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Summary:
This paper focuses on the design of a magnetic MEMS micromirror featuring linear and non-contact 
actuation, low-power, and compact size with respect to state-of-the-art magnetic micromirrors. The pro-
posed device operates in the low-frequency regime and finds application in satellite and optical commu-
nications. The results show that it is possible to realize a compact micromirror exhibiting performance
surpassing the state-of-the-art micromirrors employed in similar application fields.
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Introduction and motivation
Nowadays, magnetic MEMS are used for a wide 
range of applications, including micromirrors, ac-
celerometers, gyroscopes, torsion sensors and 
gradiometers [1, 2]. Usually, magnetic MEMS in-
cluding permanent magnets and micro-coils of-
fer functionalities like sensing, actuation and en-
ergy harvesting and are employed in several ap-
plication fields such as automotive, biomedical, 
space, and IoT [3-4]. This work focuses on the 
design of a magnetic MEMS micromirror. On one 
hand, state-of-the-art magnetic MEMS micro-
mirrors feature low power consumption, fast re-
sponse times and large scan angles. On the 
other hand, the integration of permanent micro-
magnets suitable to produce the magnetic fields 
required for the generation of large electromag-
netic actuation forces remains a critical chal-
lenge that makes most of the magnetic MEMS 
micromirrors bulky and expensive compared 
with their counterparts based on piezoelectric, 
electrostatic and thermoacoustic transduction 
mechanisms [5]. Here, the Authors propose a 
magnetic micromirror featuring low power con-
sumption, large scan angles, downscaled size,
and highly linear response. Such a device is suit-
able for space applications like optical or satellite 
communications, where state-of-the-art micro-
mirrors rely on bulky structures and an actuation 
mechanism based on high-power electric mo-
tors.

System description
The system includes an array of permanent 
magnets as well as micro-coils fabricated on the 

suspended micromirror plate around the reflec-
tive area (see Fig. 1).

Fig. 1. Schematic representation of the magnetic 
MEMS micromirror together with its critical compo-
nents and the corresponding cross-section.

The MEMS micromirror exploits the Lorentz 
force arising from the interaction of the electrical 
current through the micro-coils with the magnetic 
field generated by the permanent magnets to ac-
tuate and control the motion of the suspended 
region. The system and its critical components
are described by the following parameters: mag-
net width (a), length (b) and thickness (c), and
magnetization vector (mx, my, mz); number coil
turns (nw), coil wire thickness (wz), width (wx) and 
length (wy), electric current flowing across the 
coils (i). For the envisioned application, the re-
flective area has in-plane dimensions of 5 x 5 
mm2 while the size of the entire suspended re-
gion including the coil system is 9 x 9 mm2. The 
system is designed to fulfill the following target 
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specifications: power losses (PL) < 400 mW, 
field of view (FoV) of ±15°, and low-frequency 
operation (< 100 Hz).

Methods
The design of the magnetic MEMS micromirror 
is carried out by combining two different ap-
proaches: finite-element methods for mechani-
cal simulations and analytical calculations for the 
design of the magnet-coil system. Mechanical 
simulations are performed using the COMSOL 
Multiphysics software [6] to determine the mini-
mum pressure required to achieve FoV = ±15°. 
Electromagnetic simulations are based on the
open-source Python package “Magpylib-force”
that allows for fast (microsecond) computation of
magnetic fields and electromagnetic force be-
tween magnets and current-carrying wires [7],
thereby enabling to the time-efficient investiga-
tion of a wide range of system parameters.

Design and simulation: results
The results of the mechanical simulations show
that a pressure Pt = 150 N/m2 on the micromirror 
plate is required to achieve FoV = ±15°. Several 
system parameter sets (a, c and i) satisfying the 
target requirements and enabling the generation 
of an electromagnetic actuation force corre-
sponding to the required Pt are identified via
electromagnetic simulations: the results are
summarized in Fig. 2(a) and (b) for a fixed coil 
design having nw = 24, wz = 20 μm, wx = 20 μm 
and wy = 8 mm corresponding to a total re-
sistance R = 33.1 Ω.  

Fig. 2. Pressure as a function of the magnet width (a)
for different magnet height (c) for an electrical current 
flowing in the coil of (a) i = 50 mA and (b) i = 150 mA. 
The dashed grey lines indicate Pt.

Fig. 2(a) shows that, for i = 50 mA and PL = 40 
mW, it is possible to achieve P > Pt by adopting 

system designs where a > 1 mm and c > 2 mm. 
Fig. 2(b) demonstrates that, by increasing the 
coil current to i = 150 mA (PL = 370 mW), Pt can 
be achieved by reducing the permanent magnet
size to a > 0.5 mm and c > 1 mm, which opens
the possibility of realizing a more compact micro-
mirror with equal performances.

Conclusions
This paper shows that it is possible to design a 
compact magnetic MEMS micromirror for low-
frequency applications by combining mm-size 
permanent magnets and micro-coils. Sets of sys-
tem parameters fulfilling the target performance 
requirements are determined. Future work will 
be devoted to microfabricating the magnetic mi-
cromirror and to testing its performance as well 
as to including magnetic field sensors suitable 
for closed-loop device operation.
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