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Abstract: This paper presents a MEMS-based longwave infrared Fabry-Perot filter based on a single-layer top mirror approach. The fabricated filter is demonstrated with a peak transmission above 80%, an FWHM of 500 nm, and out-of-band rejection greater than 40:1 over the entire tuning range of 8.5-11.5 μm using an actuation voltage below 160 V.
Introduction: MEMS-based tuneable longwave infrared (LWIR: 8-12 μm) Fabry-Perot filters are key components for next-generation, miniature multispectral thermal imaging sensors. While such filters have been previously reported [1, 2], successful development of these devices is technologically challenging due to the stress induced bowing of suspended mirrors compounded by the requirement to incorporate significant stress control mechanisms.

Our research group developed a novel MEMS-based tuneable LWIR Fabry-Perot filter with a single-layer tensile-strained Ge membrane as the suspended top mirror. The filter can achieve near-perfect mirror flatness after release without the need for any sophisticated stress management techniques, and exhibits spectral characteristics that meet the performance requirements for multispectral thermal imaging applications. 
Filter Structure and Fabrication: The MEMS-based LWIR Fabry-Perot filter structure and its cross section are depicted in Fig. 1 (a) and (b), respectively. The filter consists of a single quarter-wavelength thick Ge layer as the suspended top mirror, a fixed quarter-wave Ge/ZnS/Ge/ZnS bottom mirror on a float-zone (FZ) silicon substrate [3] and a quarter-wave ZnS anti-reflection coating on the backside of the substrate. The top Ge mirror layer extends all the way out to the outer perimeter of the polyimide structural support. The advantage of this design is that any tensile stress inherent in the Ge layer will tend to stretch the whole suspended membrane, thus aiding in flattening the upper mirror. Diagonally arranged corner notches and an array of 5-μm diameter holes are perforated in the membrane, which facilitate the device release process. Driving Au electrodes are deposited around the central mirror. Electrostatic actuation is used to vary the position of the top mirror, thus providing a means of controlling the cavity length and resulting in wavelength tuneability. The bottom Au electrode also serves as an optical shield for stray light, and is designed with an aperture under the mirror area that includes an array of Au dots to mask the optical path of the array of etch holes in the top Ge membrane. A scanning electron microscope (SEM) image of a fabricated filter is shown in Fig. 1 (c).
Device Characterization: Electromechanical behaviour of the fabricated filter was studied by applying a series of DC actuation voltages to the filter and measuring the top membrane deflection along the line “AB” as indicated in Fig. 1 (c) using an optical profilometer. The results are shown in Fig. 2 (a). As evident from the inset of Fig. 2 (a), the central mirror of the unactuated filter exhibited nanometre-scale flatness. As the actuation voltage increases, top mirror bowing is developed. We observed the largest mirror centre-to-edge bowing magnitude of 100 nm at 160 V.

Fourier transform infrared spectroscopy (FTIR) was used to measure the transmission tuning spectra of the filter, and the results are presented in Fig. 2 (b) using data points. The solid lines in Fig. 2 (b) represent modelled spectra obtained incorporating the effects of top mirror bowing. Strong agreement is demonstrated between the modelled and measured results. As can be seen in Fig. 2 (b), the wavelength tuning range of the filter was observed to be 8.5-11.5 μm and was obtained using a voltage of 160 V. This wavelength tuning range accounts for 75% of the complete thermal imaging band of 8-12 μm, and to date is the widest tuning range reported in the literature for a MEMS-based LWIR Fabry-Perot filter. The filter was observed to exhibit consistent spectral characteristics over the entire tuning range, including a peak transmission above 80%, a FWHM of 500 nm and an out-of-band rejection better than 40:1. These spectral parameters are highly desirable for multispectral thermal imaging applications.
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(a)                                                      (b)                                                               (c)
Fig. 1. (a) 3D schematic of the MEMS-based LWIR Fabry-Perot filter. The top membrane, except for the central mirror region, is drawn semi-transparent for illustration purpose only. (b) Cross-section depiction of the filter. (c) SEM image of a fabricated filter. The line “AB” indicates the location of the mirror surface line profiles presented in Fig. 2 (a).
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(a)                                                                                      (b)

Fig. 2. (a) Measured top membrane deflection profiles along the line “AB” as indicated in Fig. 1 (c) for various actuation voltages. Inset shows the mirror profiles for low actuation voltages in more detail. (b) The measured (data points) and modelled (solid lines) transmission tuning spectra.
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