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Photonic Band Effect in Ordered Polystyrene 
Particle Layers 
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Women's University, Tokyo 11 2-8681, Japan, bDepartment of Physical Science, 
Graduate School of Engineering Science, Osaka University, Osaka 560-8531, 
Japan and 'Department of Applied Physics, Faculty of Engineering, Chiba 
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Quasi two-dimensional (2D) photonic band structures have been investigated on ordered 
polystyrene particle layers by means of polarized transmission spectra for oblique incidence 
of light. The results are discussed in terms of quasi-2D photonic band effect. 

Keywords: quasi-2D photonic crystal; photonic band effect; polystyrene microparticles 

INTRODUCTION 

The concept of photonic bands for photons in specific dielectric media 
called photonic crystals is an optical analogue of the electronic bands in 
semiconductors, where the periodic variation of dielectric constant in 
the dielectric media plays the role of periodic electrostatic potential for 
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6 RYOKO SHlMADA rr crl. 

electrons in semiconductors. Because of potential use of characteristic 
photon modes in photonic crystals, much efforts have been made on the 
various fabrication methods of photonic crystals and on their 
characteristic optical properties as well [‘I .  

Photonic crystals investigated in the present study are 2D layers 
of submicron microsphere particles (latex) in the form of hexagonally 
ordered array on the surface of glass substrate. Such layer is regarded as 
“quasi-2D” photonic crystals in the sense that the Bloch wave-like 
photon modes propagating within the layer have a finite lifetime due to 
the leakage of electromagnetic energy outside of the layer 12], in contrast 
to a “real 2D” system such as an ordered array of parallel dielectric or 
air rods with infinite length. Nevertheless, the detailed studies on the 
“quasi-2D” system are useful for the elucidation of fundamental 
properties of photonic crystals. The relative easiness in preparation of 
well ordered particle layers facilitates detailed studies of characteristic 
optical spectra associated with the photonic band effect [31. 

In this paper, we report recent experimental results of polarized 
transmission spectra measurements on the hexagonally ordered 
polystyrene layers with various particle sizes. By plotting the spectral 
features as a function of photon energy and incidence angle, 
experimental dispersion curves of the quasi-2D photonic band modes 
have been successfully obtained. 

SAMPLES, EXPERIMENTAL PROCEDURE AND RESULTS 

The samples of ordered monolayers of polystyrene particles have been 
made by Nagayama method using particles of diameter &0.5-1.0 
p m with diameter dispersion ddds103.  By adopting an improved 
procedure 14], the size of hexagonally ordered regions became 
sufficiently large to allow accurate measurements of transmission 
spectra. In order to change the photon wave vector along the T-M 
direction, the samples were rotated around the axis connecting the 
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PHOTONIC BAND EFFECT IN ORDERED LATEX LAYERS 7 

centers of the second nearest neighbor particles, while for the wave 
vector in the r - K  direction the rotation axis was taken along the 
direction connecting the centers of adjacent neighbors. The respective 
measurements were made for the S and P polarized lights in the range 
of incidence angle e from -30" to 30" every dew. 

I-Poluirmio. i 
0- 

0.4 0.1 0.6 0.7 0.)  0.9 1.0 1.1 

Normalized Photon Enrgy 

FIGURE 1 : Polarized transmisrion 
specha of ordered polystyrene 
particle layers (M80mn). 

Typical examples are shown in Fig. 1, for the S and P polarized 
spectra with the parallel component of the photon A-vector upon the 
layer plane oriented in the r - M  directiot~ The abscissa is the 
normalized photon energy E= & d / U .  Similar spectra wen: also 
measured for the k-vectors parallel to the r -K direction. Each spectral 
feature (mostly minimum) for photon emrgy E corresponds to a 
quasi-2D photonic band mode at E and t = (cu/c)sin 8 .  By plotting these 
experimental points, we can obtain experimental dispersions in the 
photonic band structure, as shown in Fig. 2. Note that the lowest band 
appearing at about E4.72  is degenetated at the r point, but it is split 
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8 RYOKO SHIMADA ef ul. 

into several polarized components in both r -M and r -K directions. 
Such splittings are also seen in the higher bands, though not so 
prominent as the lowest band. Evidently, these splittings are attributed 
to the photonic band effect. It should be also noted that the lowest band 
is P-polarized and shows a negative dispersion near the r-point, like 
the valence-bands of usual semiconductors. Similar features of the 
quasi-2D photonic band structures have been reported recently on silica 
microsphere layers ['I and on a 2D array of 2 p m polystyrene particles 
fabricated by micromanipulation ['I. These detailed features in the 
experimental photonic band structures presently obtained can be 
analyzed by the theoretical calculation using the vector spherical-wave 
expansion method Such calculation and comparison with the present 
experimental results are now in progress, and will be reported shortly. 
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