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Abstract. During the last years Bulk Acoustic Wave (BAW) devices became compelling for 

frequencies above 1.5GHz, and demonstrated their competitive advantages compared to Surface 

Acoustic Wave (SAW) devices for applications with up to 2GHz. This paper describes common types of 

BAW device architectures, thin-film Bulk Acoustic Resonator (FBAR) and Solidly Mounted Resonator 

(SMR), and their basic physical principle. Moreover, the key BAW performance parameters are 

introduced and comparison with Surface acoustic Wave (SAW) technology is made.  An overview of 

the key BAW parameters and applications of BAW-FBAR are presented.  
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Introduction 

Film bulk acoustic wave resonator (FBAR) has 
been under the scientific research interest over the last 
three decades - first investigations of bulk acoustic 
wave resonator was published in early 1980s. In his 
paper [1] from 1982 K. M. Lakin presented emerging 
at that time technology of thin film resonators (TFR), 
operating in GHz range. Although it was not 
completely new technology some advance in 
microelectronics - material growth and device 
processing etc., led to its enhanced study and film 
bulk devices seemed to offer a promising applications 
because of its compatibility with standard IC 
manufacturing. It took some years for thin film 
resonators to go to mass production phase due to 
specific difficulties in fabrication of air-vacuum 
interface and achievement of the desired high Q factor 
but finally in 2001 Agilent presented its first duplexer 
based on thin film resonator working on PCS 
(Personal Communications Service) band 1900 MHz 
[2], [3]. During the last few years efforts have been 
directed at design improvements of the technology 
and realizations of different filter architectures. 
FBARs are reported to have applications as basic 
components for duplexers for Wideband Code 

Division Multiple Access, Multiple-input and 
multiple-output multiplexers, as well as RF voltage 
transformers, dual-band filters, etc.   

Boosting of electronics in recent years is one of the 
key factors for the great expanding of BAW 
resonators in mobile communications market. State of 
the art electronic devices became smaller and smaller 
in size scaling their dimensions to a quazi-nanometer 
level enabling building of complex systems integrated 
on a chip. As a building block of wireless systems 
radio frequency filters must have a good performance 
even in this continuing scaling down of sizes. One of 
the most crucial parts for mobile phones performance 
are duplexers, consisting of tuned transmitting and 
receive filters for the respective bands. Good isolation 
between input and output signals of these filters (R  
and T ) is of significant importance because thus led 
to decreased inter-modulation distortion. Bulk 
acoustic wave (BAW) devices could meet these 
expectations with their low volume and cost, higher Q 
factor compared to on-chip LC tanks, and etc. which 
leads to reduction in device power consumption and a 
dimensions optimization.    

For many years surface acoustic wave (SAW) 
technology has provided mobile telecommunication 
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industry with reliable devices such as filters, 
oscillators and duplexers. SAW filters have low 
insertion loss and shows a stable declining cost 
structure. However, with development of mobile 
communications and transition to new generation 
networks SAW devices have faced some limitations. 
Working on frequencies above 1.5 - 2 GHz their 
selectivity decrease and from this point the filter 
performance is reduced. In comparison to SAW 
devices BAW technology is much more compelling 
and effective with high frequencies. Moreover, BAW 
devices are far less sensitive to temperature variations, 
having temperature sensitivity close to the sensitivity 
of the quartz-crystal resonator. Also, they have a 
better power handling and higher Q factor. However, 
their greatest advantage is compatibility with standard 
IC CMOS and GaAs technology which make BAW 
devices suitable for integrated radio solutions. 

This paper present overview of the BAW 
technology – structure and physical working principle 
of resonator, resonances of the BAW devices, and its 
equivalent scheme are summarized. A comparison 
between BAW and SAW technology is made pointing 
their strengths and weaknesses. Two types of bulk 
acoustic wave resonator - FBAR and SMR - are 
reviewed including their architectures, important 
performance parameters and methods for modelling. 
Additionally, different types of BAW filters are 
considered. Finally, this paper summarizes the 
applications of bulk acoustic wave devices in 
communications.  

BAW devices technology 

Conventional piezoelectric resonator faces 
difficulties to work at high frequencies because of a 
production limitations - to achieve higher frequencies 
resonators’ crystal plates have to be thinned resulting 
in need of mechanical support of the thin plate. BAW 
resonators technology uses another approach - instead 
of thinning the plates the resonator material is grown 
and fabricated over silicon substrates [4].  

In BAW devices acoustic waves propagate 
through the bulk structure of device active layer, 
causing typical for piezoelectric materials 
deformation, thus giving their name. The stack BAW 
structure consist of piezoelectric thin film sandwiched 
between two metal electrodes placed on top of 
carrying silicon substrate (Fig.1.a). The thickness of 
piezoelectric layer varies in the range of few µm and it 
is typically composed from aluminum nitride (AlN) or 
zinc oxide (ZnO). AlN has excellent chemical and 
electro-mechanical properties, stability at high 
temperatures in inert atmospheres and also has good 

dielectric properties and high thermal conductivity. 
However, ZnO provides larger bandwidth between 
series and parallel resonance compared to AlN but its 
temperature coefficient of resonance is more than two 
times lower (see Table 1. Piezoelectric materials 
properties) [5]. Lead zirconate titanate (PZT) is also 
reported to be used as piezoelectric layer in BAW 
devices [6]. The two metal electrodes of the resonator 
are usually made from platinum (Pt), Wolfram (Wo) 
or titanium (Ti).  
 

 
a) 

 

 
b) 

 
c) 

Fig.1. BAW resonator: a) Cross-section view; 

b) Butterworth-Van Dyke equivalent circuit; c) modified 

Butterworth-Van Dyke equivalent circuit. 

One of the most important characteristics of BAW 
resonator is thickness t of the active piezoelectric 
layer because it determines to great extent the 
resonant frequency of a BAW resonator in operating 
mode. The resonant frequency is inversely 
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proportional to the bulk film thickness. This 
dependency is stated with the expression: 

(1)    f  =  

where Θ is acoustic wave phase, υ – mechanical wave 
velocity, and f – resonant frequency of the acoustic 
wave propagation through the bulk; t is thickness of 
the bulk film. 

Fig.1.b) shows the Butterworth-Van Dyke (BVD) 
equivalent circuit of a BAW resonator which consist 
of a constant capacitance in parallel with the 
frequency dependent electro-mechanical resonant 
circuit. Acoustic properties of the resonator are 
defined from the acoustic arm (motional inductance, L , motional capacitance, C , and motional resistance R ), aiming to store maximum acoustic energy within 
resonator structure [7]. An acoustic resonance means 
acoustic wave with maximal amplitude, to which 
corresponds maximal current in the electrical 
equivalent circuit. This is represented by the series 
resonance circuit		L , C  and R  in BVD model. On 
the other hand the sandwich structure in Fig.1.a) 
(upper electrode – AlN layer – bottom electrode) is in 
fact a capacitor in parallel to the series resonance 
circuit and it is represented by C  in the equivalent 
circuit. For simplified circuit of resonator working on 
main resonance (other harmonics are not considered) 
the input impedance is given by [9]:  

(2)    =  

This formula is valid if the losses are neglected. A 
typical frequency response of FBAR is shown on 
Fig.2. The series resonance is reached when the 
impedance is minimal, while the parallel resonance is 
reached at maximum impedance.  

 

Fig.2. RLC acoustic arm resonance characteristics. 

The expressions for the corresponding angular 
resonance frequencies are as follows:  

(3)     =  

(4)     = = +  . 

There are three types of models used to examine 
the BAW-FBAR resonator behaviour - modified BVD 
(mBVD) model, Mason model and Finite Element 
Methods (FEM) analysis. Each model has different 
benefits in BAW filter design flow that is way they 
are used complementary during the process steps. 

The mBVD differs from the original BVD model 
by two additional resistors – R  and R  (Fig.1.c). The 
resistor R  represents ohmic resistance of the 
connecting wires, while R  models the acoustic 
losses. In fact there are two resistors which model the 
acoustic losses, R  and R . This is because acoustic 
losses have different influence in the series and the 
parallel resonance and one resistance in not enough to 
model it. The resistor R  defines basically the losses 
at the series resonance, while the major effect of R  is 
at the parallel resonance.   

The mBVD model (Fig.1.c) is used for extraction 
of parasitic parameters such as R  and R  and for filter 
response calculation and optimization. These 
parameters can be used for simulating the circuits with 
BAW resonators by using of mBVD and also could be 
embedded in Mason model [8]. 

Mason model gives electrical response as a 
function of the physical parameters and play a crucial 
role in filter optimization steps during the design. The 
method predicts the effect of layer thickness and 
electrode material on frequency and the relative ratio 
of electrode thickness to piezoelectric material 
thickness. It is highly useful in investigation of 
resonant frequency, coupling coefficient and harmonic 
response by optimizing electrode material and 
thickness. 

The third model is FEM analysis based on a 
framework of Newton’s motion equations and 
Maxwell’s electromagnetic wave equations of the 
resonator. Three dimensional effects of the resonator 
are predicted with FEM - the model is used for 
simulating the different frequency modes in resonator, 
optimizing the gasket, etc. [8] However, this model 
severe some difficulties: 1) it requires a great amount 
of computing resources allocated in order to perform 
all simulation because of the structure meshing which 
would result in number of millions of elements; 2) the 
material parameters are not always known.  
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Key parameters of BAW resonators  

All three basic methods for modelling FBAR are 
based on behavioural compact models resonators with 
built-in parameters. For this reason it is from 
significant importance to know in depth the 
performance parameters of the resonators through the 
design process - BAW filters design is easier when 
resonator performance is predictable. Designer is 
responsible for the overall process choosing resonator 
characteristics. Thus setting them with the proper 
functions the process could be finished in proper time 
achieving the acceptable resonator characteristics. The 
fundamental performance parameters, describing 
resonator behaviour, are [9]: 

• Series and parallel resonance frequencies: the 
basic FBAR parameters determining frequency 
area of operation of FBAR resonator. They are 
given by formulas (3) and (4).  

• Q-factor: Quality factor Q of a resonator is 
extremely important parameter representing losses 
in resonator. It determines inland losses of the 
BAW filters as well as phase noise in the 
oscillators within this type of resonators. In order 
to keep Q-factor at desirable high values the types 
of losses and limitations they led must be studied 
and eliminated if possible (e.g. by minimizing 
electrical resistance in electrodes, substrate losses, 
viscous losses, acoustic leakage in all directions). 
With recent advancement of technologies Q-values 
grows from around 1 000 to 2 500 and above. The 
three resistors in mBVD model define in fact two 
different Q factors - at the series resonance and at 
the parallel resonance. They can be written 
approximately as:   

(5)     Q =  

(6)					Qp = Qs + CaC   

There are different methods of determining Q and 
also a method for determining unloaded Q vs. 
frequency [12]. Despite of the resonance type Q can 
be expressed as:  

(7)     Q = ω × τ × |Г| − |Г|⁄ ) 

where τ  is the group delay, |Г| is magnitude of 
reflection coefficient, both measured at the 
corresponding frequency. 
• Electromechanical Coupling Coefficient k : 

Electromechanical Coupling Coefficient is 

defined as a ratio between the stored mechanical 
energy in the resonator and applied electrical 
energy and it connects both resonance 
frequencies:  

(8)    k = cot ≈	  

The Electromechanical Coupling Coefficient 
depends on the resonator structure, frequency and 
thin-film properties, as shown in Fig.3. It could be 
obviously seen that k  is decreasing when the 
electrode thickness is increased so the maximum k  
could be achieved with the appropriate ratio between 
electrode and piezoelectric thickness. If coupling is 
insufficient additional inductances and shunt 
resonators are put in the design, but this increases the 
attenuation in the stopband. Typical values of k   are 
6-7% for AlN and 7.5% for ZnO.   

 

 
Fig.3. Experimentally calculated relationship between 

frequency, film thickness and  of FBAR [14]. 

• Power Handling: BAW devices are tolerant to 
work at high power levels due to their distributed 
electrical currents over the resonator area. 
Moreover, silicon has high thermal conductivity 
148 W/(m.K) which is prerequisite for a good heat 
sinks [4]. The BAW chip must be kept as cold as 
possible because the power handling is in a 
dependency from the ambient temperature. This 
effect could be achieved with the usage of reflector 
stack with metal layers instead of dielectric one or 
through improvement of the electro- and stress-
migration properties of the weakest material in the 
stack. 

• Spurious Modes: Spurious modes effects create 
deviation in the impedance and phase of a 
resonator damaging its performance in a great way. 
Suppression of these modes improves the filter 
behavior in the stop band area.  
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• Temperature Coefficient of Frequency: FBARs 
stands to a bit great values of temperature varia-
tions compared to SAW devices - typical SAWs 
have temperature coefficient of frequency (TCF) 
−42 ppm/K, while FBARs can achieve around −25 
ppm/K. TCF is considerable parameter - its lower 
levels prevent thermal runaway of the filter. TCF 
values of BAW-SMR could be improved to even 
lower levels by placing the SiO 	layer close to the 
high-stress regions in the stack. There are also oth-
er approaches for decreasing the TCF but all of 
them contribute to the harm of k  and are not 
practical for resonators with big fractional band-
width. 

• Robustness: Robustness influence manufacturing 
process and reliability. There is a few types of ro-
bustness: mechanical, which include steps such as 
spin coating, handling, testing, and sawing the 
structures on the wafer surface; environmental, 
which is defined by humidity, temperature and 
pressure that resonator components could survive; 
electrostatic discharge (ESD): BAW/ FBAR de-
vices have an excellent ESD parameters; however, 
ESD robustness could be increased by using cas-
caded series resonators at input and output of each 
filter [4], [9]. 

• Nonlinear behaviour: BAW devices shows nonlin-
ear behaviour which led to some problems in their 
performance, for example changing of the piezoe-
lectric constants when the crystal lattice suffers de-
formation. Higher electrical field and mechanical 
stress led to higher energy density which is factor 
for deviation from linear approximation of elastic 
constants [4]. The influence of nonlinearities could 
be overcome by cascading two double-sized reso-
nators replacing one resonator in a filter, but this 
not a reliable solution - it is not applicable for all 
resonators in a filter because of the increased size 
of a BAW by a factor of four. 

• Area Efficiency: This parameter in strongly de-
pendent by the BAW layer stack and the applied 
design rules. The area efficiency is defined by the 
thickness of the piezolayer at a given frequency 
(thinner layer allows small size of the resonator), 
dead area between resonators, and area consumed 
by interconnects and packaging [9]. 
Table 1 gives a summary of some of the above 

parameters comparing their values depending of the 
piezoelectric material properties. 

BAW devices architectures 

BAW devices are manufactured under two 
technologies and this forms two types of different 

resonator topologies: FBAR, or so called free standing 
membrane resonator, and SMR [8]. The basic 
difference of FBARs and SMRs architectures is 
defined in terms of the way they trapped acoustic 
energy into the bottom electrode. FBAR need 
air/crystal interface on both surfaces so an air cavity is 
created between bottom electrode and the wafer. In 
contrast in SMR the resonator layers are placed 
directly over the substrate. 

Table 1 
Piezoelectric materials properties 

Property AlN ZnO 

Velocity 11.3E5 cm/sec 6.08E5 cm/sec K  in SMR films 6% 7.5% 

Temperature 
coefficient -25 ppm/C  -60 ppm/C  

Temperature 
coefficient, SMR -22 ppm/C  -48 ppm/C  

Required Filter BW 
over Temp. 3.2% 3.2% 

Design Filter BW 
required 3.4% 3.74% 

The cross section view of FBAR architecture is 
shown at Fig. 4. Its structure consists of a 
piezoelectric material sandwiched between the two 
metal electrodes.  

 

 
a) 

 

 
b) 

Fig.4. Cross section view of a thin film bulk acoustic 

wave resonator (FBAR) through: a) surface 

micromachining; b) back side etching. 
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Applying an electric field over the two metal 
electrodes deforms the FBAR according to the inverse 
piezoelectric effect and resonator uses this effect to 
generate mechanical resonance from electrical input 
[10]. The reflected wave by the electrode - air surface 
propagates in the same direction with the applied 
electric field. FBAR thin film could be achieved with 
the help of a sacrificial layer supporting resonator 
which is removed on the next manufacturing step 
(Fig.4.a); the other way is to etch the backside of the 
wafer to the front (Fig.4.b) [7], [10].  

The other BAW topology is SMR (Fig.5), which 
architecture is similar to FBAR one but the air gap is 
replaced with Bragg reflector. It is placed between Si 
wafer and resonator aiming to reduce the losses in the 
substrate. The Bragg reflector is built of quarter 
wavelength thick layers with changing high and low 
values of acoustic velocity. Depending of the substrate 
acoustic impedance value the first layer of the 
reflector is chosen to be opposite, the next layer is 
opposite to the first and so on. Examples for typically 
used low impedance materials are SiO , AlN and 
ZnO, while Molybdenum (M) and Wolfram (Wo) are 
used for the high impedance layers. The Bragg 
reflector provides a reflectance function of the 
resonator - the more layers are put at the stack, the 
higher reflection coefficient is achieved [9]. 

 

 
Fig.5. Cross section view of a solidly mounted resonator 

(SMR). 

In comparison to SMR FBAR achieve better 
electromechanical coupling coefficient (FBAR  k  ≈ 6.9%, SMR k  ≈ 6.5%) and slightly better  
Q-factor because of the lack of additional reflector 
layers where losses from attenuation could appear. On 
the other hand, SMR gives better values of 
temperature coefficient of frequency than FBAR 
(SMR TCF ≈ -22 ppm/C , FBAR TCF ≈ -30 ppm/C ) 
and shows more reliability considering mechanical 
robustness because Bragg reflector is used for 
mechanical support of the electrodes.    

Most of the piezoelectric thin films used for 
resonators composition are not temperature 
compensated layers and typically have negative 
temperature coefficients. In these cases temperature 
compensation could be achieved by adding SiO  
layers with positive coefficients to the resonator stack 
structure which offsets other layers negative 
temperature characteristics and brings balance to 
overall resonator temperature performance [4], [9]. 
However, this approach is limited due to material 
properties and cannot achieve zero TCF in wide 
temperature ranges. The other way to realize balance 
in terms of temperature is to integrate external air-gap 
capacitor or varactor in series which will passively 
reduce resonator TCF [11]. 

The essence of temperature compensation process 
is to increase materials with positive TC compared to 
those with negative one in order to maintain the same 
frequency. Fig.6 depicts some experimental results for 
SMR with nominal frequency 2 GHz in comparison to 
At-cut quartz [4]. 

 

 
Fig.6. Experimentally measured results for temperature 

compensation for SMR using AlN for piezoelectric layer 

and  as compensation material referred to the AT-cut 

of quartz [4]. 

Comparison between SAW and BAW 

SAW devices have been used predominantly in 
wireless communication market but in the last decade 
BAW devices seems to be rather compelling for such 
applications. It is from significant importance for 
implementation of both technologies to explore and 
compare their parameters and essential advantages. 
The main difference between SAW and BAW is in the 
way that waves propagate through their structures - 
SAW devices uses LiTaO  as a substrate, utilising 
shear horizontal mode (SHM) waves, while BAW 
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technology substrates (AlN or ZnO) use thickness 
extension mode (TEM) waves [9]. 

SAW devices are proved to be effective for 
frequencies below 2 GHz. Their great advantage over 
BAW is connected with the lithography steps during 
manufacturing process - basically SAW technology 
need about four layers of masks and metal depositions 
to be produced. In the contrary, BAW process 
patterning require between 9 - 13 mask layers and 
many layers for metals deposition [15]. This makes 
SAW devices less time - consuming and more cost 
effective compared to BAW. Moreover, ladder filters 
are easily produced with SAW technology due to its 
planar structure which allows a good interaction with 
surface structures.      

However, with development of broadband 
networks BAW technology become highly 
competitive to SAW handling with frequencies above 
2 GHz. BAW resonators have better Q-factor 
compared to SAW resonators, which led to improved 
selectivity and lower insertion losses. FBAR has also 
better TCF in comparison to SAW: -20ppm/℃ versus 
-45ppm/℃. BAW has better power handling 
characteristic, while SAW filters suffer decreased 
power durability as a consequence of electro- and 
stress-migration in the filter [9], [15].  In terms of 
robustness BAW is one step forward demonstrating 
better resistance to electrostatic discharge than SAW 
showing low ESD rating due to especially when they 
are placed close to the antenna. Finally, one of the 
major advantages of BAW is compatibility with 
standard wafer processing which make them suitable 
for RF applications. 

Applications of FBAR technology 

During the last couple of years BAW-FBAR tech-
nology became extremely popular finding different 
RF applications. Telecommunications market is the 
key driver of development of the BAW devices, but in 
the recent times new sensing FBAR applications in 
different industries has emerged. 

FBARs are primary used for RF filters and 
duplexers in wireless communications above 2 GHz 
(in 2G/3G/4G communications networks), because of 
its good selectivity and temperature drift. These 
characteristics are better compared to SAW devices, 
which are typically used for up to 1GHz due to 
performance limitations, or etc. In RF filters the 
wavelength is in proportional correlation to the 
velocity and inversely proportional to the frequency. 
Acoustic wave filters seems to appear a good 
alternative to the electromagnetic wave filters. 

BAW devices have two basic filter configurations - 

ladder and lattice filter. Ladder configuration, shown 
in Fig.7, is widely used for high-frequency 
applications. This filter topology consists of 
consequence of series and parallel (shunt) resonators 
[17]. Resonators in the shunt branches are tuned at 
lower frequency than series ones and they define 
symmetry in the bandpass led to a lower insertion loss 
this way. Working principle of the ladder filter could 
be explained by determining series resonance 
frequency f  and parallel resonance frequency f  
defined by series and shunt resonant branches. When 
device is working on f  the impedance Z  is about 
0.7 - 1.0 Ω, while on the parallel frequency the 
maximum Z  is observed with valuеs in range of 
1.500 - 4.000	Ω [8]. Filters could be designed with 
more resonator sections and increasing their number 
will determine stronger filter rejection but this will 
bring also increased insertion loss.  

 
Fig.7. BAW filter ladder configuration. 

The other typical BAW filter configuration is 
lattice configuration shown in Fig.8. Lattice 
configuration is also of a great interest in high-
frequency applications because of its balanced 
networks creating a direct connection with RF ICs.  

 

 
Fig.8. Balanced input and output lattice configuration. 

The lattice topology is type of a balanced bridge 
filter- it suppresses the typical pole-zero response of a 
resonator giving multipole response through this 
balanced network configuration [9]. Lattice filters are 
used to provide balanced input and output and could 
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improve selectivity through cascade chaining finding 
applications for input/ output transformers. 

BAW devices are used for design of filters for 
third-generation standards in mobile communications. 
FBAR is reported to be utilized for transmitter filter in 
hybrid duplexer for WCDMA Band I combined with 
single balanced SAW receiver filter [19]. The realized 
ladder FBAR filter is low loss and power durable 
improving the overall duplexer performance. FBAR 
find applications for balanced or unbalanced filters in 
TD-SCDMA Band to ensure the sharp transition 
between passband and nearby stop bands in order to 
suppress interference between signals [20].  FBAR are 
also used for construction of microwave bandpass 
filter with a large ratio between input and output 
impedances to gaining from usage of interrogation 
signal energy for triggering a low threshold electronic 
switch [21].    

In recent years FBAR has been reported to be im-
plemented in oscillators with low phase noise for fre-
quencies up to 2 GHz. Schemes using FBAR oscilla-
tors are variation of those using oscillators with quartz 
crystal resonators because both oscillator types could 
be modelled with mBVD scheme and have the same 
frequency behaviour. Of the great importance for this 
achievement is Q-factor of FBARs which could be 
maintained even up to 5GHz or above. Oscillators 
based on high Q BAW resonators are proved to have 
better phase noise, power consumption performance 
and supply pushing [22]. BAW resonators are used as 
a tuning element to trade-off between oscillator power 
consumption and phase noise and reduce wasted die 
area [23]. Moreover, the temperature stability of the 
oscillator could be improved by a by adding additional SiO  layer in the design between one of electrodes 
and the piezoelectric layer [9]. Different implementa-
tions of BAW resonators in temperature stable oscilla-
tors and voltage tunable oscillators are reported in 
[22], [24], [25]. 

FBARs are used for development of variety of 
sensors with applications in science, medicine, 
ecology, robotics, etc. FBAR could be used for stress 
sensor measuring gas and fluid pressures where some 
chemical processes require so. They could be used 
also in medicine for monitoring the human blood 
pressure. Fig. 9 shows FBAR sensor for measurement 
of a fluid pressure [26]. It is supplied with silicon 
membrane which measures the difference between 
pressures of the two fluids: the fluid above the 
membrane is surveyed fluid and the other below the 
membrane is а reference fluid with constant pressure. 

 

 
 

Fig.9. FBAR sensor for fluid pressure. 

   Another sensor application of FBAR is as 
chemical/biological sensor where the device is 
covered with a film allowing the desired substance to 
be detected. In general frequency shift (Hz) for a 
certain mass load [kg m⁄ ] is proportional to the 
resonance frequency squared [9]. FBARs are also 
used for realization of up-to-date inertial gyroscopic 
sensors. 

Conclusion 
BAW devices have proven their advantages over 

the SAW ones for high frequencies above 2 GHz. 
They are expanding their application field in the 
communication devices, thus leading to potential for 
future growing of BAW technology.  

This paper presents overview of BAW technology. 
Both types of BAW resonators - FBAR and SMR - 
have been analyzed considering their architectures, 
parameters and application areas. A comparison 
between BAW and SAW devices was made in terms 
of their parameters and advantages.  
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