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ABSTRACT 

SAW devices are considered one of main partners in Electronic devices, communications, military and other wide applications. 

Building of SAW delay line becomes easy using various modeling techniques. This paper developed a simple software tool to 

analytical design and simulation for IF SAW centered at 70MHz. all essential design parameters are embedded in the tool. The 

insertion loss was mathematically calculated and plotted. The obtained results from the simulated device compared with 

commercially real device. The comparison is quite the same. Simulation process has been done in fast mode and with low 

hardware specifications. 
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1. INTRODUCTION 

Surface acoustic waves were predicted in 1885 by Lord 

Rayleigh [1]. Rapid development of using characteristics of 

SAW propagations over a piezoelectric materials lead to novel 

uses in commercial, biological, geophysics, and military 

applications. Few hundred Hz up to several GHz are the 

frequency range that SAW devices operate and perform their 

functions [2]. SAW devices are 3 part devices; input, output 

and acoustic. It consists of two interdigital transducers one act 

as input transducer and the other is for the output [3]. Each 

IDT composed of number of strip lines (fingers). The gap 

between the input IDT and output IDT considers as a sensing 

element that detects signals and convert the device into sensor 

form. The finger overlap is function of the wavelength of the 

propagating wave. Figure (1) shows a simple structure for 

SAW devices.  

 

Figure (1): Basic structure of SAW devices. 

2. EQUIVALENT CIRCUIT MODEL 

The simplest way to specify the each IDT of SAW delay line 

is to model the IDT as 3 parallel parameters; conductance (Ga) 

, susceptance (Ba) and capacitance (Ct). It is a 1
st
 order 

modeling that can't detect reflections, triple transit echoes, and 

temperature effects. This simple model is selected to perform 

the frequency domain analysis for the SAW device. A 

previous study for time domain analysis was presented [4]. 

Matlab code is written and checked successfully to perform 

the required analysis. A preceding study for frequency domain 

using Mathcad has been introduced [5]. Efforts in this research 

scope have been summarized and tabulated [6]. Figure (2), 

indicates the equivalent circuit model of the basic SAW 

structure. 

 

Figure (2): Equivalent Circuit of IDT. 
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3. SAW DELAY LINE OPIMIZATION   

The aim of this research is to predict the insertion loss of SAW 

delay line and its frequency response. Table (1) indicated the 

main parameters of our design as Operating frequency (fo), 

acoustic wave velocity (Vs), type of substrate used; coupling 

coefficient (K), capacitance per finger per pair (Cs), matching 

impedance (Rs=Rg), delay (D) and Null Bandwidth. The 

obtained values for Number of fingers (Np=N), finger aperture 

(Wa) and the capacitance for a finger pair per unit length (Ct) 

were calculated numerically and used in equations of 

frequency response and insertion loss. The calculated results 

are summarized in table (2). 

 

Table (1): Design Parameters of SAW device 

Parameter Value 

fo 69.9MHz 

Material Quartz 

Vs 3157m/s 

K
2
 0.0016 

Rg 50 ohm 

Cs 55pf/m 

NBW 4.2MHz 

  

Now we can use mathematical representation for equivalent 

circuit model of SAW devices to monitor and visualize the 

frequency response of IDT. 

The frequency response of IDT is obtained using: 

 

 

While the insertion loss can be derived from: 

    

There are many other parameters that can be derived and 

added to the software tool such as impedance, admittance, 

susceptance and conductance. The radiation conductance may 

be represented as twice the absolute value for the frequency 

response. The acoustic susceptance derived from the 

imaginary part of the input admittance or by the Hilbert 

transform of the radiation conductance. The total admittance 

can be derived easily from the parallel branches of equivalent 

circuit by summation of the three parameters Ga, Ct and Ba. 

Number of fingers is a round value of twice operating 

frequency, divided by the device bandwidth. 

Table (2): Calculated design parameters 

Parameter Value 

Np 33 fingers 

Wa 1835[um] 

IDT impedance at fo 780.2 [ Ohm ] 

IDT admittance at fo 0.0012 S 

IL at fo 20.54 dB 

Ct 0.19Pf 

 

4. SIMULATION AND RESULTS 

A matlab code has been built with the previous design to 

monitor the requirements (IL (f) and H (f)). A graphical user 

interface was also built. 

The frequency range for the process is seleced between a 

minimum value of (fo - fo * 0.08) and a maximum value of (fo 

+ fo * 0.08) with step = (max – min)/400 segments. 

Figures 3, 4 and 5 notify the frequency response of the SAW 

delay line, its absolute value and its normalized representation 

respectively. 

 

Figure (3): Frequency Response of SAW delay line. 
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Figure (4): Absolute Frequency Response. 

 

 

Figure (5): Normalized Frequency Response. 

 

Figure 6 indicates the insertion loss obtained with the 

simulation tool with maximum value around 20dB. Table (3) 

presents a comparison between the Simulated parameters and 

measured values mentioned in datasheet of the commercially 

device TFS70H32 [7]. 

 

Figure (6): Insertion loss (Simulated). 

 

Table (3): simulated versus measured parameters for SAW 

device 

Parameter 
Measured/datasheet 

 
Simulated 

fo 70,00 ± 0,09 MHz 69.9MHz 

Insertion 

Loss 
Typ. 24dB 20.54 dB 

3dB BW 4.2MHz 4.2MHz 

 

Finally we can calculate other parameters as minimum 

impedance of 716.45 ohm, maximum admittance of 0.0013958 

S, maximum conductance of 8.9983e-005, maximum 

susceptance of 5.7284e-005. 

5. CONCLUSIONs 

A Bird's eye view about modeling and Simulation SAW delay 

line sensor device has been introduced. A commercial device 

selected with specific parameters and compared with a matlab 

code has been built with the same parameters values. 

Equivalent circuit model of each interdigital transducer with 

mathematical derivations has been done to obtain the 

frequency response of the SAW device and insertion loss. The 

obtained results from the simulation tool gives an acceptable 

values compared with datasheet of commercial device with 

low possible hardware specifications. 

The future work is to develop the software tool to include all 

other parameters that this model couldn't measure. 
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