
  

ABSTRACT 
This paper presents a floating slider mechanism to achieve 
large scanning angular displacements with low voltage 
electrostatic mirrors.  It can amplify the mirror angular 
displacement from the movement of bimorph electrostatic 
actuators.  Depending on the actuator designs, the initial 
tilting angles of the mirrors range between 6.5o-13.5o.  The 
slider mechanism has reliable performance after 6.9 billion 
cycles under continuous operation in vacuum (4mtorr).   

1. INTRODUCTION 
Micromirrors are becoming increasingly relevant for the 
MOEMS industry [1-12].  Numerous micromirrors actuated 
by PZT, thermal, magnetic, or electrostatic force have been 
demonstrated by using surface- or bulk-microfabrication 
processes. Usually, large scan angle and low drive voltage and 
current are desired to achieve high-resolution scanning, low 
power consumption and low-cost drive-electronics.  We 
introduce the concept of the floating slider mechanism for 
electrostatic scanning mirrors to achieve these goals. This 
mechanism can amplify the mirror angular displacement from 
the movement of bimorph electrostatic actuators.   
The prototype has been realized by using commercial 
foundries (MUMPs process) without costly customized 
fabrication processes.  Furthermore, mirrors tilted via hinge 
linkages and bimorph structures do not require manual 
assembly, which is advantageous for reliability and practical 
manufacturing.  The abrasive wear of the slider is a primary 
concern for long-term operation. A rough surface would act 
like a milling tool to remove material from the structure.  Thus, 
a reliability test has been done in a vacuum chamber to check 
the abrasive wear. 
 
 

2. DESIGN AND PRINCIPLE  
The schematic diagram of the scanning mirror is shown in 
Figure 1.  The SEM picture is shown in Figure 2.  A detailed 
feature of the floating slider before any testing is shown in 
Figure 3.  The mirror is attached to the substrate via a restoring 
spring, which is driven by two curved gold-polysilicon 
bimorph electrostatic actuators through the floating-slider 
mechanisms.   The size of the mirror is around 30×30µm2; it is 
very small compared to most MEMS raster scan mirrors. 
Usually, large micromirrors are preferred for better scanning 
resolution. However, in this paper we are more interested in 
the wear of the slider mechanism under high resonance 
frequency.  A smaller mirror with less mass is chosen to 
increase the mirror's natural frequency.   
After a 49% hydrofluoric acid and carbon dioxide 
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Figure 1: Schematic diagram of the scanning mirror with a
preloaded floating slider mechanism to amplify angular
movement. Upper left corner shows the SEM picture of the
loaded restoring spring.  

Figure 3 (a): The slider
made from overlapping
Poly1 and Poly2. These
pictures were taken before
testing. 

Figure 3 (b): The Poly1 rails
overlapped by Poly2 sliders
have rougher surface than
uncovered Poly1 rails, due to
the Poly2 masking of Poly1 to
subsequent processes. 
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Figure 2: Dual bimorph electrostatic actuator with
floating sliders. 



super-critical point release, the electrostatic actuator curls up 
by thermal residual stress from the MUMPs process.  The 
flexures pull the mirror upward to the initial idle tilting angle.  
Tilting angles between 6.5o-13.5o are observed by different 
combinations of restoring springs, bimorph, and residual 
stress from the process, shown in Table 1.  The initial tilting 
angle also presents the maximum static out-of-plane angular 
displacement for the mirrors, which is half of the maximum 
static optical scanning angle. 
The sliding interface is located between the bottom surface of 
Poly2 and the top surface of Poly1. The roughness (RMS 
value measured by AFM) of the bottom surface of Poly2 and 
top surface of Poly1 is around 9.2 nm and 4.4nm, respectively. 
When voltage is applied, the electrostatic force of the flexures 
pulls the mirror downward.  Since the restoring spring exerts a 
preload force on the bimorph that decreases the gap between 
the bimorph and the substrate, less voltage is required to drive 
it.  The stored potential energy in the restoring spring 
contributes to the action.  Compared to the potential energy 
required to deform torsion springs in other traditional 
continuous suspensions widely used in MEMS designs, the 
energy loss to friction in the slider is very small.   
 
 
 
 
 

 

3. TESTING 
Two different bimorph configurations with identical restoring 
spring and slider have been investigated; their parameters are 
shown in Table 1: Type II bimorph is two times longer than 
Type I.  Figure 4 shows the measured static angular 
displacement of Type I and II at different voltages.  The 

step-response in Type II is due to stepwise pull-in at each 
dimple on the underside of the bimorph.  The dynamic 
response of the Type I scanning mirror in ambient air (Figure 
5) shows two major resonance modes at 10.75kHz and 

MUMPs 
RUN# / Design 

Bimorph beam 
(µm) 

Stress in Au/Poly2 
(MPa) 

Initial 
θ 

M51 /Type I W=50, L=200 T=35.5/C=7.5 9.5 
M44 / Type I W=50, L=200 T=16.0/C=6.5 6.5 
M44 / Type II W=50, L=400 T=16.0/C=6.0 13.5 

Table 1: Design and process parameters; the initial tilting
angle is determined by residual stress and different
combinations of restoring spring and bimorphs (W: width,
L: length, T: tensile stress, C: compressive stress).  

Figure 4: Static test results from Type I and Type II. 
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Figure 6: Sinusoidal excitation under natural
frequency ( Type I ). 

Figure 7: Transient response (Type I). 

Figure 5: Normalized dynamic response of Type I.  
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38.2kHz.  The first resonance yields a maximum 17.8º 
scanning angle at Vpp=44.8V with the phase angle at -61º.   
Figure 6 shows that the mirror motion with the floating slider 
mechanism can well reproduce the sinusoidal driving signal 
under resonance after 6.9×109 cycles.  The transient response 
has been investigated in the same environment by applying a 
280Hz, 1.0-26.5V square wave signal (Figure 7).  The 
damping ratio ζ can be easily extracted from the curves.  The 
system has a different damping ratio and settling time in 
charged and discharged states (Figure 7).  When the mirror is 
charged and moved toward the substrate, the settling time 
(1.1ms, damping ratio = 0.341) is shorter than while moving 
away from the substrate (1.6ms, damping ratio = 0.238) due to 
the strong air damping effects in the small gap.  The dynamic 
response of the mirror near the first resonance frequency also 
has been investigated in a vacuum chamber under different 
pressures (from 7mtorr to 10torr); the results are shown in 
Figures 8 and 9.  The sliders still have reliable performance 
after 8-day continuous operation under resonance frequency 
of 10.2kHz.  A comparison of these mirrors to some other 
published micromirrors [1-12] is listed in Figure 10.  It shows 
that the electrostatic mirror made from MUMPs with floating 

slider mechanism has similar or better performance compared 
to most other actuator technologies.   

4. DISCUSSIONS  
Unlike other mechanisms with continuous suspensions that 
store potential energy during deformation, the floating 
mechanism is perfectly "soft", as it does not store any energy 
to achieve angular deflection.  Thus, more of the preloaded 

Figure 10: Scanning mirror comparisons: shape represents
the processes, solid pattern means the actuator can pull
mirror only in one direction. Low drive voltage and large tilt
angle are desired for most of applications.  

Figure 12: After 6.9 billion cycles, the slider has been
removed for inspection. No significant abrasive wear has
been found (Type I). 

Figure 11: Comparisons between the traditional hinge and
the floating slider. 

Figure 9: Maximum optical scan angle at resonance
frequency under different pressures (Vpp=13.64V). 

Figure 8: Dynamic response under different pressures
(Type I). 
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potential energy from thermal residual stress can be used to 
deform the soft restoring spring for a large initial tilt angle of 
the mirror.  Mechanical wear would be the major concern for 
the reliability of the slider mechanism. Wear is unwanted 
removal of material through a sliding movement of a solid 
over another. 
The wear rate is mainly determined by the surface hardness, 
roughness and contact pressure. Surface hardness and 
roughness are determined by the material and process. The 
contact pressure is a design parameter determined by the 
geometry of the slider and the rail.   When the mirror is idle, 
the slider experiences the maximum contact pressure under 
static driving mode. Since the preloaded deflection (D) is 
rather small compared to the length of the suspension beam 
(D<0.2L), it changes linearly with the preload force. The 
contact force can be calculated from the preload deformation 
and equivalent spring constant keq (1). It can be derived from 
[13] 
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where E1, E2, t1, t2 represent the Young's modulus and 
thickness of Gold and Poly2, respectively.  L and W are the 
length and width of the bimorph.  The preload displacement of 
M44/Type I is 9µm. The contact force can be calculated as 
15.8 µNt. 
Compared to traditional microhinges, floating slider designs 
provide both a large angular displacement and a durable 
structure (Figure 11).  To verify the reliability of the 
floating-slider, testing has been performed in vacuum (4mtorr) 
to reduce the air damping effect.  After 6.9×109 continuous 
cycles under resonance at 6.1V, no significant abrasive wear 
has been observed (Figure 12).  It should be noted that the tilt 
angle is also sensitive to thermal stress of the bimorph 
structure and working temperature.  Changes in thermal 
residual stress from the process or from the temperature of the 
environment would affect the initial tilting angle of the mirror.  
Quality control of the process is critical for the performance 
and repeatability of the product.   
 

5. CONCLUSIONS 
This paper demonstrates the floating slider mechanism for a 
scanning mirror.  The mirror can achieve large scanning 
angular displacements with low voltage.  A designer can 
easily choose larger or wider sliders to reduce the contact 
pressure and achieve durable designs without losing the 
benefit of large angular displacement.  
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