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Abstract- Finite element analysis is used to simulate electrostatic actuated, shaped comb drives operating under dc conditions (zero actuat-
ing frequency). A dynamic multiphysics model is developed using the arbitrary Lagrangian-Eulerian (ALE) formulation. The present work 
shows how the different shapes of the comb drives affect the displacement versus actuation voltage curve. A new jagged shape has been 
tried so as to improve the slippage existing with earlier shape and designs. Results show the coupled interaction between the electrostatic 
and mechanical domains of the transducer. The analysis is based on the evolution of electrostatic force versus comb finger engagement. The 
relationship between incremental lateral displacement and actuation voltage illustrates the potential for stepped movement for a shaped comb 
drive. In addition, through numerical simulations, this project determines an optimum design for a dc-actuated comb drive, which has control-
lable force output and stable engaging movement. 
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Introduction 
Capacitance-based sensors and actuators have been extensively 
used in micro electromechanical systems (MEMS) devices [1,2]. 
Among different devices, the most commonly used and analysed 
is the comb drive [3]. The MEMS comb drive is a laterally driven 
mechanical actuator activated by electrostatic forces. The basic 
design of a comb drive relies on the theory of parallel-plate capac-
itors, which in turn is a function of the plates’ area and shape. In 
the case of a comb drive, the parallel plates are an array of inter-
digitated fingers, which are generally rectangular. The device has 
a constant force-to-displacement relationship, which is a function 
of the change in capacitance with respect to engagement, rather 
than total capacitance. Rectangular comb drives have been used 
as actuators for several different applications, including micro-
motors, conveyors, sensing devices and  microgripper devices. 
Later, shaped comb drives were introduced as a means to tailor 
the rate of change of capacitance with respect to the lateral dis-

placement. Designs presented in literatures [4,5] were used to 
stiffen and weaken resonator springs and hence offer more con-
trollability over the device operation. These tunable resonators 
were introduced as a means to achieve more linear force-
engagement profiles. The present work discusses a new move-
and-lock mechanism based on a shaped comb drive design. The 
main use for such device is as a microtweezers actuator for appli-
cation in areas such as biological sample handling, MEMS assem-
bly processes and other activities where precision micromanipula-
tion and force-controlled interaction are required. 
 
Design Concept 
This project introduces an adaptation to the jagged-shaped comb 
drive as shown in Fig 1, analysed in [6], in that the force-
displacement is not linear, but it is also not constant, as in the 
case of rectangular comb drives. Instead, a stepwise continuous 
response of force versus displacement occurs. 
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Fig. 1- Illustration of the design for the shaped comb drive as a 
Microtweezers actuator. The blow-up image shows a representa-

tion of a jagged-edge. 
 
The move-and-lock mechanism is based on the change in the 
distance between the comb fingers with respect to engagement, 
which in turn is a function of the actuation voltage. Hence the 
structure behaves as a variable capacitor following the rate of 
change in ∂C/∂Y, as seen in equation (1).  

    (1) 
The geometry simulated corresponded to a set of 10 fixed fingers 
and 9 movable fingers.. The designs had a few dimensions in 
common, namely the length of each finger, which was 60 µm long 
with notches at 5 µm intervals, and the structural thickness of 2 
µm. The set of movable fingers start at a rest position correspond-
ing to a 31µm engagement. The design of Fig. 2 has minimum 
1µm, intermediate 7µm and maximum 13µm gap distances be-
tween fingers. This symmetric jagged comb drive design suffers 
with slippage problem. Now our new proposed shape (Fig 2) of 
comb drive is able to overcome the problem of slippage considera-
bly.  The gripping pads and final microtweezers testing are left for 
future work. 

Fig. 2- Illustration of the proposed  design for the shaped comb 
drive as a Microtweezers actuator 

 
Numerical Modeling 
The electrostatic problem discussed in this paper can be physical-
ly described by: 

         (2) 
It follows that, since the comb drive is a capacitive device with air 
as the dielectric material, the region where the problem is defined 
is charge free (ρv=0). The electrostatic problem is then described 
by the Laplace equation (3) in rectangular coordinates. 

                             (3) 
The objective of the FEM analysis is to find the potential distribu-
tion which satisfy equation (3) for a given electrode 

geometry at a predefined actuation potential Vo. The electrostatic 
force derived from the equation (1) serves as the load force for the 
mechanical displacement, according to equation(4). 

         (4) 

Fig. 3- Schematic description of the variable gap distance be-
tween a rectangular and an arbitrary shape comb finger. 

 
The coupled electrostatic-mechanical problem is solved by a FEM 
parametric analysis, which uses the ALE formulation. All simula-
tions were performed in the FEM software package COMSOL 3.5a 
using three multiphysics modes:  electrostatics, plane stress and 
moving mesh. 
 
Results 
The solution shows a noticeable variation at the force gradient 
with respect to actuation voltage, shown in Fig. 4. 

Fig. 4- Electrostatic force generated as a function of Actuation 
Voltage. 

 
The jagged edge shaped produces a variable rate of change in 
force with respect to engagement. The first step in displacement 
occurs at about 30V (Fig. 5). 

Fig. 5- Comb finger displacement as a function of Actuation Volt-
age. 
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Fig. 6- Gradient displacement as a function of Actuation Voltage. 
 
By observing the slope of the curve, it is possible to infer an in-
crease in rate of change of displacement, which implies that the 
movable comb finger were in locking position before going into 
moving state.  The displacement increases sharply as a function 
of increase in voltage after 30V (Fig 6). But after 50V the displace-
ment rate decreases significantly as a function of voltage. Ideally, 
the structure should almost lock in place preventing any Y direc-
tion movement. The slippage obtained with this proposed geome-
try is less than the design proposed in literature [6]. 
 
Conclusions 
Based on the results, the concept of step movement was illustrat-
ed. Regarding the numerical tools itself, the ALE formulation 
proved better suited for a multiphysics analysis than two inde-
pendent electrostatic and mechanical investigations:. The use of 
ALE allows an investigation of the comb drive as a system instead 
of a composition of individual components. The slippage obtained 
with the design is significantly less but the maximum total dis-
placement is limited to 4 µm.  
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