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Abstract - A RF SAW filter device is sensitive 
to crosstalk between package and pads on the 
substrate. An accurate modeling taking into 
account the electromagnetic effects of the pattern 
on the SAW substrate is thus important to the 
performance of the SAW device. In this paper, a 
full-wave approach based on the finite-difference 
time-domain (FDTD) method is employed to 
investigate the above crosstalk. Our approach 
has been applied to a single one-port SAW 
resonator and the frequency response has been 
obtained. The electromagnetic field distribution 
over the substrate and the SAW insertion loss are 
also shown. It is then extended to include simple 
packaging to reveal the crosstalk between the pad 
and package. Measurement is also carried out to 
verify the simulation results. 

I. INTRODUCTION 

Because SAW filters are small, highly reliable, 
and it cannot be easily integrated with silicon 
substrate, they have become one of the most popular 
communication passive components recently. As 
the working frequency becomes higher, SAW filters 
become more sensitive to electromagnetic 
interference introduced by the package. 
Discrepancy in performance between design and 
measurement can be large if the electromagnetic 
effects are not considered. This requires repeated 
modifications of the design to obtain the desired 
frequency response, and it costs much time and 
money. In order to correctly design a SAW filter, 
the electromagnetic effects must be considered in the 
design process. 

As SAW filters move to higher working 
frequencies and smaller sizes, the distance between 
the pads on the SAW substrate is approaching 

micrometer that will lead to more serious crosstalk 
problem on the SAW pattern. Therefore the 
simulation results will not be accurate enough if we 
only consider the package effects. Full-wave 
electromagnetic simulators, such as High Frequency 
Structure Simulator (HFSS), can be used to estimate 
the crosstalk and parasitic effects, but it cannot be 
used to calculate equivalent circuit response of SAW 
resonators exactly. SPICE simulators have 
advantage of calculation on lump-circuit elements. 
However, they cannot be used to simulate the 
electromagnetic influences. It is difficult to combine 
electromagnetic effect with SPICE. Earlier attempts 
in the literature tried to estimate the effects by 
quasi-static approximation or HFSS methods. But 
they all dealt with the package effects and SAW 
response separately [1][2][3]. These attempts 
neglected not only the crosstalk on the SAW pattern 
but also reciprocal coupling effects between pads on 
the SAW substrate and package that are main error 
sources. 

In this work, we develop more rigorous 
techniques based on finite-difference time-domain 
(FDTD) method. The FDTD, a time-domain method, 
since its publication in 1966, has been used 
extensively for the solution of two- and 
three-dimensional scattering problems [4]. It also 
has been used to effectively calculate the 
frequency-dependent characteristics of radiation or 
propagation structures. Recently, the inclusion of a 
lump-circuit element within a single cell of the FDTD 
space lattice was implemented by solving the 
equations that govern the element’s voltage-current 
characteristic along with Maxwell’s equations. 
However, a direct substitution of the SAW filter by its 
equivalent RLC found too small the values to obtain 
an accurate frequency response. To resolve this 
difficulty, we find that the equivalent current source 
method, when combined with SPICE, allows us to 



integrate lump element model into FDTD without the 
limitation imposed by the direct substitution. The 
nominal design of a ladder type SAW filter is 
composed of one-port SAW resonators. We can 
replace a one-port SAW resonator by its equivalent 
circuit and then the SAW structure including substrate 
pattern and packaging can be studied together. This 
way, we can observe the voltage distribution on the 
SAW pattern in time domain, the crosstalk between 
the pads on the SAW substrate and package, and 
wide-band frequency response. 

II. SIMULATION TECHNIQUES 

A. Governing Equation 
Formulation of the FDTD method begins by 

considering the differential form of Maxwell's two 
curl equations that govern the propagation of fields in 
the structures. The structure is assumed to be 
lossless materials (i.e., CT = 0 ). Maxwell's two curl 
equations may be written as: 
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+ aH V x E = - p -  
at 

+ a2 V X H = E -  
at 

B. Finite-Diference Equations 
To obtain discrete approximations to above 

continuous partial differential equations the centered 
difference approximation is used on both the time and 
space first-order partial differentiations. By the 
suitable placement, we can reduce equations (1) and 
(2) to the following discrete formulas: 

Now equations (3H8) become suitable for computer. 
Thus this numerical algorithm can calculate the 
electromagnetic distributions in structure when the 
appropriate boundary conditions are enforced on the 
source, conductors, absorbing boundary, and mesh 
walls. 

C. Equivalent current source method 
The coupling of SPICE with FDTD relies upon 

the use of a different way to obtain the difference 
form of Ampere's law as: 

Then, we can simplify above equation to the 
following equation: 

dVL I = C, - + IL 
dt 
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Figure 1 : Structure of Equivalent current source 

Referring to Fig. l., left item "I" can be regarded as 
the total current in FDTD that flows into the SPICE 
components, and it can be calculated by integration of 
the magnetic field around the path in FDTD. In 
addition to the total current, we can compute the 
value of equivalent capacitance C, in FDTD. 
Equation (10) can be represented by the equivalent 
circuit shown in Fig. 1. Thus, we can start with 
FDTD to determine I and C, , which can be 
regarded as initial conditions in SPICE. Then, 
SPICE can be used to integrate (1 0) directly. In Fig. 
1, the SPICE box can be any complicated circuit. 
This way, we can avoid error from the limitation 
imposed by the direct substitution, so it is suitable to 
calculate the electromagnetic distribution on SAW 
pattern. 



111. COMPARISON TO MEASUREMENTS 

Numerical results have been computed for two 
configurations. One is a single one-port SAW 
resonator, and the other is the same resonator 
including simple package. These circuits have 
dimensions on the order of 1 mm, and the frequency 
range of interest is form DC to 3 GHz. The 
operating region of this resonator is less than 2 GHz; 
however, the difference between above simulation 
results and measurement is examined. 

One-port SAW resonator 
The actual dimensions of the SAW resonator is 

shown in Fig. 2. To model the thickness of the 
structure correctly, Az is chosen so that five lattices 
exactly match the thickness. An additional 5 lattices 
in the z direction are used to model the free space 
above the substrate. In order to correctly model the 
dimensions of SAW resonator, Ax and Ay are 
chosen so that an integral number of lattices will 
exactly fit this structure. The space steps used are 
Ax = O.Olmm, Ay = 0.02mm, Az = 0.07mm, and 
the total mesh dimensions are 6 1 x 7 1 ~ 1 0  in the 
x , y , and z directions respectively. According to 
the stability principle, the time step chosen is 
At = 0.029 ps. In order to simulate response on 
wafer exactly, this paper uses the resistive voltage 
source that has 50R resistance to model probe 
source. 
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Figure 2: SAW resonator structure detail 

The spatial distribution of voltage just beneath 
the pads at 1000, 6000, 10000, 30000 time steps are 
shown in Fig. 3, where the source Gaussian pulse and 
subsequent propagation on the substrate are observed. 
After we obtain the time domain data in FDTD, 
Fourier transform can be used to get scattering 
coefficients. The scattering coefficient results, 
shown in Fig. 4., are in good agreement with the 
measurement data. Both theory and measurement 

result in the same operating resonance at 1.8 GHz. 
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Figure 3: One-port SAW resonator distribution of 
V(x ,  y ,  t )  just underneath the dielectric interface at 
1000,6000, 10000,30000 time steps. 
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Figure 4. Insertion loss of one-port SAW resonator 

One-port SAW resonator with simple package 
In this configuration, we add the simple package 

that is composed of five perfect electric conductors. 
The structure is shown in Fig. 5., and the dimensions 
of packaging box are 0.41 x 0.62 x 0.42mm . The 
simulation spatial distribution of V(x ,  y ,  t )  just 
beneath the pads at 1000, 6000, 10000, 30000 time 
steps are shown in Fig. 6, and the scattering 
coefficient results are shown in Fig. 7. We can 
observe that voltage distribution on the SAW 
substrate is concentrated on the package surface from 
Fig. 6. This leads to electromagnetic resonance in 
the package, and then affects SAW frequency 
response [5] .  SAW package is so small that package 
resonance frequency becomes very high. Therefore, 



we can not distinctly observe this phenomenon in our 
operating frequency, but mutual crosstalk still affects 
insertion loss which is compared with the above SAW 
resonator response in Fig. 7. As the SAW Filter 
integrates other RF components into the same 
package, the package resonance frequency becomes 
lower. This would need further consideration. 
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Figure 5:  Structure and dimensions of one-port 
SAW resonator with package 
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Figure 6: One-port SAW resonator with simple 
package distribution of V ( x ,  y ,  t )  just underneath 
the dielectric interface at 1000, 6000, 10000, 30000 

time steps. 
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Figure 7. Insertion loss of one-port SAW resonator 
with simple package 

IV. CONCLUSION 

In this paper, we combine FDTD with 
equivalent current source method to study the 
crosstalk in a SAW filter. Our approach is different 
from earlier attempts and is very suitable for 
simulation of packaging SAW devices, because this 
method reveals deeper insight of the influences from 
SAW pattern. FDTD allows us to observe the 
spatial electromagnetic distribution in time domain 
that can help us understand effects upon SAW devices 
from package configuration. From the simulation 
results, we can design package structure effectively to 
avoid electromagnetic interference. We will 
consider detailed package structures in the future, and 
investigate the mutual coupling between bond wires, 
SAW pattern, and package. 
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