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ABSTRACT: The Large displacement comb actuators at low actuation voltage should employ large number of comb 
fingers, reduced distance between the combs and by increasing the width of the fingers. Polysilicon has been the 
dominant mechanical materials for MEMS fabrication (PDF) MEMS Electrostatic comb actuators with a novel 
trapezium comb shape produces less actuation voltage then regular rectangular shape. 
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I. INTRODUCTION 
 

In the last decades it was noticed a massive development of micro and nanotechnologies and in order to manipulate 
micro-scale objects, very precise tools like micro grippers are necessary in order to firmly hold the object wanted with a 
sufficiently high force for retaining it between the grips but also with sufficiently low force to avoid damaging the 
material [1]. 
Comb-drive actuator topology, which is the base of traditional electrostatic microtweezers was described in [2, 3]. A 
typical comb-drive actuator is composed from one comb structure with electrode fingers interdigitated with the fingers 
of another fixed comb. The movable comb is carried by a shuttle at which a compliant suspension is attached. Each pair 
of interdigitated electrodes form a parallel capacitor [4] and simple manufacturing actions are involved, one structural 
layer from polysilicon being necessary in most of the cases. Lateral electrostatic force acting on the movable comb is 
produced in the y-direction by applying a potential difference between the electrodes of the capacitor. 

II. DESIGNING 
 

 
Figure 1: Basic Trapezium 

 
A novel (trapezium shaped) comb drive electrostatic actuator is designed using COMSOL 3.5 tool. First a single 

trapezium with parallel side of length 16um and 6um and height 6um is designed. 
 
The array of the basic trapezium is designed using x-displacement of 32um, which create 2um gap between the 

combs. The y-displacement of 6um and array size of 5 will place five trapeziums above all of it.  
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Figure 2: Array 
 
The design shown in figure 3 consists of 2 fixed combs of 30um in length which are grounded as this type of 

actuator work on the principle of electrostatic actuation so, it is necessary to develop negative and positive charge in 
the fixed and movable combs. Due to this reason the fixed combs are grounded. As the electric potential is applied to 
the movable comb of 30um of length an electrostatic force is generated which provides the actuation in the direction 
of the length of the comb fingers. The engagement between fixed and moving comb is 13um. The vertical air gap 
between the combs is 17um and lateral air gap of 2um. In the folded flexure spring of 2um width and 80um length, 
the beams are anchored near the movable combs and the truss allows expansion or contraction of the beams along axis. 
This spring exhibits a much larger linear deflection range so; it is suitable for large deflection actuators. Another 
important effect that is considered is the stiffness of the folded flexure beam in the x-direction decreases with 
increasing displacement in y- direction [13, 16, 17]. The fixed combs are grounded and the electric potential is applied 
on movable combs. Applying a voltage difference between the comb structures will result in a deflection of the 
movable comb structure by electrostatic forces. The capacitance can be expressed as in equation 1: 

 

 
 
Where, n is the number of combs, ε̥ is the dielectric constant in air, h is the height of the comb fingers, y̥ is the 

initial comb finger overlap, y is the comb displacement and d is the gap spacing between the comb fingers and V is the 
applied voltage between the movable and fixed combs. 

The energy required to charge a capacitor should equal that of the electrostatic field, which is 

. 
We is readily available in the Electrostatics application mode; the software calculates it by integrating across the 

domain 

 
whereD is the electric displacement, and E is the electric field. The capacitance, C, is related to the charge on the 

two conductive plates, Q, and the voltage difference across those plates, ΔV, by 
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Now calculate C from the stored electric energy in the capacitor, We, and the voltage across the capacitor: 

. 
 
The upper half of the comb is fixed, as is the end of the beam spring. The system applies an electric potential to the 

beam spring and the lower comb; the upper comb is grounded. In the air surrounding the comb drive, the model solves 
the electrostatic equation 

. 
The electrostatic force density is 

 
and the simulation applies it to each comb as a perpendicular boundary load. 
 
 The lateral electrostatic force in the y-direction can be expressed as: 

 

 
Figure 3: Trapezium Shaped Comb Drive. 
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III. BOUNDARY SETTING 
 
Because electrostatic forces attract the combs to each other, any geometric change has an impact on the electric 

field between them. To account for this effect, the model uses an arbitrary Lagrangian-Eulerian (ALE) method 
implemented in COMSOL Multiphysics’ Moving Mesh application mode. This application mode automatically keeps 
track of the movements and translate application mode equations between the fixed (reference) and moving frames. 

 

 
Figure 4: Moving Mesh Boundary. 

 
Boundary settings for Moving Mesh (ALE) application mode is shown in figure 4. Inactive boundaries are black, 

symmetry boundaries are blue, moving comb drive is in cyan color and the fixed outer boundaries are green in color. 
Therefore, the Plane Stress application mode’s support for large deformations is used. Boundary settings for the 

Plane Stress application mode is shown in figure 5. Electrostatically actuated boundaries are cyan, symmetry 
boundaries are green, fixed boundaries are blue, free boundaries (and inactive boundaries) are black in color. 

 

 
Figure 5: Boundary for the Plane Stress. 
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To define the electrostatic force, the Electrostatics application mode’s Maxwell surface stress tensor boundary 
variables is used. Boundary conditions for the Electrostatics application mode is given in figure 6. Grounded 
boundaries are shown by blue color, electric potential (Vin) by cyan, Zero charge/Symmetry boundaries by black and 
Continuity boundaries are green. 

 

 
Figure 6: Electrostatics Boundary. 

 
The geometry of this design is rather complex and thus the boundary conditions are laborious to enter. As it is faster 
and easier to set up by using the Moving Mesh application mode. The structure is made of polysilicon and has a 
thickness of a 2 um. 

IV. EXPERIMENTAL RESULTS 
 
The displacement at the tip of one of the fingers of the lower comb as a function of the actuation voltage larger the 

voltage greater is the displacement. 
 

 
Figure 7: Displacements in the y direction. 
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Figure 8: Displacement Plot 

 
Figure 8 shows the displacement of 5.5 um at 1056.1V actuation.  

 
Figure 9: Force Plot 

 
Figure 9 shows the maximum force of 0.4 N at 1056.1V actuation.  
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Figure 10: Force Plot 

 
Figure 10 shows the maximum capacitance of 0.125nF  at 1056.1V actuation. 
To reduce actuation voltages it is common to construct comb drives with many more teeth than in this design. 

Preferably, should design such comb drives using a periodic approximation, therefor by allowing the simulation of only 
one pair of fingers.  

 Design with 10 fingers is also analysed to reduce the applied voltage. 
 

 
Figure 11: Trapeizium Comb Drive with 10 Fingers. 

 
Trapezium Comb Drive with 10 fingers is shown in figure which shows the total displacement of the actuator. 
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Figure 12: Displacement of trapezium Comb Drive with 10 Fingers. 

 
The figure shows the actuation voltage is reduced to only 23V as compared to 1000V of mono finger comb drive. 

V. CONCLUSION  
 
Capacitor is mainly defined as two conducting plates that can hold the opposite charges on it. These plates can be 

used either as a sensor or an actuator. If the relative distance between the two conductors changes as result of given 
input, then capacitance values will change. This results in basic of capacitive or electrostatic sensing configuration. On 
the other hand, if a voltage or the electric field were given across the two conducting plates as the input, an electrostatic 
force would develop between these two plates. This is defined as the electrostatic actuation. The trapezium shaped 
comb drive actuator consume less voltage then rectangular comb actuator and by increasing the number of comb 
fingers. The voltage of 1000V is reduced to 23V.    

 
REFERENCES 

 
[1] J. Verona, E. Saenz, S. Fiscal- Woodhouse, A.A. Hamoui, “ Design and fabrication of a novel microgripper based on electrostatic actuation”, 

52nd IEEE International Midwest Symposium on Circuits and Systems MWSCAS '09, Cancun,Mexico, pp. 827-832, 02-05 August 2009. 
[2] W. Dai, K. Lian and W. Wang, “Design and fabrication of a SU-8 based electrostatic microactuator”, Microsyst. Technol.,vol. 13, pp. 271-277, 

February 2007. 
[3] T. Trutna and S. Awtar, “An Enhanced Stability Model for Electrostatic Comb-Drive Actuator Design”, Proceedings of the 34-th Annual 

Mechanisms and Robotics Conference,Montreal, Canada, pp. 597-605, 15-18 August 2010. 
[4] W. Dai and W. Wang, “Fabrication of comb-drive microactuators based on UV lithography of SU-8 and electrolessplating  technique”, 

Microsyst. Technol., vol. 14, pp.1745-1750, October 2008. 
[5] B.J. Jensen, S. Mutlu, S. Miller, K. Kurubayashi and J.J. Allen, “Shaped comb fingers for tailored electromechanical restoring force”, J. 

Microelectromech. Syst., vol. 12, pp. 373–383, June2003. 
[6] T. Zao, “New actuation method for push-pull electrostatic MEMS comb drive”, IEEE Transactions on IndustrialElectronics, vol. 50, pp. 

1337-1339, December 2003. 
[7] K. Takahashi, E. Bulgan, Y. Kanamori and K. Hane, “Submicrometer Comb-Drive Actuators Fabricated on Thin Single Crystalline Silicon 

Layer”, IEEE Transactions onIndustrial Electronics, vol. 56, pp. 991-995, April 2009. 
[8] G. Li and N.R. Aluru, “Efficient Mixed-Domain Analysis of Electrostatic MEMS”, IEEE Transactions on Computer Aided Design of 

Integrated Circuits and Systems, vol.22, pp. 1228-1242, September 2003. 
[9] T. Hirano, T. Furuhata, K.J. Gabriel and H. Fujita, “Design, fabrication, and operation of submicron gap comb-drive microactuators”, IEEE J. 

MEMS, vol. 1, pp. 52–59, March1992. 
[10] Lee, K.B.; Lin, L.; Cho, Y.-H., “A closed-form approach for frequency tunable comb resonators with curved finger contour”, Sensor Actuators 

A, vol. 141, pp. 523–529,February 2008. 

http://www.ijirset.com


 
 

  
 ISSN(Online): 2319-8753 
 ISSN (Print):  2347-6710 

 

International Journal of Innovative Research in Science, 
Engineering and Technology 

(A High Impact Factor, Monthly, Peer Reviewed Journal) 

Visit: www.ijirset.com 

Vol. 7, Issue 6, June2018 
 

Copyright to IJIRSET                                                          DOI:10.15680/IJIRSET.2018.0706069                                                6827 

 

[11]  I.P.F. Harouche, C. Shafai and R. Gordon, “Design and Simulation of a Microtweezers using a Controlled Displacement Comb Drive”, 
Proceedings of the Canadian Conference on Electrical and Computer Engineering CCECE‘06, Ottawa, Canada, pp. 341 – 343, 07-10 May 
2006. 

[12] D.A. Koester, R. Mahadevan, B. Hardy and K.W. Markus, “MUMPs Design Handbook”, Revision 7.0, Cronos Integrated Microsystems, 
Research Triangle Park, NC, USA,2001. 

[13] Mechanical Properties of MEMS Materials, Johns Hopkins University, available from:http://titan.me.jhu.edu/~sharpe/Data_Aug16.pdf, 2001. 
[14] W.C. Tang, M.G. Lim and R.T. Howe, “Electrostatic-comb drive levitation and control method”, J. Microelectromech.Syst., vol. 1, pp. 170–

178, December 1992. 
[15] E.T. Carlen, K-H. Heng, S. Bakshi, A. Pareek and C.H. Mastrangelo, “High aspect ratio vertical comb-drive actuator with small self- aligned 

finger gaps”, Journal of MEMS, vol.14, pp. 1144-1155, October 2005. 
[16] I.P.F. Harouche and C. Shafai, “Simulation of shaped comb drive as a stepped actuator for microtweezers application”, Sensors and Actuators 

A, vol. 123–124, pp. 540–546,September 2005. 
 
 

http://www.ijirset.com
http://titan.me.jhu.edu/~sharpe/Data_Aug16.pdf,

