3D Nano-photonic Crystal structures for superprism application
Jiaqi Chena), Wei Jiang b), Xiaonan Chen a), Li Wang a), Sasa Zhang a) and Ray T.Chen*
a) Microelectronics Research Center, Department of Electrical and Computer Engineering, The University of Texas at Austin, Austin, TX 78758

b) Omega Optics, Inc. Austin, TX 78758

* Electronic mail: raychen@uts.cc.utexas.edu Tel #: 512-471-7035 Fax #: 512-471-8575
ABSTRACT：Large area (cm2) submicron 3D FCC-type polymeric photonic crystal using SU8 has been fabricated using holographic process. The superprism effects in it around 1550nm wavelength have been theoretically calculated and demonstrated.
In the literature there is a great diversity in the fabrication approaches to make two-dimensional and three-dimensional photonic crystals1-3. Recently Wu et al.4 demonstrated an idea using a single refracting prism to split and combine the four beams to fabricate holographic 3D superprism. With the use of a single optical element to split and recombine the laser beams, sophisticated anti-vibration system and alignment are avoided. Here based on the diffraction prism approach we used a He-Cd 325 nm wavelength laser to fabricate submicron 3D photonic crystal structure using a negative i-line resist SU8 for the superprism application near 1550 nm. The optical setup for the fabrication using SU8 is illustrated in Fig. 1(a). 
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(a)                                         (b)                     
Figure 1(a). A schematic of the holographic lithography setup. (b) The coupling top-cut prism has a symmetric structure. (c) The cleaved 3D photonic crystal on SU8. The upper-left corner inset shows the cm2 size photonic crystal. The lower-right corner inset shows the (111) diffraction pattern
The UV (325nm) laser beam coming from the He-Cd laser was expanded using a UV objective lens. The spatial filter afterward cleaned up the unwanted scattering in the optical path to ensure a good beam quality. The three sidewalls of the top-cut prism created three side beams by beam refraction. The center beam of this umbrella interference configuration was formed from the central part of the collimated laser beam going through the top and bottom surfaces of the prism. The negative resist we used was a commercially available SU-8 2007 from Microchem Inc. After the spin coating, the substrate was baked at 95(C to evaporate the solvent and we achieved a thickness of about 10(m. After the exposure we applied a post-exposure bake at 95 (C. The unexposed film was removed by PGMEA and rinsed in DI water. Fig.1(c) shows the SEM images and diffraction pattern of the fabricated 3D polymer photonic crystal structures. For the structures fabricated in the SU8 resist under the SEM observation, (111) in-plane and perpendicular lattice spacing were measured to be 0.61 and 2.02(m respectively. The 1st order diffraction angle of the SU8 3D structure was measured to be 35(. The period in the (111) plane calculated from the diffraction angle is in good agreement with the SEM measurements and such diffraction pattern further assures us the formation of good 3D periodic microstructures.

With the structure data extracted from the previous simulation and experiment we calculated the (111) in-plane superprism effects5. The dielectric constant of the polymer background was taken as 2.56. The dispersion curves of the first band in the (111) plane are shown in Fig. 2 (a). 
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Figure 2(a) The (111) plane dispersion curves for the 1st band of the fabricated 3D polymer photonic crystal. The data curves correspond to wavelengths of 2421nm, 1614nm and 1550nm respectively. The dark color hexagon is the 1st Brillouin zone in the xy- plane. (b)Wavelength sensitive superprism effect around 1550nm. (c) Beam propagation without the superprism effect @ 1562nm. (d) Superprism effect @ 1592nm. 
In our design we have cleaved the sample along the y-axis and the wavelength sensitive superprism effects at -7.3( incident angle were calculated. When the wavelength changed from 1555nm to 1559nm, a dramatic change of the propagation angle from 49( to 15( happened. Experimentally when the wavelength changed from 1562nm to 1592nm the output angle changed 37(. Such results agreed well with the design and simulation. And such superprism effect is comparable with other published results.
In conclusion we have demonstrated the fabrication of sub-micron 3D polymer phonic crystal structure with SU8. Such structure had good uniformity and provided strong wavelength sensitive superprism effects around 1550nm.This work is supported by AFRL. We thank R. L. Nelson and J. W. Haus for helpful discussions. 
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