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Abstract- This paper presents the basic of Surface Acoustic Wave technology (SAW) and Bulk Acoustic Wave 
technology and Film Bulk Acoustic Resonator (FBAR) Filters based on BAW technology. We propose the 
designing of the Film Bulk Acoustic Resonator (FBAR) Filters for operation in Long Term Evolution (3.52-
3.56GHz) communication system. Also, the effect of dimension of FBAR filters on the resonance frequency. 

Index Terms- Bulk Acoustic Wave ; Coventorware ; Film Bulk Acoustic Resonator ; Long Term Evolution ; 
Surface Acoustic Wave. 

1. INTRODUCTION 
The use of microwave resonators includes a large 
number of devices such as filters, tuned amplifiers and 
oscillators. This means the development of the 
microwave devices depends on the development of  
resonators. An electromagnetic wave is used for the   
excitation to microwave resonators. Meanwhile, the size 
of the devices is usually directly related to the 
wavelength of the electromagnetic wave at a certain 
frequency, which at the same time is directly related to 
the propagation velocity of the electromagnetic wave. It 
is necessitate to have a filter which has the characteristic 
of switch to select the frequency band of interest for a 
given application [1]. And the filter are used at 
microwave frequencies have small size. 

In wireless applications systems the goals of the 
designers of these systems are mainly focused on 
obtaining small size and high performance devices, and 
integration of the different devices in one chip (SoC). 
The resulting size of electromagnetic resonators at 
RF/Microwave frequencies is usually much greater than 
some other integrated components which is a limitation 
in portable communication systems. Acoustic resonators 
have become consolidated as a key technology in 
overcoming the limitations mentioned above [2]. 

Therefore in mobile communication, highly precise 
frequency generation and excellent radio-frequency 
(RF) filtering is realizable by the use of surface acoustic 
wave (SAW) devices, and electromechanical (EM) 
resonators are widely used in most sophisticated 
electronic equipment. For example, bulk acoustic wave 
(BAW) resonators using crystal quartz are indispensable 
for frequency or time generation owing to their 
outstanding performances[3].. FBAR Filters and 

duplexers have high power handling capability, high Q 
factors[4]where as in surface acoustic wave (SAW) 
devicrs acoustic wave propagates on the surface of 
material. But the use of these filters are limited in 
frequency below 3GHz range and cannot handle high 
power levels [5]. 

2. SAW FILTER 

The first SAW device was experimentally realized in 
1965 by White and Voltmer It was a uniform 
interdigital transducer (IDT) consisting of interleaved 
metal electrodes on a crystal quartz substrate, generating 
and receiving Rayleigh waves throught he direct and 
inverse piezoelectric effect[6]. 

In the SAW filter wave is generated and guided by an 
input and output interdigital transducer, two electrodes 
of aluminum deposited at either end of the substrate 
using photolithography as shown in Figure1.When a 
voltage is applied the gaps between the electrodes have 
electrical fields.[7] The piezo electric effect translates 
this into mechanical stress (flexing of the substrate) 
which acts as the source of the surface wave. As the 
generated wave propagate on the surface so these types 
of filter called as Surface Acoustic filter. If the 
frequency is chosen such that the SAW wavelength 
equals the transducer pitch, the waves generated by the 
subsequent gaps will be in phase and therefore will 
reinforce each other with an increased demand for 
higher frequencies the production of the SAW 
resonators have gradually increased. Although in a 
BAW resonator, the stress on the electrode is not as 
high as in SAW and therefore more power handling is 
allowed and there is less dependence on temperature. 
This can be easily understood considering that BAW 
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resonators are based on a parallel plate capacitor instead 
of the long, narrow and thin interdigital fingers used in 
SAW. 

                         Fig.1. SAW Filter 

3.  FILTERS BASED ON BAW   RESONATORS 

The term bulk acoustic wave (BAW) refers to primary 
acoustic waves that propagation in the bulk of a material 
whose dimensions are infinite and wherein the wave 
occupies all of that volume[8]. 

a. Basic of FBAR 

A bulk acoustic wave resonator consists a slab which is 
very thin and of piezoelectric crystal which is metalized 
on both sides for applying an exciting voltage Figure2 
The plate exhibits a resonance whenever an integer 
multiple of half an acoustic wavelengths fits within the 
resonator thickness t, at frequencies given as in Eq.(1). 

 

                                      (1) 

where v is the acoustic velocity of the wave mode  
(shear or longitudinal), N an integer multiplier, and t the 
thickness of the crystal. Only odd values of N lead to 
piezoelectric coupling as even N correspond to anti- 
symmetric modes. When an electric field is created 
between these electrodes, the structure is [9] 
mechanically deformed by the way of inverse 
piezoelectric effect and an acoustic wave is generated 
into the resonator which propagates parallel to the 
electric field and acoustic wave is reflected at the 
electrode air interfaces.  

 

Fig. 2. The structure of a crystal resonator. Stress 
distribution of the fundamental half-wavelength 
thickness resonance is illustrated with the dashed line. 

b. Impedance Characteristic Of FBAR 

The electrical frequency response of the resonator have 
series resonance frequency (fr) and have an anti-
resonance (fa) as shown in Figure3. Resonators which 
have high Q-value mean having small losses, can be 
fabricated from material like Zno, AlN etc. yielding for 
highly frequency selective resonators[10].  

The common method of fabricating crystal oscillators 
include fabrication of bulk crystals, from which thin 
plates are diced, ground and polished down to a desired 
thickness. 

 

Fig.3. Magnitude of impedance of a piezoelectric crystal 
resonator showing resonance-antiresonance behavior. 

4. SIMULATION OF FBAR 

The designing of FBAR include selection of various 
parameters of top and bottom electrode and of 
piezoelectric layer.so if we design FBAR filter for  that 
is for System LTE system (3.52-3.56GHz) then the 
thickness of top and bottom electrode is 80nm and 
material for both the electrodes is tungsten and for 
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piezoelectric layer the material is AlN and thickness is 
0.79312µm.The simulation of this FBAR filter is done 
through CoventorWare and  the results are given in 
Figure4 is 3D design in preprocessor and when we 
simulate it the resulting impedance behavior in db and 
phase in degree is given in Figure5. 

 

 Fig. 4. 3-D model of FBAR in Coventor-Ware. 

Resonance frequency of the FBAR is varying with the 
thickness of the electrode. So as the thickness of 
electrode is increases resonance frequency is 
decreases[11]. 

 

(a) Magnitude response 

 

         (b) Phase response. 

Fig. 5. Input impedance vs. frequency plot of FBAR 
(a)magnitude response(b) Phase response. 

so if the top layer thickness is increased from 80nm to 
0.162µm then resonance frequency decrease from 3.52-
3.56GHz to 3.2-3.21GHz.so this result of changing of 
resonance frequency of FBAR filter can be used for 
different wireless 
applications.

 

(a)Magnitude response 
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(b) Phase response. 

Fig. 6. Input impedance vs. frequency plot of 
FBAR after increasing thickness of top 
electrode.(a) magnitude response (b) Phase 
response. 

5. CONCLUSION 

This paper presents the importance of FBAR filter in the 
wireless communication that is for LTE system and 
FBAR Filters have the characteristics of high power 
handling capability, high Q factors, a low volume, good 
thermal stability, a low cost and compatible with IC 
chip integration. and also presents the effect of changing 
dimension of filter. 
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