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Abstract 
A proposed schematic design for surface acoustic wave resonator (SAWR) is introduced in this 

paper. A simplified equivalent model for both one and two port 433MHz SAWR is built. Scattering 
parameters of the proposed design is extracted and compared with a commercial one of the same 
resonant frequency. Advanced system design tool is nominated to give the main parameters like 
Impedance and Admittance with their real and imaginary response. The insertion loss predicted 
mathematically and recorded from simulation then compared with the measured value. The proposed 
design tool introduced adequate results with minimum hardware procedure specifications. 
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1. Introduction 
The Acoustic Wave propagates upon the surface of piezoelectric material in which its 

amplitude decays with depth into the substrate material. These waves are generated by the 
piezoelectric material (Quartz-LiNbO3-LiTaO3 –etc.). In the piezoelectric material, when the 
potential is applied it deforms the generated waves and when a force is applied, then charge 
accumulates. Inter-digital transducers are electrodes where the applied electric signal is applied 
and then converted to electromechanical waves. The dimensions of IDTs determine the 
wavelength (frequency control) and the material properties determine the propagation velocity. 
 
 

 
 

Figure 1. Surface acoustic wave device structure [1] 
 
 

Figure 1 indicates the basic structure of SAW device. Delay lines, filters, sensors, 
resonators and oscillators are most famous products of SAW devices. Some previous studies in 
SAW delay line modeling and simulation through different tools were presented [2-3].  

In SAW resonators, SAW are generated from both sides of IDT and reflected by 
reflection gratings at the resonant center frequency. SAWR have wide applications in radio 
transmitters, remote control (OOK), radio links and alarms. The main advantages of using SAW 
resonator compared with LC circuits and quartz crystals are due to have better performance, 
cost and size. This paper presents simple analytical modeling for 1-port SAW resonator (Figure 
2) at 433MHz which main part in wireless remote control and OOK. The analytical method used 
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in this study is built and modified to determine the resonant frequency with semi-accurate way. 
SAWR occupies narrow bandwidth and very low insertion loss. It can be used as a passive 
network in colpitts oscillator. The equivalent circuit of SAWR (Figure 3) is optimized as Lumped 
RLC circuit that is series – parallel resonance circuit. Other modeling and simulation studies 
using FEM analysis rather than equivalent circuit modeling are previously introduced [4]. This 
study determine the optimum parameters required to design 1-port SAWR working at 433MHz 
resonant frequency and the simulation extracts S-parameters of the model. The contribution of 
this study is to provide a low insertion loss (less than 5dB) that is required in BPF of new 
generation of mobile phones. SAWR applied to high frequency circuit and oscillates over a 
center frequency up to GHz. A future work will apply one and two port SAWR in low cost 
oscillators as colpitts or in voltage controlled oscillator. 

 
 

 

 

 
Figure 2. One and two-port SAWR [5-6] 

 

 
 

Figure 3. Equivalent circuit of SAWR and equivalent symbol 
 
 
2. SAWR Mathematical Modeling 

The model selected for 1-port SAW resonator is equivalent circuit model shown in figure 
(3) which based on series resonance circuit with Lm, Rm and Cm shunted by a capacitor Cp. 
The series and parallel resonant frequencies obtained from basics of simple resonance 
electrical circuit. Lm (motional inductance), Rm (motional resistance), Cm (motional 
capacitance), Cp (internal IDT capacitance) due to electric field between electrodes, Cgnd1 and 
Cgnd2 refers to housing capacitances and can be neglected [7]. Resonation occurs by 
reflections through the electrodes of IDTs spaced λ/2. 
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The ratio Cm/Cp determines the separation between resonant and anti-resonant 

frequencies. Resonance is done when the input impedance is minimum value and anti-
resonance is done when impedance is maximum value. One port resonator has large Cm/Cp and 
small frequency deviation between series resonance-parallel resonance. With ignoring the effect 
of finger reflections, so Rm, Lm, Cm and Quality factor can be selected from the following 
formulas 
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Where ||<1, ρ is the reflection coefficient. Ga (fo) is the radiation conductance at center 
frequency fo = 433MHz. K

2
is electromechanical coupling coefficient, de is the effective resonant 

cavity length and it is multiple of half wavelength and Q is the quality factor. Np is the total 
number of electrode fingers, Cs is the capacitance per unit length for a pair of fingers and Wa is 

the finger overlap. Maximum Q at grating reflection coefficient where || close to 1. The previous 
parameters determined by the type of piezoelectric substrate material used in the design. For 
Quartz material as an example, K

2 
= 0.0016, Wa = λ/4 and Cs = 0.503385 pf/cm. The total 

admittance, impedance and insertion loss of SAWR are given by 
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Typical calculated Values for Lm, Rm, Cm and Cp that satisfies 433MHz resonant frequency are 
given in table 1. Rin and Rload are obtained as 50Ω for each. 

 
 

Table 1. Calculated Values for Lm, Rm, Cm and Cp of 1-port SAWR 

Component Calculated Value 

Lm 0.1675mH 

Rm 36.25Ω 

Cm 0.8 fF 

Cp 3.6pF 

 
 
3. 1-Port Simulation and Results 

The previous equations were used to build the equivalent model parameters of SAW 
resonator. The calculated values for resistance, inductance and capacitances shown in the 
above table are used in ADS schematic design shown in figure (4) to ensure the required 
simulation results.  

 

 
Figure 4. Proposed Schematic design for 1-port SAWR 

 
 

We selected one term with input impedance 50 Ω to be a terminal for prediction S-
parameters. S11 is expected for the reflected signals from the electrodes. The frequency range 
of simulation is selected between 430MHz and 440 MHz with step 0.1MHz to obtain most 
clearly results. A Linear Frequency Sweep simulation has been performed and took 0.47 
seconds for simulation. S11 parameter can be estimated mathematically using the following 
relation [8] 
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By using ADS software we reached the results for 1-port configuration. Figure 5 

describe S11 parameter (reflection signal) which the minimum insertion loss can be obtained as 
9.7dB. By comparing the IL value with the measured for commercial device B39431-R2632-
B110 fabricated by Siemens Matsushita Components, it shows IL between 7.8 dB and 9.5 dB in 
data sheet. The difference between simulated value and measured value gives an adequate 
difference [9]. Figure 6 indicates the real and imaginary parts of calculated S11. Figures 7 and 8 
recorded smith-chart and polar plot of the 1-port resonator in case of using 50Ω as input 
(terminal) impedance. Figure 10 shows the phase response of the equivalent circuit design, 
while figure 11 describes the time domain signal of SAW resonator. 

 
 

 
 

Figure 5. S11 parameter for 1-port SAWR 
 

 
 

Figure 6. Real and imaginary S11 parameter for 1-port SAWR 
 
 

432 434 436 438430 440

-8

-6

-4

-2

-10

0

freq, MHz

d
B

(S
(1

,1
))

Readout

m1

m1
freq=
dB(S(1,1))=-9.706
Min

434.8MHz

432 434 436 438430 440

-0.8

-0.6

-0.4

-0.2

-0.0

-1.0

0.2

0.4

0.6

0.2

0.8

freq, MHz

im
a
g
(S

(1
,1

)) re
a
l(S

(1
,1

))



                     ISSN: 2502-4752          

IJEECS Vol. 1 No. 1, January 2016 :  78 – 87 

83 

 
 

Figure 7. Smith chart for 1-port SAWR 
 
 

 
 

Figure 8. Polar Plot 1-port SAWR 
 
 

 
 

Figure 9. Phase response for 1-port SAWR 
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Figure 10. Time domain signal of 1-port SAWR 
 

 
4. 2-port Simulation and Results 

The same equivalent circuit of 1-port SAW model can be used for 2-port configuration 
but with 2 groups of IDTs and two terminals instead of one [10]. Figure 11 is built using ADS 
and shows the equivalent circuit model of 2-port SAWR with components of table 2. For the 
previous design of 1-port resonator, small modifications have been performed in the component 
values to operate the same device as 2-port resonator. Lm and Rm are multiplied by 4 while Cm 
is be halved. In this proposed schematic Cpis divided into two branches, one with input terminal 
and the other is with output terminal with series equivalent of the Cp in one port mode, this 
means that Cpis also be halved. Figures 12 and 13 indicate S21 (transmission) and S11 

(reflection) respectively. The insertion loss is noticed also here as 9.703dB. It is still an 
acceptable value compared with that measured in R641 commercial device. Figures 14, 15 and 
13 designate real and imaginary S11 parameter, Phase response and smith chart for 2-port 
SAWR. 

 
 

Table 2. Calculated Values for Lm, Rm, Cm and Cp of 2-port SAWR 

Component Calculated Value 

Lm 4*0.1675mH 

Rm 4*36.25Ω 

Cm 0.8/4 fF 

Cp 3.6/2pF Or two series cap. Of 3.6pF 

 
 

 
 

Figure 11. Equivalent circuit for 2-port SAW device 
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Figure 12. S12 parameter (transmission signal) 
 
 

 
 

Figure 13. S11 parameter (Reflection signal) 
 
 

 
 

Figure 14. Real and imaginary S11 parameter for 2-port SAWR 
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Figure 15. Phase response for 2-port SAWR 
 
 

 
 

Figure 16. Smith chart for 2-port SAWR 
 

 
5. Conclusion 

A simple equivalent circuit for one port and two port SAW resonator was introduced in 
this paper. Mathematical analysis was performed to manually calculate the schematic 
components. ADS tool was used to perform the simulation. Scattering parameters S11 and S12 
were monitored. The insertion loss of SAWR was recorded with minimum value and the 
simulation gives an adequate record comparing with a measured value. The proposed design 
model is suggested to be used in oscillators design rather than using crystals. The future work is 
to design Colpitts oscillator using SAWR discussed through this paper. 
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