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Abstract-In this paper, squeeze film damping in a micromirror structure is modeled and analysed. The surface 
pressure distribution and damping force developed in the micromirror using different materials are compared. 
The effect of changing air gap height on the damping force is also investigated. The material and air gap height 
which gives the lowest damping force are identified. The modeling and analysis is done in COMSOL 
Multiphysics software. 
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1. INTRODUCTION 

Electrostatically actuated micromirrors based on 
MEMS are of particular interest for a wide range of 
optical applications involving spatial manipulation of 
light. The major applications include projection 
displays, optical networks, adaptive optics and 
endoscopic imaging [1]. These tiny devices can meet 
requirements such as high scanning speed, high 
resolution, low power consumption and small size. 
These resonating micromirrors are usually surrounded 
by air at ambient pressure which is done in order to 
avoid excessive amplification of the oscillations and to 
provide a smooth frequency response in the proximity 
of resonance [2].  
The interaction between the vibrating micromirror and 
the surrounding air naturally affects the dynamic 
energy dissipation in the system. This leads to 
dominant energy loss mechanisms in micromirrors 
i.e., air flow damping and squeeze film damping. 
Airflow damping occurs due to the vibration of the 
micromirror in air and can be analysed using 
hydrokinetics model [3]. The presence of a thin gap 
below the mirror plate increases the amount of 
damping substantially. The plate’s movement 
squeezes the gap and the gas gushes out from its 
edges. Thus the gas pressure tends to increase and the 
motion of the plate decelerates. Squeeze film damping 
becomes significant when the gap height is too low. In  

 
 
this paper, we investigate the effect of various 
materials on surface pressure and damping force. 

2. SQUEEZE FILM DAMPING 

When the mirror structure oscillates normal to the 
substrate, the thin film of air between the structure and 
the substrate is squeezed. This causes a lateral fluid 
motion in the gap and pressure in the gap changes 
owing to viscous flow of air as shown in Fig. 1. Due to 
the built-up pressure, damping force develops in the 
structure which is always against the movement of the 
structure. Thus, the air film acts as a damper and the 
phenomenon is known as squeeze film damping [4]. 
Various factors affecting this damping mechanism are 
thickness of air gap, ambient pressure and operating 
frequency. 

2.1.  Damping Force 

There are two types of squeeze-film damping 
problems associated with micromirror structures. In 
the first type, normal motion of the plate is considered 
as shown in Fig. 1 and the second one involves 
torsional movement of the plate with respect to the 
substrate. For the problems where the plate moves 
normally as shown in Fig. 2, the damping force can be 
evaluated as in equation (1)             

 

Fig. 1.  A schematic diagram of squeeze film flow (A) downward normal motion; (B) upward normal motion [4]. 
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                 F=∫p(x,y)dxdy                                   (1)     
    

where p(x,y) is the pressure field over the moving 
plate. 

 

Fig. 2. Reference system for the moving plate [2]. 

2.2.  Modeling 

The micromirror is modeled in 3D using COMSOL 
Multiphysics software. The structure of the 
micromirror consists of a mirror plate and cantilever 
beams for actuation. The 3D geometry of micromirror 
is shown in Fig. 3. Squeeze film damping is solved on 
the lower and upper surfaces of the mirror using the 
Film Damping shell interface in the solid mechanics 
module. The model limits the film pressure at the 
boundary edges to zero. 
 

 
 
Fig. 3. 3D Geometry of micromirror modelled in 
COMSOl Multiphysics. 

3. SIMULATION RESULTS 

3.1. Surface pressure distribution 

Fig. 3 to Fig. 6 shows the surface distribution of 
pressure for various centre plate materials at a 
surrounding pressure of 1000 Pa. The air gap height or 
initial film thickness is kept constant at 4 µm. 
Materials with low damping factor are used for 
simulation. Maximum pressure is obtained for 
Platinum plate and minimum for Aluminium. Surface  
 

pressure is high at the centre of the plate and decreases 
towards the edges. 
 

 
Fig.4. Surface pressure distribution in Aluminium 

centre plate at ambient pressure of 1000 Pa. 
 

 
Fig.5. Surface pressure distribution in Chromium 

centre plate at ambient pressure of 1000 Pa. 

 

Fig.6. Surface pressure distribution in Platinum centre 
plate ambient pressure of 1000 Pa. 
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Fig.7. Surface pressure distribution in Bismuth centre plate 

at ambient pressure of 1000 Pa. 

3.2. Damping Force 

Damping force for different pressure values is 
computed. Fig. 8 shows the maximum damping force 
obtained for different ambient pressure values (pA) 
using different materials. For an ambient pressure 
value of 50 Pa, the maximum value of damping force 
obtained for micromirror with Aluminium and 
Chromium centre plates are less compared to damping 
force obtained from micromirror using other materials. 
At 300Pa and 1000 Pa, the damping force obtained for 
Aluminium micromirror is minimum compared to that 
of other materials.  

3.2.1. Effect of initial film thickness (air gap 
height) on damping force  

The damping force response in Aluminium 
micromirror was simulated for different values of 
initial film thickness (h0). Fig. 9 to Fig.11 show the 
damping force responses for air gap height ranging 
from 1 um to 4 um. The damping force obtained for 
each of the ambient pressure values is minimum when 
h0= 4 µm. 
 

 
 

Fig. 9. Damping force response of micromirror with 
Aluminium centre plate: h0=1 µm. 

Fig. 8.  Comparison of damping force obtained for different materials at different 
ambient pressure values. 
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4. CONCLUSION 

In this paper, squeeze film damping analysis was 
performed on a micromirror using COMSOL 
Multiphysics software. Simulation of surface pressure 
distribution and damping analysis was carried out for 
different mirror plate materials. The effect of different  
air gap height on the damping was also studied. Lower 
damping force is obtained when Aluminium is used as 
the plate material at an air gap height of 4 µm. 
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Fig. 10.  Damping force response of micromirror with 

Aluminium centre plate: h0=2 µm. 

Fig. 11.  Damping force response of micromirror with 
Aluminium centre plate: h0=4 µm. 


