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Abstract We demonstrate a 2-port spectral filter which uses a single 2-axis MEMS tilt mirror to continuously tune 
center wavelength across 36 nm, and independently tune passband 3-dB spectral width from 28 to 210 GHz. 
 
Introduction 
 Until now, dynamic spectral filters for add/drop 
switching and spectral monitoring implemented using 
diffraction gratings and free-space optics have fallen 
into two distinct categories. First, double-pass 
spectral filters (wavelength-selective add/drop 
switches and spectral equalizers) use fixed spectral 
demultiplexing optics and a reconfigurable spectral 
plane filter [1]. Second, single-pass tunable spectral 
filters (bandpass filters, wavelength monitors and 
spectrometers) use a tilting mirror demultiplexer with 
a fixed spectral filter [2]. 
 Here we propose a third class of grating-based 
spectral filters with a double-pass spectrometer that 
angle-tunes (or ‘steers’) the demultiplexed signal onto 
a two-dimensional spectral plane filter (SPF). The 
SPF is pre-programmed with a set of spectral filtering 
functions. This spectrum-steering approach combines 
the simplicity and compactness of a tunable filter with 
some of the versatility of active spectral plane filters.  
 We constructed a spectral bandpass filter where 
a single large MEMS mirror tilts along one axis to 
control the center wavelength, and tilts along the 
orthogonal axis to independently control the filter 
passband width. Spectrum steering can also be used 
for a range of components including wavelength 
add/drop switches, spectral power monitors and 
spectral equalization filters. 

Filter Design 
 The tunable filter, shown in Fig. 1, uses a folded 
and double-passed 4f imaging system where a single 
transform lens collimates the input signal onto a 
diffraction grating and focuses the dispersed signal 
onto the spectral plane filter (SFP). A controlled 
portion of the spectra passes from the SPF back 
through the grating, which re-combines the signal, 
and to the output. A single two-axis tilt mirror in the 
collimated-beam plane controls filter transmission by 
positioning the dispersed signal on the SPF.  
 The system uses pupil-division multiplexing with 
anamorphic imaging to separate the input and output 
signal [3]. Standard single-mode input and output 
fibers, separated by 250 µm, are each collimated by a 
coaxial micro-lens, and then focused to a common 
elliptical spot in the input image plane by a small 
anamorphic condenser lens centered on an axis 
midway between the two fibers, such that the chief 
rays of the input and output beams make an angle α 

with the axis of the condenser. The magnification of 
the fiber spot size in the x- and y-directions are Mx = 
2.25 and My = 4.5 respectively. Light from the upper 
(input) fiber enters the system with an angle of +α, but 
after relay imaging returns with an angle of –α, such 
that the output signal is delivered to the lower fiber. 
 The dispersive element in this system is a 
Wasatch Photonics 940-lines/mm holographic 
transmission grating placed between the transform 
lens and a 4.25x6-mm aperture two-axis tilt-mirror. 
The dispersed signal reflects from the MEMS mirror 
and is further dispersed by a second pass through the 
grating. The system has a birefringent quarter-wave 
plate between the transform lens and image plane to 
average the polarization dependence of the grating 
efficiency [1].  
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Figure 1: Optical system schematic 

 
Figure 2: Spectral-plane filter structure 

 The MEMS mirror, Texas Instruments 
TALP1100, is electromagnetically-actuated, with a 
linear angular variation over +/- 1.5° in response to a 
+/- 2.3 V drive and a switching speed on the order of 



10 ms. A mirror rotation of 1° about the x-axis moves 
the center wavelength of the dispersed spectra by 1.1 
mm at the SPF, corresponding to 15 nm of 
wavelength shift.  The SPF shown in Fig. 2 is a static 
spatial filter consisting of a flat reflective field with a 
tilted, wedge-shaped reflective region. It is oriented 
such that any portion of the signal illuminating the 
tilted wedge is coupled into the output fiber, while light 
illuminating the surrounding region is discarded. We 
used silicon micro-machining to construct this 
permanent (not actuated) passive optic. The 
triangular reflective beam is hinged at its base and 
pushed up from below by a silicon substructure (not 
shown). In Fig. 2, the central signal illuminates the 
tilted portion of the SPF and is reflected to the output. 
Rotating the MEMS mirror around the x-axis shifts the 
signal in the direction orthogonal to the wedge, 
changing the center wavelength, while rotating the 
MEMS mirror about the y-axis shifts the dispersed 
signal along the wedge, changing the transmission 
bandwidth. 
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Fig. 3: Center wavelength tuning from 1527-1564 nm 

Experimental Results 
 The filter transmission is shown in Fig. 3 for eight 
different control voltages applied to the mirror axis. 
The passband width varies with center wavelength 
because the grating and MEMS mirror axes are not 
perfectly aligned. This affect can be corrected by 
simultaneously adjusting both mirror axes. The 
insertion loss is less than 4.6 dB across the band. 
Approximately, 3.3 dB of that loss arises from the 
grating, which is passed four times. The filter PDL 
was highest at 1528 nm and, depending on the 
azimuth of the quarter-wave plate, varied between a 
max of 1.7 dB and the optimized value of 0.26 dB. 
 The filter shape is shown for various MEMS 
gimbal-axis voltages at three center wavelengths in 
Fig. 4. The filter has low passband ripple. The non-
adjacent channel crosstalk is under -40 dB except for 
isolated bumps or side lobes 25 dB below the peak. 
These side lobes, tentatively attributed to collimating 
lens aberrations, are sufficiently low and narrow to 
produce minimal crosstalk. The background crosstalk 
increases with increasing filter width because the NA 
of the transform lens captures more of the rejected 
light (shown as dotted line in Fig. 1) as the spectrum 
is translated along the reflective filter beam. Most of 

this light is still rejected by the pupil division optics. 
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Fig. 4: Passband width tuning from 28 to 210 GHz. 

 The difference between the 25-dB and 1-dB full 
bandwidths is 0.46 nm for all settings shown in Figs. 
4a-c, except for the narrowest two at each center 
wavelength where the differences are 0.44 and 0.40 
nm. The non-parallelism of the reflective beam edges 
(Fig. 2) diminishes the resolution somewhat for most 
bandwidths. However, for the narrowest filter settings, 
the spectrum intersects the straight tab attached to 
the apex of the triangle and the resolution is improved 
by up to 13%. In each graph (Fig. 4) the dashed curve 
shows an appropriate filter setting for demultiplexing 
50-GHz spaced channels. For example, in Fig. 4a, 
the 1-dB BW is 0.197 nm and the 25-dB BW is 0.636 
nm. A fixed-width 50-GHz filter would show a 9% 
improved resolution using the same optics. 

Conclusion 
 This result is the first proof-of-principle of a new 
class of compact, multi-functional filters using a single 
tilt mirror in a double-pass spectrometer to select 
between pre-programmed spectral filters. 
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