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Abstract. Silver films of 40 nm thickness, evaporated on a 300 nm thick low-stress silicon
nitride layer, are used as high-quality mirrors operating in the visible and near IR spectral
range. Application of a silicon nitride membrane under tension, placed within a square Si
frame after bulk micromachining, improves the initial mirror flatness. Two parallel mirrors,
each with square aperture of up to 2 × 2 mm2 and an electrostatically controlled spacing,
form a tunable Fabry–Pérot optical filter. Investigation of the silver-based reflective coatings,
and mirror characterization, including influence of bulk micromachining, are presented.

1. Introduction

In recent years much research has been directed towards the
development of tunable micromachined optical filters and
based on a Fabry–Pérot (F–P) resonator [1–3]. Research
has been primarily focused on the near-infrared region
(wavelength of 1.3 and 1.55 μm), because of interest in
multi-mode optical fiber communication. In this application
operation in a narrow optical band and the transparency of
the Si substrate in the spectral region of interest facilitate the
system design.

Attempts to fabricate a device in the visible spectral
range have also been reported [4], but were less successful.
The goal is to develop an integrated spectrometer. In such
an application, the requirements are much more demanding.
Wide optical band operation is required (preferably over the
entire visible spectral range 400–800 nm). Furthermore, the
mirror flatness becomes more critical due to the decreased
wavelength.

The most important part of the F–P device is the mirrors.
Two types of reflective coating are used: dielectric and
metallic. The dielectric mirrors, if properly designed and
fabricated, feature high performance (high reflectivity, low
absorption losses), but their nature (distributed character)
requires the deposition of a sequence of two (or more)
different dielectric materials with well controlled thickness,
forming a stack of many layers. To be effective in a wide
optical band, usually more than 15 layers for one mirror are
required [5]. This complicates fabrication.

Although the metallic-based coatings have much higher
losses, these can be attractive in certain applications due to
simplicity of fabrication (only one layer must be deposited).
Another advantage is that metallic mirrors generally perform
well over a wide spectral range. Aluminum, gold and silver
are the most used metals for reflective coatings. Figure 1
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Figure 1. Reflectance of silver, gold and aluminum as a function
of the radiation wavelength, after [5].

shows their reflectance in the near-UV, visible and near-IR
spectral region [5].

Al would be the most suitable material in terms of
fabrication compatibility, but unfortunately Al has higher
absorption losses than Ag or Au in the visible and near-
IR. For the visible and near-IR spectral regions, silver
is the best choice, but exhibits poor long-term stability
(tendency to tarnishing). Gold is more corrosion resistant
than silver and would be the best choice if it were not
for its poor visible and ultraviolet performance. Unlike
macroscopic applications of silver-based reflective coatings
[6], the poor environmental resistance of silver is not critical
in a microsystem application. Sealing of a complete system
would avoid any environmentally caused mirror degradation.
Another advantage is that Ag is a natural low-pass filter,
cutting off the UV range (see figure 1). Silver-based
mirrors have been previously reported for use in non-tunable
distributed filters composed of a wedge shaped dielectric film
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Figure 9. A photograph of the fabricated miniature Fabry–Pérot
tunable interferometer device.

Figure 10. Reflectance of F–P filter measured directly after
assembly without adjustment of mirror parallelism. The
measurement was performed using a focused light spot
(∼ 100 μm in diameter).

Figure 11. The measured transmittance for an air cavity gap of
500 nm and silver mirrors with thickness of 40 nm after the mirror
parallelism was manually adjusted.

on a wall. Then by adjusting the voltages on the control
electrodes, mirror parallelism can be achieved. Simultaneous
parallelism adjustment and tuning of the cavity spacing is
feasible only when a computerized system for the voltage
control is used.

The measured transmittance for an air cavity gap of
about 500 nm is shown in figure 11. When compared to
the simulation (see figure 3), the measured transmittance is
reduced by a factor of 8. The most probable explanation is the
imperfection of the F–P resonator structure. Light scattering
(originated by the mirror roughness) will result in a decreased
resonator quality with a decreased resonance peak. Also, an

increased mirror thickness will cause peak height reduction
due to a higher absorption. Nevertheless, a transmittance of
about 10% and an FWHM less than 20 nm was feasible.

5. Conclusions

Silver films of 40 nm thickness, evaporated on a 300 nm thick
low-stress silicon nitride layer (which is, after anisotropic
etching in KOH, under tension on a square silicon frame),
have been investigated for use as a high-quality mirrors
operating in the visible and near-IR spectral range. Two
parallel mirrors, with square aperture of up to 2 × 2 mm2

and an electrostatically controlled spacing, form a tunable
Fabry–Pérot opticalfilter. Special care is required to maintain
high mirror quality, if a silver layer is to be deposited before
anisotropic KOH etching. The best choice is to deposit silver
at the very end of the fabrication sequence. For our present
device that is not possible and care must be taken to protect
the silver layer from degradation during the anisotropic KOH
etching and subsequent cleaning. Optical measurements
show that, for perfectly parallel mirrors, transmittance of
about 10% and an FWHM of less than 20 nm was achieved.
The adjustment of the mirror parallelism, however, is not a
trivial task.
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