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Performing EM/Circuit 
Co-Simulation With Modified
Standard Models

By Luis M. Ledezma and Thomas M. Weller
Modelithics, Inc.

By default, Model-
ithics library mod-
els include mount-

ing pad effects. Hence,
when performing full
wave electromagnetic
(EM) analyses the pad

geometries should not be included in the
geometry setup used to define the EM analy-
sis. However, there are reasons to include the
pads in the EM simulation instead of having
them inside the components models. Some of
these reasons are:

• Use of a pad size different from the one
included with the model, or outside the
range of pad dimensions if using a pad-
scalable model.

• Including the step effect when the feed
line is different from the pad width. This
step can also be included using an ana-
lytical model in a circuit simulation.

• Including the effects of coupling between
the pads and another part of the circuit.

• Desire to simulate the pads along with
other printed circuit patterns as a stan-
dard practice.

Modelithics models include a feature that
allows the pads to be deembedded from the
model, thus leaving the part effectively with-
out the pads. This feature, named simulation
mode 2, is useful in the case that the pads
need to be included in an EM simulation.

The purpose of this article is to provide
some guidelines for the use of Modelithics
models when the effect of the pads is included
in EM simulations. The EM simulation exam-
ples shown here were performed using the

Sonnet Software Suites [1].

Using Simulation Mode 2
Using simulation mode 2 along with EM

simulation allows the use of pad geometries
tailored to the specific circuit at hand. As an
example, let’s consider including an AVX-
AQ12 capacitor, from the Modelithics CLR
library, within an EM-circuit co-simulation
with Sonnet. The model for this capacitor was
extracted using the pads shown in Figure 1(a).
The objective is to predict the response with

Here are guidelines for de-
embedding the mounting 
pads in standard compo-

nent models to achieve
accurate EM simulation

Figure 1  ·  (a) the mounting pad used to
extract the model; (b) different mounting
pad used for validation. (Dimensions in mm)
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the capacitor mounted on the pads shown in Figure 1(b).
The setup in Sonnet is shown in Figure 2. Note that

the feeding transmission lines are deembedded leaving
just the pads. The goal is to compare the capacitor and
pads directly without introducing any other variable.
Autogrounded ports are located at the component bound-
aries. To enable the use of these ports inside the pads, a
redundant conductor stripe is located where the compo-
nent boundaries are supposed to be. In this case the size
of the component is 1.27 × 1.651 mm.

The s4p file obtained from this simulation may be
used in any circuit simulation software together with the
Modelithics model of the capacitor. The capacitor is then
connected between ports 3 and 4 of Figure 2. An illustra-
tion of this, using Agilent ADS, is depicted in Figure 3.
Recall that simulation mode equals 2.

The comparison between the simulation of Figure 3
and measured data is shown in Figure 4. Note that the
results show close agreement and differ primarily near

the edge of the valid range of the model (10 GHz). The dif-
ference is small (note the scale in the right hand axis),
about 0.3 dB above 8 GHz for S21. The capacitor used here
had a nominal value of C = 120 pF. However, other com-
parisons against measured data were done for several
values of capacitance obtaining very similar results. The
substrate used in all the simulations and for fabrication
was 10 mil-thick Rogers 4350.

Using Simulation Mode 0
If the pad size that is going to be used is already avail-

able in the model of the component, it is possible to
include just part of the pad effect in the EM simulation.
As illustrated in Figure 5, we can use internal ports
(either autogrounded or co-calibrated [1]) at the edge of
the pads and deembed them. Note that by doing this we
are including the step in width from the line to the pad in
the EM simulation. Since the pads are deembedded, they
need to be included in the components model when per-

Figure 2  ·  Simulation set up in Sonnet. Note that the feeding
transmission lines are deembeded leaving just the pads. Also
note that the distance between the internal ports is equal to the
length of the component.

Figure 3  ·  Capacitor model connected to
the result of the EM simulation. Note that sim-
ulation mode is set equal to 2.

Figure 4  ·  Comparison between measured data (line with
markers) and EM co-simulation (continuous line). Red lines
are for S11 and blue lines for S21. Note the different scales
for each parameter.

Figure 5  ·  Autogrounded and co-calibrated ports
with pad deembedding.
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forming a subsequent circuit simulation; thus simulation
mode 0 must be used.

Another option available in Sonnet is the “component”
feature. Since this is technically equivalent to using co-
calibrated ports we won’t cover it here. We refer you to the
Sonnet’s user manual for more detailed information about
this feature.

Example 1: Low Pass Filter
As an application example consider the benchmark

low pass filter from Modelithics AN-17 [2]. This is a fifth-
order Chebyshev filter with 0.25 dB ripple in the pass-
band and a cutoff frequency of 2.2 GHz. The layout in
Sonnet is shown in Figures 6 and 7 using autogrounded
ports in one case, and co-calibrated groups in the other.
Note that in the case of autogrounded ports a different
calibration group is used for each component.

The output of the Sonnet simulation is an S14p file (12
internal ports, and 2 external ports not shown in the fig-

ures). The schematic configuration for the co-simulation
is shown in Figure 8 using Agilent ADS.

The results of these co-simulations along with the cir-
cuit simulation and the measured data are shown in
Figure 9. The co-simulation with co-calibrated ports gives
results nearly identical to those of the circuit simulation
as expected. The deep resonance predicted just above
4 GHz by the circuit simulation is likely due to the equiv-
alent lumped models of the microstrip discontinuities,
and the coupling through the substrate that is ignored.
We conclude this because this behavior is not predicted by
the co-simulation, nor it is present on the measured data.

Example 2
Let’s explore the case of shunt connections used in

many applications. To save circuit real estate, designers
often put the mounting pads of the components above the
transmission lines when realizing shunt connections.
Three examples illustrating this practice are illustrated

Figure 6  ·  Low pass filter in Sonnet using autogrounded
ports.

Figure 7  ·  Low pass filter in Sonnet using co-calibrated
ports. A different calibration group is used for each
component.

Figure 8  ·  Schematic connection of the EM simulation
results and the lumped components of the filter. Agilent
ADS was used in this example.

Figure 9  ·  Results from the co-simulation, circuit simu-
lation and measured data for the low pass filter of AN-
17 [2].



in Figure 10. A simple way of modeling this situation is
simulating the geometry in an EM simulator, including
internal ports at the boundaries of the component, and
using simulation mode = 2. With Sonnet, autogrounded
ports may be used as discussed before.

As an example, a comparison between measured data
and co-simulation results is presented in Figure 11. The
configuration used was the one depicted in Figure 10(a)
with a 20 mil-thick Rogers 4003 substrate. The part
mounted was an ATC 600F capacitor with a nominal
value of 20 pF.

Conclusions
Guidelines for performing EM co-simulation using

Modelithics library models and Sonnet suites were pre-
sented. The main strategy is to use simulation mode = 2
along with internal ports in the EM simulator. The results
from the simulation presented good agreement with mea-
sured data for the different experiments and examples
presented.
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Figure 10  ·  Three possible configurations for shunt con-
nections with mounting pads overlapping transmission
lines. (Pads shown in a different color for clarity)

Figure 11  ·  Results of the co-simulation (in blue) and
the measured data (in red with dots) for the shunt con-
nection of Figure 10a.


