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1. Introduction. 

The application of the filters in the modern world is extremely wide – they are needed in 
various configurations and sets, but particularly in the communication devices where 
small size, light weight, low cost and high performance are simultaneously required. Fil-
ters transmit the signal within the expected bandwidth (low-, high-, band-pass) and sup-
press signals with the frequency located outside the pass-band.  
One of the modern technology used to perform this particular signal processing is SAW 
(Surface Acoustic Wave) filter technology. SAW filters are electromechanical devices 
used in wide range of radio frequency applications providing frequency control, frequency 
selection and signal processing capabilities. Their performance is based on piezoelectric 
characteristics of a substrate (which will almost always be a crystal). The electrical signal 
is converted to the mechanical one and back again to the electrical domain at the output. 
After propagating through the piezoelectric element the output is recombined to produce a 
direct analogue implementation of finite impulse response filter.  
 

2. Schematics. 

 

 
 
Typically SAW filter consists of two crucial elements: 

1) input and output interdigital transducers – converting electromagnetic signal waves 
to acoustic signal waves and the other way round 

2) piezoelectric substrate – to propagate the mechanical wave through the filter. 
There are also resistors and other analogue elements involved, but they do not play the 
major role in the behaviour of the filter. 
 
Interdigital transducers: 
The basic structure consists of one input and one output IDT deposited on a piezoelectric 
substrate. They generate and detect acoustic waves (transmitting and receiving function). 
The IDTs can be designed to implement desired function of the SAW device – most sig-
nificantly filtering function. As the regular IDT is built of bus bars and electrode fingers, 
extending from each electrode bus bar in a specific configuration. The shape and spacing 
of the electrodes determine every single aspect of the device characteristics – starting with 
the centre frequency to the band shape of the acoustic waves. The geometry (beam width, 
pitch, number of fingers) of the IDT, as we can suppose, plays a crucial role in the signal 
processing and response characteristics. The amplitude of the surface acoustic waves 
(SAW) at a particular frequency is determined by the constructive or destructive interfer-
ence of the acoustic waves. 
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Piezoelectric substrate: 
The choice and cut of piezoelectric substrate material from which the SAW filter is con-
structed and the electrode shape, spacing and location also influence the characteristics of 
the SAW filter. 

 

3. Performance. 

The signal processing in SAW filter is based on the IDT standing wave generation pattern 
and its propagation through the piezoelectric crystal. 
 
Generation of the waves 
The SAW filter has two interlocking combs of electrodes on one end of the crystal surface 
and matching pair of combs on the other end. Instead of using the bulk resonance of a 
crystal the SAW filter uses surface acoustic waves so the electrodes are mounted on the 
same side of the crystal, not on the opposite faces. The combs set up electric field along 
the surface of the crystal.  
 
Propagation of the waves along the piezoelectric surface 
Now the waves are propagated along the absolutely flat crystal surface. As the applied 
electric field changes the crystal expands and contracts. If we touched the surface it would 
shiver for a short time at the frequency undistinguishable for our ears. If we apply sinu-
soidal voltage across the input electrodes of just the right frequency we will create a sur-
face wave that propagates across the crystal, where is creates a voltage across the output 
electrodes (interlocking combs). But only the frequencies with a whole number of wave-
lengths between the teeth of each comb will be reinforced as they propagate across the 
comb fingers. The other frequencies will be diminished because of destructive interfer-
ence and there will be no standing wave at undesired frequencies generated. The result is 
filter – only frequencies matching the combs at both ends will be transformed from elec-
trical signals into surface wave signals and back again to electrical domain. 

 
 

Details of the propagation 
Waves travel along the surface of the crystal at a velocity dictated by the crystal’s 
Young’s modulus (approx. 4 000 m/s for crystals). The wavelength of a 950 MHz signal is 
then only 4.2 µm. At such high frequencies SAW filters tend to use harmonics of the fun-
damental resonant frequency of its combs.  
While designing SAW filters, we also must take into consideration the reflection of the 
surface wave at the ends of the crystal. 
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4. Comparison with passive filters. 

 
Frequency response of an example SAW filter: 

 
Typical Response of the DSF-947.5 by ECS. The frequency scale is 20 MHz per division, with the center fre-
quency at 947.5 MHz. The response scale is ten dB (decibels) per division, so that each division indicates a fac-

tor of ten power attenuation. 

Parameters: 
SAW filter: DSF-947.5  
Manufacturer: ECS 
Center frequency: 947.5 MHz (approx. 950 MHz) 
Pass-band: 930-970 MHz (40 MHz = 4% of the center frequency) 
Signals a few Megahertz outside band pass are attenuated by 30 dB. This is an unrivalled 
response for discrete passive components (but it is normal for SAW filters). There are 
SAW filters with centre frequency 950 MHz and 1-MHz pass-band. The problem with 
those filters is that, as we know, the impulse response of an infinitely tight pass-band is a 
sinusoidal wave of the pass-band frequency that lasts forever. If our SAW filter had a 1-
MHz bandwidth, then it would take several microseconds for it to stop ringing at the cen-
tre frequency after it had been excited by a centre-frequency input. With the filter example 
from above the output for the 950 MHz signal will respond within a few tens of nanosec-
onds.  
Supposing we want to compare the behaviour of the SAW filter with the one built of the 
discrete passive elements (for example ten-pole Chebyshev filter): 

a) attenuation out of the pass-band:  

SAW filter: within 10 MHz of the cut-off frequency attenuation is 30 dB 
Passive filter: 30 dB attenuation after a 10% change in frequency 

b) number of elements: 

To achieve the same filter response quality as for the above SAW filter (30 dB at-
tenuation within 10 MHz) we would have to built a 100-pole Chebyshew filter with 
0.1% tolerant inductors and capacitors whereas our SAW filter takes only 5-mm 
square plate.  

c) cost: 

For the same performance Chebyshew filter would cost more than hundred dollars, 
whereas SAW filter costs not more than $3. 

To sum up, it is almost impossible (and unreasonable) to build a pass-band filter out of in-
ductors, resistors, and capacitors with the same precise, sharp attenuation that we can 
achieve with a SAW filter.  
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5. Examples of implementation. 

A SAW (surface acoustic wave) filter is widely used as a band-pass filter in communica-
tions devices and other electronic devices. Surface acoustic wave (SAW) filters have a 
wide range of applications, including, for example: 
� mobile/wireless transceivers: radio frequency (RF) and intermediate frequency (IF) 

filters 
The surface acoustic wave filter is widely used as a filter in mobile communication 
devices. In such small-size communication devices as cellular phone we need to em-
ploy many filters as frequency selecting devices. SAW filters can be used as inter-
mediate frequency (IF) filters in the reception part of a mobile phone.  
For usage in mobile phone communications systems they are designed to be ex-
tremely small in size, exhibit good out-of-bandwidth rejection, and provide narrow 
bandwidths with steep transition edges on the smallest possible chip area. 

� IF filters in base transceiver station (BTS)  
� multimode frequency-agile oscillators for spread-spectrum secure communications 
� Nyquist filters for microwave digital radio  
� voltage controlled oscillators (VCO) for first or second stage mixing in mobile trans-

ceivers 
� pseudo-noise-coded delay lines for combined code division multiple access/time 

division multiple access (CDMA/TDMA) access 
� clock recovery filters for fibre-optics communication repeater stages 
� televisions, video recorders and many other applications.  
SAW filters are also finding increasing use as picture-signal intermediate-frequency (PIF) 
filters, vestigial sideband (VSB) filters, and other types of communication filters, and as 
filters for digital signal processing. 

 

6. Products available on the market. 

Typically there are a lot of different models of SAW filters available on the market. The 
manufacturers will offer their most popular devices as standards creating a reference for 
engineers to design from. Here is the list for example of the SAW filters from the OS-
CILENT Corporation:  
 

 
 

However, for applications requiring different parameters (not standard) many manufactur-
ers offer design and development services at comparatively low costs. The information 
that engineer must provide is as follows: 
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� Center Frequency 

� Passband Width (Bp) 

From a SAW Filter design perspective, the first parameter to consider is the fractional 
bandwidth (bandwidth divided by central frequency) because of the influence on the 
substrate material (piezoelectric crystal). It influences many parameters, most impor-
tant – the temperature stability. 

� Amplitude ripple over passband width (AR) 

Measure (dB) of the variation or differential value of attenuation in the passband of a 
filter. 

� Group delay variation over Passband width (GDR) 

Description of the phase variation. 
� Transition Bandwidth (Bt) 

Area between the Stop Band and the Passband found on the both sides of the Pass-
band. 

� Rejection (REJ) (possible rejection up to 50 dB) 

� Insertion Loss (IL) 

 

http://www.oscilent.com/catalog/Category/saw_filter.htm 

 

7. Other filter technology – Bulk Acoustic Wave (BAW). 

Bulk Acoustic Wave (BAW) filters are also electromechanical devices, which can perform 
very selective RF filtering.  
BAW resonators consist of a thin layer of a piezoelectric material sandwiched between two 
metal electrodes. These layers are formed on top of an acoustic mirror consisting of several 
alternating layers of high and low impedance materials. The composition and thickness of 
those materials are strictly controlled. 
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Alternating layers of high and low impedance materials are constructed so the total thickness 
of the layers is about one fourth of the acoustic wavelength of the resonant frequency (analo-
gous to the electrical quarter-wavelength transmission line terminated in a short circuit).  
A simplified electrical equivalent circuit: 

 
One segment produces a particular resonance and antiresonance frequency with an amplitude 
determined by layer construction. The whole filter is formed by cascading series and shunt 
resonators in a ladder construction. The number of elements depend on the required rejection 
and tolerable insertion loss. 

 

 

Surface acoustic wave (SAW) filters can be designed to be substantially smaller. The reason 
for this is that the acoustic wavelength is smaller by 4 to 5 orders of magnitude than the elec-
tromagnetic wavelength. A disadvantage is, however, that surface acoustic wave filters often 
have a complicated construction and have to be protected by means of complicated housings, 
whereas the BAW filters’ geometry allows for very robust filters to be constructed, with 
tolerance of higher DC voltages and static discharges than those tolerated by typical SAW 
filters. BAW filter losses and temperature coefficients of frequency can also be lower than 
those of typical SAW filters so that more aggressive near band rejection requirements can be 
addressed. 
 

8. Conclusions and summary. 

We have discussed the SAW filters morphology, implementation and products available on 
the market. We have pointed out the advantages of this technology (small-size, high quality 
filtering performance) and disadvantages (dependency on the temperature and filter losses). 
Additionally, we have briefly introduced other filtering technology – BAW, which also takes 
advantage of the piezoelectric material behaviour. 
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