the phase values before and 
being considered, but it is difficult to take m
ments at the same point before and after o
hard to expect a good measurement accura
sirable that the substrate is corrected at a 
ment point in real time. The following two 
are examined here.   

1) A method with which two differen
angles φ1 and φ2 are used with 
lengthλ being constant. 

2) A method with which two differen
lengths λ1 and λ2 are used with
dent angle φ0  being constant. 

The quantitative analysis about the influen
roughness of substrate surface to the ellips

6666    
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inty, as far  
dex of the  
hin 10% in 
 (22) can be 
and cosΔ  
 

parameters Δ and Ψ being insufficient7),8), the det- 
ermination as to which method is more advan- 
tageous should be made based on the results of experi- 
ments. We concluded that method 2) is superior to the 
other in term of accuracy and the simplicity of the op- 
tical system. If the quantities related to the wave- 
lengthsλ1 andλ2 are denoted by subscripts 1 and 2,  
equation (22) is rewritten for each wavelength and  
equation (23) is obtained. 
cosΔ- cosΔ0 = kd        (22) 
x1 – x01 = k1d   ( for wavelength 1 )    
x2 – x02 = k2d   ( for wavelength 2 ) r of the 

er of the 

) 

ear rela- 
 by one 
tanΨ is 

 the  the  the  the     
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uation (22)  
ctuates due  
o the data  

 the fluctu- 
to require  
the differ- 
after oiling  

easure- 
iling, and 
cy. It is de- 
measure- 

  where, 
x1, x2 ≡ cosΔ1, cosΔ2 ,  x01, x02 ≡ cosΔ01, cosΔ02 , 

      k1, k2 : proportional coefficient,  
d : oil film thickness 

A certain functional relation has been confirmed  
experimentally between x01 and x02 for substrate sam- 
ples with various surface roughness. 
            x02 = f(x01)          (24) 

(23) 
methods 

t incident  
the wave- 

t wave- 
 the inci- 

ce of the  
ometric 

Fig.7 shows a measurement result of x01 ,x02 for vari- 
ous samples of actual tinned steel sheets. Generally,  
the greater the surface roughness, the absolute values  
x01 and x02 tend to be small. According to the experi- 
mental results, it is confirmed that equation (24) can 
be approximated by a quadratic.   
 
 
here, α, β, and γ are the constants which are ex- 
perimentally determined. Elimination x01 and x02 by 

x02 = f(x01) = αx012  ＋ βx01  ＋γ       (25) 
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substituting equation (23) into equation (25), the  
phase change X which is proportional to the oil film 
thickness is given by the following equation. 

where, κ=  k1/k2 : proportional coefficient ratio at  
wavelengthsλ1 and λ2  

c0 = (κβ-1)/2ακ2,  c1 = (-ακ3)-0.5,   
c2 =γκ- (κβ-1)2 /4ακ 

c0 to c2 : constants experimentally determined 
 

3.  Prototype of 3 3.  Prototype of 3 3.  Prototype of 3 3.  Prototype of 3 ----channel ellipsometer channel ellipsometer channel ellipsometer channel ellipsometer     
for onfor onfor onfor on----line useline useline useline use    

  Prototype of a 3-channel ellipsometer for on-line 
    application which employs He-Ne and Ar lasers as 
    light sources, and a personal computer as a signal 

processing unit has been developed. Fig.8 shows the 
outline of the prototype. The measurement head and 
the light sources are connected by an optical fiber 
which has a core diameter of 300μm. Optical fiber is 
effective in the points that light beam of different 
wavelengths can be launched together at the same 
incident angle, and that it acts as a depolarizer which 
changes linearly polarized light of the light sources to 
non-polarized light, in addition to the improved flexi- 
bility of the equipment. Two laser beams are modu- 
lated to emit alternatively in a pulse form by acousto-  
optic modulators. Multiplexed detected signals from 
the photodiodes is distinguished with each wave- 
length by the sampling hold circuit synchronized with 
the modulation signal. Sampled data are fed to the  
data processing system. Table 1 shows the main speci- 
fications of the prototype. As the measurement preci- 
sion of Δ is 0.03°( when Δ is around 90°),0.04° 
(when Δ is 140°), and 1.81°(when Δ is 0 or 180°) 

respectively, it may be considered to be satisfactory for 
the on-line use excluding the areas around where Δ 
is 0°or 180°. 
 
4. 4. 4. 4.     Application to onApplication to onApplication to onApplication to on----line oil film thiline oil film thiline oil film thiline oil film thicknesscknesscknessckness    

metermetermetermeter 
4.1  Tinned steel sheet manufacturing process4.1  Tinned steel sheet manufacturing process4.1  Tinned steel sheet manufacturing process4.1  Tinned steel sheet manufacturing process    
and oiland oiland oiland oil----film thickness controlfilm thickness controlfilm thickness controlfilm thickness control    

The tinned steel sheet manufacturing line is a 
process which electrically tin-plates a steel sheet at  
a line speed of 2 ~ 5 m/s. In order to prevent tinned  
steel sheet surface from being scratched, a thin oil  
film with a thickness less than 100Å is coated on 
the surface by an electrostatic oiler, as shown in Fig.9. 

T
se
 
 
 
 
 

1221102
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       (26) 
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ote1)  Oil film on the surface of a steel sheet of a fixed area is 
oved onto water surface as monomolecular film by dipping the  

ample into the water in a certain manner and oil amount is ob- 
ained from the area of oil film on the water surface with a certain
urface tension. The oil film thickness is given in the form of oil  
mount per unit area M (mg/m2). 1 mg/m2 is equivalent to 11Å. 

he oil film thickness is controlled by regulating the  
condary air flow rate of the electrostatic oiler. As the  

 



 

ability or printability of steel sheets, a strict control is  
done for each type of products. Currently, oil film thick 
ness being measured off-line by a hydrophil balance  
methodnote1) only for the sheet samples taken at regu- 
lar intervals, no quick correctional actions can be 
taken for the products with oil film thickness of out- 
of-standard. The development of an on-line oil film 
thickness meter is in demand. 
 

    4.2  On4.2  On4.2  On4.2  On----line experimentsline experimentsline experimentsline experiments    
The 3-channel ellipsometer prototype was installed 

in the tinned steel sheet manufacturing line as the oil 
film thickness meter. Through the experiments, evalu- 
ation of the measuring accuracy by comparing it with  
the hydrophil balance method as well as its stability 
and durability for long-term operation have been exa- 
mined. In addition to the ellipsometer outputs, line  
speed signal and the secondary air flow rate signal of  
the electrostatic oiler have been recorded simultane- 
ously on the charts for comparison. Coefficients in  
equation (26) which gives the film thickness output X 
is determined as (27) through on-line and off-line ex- 
periments.  

                                                  

-ment values obtained by the hydrophil balance meth- 
od and the ellipsometer output values X. Both values 
have shown a good linear relationship. 
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Fig.10 shows the chart of the on-line test for the 
changes of oil film thickness. The results shown in the 
chart were obtained by varying the secondary air flow 
rate of the electrostatic oiler to get three different oil 
amount levels, 2 mg/m2, 4 mg/m2, and 6 mg/m2, or ap- 
proximately 22 ,44 ,and 66Å in terms of oil film thick- 
tness. The ellipsometer output X changed with the 
changes of air flow rate levels.  

Fig. 11 shows the relationship between the measure 
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Fig. 12 shows an example of the measurement data 
btained during normal line operation. In this chart,  
he ellipsometer output X is converted into oil amount 
M̂ (mg/m2) based on the calibration curve shown in  
ig. 11. In the chart, the operational conditions for oil  
mount change from 6 mg/m2 to 3 mg/m2 around the  
enter of the chart. During normal operation, the line  
peeds are sometimes changed, and it has been de- 
onstrated that the oil amount is slightly out of con- 

rol at the moment when the line speed is changed.  
ith respect to the influence of the surface change of  

he steel, the fluctuation of ellipsometer output M̂ is 
ithin ±0.3 mg/m2 for the alteration of similar type 
f coils and is within±0.6 mg/m2 for the alteration of 



 

different type of coils with different surface roughness  
( refer to the alteration from coil B to coil R on the left 
side of the chart).  

 

can be taken instantaneously and it can be applied for 
measurement of a moving object with high speed. It is 
expected that this instrument will be an effective 
means for the objects which, in the past, have been 

9999    
 

 
Fig. 13 shows the relationship between o

M obtained by the hydrophil balance meth
oil amount output M̂ by the ellipsometer 
month normal operation. In the course of t
operational levels mainly fell in the range 
mg/m2, the accuracy of both values were ap
ly ±1 mg/m2  in 2σ. The ellipsometer wa
ously operated for 9 months. During the op
was unnecessary to correct the calibration 
firming its durability and stability for prac
cation.  

5.  Conclusion5.  Conclusion5.  Conclusion5.  Conclusion    
 

An ellipsometer has long been considere
delicate instrument for use mainly in labor
having good environmental conditions. It w
firmed, however, that the 3-channel ellipso
posed here, consisting of simple and stable
elements and having no moving parts wou
factory for on-line use. Actually, this instru
been applied for an oil film thickness mete
tinned steel sheet manufacturing line and 
good agreement with the conventional off-l
within the accuracy of ±1 mg/m2 ( about 
terms of thickness). This instrument is adv
in the point that the data on parameter Δ
T. SICE  Vol. E-1, No.1, 2001 
il amount  
od and the  
during one  
he time, the  
from 3 to 4  
proximate- 

s continu- 
eration, it 
curve, con- 
tical appli- 

d as a 
atories 
as con- 

meter pro- 
 optical  
ld be satis- 
ment have 
r in the 
resulted in  
ine method 
±11Å in 
antageous 
 and Ψ 

considered difficult to measure.  
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