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Keynote speech  

 

Twenty Years of R&D on Optical Interferometry for Industrial Applications 

 Katsuichi KITAGAWA 

Twenty years have passed since we began to develop techniques of optical interferometry. This paper introduces some 

examples of our developments: 1) speed improvement by sub-Nyquist sampling, 2) profiling of a transparent film, 3) single-

shot interferometry, and 4) film thickness profiling by interference color analysis.  

 

1. Introduction 

I will look back on the 20 years since I was involved in 

interferometric measurement technology development, and introduce 

the technologies that I have developed. 

2. Encounter with interferometry and start of technology 

development 

I first encountered optical interferometry in 1986. At that time, 

while investigating the technique for measuring the fine surface 

profile of polyester film, I discovered optical interferometry using the 

phase shifting method, and was deeply impressed by the skill and 

practicality of its principle. This led to a long relationship with 

WYKO, USA and Professor Wyant of the University of Arizona. 

Then, in 1993, while I was promoting the semiconductor inspection 

equipment business, I developed and commercialized an automatic 

magnetic head flatness measuring system using an optical profiler [1]. 

3. High-speed vertical scanning method (SB method) 

At that time, when trying to apply optical interferometry to FA 

applications, the biggest problem was the slow measurement speed. 

To solve this problem, we started collaborative research with Ogawa 

Lab., Department of Computational Engineering, Tokyo Institute of 

Technology (TIT), and in 2000, developed a high-speed 

measurement algorithm named SB method [2]. This technology uses 

waveform restoration by the band-pass sampling theorem, and it has 

been commercialized as the surface profiler SP-500 [3], increasing 

the measurement speed up to that time by about ten times. In addition 

to being awarded the Technology Award of the Society of Instrument 

and Control Engineers (SICE), it was also featured on NHK TV 

"Close-up Gendai" as an example of the TLO’s activities in TIT. 

 
Fig. 1 Principle of SB method 

4. Transparent film compatible 

4.1 Substrate film measurement (KF method and NF method) 

After that, in response to the needs of the semiconductor and LCD 

industries, we worked on the development of transparent film 

measurement technology, developed algorithms for thick film in 

2002 and thin film in 2006, and commercialized the industry's first 

transparent film profiler. 

When the film thickness of the transparent film is thicker than the 

coherent length, as shown in Fig. 2, there are two peaks in the 

interferogram: front reflection and back reflection. The two peaks are 

separated by a discriminant analysis method, and the surface height, 

backside height, and film thickness are determined from the detected 

peak positions (KF method) [4][5]. The lower limit of measurable 

film thickness is about 1 μm in optical film thickness. When the 

thickness of the transparent film is thinner than the coherent length, 

two peaks overlap as shown in Fig. 2, and it is difficult to separate 

the peaks by the KF method. I have developed a thin film 

measurement algorithm (NF method) based on a physical model [5]. 

As a result, it became possible to measure a 100 nm thin film of Si 

oxide (Fig. 3).  

 

 
Fig. 2  Interferogram of 

transparent film and measurement 

algorithm 

Fig. 3  Measured 

thickness profile of thin 

film (300/100nm) by NF 

method 

4.2 Independent film measurement (TF method) [6] 

If the measurement target is an independent transparent film, it is 

possible to measure the film thickness by transmission interferometry, 

and we have proposed a method (TF method) that uses a 

commercially available surface profiler. The separately prepared flat 

surface is used as the measurement reference surface, the transparent 

film to be measured is inserted in the measurement optical path of the 

interference system, and the film thickness is determined from the 

change in the measured height of the reference surface. Stable 

measurement can be performed without being affected by the 

position of the film or waviness. 

5. Single-shot measurement 

5.1 Local model fitting method (LMF method) [7] 

For the purpose of speeding up measurement and improving 

vibration resistance, we set up single-shot interferometry as a joint 

research theme with TIT in 2005 and worked on the development of 

a new algorithm for interference images. As a result, we developed a 

local model fitting method (LMF) that solves the problems of the 

conventional Fourier transform method. In this method, the fringe 

model function is adapted to the local intensity data to obtain the 

phase, and various methods have been devised to speed up the 

computation and enhance its practicality. Figure 4 shows the 

measurement result for the standard step of 50 nm, and the steep step 

profile can be measured without significant blurring.  

  

(a) Interferogram (b) Measurement result 

Fig. 4 Measurement of 50nm step by LMF method 
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5.2 Multi-wavelength single-shot interferometry [8] 

In order to expand the applications of the single-shot method, it is 

essential to expand the measurement range, that is, solve the problem 

of height difference limit between adjacent pixels. Therefore, we 

started research on multi-wavelength. For the multi-wavelength 

single-shot method, it is necessary to capture interference images of 

multiple wavelengths at the same time. From a cost standpoint, we 

want to avoid complicated optical systems. Therefore, we considered 

using a commercially available color camera. For simultaneous 

illumination of multiple wavelengths, the commercial RGB-LED 

lighting device in Fig. 5(a) was used. Figure 5(b) shows the spectral 

sensitivity characteristics of a color camera and the peak wavelengths 

of the three LEDs. With this imaging system, an image of 470 nm 

from the B frame, an image of 530 nm from the G frame, and an 

image of 627 nm from the R frame of the camera can be obtained. 

Later, we developed an illumination system using a multi-wavelength 

band-pass filter, and realized downsizing of the device and 

improvement of versatility. In order to obtain the height from the 

color image, we have developed (1) crosstalk compensation method 

[9]; (2) fringe frequency estimation method [10]; (3) wavelength 

unwrapping method [11]. 

Furthermore, in order to further expand the measurement range, 

three wavelengths were optimized, and as shown in Fig. 5(c)(d), it 

became possible to measure a step of 8m [12]. Using this 

technology, we have developed an automatic film thickness 

measurement system for inkjet color filters (IJCF) [Fig. 5(e)(f)] [8]. 

This technology was commercialized as the three-wavelength single-

shot surface profiler MW-500 [3]. We received the Technology 

Award of the Japan Society for Precision Engineering (JSPE). 

 
 

(a) RGB LEDs (b) Illumination wavelengths and 

spectral sensitivity of camera 

  
(c) Interferogram of 8μm 

step 

(d) Measured 8μm step 

  
(e) Automatic IJCF 

thickness measurement 

system 

(f) Measured IJCF surface 

Fig. 5 Three wavelength single-shot interferometry 

6. Measurement by interference color analysis 

6.1 Height measurement 

In order to solve the horizontal resolution degradation problem of 

the carrier fringe introduction method, we searched for a method that 

does not require the introduction of carrier fringes and developed a 

measurement method by interference color analysis (Global Model 

Fitting method; GMF) [12]. The interference signal model is least-

squares-fitted to the RGB intensity values of multiple points obtained 

from the interference image of three wavelengths, and the surface 

height and model parameters are simultaneously obtained. The 

measurement results of the 50 nm step are shown in Figs. 6(a) and 

6(b). This technology was also featured in the SPIE Newsroom [13].  

  
(a) Color image (b) Measured surface profile 

Fig. 6 Measurement of 50nm step by GMF method 

6.2 Film thickness measurement 

The GMF method described in the previous section can be used to 

measure the thickness of transparent films. That is, thin-film 

interference colors seen in oil films or soap films are imaged under 

three-wavelength illumination, and the film thickness at each point 

and model parameters are estimated simultaneously (GMFT method) 

[14, 15]. The measurement principle is shown in Fig. 7(a)(b). In 

addition, the measurement results of a vertically flowing soap film 

are shown in Fig. 8(a)(b). 

  
(a) Color chart and RGB 

signals 

(b) Measurement principle 

Fig. 7 Film thickness measurement by interference color analysis 

(GMFT) 

  
(a) Color image (b) Measured film thickness 

Fig. 8 Measurement of flowing soap film by GMFT method 

7. Conclusion 

Due to recent dramatic improvements in electronics technology 

and computer’s ability, more advanced algorithms have been put to 

practical use in shape measurement by optical interferometry, and 

remarkable results have been obtained. Further technological 

development is expected in the future. 
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