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Abstract  - With miniaturization of RF-SAW 
filter package, we should not only take the 
electromagnetic effects of package into 
consideration but also the electromagnetic effects 
of pattern on the SAW substrate. In this paper, the 
High Frequency Structure Simulator (HFSS) is 
employed to investigate the crosstalk effects on 
SAW substrate and mutual coupling effects 
between pattern on the SAW substrate and 
package. Special attention has been paid to model 
SAW filter pattern. It is found that an RF SAW 
filter device is sensitive to crosstalk between 
package and pads on the substrate. So the 
crosstalk effects must be taken into account in the 
design process. Our approach has been applied to 
two cases. One is SMD package 3mm×3mm with 
ladder type SAW filter at 881 MHz and the other 
is Flip Chip package 2.5mm×2.0mm with ladder 
type SAW filter at 1842.5 MHz. Measurement is 
also carried out to verify our results. Good 
agreements are obtained. 

I. INTRODUCTION 

Among communication filters, SAW Filters 
have been largely used in RF and IF filters of mobile 
phone because of their small size, high reliability, and 
the capability to be mass produced. Because the 
acoustic wave propagates on the substrate surface, the 
package must protect the die surface from damage 
and contamination.  With increasing of working 
frequency and miniaturization of SAW package, SAW 
filters are more sensitive to interference introduced by 
the package and SAW Pattern. At higher frequencies 
the electromagnetic wavelength is shorter, relative to 
the size of the SAW filters, leading to increased 
parasitic effects.  Discrepancy in performance 

between design and measurement could 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 
more money and time.  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 
just only consider the package effects. Traditional 
approach in the literature tried to estimate the effects 
by quasi-static approximation that are based on circuit 
models consisting of a network of ideal inductors, 
capacitors, resistors, and transmission lines [1–3]. 
The element values are adjusted until the simulation 
results fit measured data. But this method only dealt 
with the package effects and neglected not only the 
crosstalk on the SAW pattern but also mutual 
coupling effects between pads on the SAW substrate 
and package that are main error sources. It is very 
difficult to model the effects of SAW pattern by 
quasi-static approximation when SAW pattern 
become complex and the working frequency moves 
higher. In this work, we develop more rigorous 
techniques based on finite-element method. We use 
the full wave analysis approach that combines full 
wave simulator HFSS (High Frequency Structure 
Simulator) with circuit software to simulate the 
package effects and the electromagnetic effects on the 
SAW pattern. We establish the package, bond wires, 
bumps and SAW filter in our simulation model. The 
simulation results are exported by using multiple port 
S parameters. IDTs are replaced by internal ports in 



our approach. The exported S parameters are then 
combined with the responses of IDTs to obtain the 
final response. Thus we can predict the combined 
effects of package and crosstalk effects on the SAW 
substrate. 

II. SIMULATION TECHNIQUES 

A. Modeling 
There are two cases in our simulation. One is 

SMD package 3mm×3mm with ladder type SAW 
filter at 881 MHz and the other is Flip Chip package 
2.5mm×2.0mm with ladder type SAW filter at 1842.5 
MHz. First, we established the package box models 
layer by layer including the package’s pattern per 
layer. Bond wires and bumps are also included in our 
models. In our models, bond wires have a circular 
cross-section with the equal length compared to real 
aluminum bond wires and bumps are presented by 
circular cylinder with the equal height compared to 
real gold bumps. Our SMD 3mm 3mm bond wire 
package and 2.5mm×2.0mm flip chip package models 
in HFSS are shown in Fig.1 and Fig. 2. Second, the 
ladder type SAW filter at 881 MHz is combined with 
three series and three parallel one-port resonators. 
The other SAW filter at 1842.5 MHz is combined 
with four series and two parallel one-port resonators. 
And we also established the SAW filter models in 
HFSS expect IDTs (as shown in Fig. 3). Then we 
combine the package model and SAW filter model 
together to get entire simulation model expect IDTs. 

Fig. 1. SMD 3mm 3mm Bond Wire Package  

Fig. 2. SMD 2.5mm 2.0mm Flip Chip Package  

Fig. 3. SAW Pattern a) 881MHz, b) 1842.5MHz 

B. Simulation setup 
Material—The relative dielectric constant ( r )

of package is changed from 9.1 to 8.5 with frequency 
from 100MHz to 10GHz, so we assign the r =8.9 for 
our package models at the working frequency. The 
metal of the package patterns are assumed to be 
perfect electrical conductor (PEC), because the results 
of patterns assigned to PEC and gold are almost 
identical. But it costs more simulation time if the PEC 
patterns are used. 

Source—there are several types of signal 
available in HFSS. When we want to observe the 
scattering parameters, the choice of sources is just the 
Waveguide type port and Lumped Gap Source. 
Lumped gap source can be defined as rectangle from 
the edge of the trace to the ground, so it can be used 
inside a closed structure such as packages. In our 
entire simulation model of both cases, there are two 
external ports at the bottom of the package and twelve 
internal ports on the SAW pattern (as shown in Fig. 4). 
Our approach replaces one-port resonator by two 
internal ports. The results are exported by using 
multiple port S parameters and all effects mentioned 
before are included in S parameters. The exported S 



parameters are then combined with the responses of 
IDTs using circuit software to obtain the final 
response (Fig. 5). 

Fig. 4. Internal ports on SAW pattern; two internal 
ports replace one-port resonator. 

Fig. 5. The exported S parameters from HFSS are 
combined with the responses of one-port resonators. 

III.COMPARISON TO MEASUREMENTS 

A. Full wave simulation of package without SAW 
pattern 

In the first simulation, take SMD package 3mm
×3mm with ladder type SAW filter at 881 MHz as an 
example, we use the approach mentioned in earlier 
literature [4] to simulate the package effects in HFSS 
and combine the effects with the response of SAW 
filter. The results are compared with measured data in 
Fig. 6. In Fig. 6, we find that the stop band level 
predicted by the model is higher than measured data 
by about 3dB and the phenomenon of frequency 
shifted is not predicted by this approach. In this case, 
the SAW pattern is very complex where the crosstalk 
effects and mutual coupling effects between pattern 
and package are more serious. It could be the reason 
that we can’t predict the response very well. 
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Fig. 6. Measurement and simulation. (Model without 
SAW pattern). 

B. Full wave simulation of package with SAW pattern 
In order to improve the simulated response, the 

SAW pattern is considered in our model. In both 
cases, the metal lid is also in our simulation models 
and the measured SAW filters also have the metal lid. 
At experiment the metal lid would influence the stop 
band level at high frequencies. The compared results 
are shown in Fig. 7, where we could find that the 
phenomenon of frequency shifted and the stop band 
agree with our simulation results very well. 
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Fig. 7. Measurement and simulation. (Model with 
SAW pattern). 

The simulation of bond wire package with SAW 
filter at 881 MHz gives a better prediction and then 
the condition in flip chip package is investigated. As 
shown in Fig.2 and Fig. 3, we combine them to obtain 
the full wave simulated results and then integrate with 
each response of one-port resonator of SAW filter at 
1842.5 MHz. The final response is shown in Fig.8. 



After comparing with measured data, we could find 
that our approach gives accurate prediction no matter 
in the pass band or stop band. 
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Fig. 8. Measurement and simulation. (Model 
with SAW pattern). 

C. Application
We can use our approach to discuss the package 

effects inside package. Take the flip chip package as 
an example. In the package, there are many bumps 
between package and SAW filter. The result of 
removal of some of the bumps is shown in Fig. 9. 
Because the bumps that we remove are connected to 
the ground pads of package and the energy would be 
lost from the bumps by coupling effect, this is the 
reason that stop band level is increased when the 
numbers of bumps are decreased in Fig.9. 
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Fig. 9. Stop band level at higher frequency changed 
with bump numbers.  

IV. CONCLUSION 

In this paper, the full wave simulator HFSS is 
employed to investigate the crosstalk effects on SAW 
substrate and mutual coupling effects between pattern 
on the SAW substrate and package. Our approach is 
improved from earlier attempts because this method 
reveals deeper insight of the influences from SAW 
pattern. Compared with measurement, we know that 
the influences of SAW pattern must be considered in 
the design process and our approach gives a better 
prediction when both bond wire and flip chip package 
are present. With an accurate prediction, we can save 
factory design time and production cost. 
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