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Introduction 

Photonic crystal (PC) having an ordered structure with a periodicity of optical 

wavelength has attracted considerable attention from both fundamental and practical 

points of view, because in such materials, a photonic band gap (PBG) exists in which 

the existence of a certain energy range of photons is forbidden.1,2) Using this novel 

concept, considerable advance in optoelectronic devices such as nonthreshold lasers 

and microscopic optical circuits, should be expected. Although one-dimensional (1 -D) 

PC dose not have a complete PBG, there are many applications using extraordinary 

dispersion of the photon and localized photonic state in a defect layer. Many studies on 

1-D PC applications have been reported: air-bridge microcavities,3) the photonic 

band・edge laser, 4-G) the nonlinear optical diode, 7) and the enhancement of optical 

nonlinearity. 8,9) 

In this study, we introduced conducting polymer with extended n・conjugation in their 

main chains expected to possess large third-order optical susceptibility in a dielectric 

multilayer structure as a defect in a 1-D PC. And we examined optical limiting 

properties using nonlinear optical effect of conducting polymer. 
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Fig. 1. One-dimensional PC with a PAT18 defect layer. 
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Fig. 2. Molecular structure of PAT18. 

Experimental 

The 1-D PC with a conducting polymer defect layer is shown in Fig. 1. A dielectric 

multilayer consisting of an alternating stack of Si02 and Ti02 layers deposited on an 

In-Sn-Oxide (ITO)-coated glass substrate is used as the 1-D PC. The refractive indices 

of Si02 and Ti02 are 1.46 and 2.35, respectively, and thicknesses of Si02 and Ti02 

layers are 137 and 85 nm, respectively. The number of Si02-Ti02 pairs on each 

substrate is 5. We used the conducting polymer poly(3-octadecylthiophene) (PAT18) as 

a defect layer. Molecular structure of PAT18 is shown in Fig. 2. In order to introduce 

the defect layer, PAT18 was spin-coated on the top surface of the dielectric multilayer 

and sandwiched between substrates with a dielectric multilayer. The thickness of the 

PAT18 layer is 4 70 nm. Then heated in vacuum to melt and bond PAT18. 

Figure 3 shows the transmission spectra of 1-D PC with PAT18 defect layer. PBG is 

observed in the spectral range from 700 nm to 900 nm. One transmission peak is 

observed at the wavelength of 800 nm, which is based on the defect mode in 1-D PC 

with a defect layer. The wavelength of the defect mode is 800 nm. 
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Fig. 3. Transmission spectra of 1-D PC with PAT18 defect layer. 
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Fig. 4. Experimental setup for measurement of optical limiting properties. 

Figure 4 shows an experimental setup for measurement of optical limiting properties. 

Ti:Sapphire laser (Spectra Physics) whose wavelength, pulse width, and pulse 

repetition frequency are 800 nm, 150 fs and 1 kHz, respectively is used for 

measurement of the dependence of transmitted light intensity on the incident light 

intensity. The wavelength of defect mode of 1-D PC with PAT18 defect layer is 

corresponded to the wavelength of Ti:Sapphire laser. 

Results and Discussion 

Figure 5 shows the incident light intensity dependence of the transmitted light 

intensity of 1-D PC with PAT18 defect layer. Calculation result also depicted in Fig. 5. 

Till the intensity of incident light below 5μJ/pulse, the transmitted light intensity 

increased linearly with the incident light 

intensity, and above the incident light 

intensity of 5μJ/pulse, the increase of the 

transmitted light intensity was not linear. 

The calculated result is good agreement 

with the experimental result. So the 

optical limiting property was obtained. 

This optical limiting property is because 

that the nonlinear refractive index effect 

appears with the increase of the incident 

light intensity. Below the incident light 

intensity of 5μJ/pulse, the refractive 

index effect is small, and transmittance 

at wavelength of 800 nm is almost 

constant. Therefore transmitted light 
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Fig. 5. Incident light intensity dependence 

of the transmitted light intensity of 1-D 

PC with PAT18 defect layer. 
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intensity increase linearly with the incident light intensity. Above the incident light 

intensity of 5μJ/pulse, the refractive index effect causes the change of the refractive 

index at PAT18. In 1-D PC with a defect, the wavelength of defect modes shifts when 

the refractive index or the thickness of the defect layer changes. So the refractive index 

change in PAT18 causes the shift of the wavelength of defect mode. As a result, 

transmittance at wavelength of 800 nm goes down, and the increase of the transmitted 

light intensity is not linear. Therefore, optical limiting properties according to the 

transmittance change caused by nonlinear optical refractive index effect were 

observed. 

Conclusion 

We introduced conducting polymer in a dielectric multilayer structure as a defect in a 

1-D PC. And we obtained optical limiting properties using nonlinear optical effect of 

conducting polymer. 
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