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Abstract: As technology is growing very rapidly, Micro scale devices are playing a vital role in the electronic, 

mechanical and other application areas due to their integrability with CMOS IC  technology, low power 
consumption, low cost Fabrication and Large frequency-Quality factor product. As there is a much demand for 

small and portable devices the applications of micro devices like MEMS based Bulk Acoustic Wave (BAW) 

resonators are rapidly increasing. In this paper we will present the analysis of thin-film BAW resonator 

designed in 2D using eigenfrequency by using Zinc oxide and Lead Zirconate Titanate (PZT-8) materials and 

try to achieve a high quality ( Q) factor . The Q-factor is the most important characteristics of a resonator 

because it describes the frequency selectivity of the device. The high Q-factor greatly helps to implement 

extremely selective IF and RF filters with small percent bandwidth and low insertion loss. 
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I. Introduction 
 The MEMS are micro scaled devices that combine electrical and mechanical components. This device 

either can act as a sensor or as an actuator. While acting as a sensor a change in physical property creates an 

electrical signal and while acting as an actuator a physical effect can be created by the application of electrical 

signal. The MEMS devices due to their small size, low cost, low power consumption, easy integration with 

electronics, high resistance to vibration, low cost fabrication are very much applicable in the field of 

communication, automotive engineering, biomedical engineering, industrial automation, consumer electronics 

and etc. The MEMS resonator technology is dominating the quartz crystal technology whose main draw backs 

are large size, high cost and non compatibility with CMOS IC technology [1]. 

 The on-chip integrated components like resonators and oscillators with very high quality factor are 

essentially needed for the upcoming communication systems. The traditional quartz crystal oscillator is usually 
off-chip oscillator circuit. Even though the quartz crystals are widely used in electronic systems, they are 

mechanical vibrating devices that give their stable natural resonance frequencies. When compared to other 

electronic circuits, they are large in size and very difficult to integrate on a chip. Vibrating devices like surface 

acoustic wave (SAW) and quartz crystal oscillators with high quality factor of the range 103-106 are widely used 

to implement high-Q oscillator and band pass filter in the radio frequency and intermediate frequency stages of 

communication transceivers. As these components have very high quality factor and therefore, filters using such 

technologies could greatly outperform than the filters which are implemented using conventional transistor 

technologies in percent bandwidth, insertion loss, achievable rejection and dynamic range and etc. But, the 

quartz crystal and SAW devices which provide high quality factors are off-chip components that are to be 

interfaced with other  electronic components at the board level, causing a great draw back in miniaturization of 

the electronic devices [2]                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                             
 MEMS resonators have different shapes like circular disks, square plates, comb, annular rings, beams 

and etc., and can operate in the following modes namely flexural, torsional and bulk. In general, bulk mode 

micro resonators are preferred for high frequency generation because of its larger structural stiffness as 

compared to other modes. Also, bulk mode resonator yields higher Q than flexural mode resonators of the same 

frequency. This is because that the flexural modes have larger surface-to-volume ratios than bulk mode 

resonators, thus it leads to increase losses from the surface effects [3],[4]. 

In this paper we will present the analysis of thin-film BAW resonator designed in 2D using 

eigenfrequency by using Zinc oxide and Lead Zirconate Titanate (PZT-8) materials and try to achieve a high 

quality ( Q) factor . The Q-factor is the most important characteristics of a resonator because it describes the 

frequency selectivity of the device. The high Q-factor greatly helps to implement extremely selective IF and RF 

filters with small percent bandwidth and low insertion loss. This paper emphasizes a square plate thin film 

resonator which is a basic element of the BAW resonator and is similar to the basic quartz resonator scaled with 
minimized in size. 
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II. Structure Of The Baw Resonator 
The arbitrary scaled schematic of a BAW resonator is shown in the fig.1.The bottom layer of the 

resonator is silicon. The layer just above the silicon is made up of aluminium that operates as the ground 

electrode. The layer above the alunimiun is the active piezoelectric layer made up of Zinc oxide (ZnO).The 

topmost layer of the BAW resonator is aluminium electrode. As the silicon layer is etched away from the lower 

end of the central region of the resonator and this reduces the thickness at the central region. Because of this 

reason this device is called thin-film composite BAW resonator. 

 

 
Fig (i).  Arbitrarily Scaled Geometry of a BAW resonator 

 

This model is modeled in 2D, assuming the thickness of the geometry 1.7mm, the both aluminium 

layers are 0.2 µm thick, the width and height of the resonator are 800 µm and 16.7 µm respectively and the 
length of the top electrode is 500 µm as shown in figure2. The perfectly matched layer (PML)  is used on both 

sides of the resonator in order to reduce the anchor losses and propagation losses in the adjoining regions of the 

device. 

 
 

III. Design And Its Operation 
The design of the BAW resonator starts from defining the parameters to the modeled  geometry, 

selection of the necessary material for each domain of the geometry and adding of the physical interfaces. 

During modeling of the geometry, domains must be selected in such a way that the appropriate material is 

inserted in the proper area and they are as follows. The complete geometry is applied with silicon material and 

later only the bottom layer is made to remain with silicon and linear elastic material is added to that layer. The 

layer above the silicon is added with aluminium (Al ) which acts as a ground electrode. The layer above the 

aluminium is an active piezoelectric layer and is added with Zinc oxide (Zno) and Lead Zirconate and Titanate 

(PZT-8).After adding the corresponding material to the respective domains the next process is to apply the 

physics. The applied physics to the resonator are the solid mechanics and electrostatics. The materials used in 

the model and their properties are as given in the table (i), (ii), (iii) and (iv) are provided by the COMSOL 

software. 
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Table1: Silicon material properties                             Table2: Aluminum material properties 

      
 

Table3:Lead Zirconium Titanate (PZT-8) properties           Table4: Zinc oxide  material properties 

     
 

A BAW resonator is an electromechanical device in which, with the application of electrical signal a 

standing acoustic wave is generated in the bulk of piezoelectric material. In simple words, a device consisting of 

piezoelectric material (Zno or PZT-8) is sandwiched between two metallic electrodes. To obtain the desired 

operating frequency, the natural frequency of the material and the thickness are used as design parameters. 

When the voltage is applied to the top electrode of the resonator, the bulk acoustic mode of the resonator is 

obtained from eigenfrequency analysis. 

The ratio of the energy stored in the system to the energy lost per cycle is defined as the quality factor 

(Q).The Q-factor is the most important characteristics of a resonator because it describes the frequency 

selectivity of the device. The high Q-factor greatly helps to implement extremely selective IF and RF filters with 

small percent bandwidth and low insertion loss. The highest quality factor at high resonant frequency results in 
the following [1].  

( I) Higher gain  (II) Narrow frequency response  

(III) Low energy loss per cycle and  (IV) Describes frequency selectivity of the device. 

 

IV. Results And Discussion 
The BAW resonator is analyzed at several eigenfrequency values using COMSOL Multiphysics. The 

mode shape of the resonator which is simulated at 221.4 MHz is presented in fig.3 and the obtained Q-factor is 

presented in fig.4 

 

 
Fig 3: The bulk acoustic mode of the resonator obtained from the eigenfrequency analysis 
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Fig 4: The Q-factor obtained at eigenfrequency of 221.4 MHz. 

 

  The BAW resonator have analyzed for two different piezoelectric materials at several eigen frequencies 

and their Q-factors have also been obtained  as mentioned in the table below. 

                           

Table 5: Evaluated values for Zinc Oxide as a piezoelectric material 
Eigenfrequency value Measured Q-Factor 

221 MHz 

1.2 GHz 

1.385 GHz 

1326 

935 

2487 

 

 From the above table it is clear that for 1.385 GHz  resonant frequency the obtained Q-factor is 2487 

which is desired.  

 

Table 6: Evaluated values for PZT-8  as a piezoelectric material 

 

 

 

 

 

V.     Conclusion 
From the results obtained, it is clear that the piezoelectric material Zinc oxide(ZnO) is preferable for 

the piezoelectric BAW resonators than the Lead Zirconate Titanate (PZT-8) which could generate high Q-factor 

for the highest frequency and thus these can be used for IF and RF filters with small percent bandwidth and low 

insertion loss. 
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Eigenfrequency value Measured  Q-Factor 

988  MHz 

1.024  GHz 

1.028 GHz 

1011 

1312 

1481.7 


