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INTRODUCTION

The exploration of radiation in the terahertz range is a subject of increasing interest within the scientific community. The scarcity of instrumentation has resulted in a paucity of knowledge regarding the region between 30 and 1,000 um
(10-0,3 THz). However, recent technological advances have rendered it feasible to propose viable new space missions to study this range. The fabrication of optical components optimized for this range poses a significant technological
challenge due to the size of these components. The advent of innovative fabrication methodologies, exemplified by femtosecond laser micro-machining, has enabled the creation of freeform geometries with very precise surface finishes.
The design, fabrication and characterization of a diffraction grating in the terahertz range, working in the 70 to 114 micron range (4,3 — 2,6 THz), has previously been presented, with an experimental efficiency of more than 85% over the
whole range. In this contribution, we present the theoretical proposal of a grating with a freeform profile that allows to obtain efficiencies higher than 65% in an extremely long wavelength range, from 40 to 140 microns (7,5 -2,1 THz), in a
single diffraction order. This grating will be manufactured using femtosecond laser techniques. To this end, the effect of different design parameters on the theoretical efficiency has been studied using software based on the RCWA
(Rigorous Coupled-Wave Analysis) method. An additional study using FEM (Finite Element Method) software has been carried out to validate the results obtained by RCWA. The use of this type of wide-range diffractive components will
optimize the instruments volume and therefore reduce costs.
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FREEFORM GRATING DESIGN

Blazé gratings are able to achieve very high efficiencies in a single diffraction order when the wavelength range is limited to the existence of orders 1 and 0. As the wavelength range increases, the energy is distributed over the different
orders and complex geometries must be used to concentrate all the diffracted energy in a single order. The following figures show how the different parameters affect the efficiency of the grating at order 1 in the range of 30 to 140
microns. The simulations were carried out using software based on the RCWA method. In all simulations, the period (76 um), the material (Aluminum), the angle of incidence (57°), the polarization (TM), the number of layers (100) and
the number of orders used for the simulation (20) have been kept constant. The graphs show a color map with the variation of the efficiency vs. wavelength and as function of the parameters studied. The black line demarcates the region
where efficiency represents more than 65%.
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CONCLUSIONS

The development of new manufacturing techniques enables the fabrication of optical components with complex structures that improve their performance. The use of diffraction gratings working over a wide range of wavelengths makes
it possible to reduce the number of elements needed to analyze a wide bandwidth of radiation, thus reducing mass, volume and costs. To achieve high diffraction efficiencies over a wide spectral range it is necessary to use complex
freeform profiles capable of concentrating all the radiation in a single diffraction order. The incorporation of a double Blazé profile, a flat surface both at the apex and at the base of the profile, improves the efficiency at short wavelengths,
where more than one order of diffraction coexists, without degrading the long wavelengths efficiency. We present a proposed freeform diffraction grating that improves efficiency by 12% at short wavelengths, and meets the requirements
of achieving efficiencies above 65% over the entire bandwidth range.
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