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MEMS mirrors can steer, modulate, and switch light, as well as control the wavefront for focusing
or phase modulation. MEMS mirrors have found enormous commercial success in projectors, displays,
and fiberoptic communications. Micro-spectrometers based on MEMS mirrors are starting to appear
in the consumer market as well. There are also many breakthroughs in applying MEMS mirrors
for endoscopic imaging. There is a new wave of opportunities for MEMS mirrors coming up,
such as the micro-LiDAR for autonomous driving and robotics, optical cross-connect (OXC) for
cloud data centers, and optical scanners for virtual reality/augmented reality. Of course, there are
numerous challenges that researchers and engineers must overcome to fully utilize the potential of
MEMS mirrors. For example, modeling and control are inherently complex due to the multiphysics,
multi-DOF, and nonlinear nature of the micro-actuators for MEMS mirrors. Reliability is always a
huge hurdle for commercialization and the tradeoffs among the speed, aperture, and scan range are
often overwhelming.

There are 15 papers published in this special issue, covering MEMS mirrors based on all
of the commonly used actuation mechanisms including electrostatic [1–5], electromagnetic [6–8],
piezoelectric [9], and electrothermal [10–14]. Half of these papers explore various aspects of MEMS
mirrors, such as working in harsh environments [1], spring hardening compensation [3], optimal
packaging conditions for resonance operation [5], input saturation control [8], extremely large
scan angle [9], overshoot suppression [10], electrothermal actuator modeling [13], and design
optimization [14]. There is also a paper reporting a passive micromirror [15]. The other half of the papers
are focused on a range of applications of MEMS mirrors including grayscale photolithography [2],
biomedical imaging [4,11,12], laser display [6], and LiDAR [7].

In particular, Zamkotsian et al. tested a deformable mirror (DM) array of single crystalline silicon
hexagonal tip-tilt-piston mirrors in a cryo-vacuum chamber designed for reaching 10−6 mbar and
160 K. The DM array survived, which provides a viable solution for DM arrays in harsh environments
such as in space [1]. Izawa et al. applied the spring softening effect of electrostatic comb drives
to compensate for the spring hardening effect of torsion-bar springs [3]. Zhao et al. identified an
optimal range of vacuum for operating electrostatic comb-drive micromirrors [5]. Tan et al. proposed
a control design framework based on composite nonlinear feedback (CNF) and the integral sliding
mode (ISM) technique to improve MEMS micromirrors’ performance under input saturation [8].
Gu-Stoppel et al. presented a lead zirconate titanate (PZT)-actuated micromirror that achieves an
extremely large scan angle of up to 106◦ and a high frequency of 45 kHz simultaneously [9]. M. Li et al.
effectively eliminated the overshoot and oscillation of electrothermally-actuated micromirrors simply
by setting the product of the thermal response time and the fundamental resonance frequency to be
greater than Q/2π [10]. Torres et al. reported the modeling of a MEMS mirror structure with four
actuators driven by the phase-change of VO2 thin film [13]. Saleem et al. presented the parametric
design optimization of an electrothermally actuated micromirror for the deflection angle, input power,
and micromirror temperature rise from ambient conditions [14]. Sabry et al. fabricated a silicon
micromachined three-dimensional curved mirror for optical fiber light collimation [15].
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On the applications side, Deng et al. successfully demonstrated maskless grayscale
photolithography using Texas Instruments’ digital micromirror devices (DMDs) [2]. H. Li et al.
employed a novel lever-based compliant mechanism to enable large vertical displacements of a
reflective mirror for the axial scanning of a multi-photon fluorescence imaging microscopy system [4].
Li et al. fabricated a two-axis electromagnetic micromirror with Ni electroplated on the mirror plate to
eliminate Joule heating and applied the micromirror to a laser display system, effectively reducing
laser speckles [6]. Ye et al. fabricated a Ti-alloy-based electromagnetic micromirror with a very large
aperture of 12 mm and a rapid scanning frequency of 1.24 kHz using electrical discharging and
explored its potential application for micro-LiDAR [7]. Lara-Castro et al. proposed a vertical scanning
electrothermal bimorph micromirror design by employing polysilicon as the heater material [11].
Tanguy et al. demonstrated a two-axis micromirror with a pair of electrothermal actuators and a set of
passive torsion bars and applied it to an ultra-compact Mirau interferometer-based optical coherence
tomography (OCT) imaging probe [12].

I would like to take this opportunity to thank all the authors for submitting their papers to this
special issue. I also want to thank all the reviewers for dedicating their time and helping to improve
the quality of the submitted papers.

Conflicts of Interest: The author declares no conflict of interest.

References

1. Zamkotsian, F.; Lanzoni, P.; Barette, R.; Helmbrecht, M.; Marchis, F.; Teichman, A. Operation of a MOEMS
Deformable Mirror in Cryo: Challenges and Results. Micromachines 2017, 8, 233. [CrossRef]

2. Deng, Q.; Yang, Y.; Gao, H.; Zhou, Y.; He, Y.; Hu, S. Fabrication of Micro-Optics Elements with Arbitrary
Surface Profiles Based on One-Step Maskless Grayscale Lithography. Micromachines 2017, 8, 314. [CrossRef]

3. Izawa, T.; Sasaki, T.; Hane, K. Scanning Micro-Mirror with an Electrostatic Spring for Compensation of
Hard-Spring Nonlinearity. Micromachines 2017, 8, 240. [CrossRef]

4. Li, H.; Duan, X.; Li, G.; Oldham, K.R.; Wang, T.D. An Electrostatic MEMS Translational Scanner with Large
Out-of-Plane Stroke for Remote Axial-Scanning in Multi-Photon Microscopy. Micromachines 2017, 8, 159.
[CrossRef]

5. Zhao, R.; Qiao, D.; Song, X.; You, Q. The Exploration for an Appropriate Vacuum Level for Performance
Enhancement of a Comb-Drive Microscanner. Micromachines 2017, 8, 126. [CrossRef]

6. Li, F.; Zhou, P.; Wang, T.; He, J.; Yu, H.; Shen, W. A Large-Size MEMS Scanning Mirror for Speckle Reduction
Application. Micromachines 2017, 8, 140. [CrossRef]

7. Ye, L.; Zhang, G.; You, Z. Large-Aperture kHz Operating Frequency Ti-alloy Based Optical Micro Scanning
Mirror for LiDAR Application. Micromachines 2017, 8, 120. [CrossRef]

8. Tan, J.; Sun, W.; Yeow, J.T.W. An Enhanced Robust Control Algorithm Based on CNF and ISM for the MEMS
Micromirror against Input Saturation and Disturbance. Micromachines 2017, 8, 326. [CrossRef]

9. Gu-Stoppel, S.; Giese, T.; Quenzer, H.-J.; Hofmann, U.; Benecke, W. PZT-Actuated and -Sensed Resonant
Micromirrors with Large Scan Angles Applying Mechanical Leverage Amplification for Biaxial Scanning.
Micromachines 2017, 8, 215. [CrossRef]

10. Li, M.; Chen, Q.; Liu, Y.; Ding, Y.; Xie, H. Modelling and Experimental Verification of Step Response
Overshoot Removal in Electrothermally-Actuated MEMS Mirrors. Micromachines 2017, 8, 289. [CrossRef]

11. Lara-Castro, M.; Herrera-Amaya, A.; Escarola-Rosas, M.A.; Vázquez-Toledo, M.; López-Huerta, F.;
Aguilera-Cortés, L.A.; Herrera-May, A.L. Design and Modeling of Polysilicon Electrothermal Actuators for a
MEMS Mirror with Low Power Consumption. Micromachines 2017, 8, 203. [CrossRef]

12. Tanguy, Q.A.A.; Bargiel, S.; Xie, H.; Passilly, N.; Barthès, M.; Gaiffe, O.; Rutkowski, J.; Lutz, P.; Gorecki, C.
Design and Fabrication of a 2-Axis Electrothermal MEMS Micro-Scanner for Optical Coherence Tomography.
Micromachines 2017, 8, 146. [CrossRef]

13. Torres, D.; Zhang, J.; Dooley, S.; Tan, X.; Sepúlveda, N. Modeling of MEMS Mirrors Actuated by Phase-Change
Mechanism. Micromachines 2017, 8, 138. [CrossRef]

http://dx.doi.org/10.3390/mi8080233
http://dx.doi.org/10.3390/mi8100314
http://dx.doi.org/10.3390/mi8080240
http://dx.doi.org/10.3390/mi8050159
http://dx.doi.org/10.3390/mi8040126
http://dx.doi.org/10.3390/mi8050140
http://dx.doi.org/10.3390/mi8040120
http://dx.doi.org/10.3390/mi8110326
http://dx.doi.org/10.3390/mi8070215
http://dx.doi.org/10.3390/mi8100289
http://dx.doi.org/10.3390/mi8070203
http://dx.doi.org/10.3390/mi8050146
http://dx.doi.org/10.3390/mi8050138


Micromachines 2018, 9, 99 3 of 3

14. Saleem, M.M.; Farooq, U.; Izhar, U.; Khan, U.S. Multi-Response Optimization of Electrothermal Micromirror
Using Desirability Function-Based Response Surface Methodology. Micromachines 2017, 8, 107. [CrossRef]

15. Sabry, Y.M.; Khalil, D.; Saadany, B.; Bourouina, T. In-Plane Optical Beam Collimation Using a
Three-Dimensional Curved MEMS Mirror. Micromachines 2017, 8, 134. [CrossRef]

© 2018 by the author. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.3390/mi8040107
http://dx.doi.org/10.3390/mi8050134
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	References

