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Photonic crystal structures are fabricated in dichromated pullulan by

the holographic technique. Relief structures of photonic lattices with rectan-

gular, rhombic, and hexagonal arrays of peaks and holes are obtained. The

structures have periodicities of the order 1.1 µm and depth of about 50 nm.

PACS numbers: 42.40.–i, 42.70.Ln, 42.70.Qs

1. Introduction

One way to create photonic crystal structures is realized by holography [1–4].
In this study dual-beam multiple exposure technique is used to generate various
lattice structures. In the dual-beam process, the photonic crystal structure is
obtained by rotating the holographic recording material between exposures. A
range of lattice structures can be obtained by varying the angle between two
beams, and the rotation angle of holographic material.

Previously, photonic structures have been recorded also in low-refractive
index materials such as photoresists [4]. The holographic material used in this
study is pullulan, doped with dichromate [5, 6]. Pullulan is a biopolymer with
linear polysaccharide structure.

2. Periodic microstructures fabrication

Dichromate-sensitized pullulan samples were prepared by mixing 8% ac-
queous solution of pullulan and 50% ammonium dichromate by weight of pullulan.
The solution was subsequently coated onto clean glass slides in a horizontal posi-
tion and the film was dried under normal laboratory conditions. The thickness of
the dried layer was approximately 10 µm.

A single-frequency, diode pumped Nd:YAG laser, at 532 nm, is used for
exposure (200 mW laser power). Linearly polarized, laser beam is split into two
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equal power beams (to obtain the highest contrast in fringe intensity) and the
beam interference pattern is recorded. He–Ne laser operating at 632.8 nm was
used for real-time monitoring of diffraction efficiency. By proper choice of rotation
angles different structures can be generated [7]. Double and triple exposures, to
the same interference pattern of dichromated pullulan, were used.

The exposed plates were, first, chemically processed with a mixture of 60%
isopropanol and 40% water for 120 seconds, and then immersed for 30 seconds
in the pure isopropanol. After development in mixture of water and isopropanol
unexposed regions are washed out, and an intensity light pattern is converted into
a relief structure.

The structures were characterized by atomic force microscope (AFM) needle
sensor on the TwinSnom system.

Relief structure of photonic lattice with rectangular array of peaks and holes
was obtained by rotating the material for 90◦, between exposures. Figure 1 shows
an AFM image of the lattice structure.

Fig. 1. AFM images of a rectangular photonic crystal structure. (a) Top view, (b) 3D

view of the same sample.

A rhombic photonic crystal lattice was similarly produced by rotating the
material for 45◦, Fig. 2.

A hexagonal photonic crystal structure was produced using three exposures
with holographic material rotated by 60◦ and 120◦, Fig. 3.

The structures have periodicities of the order 1.1 µm and depth about 50 nm.
It could be seen that the structure from Fig. 3 has smaller depth contrast,

compared to structures shown in Figs. 1 and 2. While structures from Figs. 1
and 2 were produced with two exposures (only one intermediate rotation), the
structure shown in Fig. 3 was obtained with three exposures, so the depth contrast
was decreased because of cumulative angle errors of two intermediate rotations.
However, by more precise control of rotation angle of the holographic recording
material between exposures the depth contrast could be improved.
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Fig. 2. AFM images of a rhombic photonic crystal structure. (a) Top view, (b) 3D

view of the same sample.

Fig. 3. AFM images of a hexagonal photonic crystal structure. (a) Top view, (b) 3D

view of the same sample.

3. Conclusion

We have fabricated photonic crystal structures in a dichromate-sensitized
pullulan by holography. Dual-beam multiple exposure technique is used. Our
microstructures, although with low refractive index, may be used as templates for
the construction (development) of photonic crystal with higher refractive index
contrast for complete band gaps.
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