
  Tailor made nonlinear optical frequency mixing  
and its application to optical devices 

 

M. Katsuragawa,1,2,† J. Zheng,1 and C. Ohae1,2 
1Department of Engineering Science, University of Electro-Communications, 1-5-1 Chofugaoka, Chofu, Tokyo 182-8585, Japan 

2JST, ERATO MINOSHIMA Intelligent Optical Synthesizer Project, 1-5-1 Chofugaoka, Chofu, Tokyo 182-8585, Japan 
e-mail address: †katsuragawa@uec.ac.jp 

 

Nonlinear optical process is strongly dominated by phase relationships among the electromagnetic fields relevant to 
its optical process. If we can manipulate this phase relationships to arbitrary values at arbitrary interaction lengths, 
we can tailor the nonlinear optical phenomenon to a variety of ways. 

As a typical example, we applied this concept to the Raman-resonant four-wave-mixing process in gaseous 
parahydrogen [1]. We showed near-unity quantum-efficiency frequency conversion to an aimed high-order Stokes or 
anti-Stokes component on the basis of detail numerical simulation. In this study, we have also shown that a 
single-frequency tunable laser which covers an entire wavelength region of 120 – 200 nm in the vacuum ultraviolet 
could be realized [1]. Here, to manipulate the phase relationships among many electromagnetic fields, we employed 
a method which precisely control thickness of a transparent dispersive plate [2,3,4]. We could also find that this 
technology could function very practically through this study. 

Figure 1 is a typical result demonstrated in reality which well reproduced the prediction of the numerical 
simulation [5,6]. Generation of 1st anti-Stokes was enhanced or suppressed depending on the phase relationships, that 
is, by controlling thicknesses of the inserted dispersive plates. White color in Fig 1b expresses that the anti-Stokes 
component was strongly generated. 

Regarding tailor-made nonlinear optical frequency mixing, more general schemes are possible. Actually, we have 
demonstrated dual-frequency generation with various frequency combinations [7]. In Fig. 2, we show an attractive 
application of this tailored dual-frequency generations, that is, nonlinear Mach-Zehnder interferometer in the 
frequency domain [7]. This new optical device will be useful for ultra-sensitive atom/molecule detection. 

 
Fig. 1. Artificial manipulation of the Raman-resonant four-wave-mixing process in gaseous para-hydrogen. 

Fig. 2. Arbitrary dual frequency generation and its application to Mach-Zehnder nonlinear optical interferometer in the frequency domain. 
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