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Systematic Modeling and Characterization
of a Via-to-SIW Transition

Miguel A. Tlaxcalteco-Matus and Reydezel Torres-Torres, Member, IEEE

Abstract—A model and parameter extraction method for a
via-to-SIW transition is presented. The model is derived from an
analysis of experimental data and full-wave simulations, allowing
to obtain the equivalent circuit parameters for the via including
its interaction with the SIW. It is demonstrated through a careful
model-experiment correlation that the application of this method
allows the correct representation of the via-to-SIW transitions
implemented on printed circuit board technology even when
changing the structure of the SIW environment.

Index Terms—Interconnection, printed circuit board (PCB),
substrate integrated waveguide (SIW), transition, via.

I. INTRODUCTION

S UBSTRATE integrated waveguides (SIWs) are good can-
didates for implementing interconnects in high-speed sys-

tems [1]. Thus, several approaches have been reported to study
these structures on printed circuit boards (PCBs). Whereas char-
acterizing homogeneous SIWs is carried out in a simple way
using TRL-like methods [2], modeling the transitional struc-
tures is a challenge due to the presence of evanescent fields in
the surrounds of the region where a waveguide is excited [3],
[4]. For the case of a via-to-SIW (v-SIW) transition, which is
one of the preferred interfaces for an SIW due to its simplicity
[1], some modeling approaches have been proposed. However,
these approaches either require a priori knowledge of the ma-
terial properties and effective dimensions of the structures or
fully rely on the correlation of electromagnetic models with ex-
perimental data [3]. An alternative approach, the formu-
lation, uses an infinite summation to represent the impedance
of the via embedded within the waveguide [5]. Unfortunately,
this impedance also requires previous knowledge of the mate-
rial properties and effective dimensions of the structure, which
can even be frequency dependent in an SIW environment.

In order to obtain the physically-based parameters that rep-
resent the behavior of an SIW fed by means of vias, an ap-
proach for systematically extracting the equivalent circuit pa-
rameters of a v-SIW transition is presented in this letter. The
proposal allows to obtain the parasitics associated to the via,
and the impedance related to the excitation of the SIW once that
the cutoff frequency of the fundamental propagation mode
is reached. Excellent agreement between the equivalent circuit
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Fig. 1. Top view of the SIWs fabricated for illustrating the formulation and
verification of the proposal (the dimensions are given in millimeters).

model and -parameter measurements is observed within the
useful bandwidth of the SIW, even when modifying the struc-
ture of the waveguide.

II. DESCRIPTION OF THE INVESTIGATED STRUCTURES

SIWs with different lengths were fabricated on a PCB
made of Rogers RT/Duroid 5880 material with a thickness of
0.79 mm. The nominal relative permittivity and loss tangent for
this material at 50 GHz are and respec-
tively. The layout of the fabricated structures is shown in Fig. 1.
Notice that two types of structures were fabricated: a) regular
SIWs formed using perimeter ground vias (GVs), and b) SIWs
including two additional rows of vias referred to as off-line GVs
[6]. The latter structures behave as narrow-band filters and are
only used here for verifying the validity of the proposal. The
SIWs present a via as a launch structure and are terminated with
ground-signal-ground (GSG) configured pads so that coplanar
RF-probes with a pitch of 150 can be used for measuring

-parameters.
To prevent signal degradation, it is desired that the power of

a signal traveling along an SIW is transmitted in a single (i.e.,
the dominant ) mode. Thus, the v-SIW transitions shown
in Fig. 1 were designed to excite this mode. For that matter, the
v-SIW transitions were symmetrically placed in such a way that
even modes, such as , cannot be excited. This allows to
extend the usable transmission bandwidth from the cutoff fre-
quency of the (i.e., ) to the cutoff frequency of the

, which is the next higher order odd mode.
As the starting point, a 3D-model was implemented for the

regular SIWs in the CST Microwave Studio full-wave simulator.
This model was calibrated with experimental data so that the
equivalent circuit parameters of the implemented transitions can
be obtained as shown hereafter.

III. PARAMETER DETERMINATION METHOD

Fig. 2 shows the equivalent circuit of the v-SIW transition.
In addition to the inductive and capacitive elements in the typ-
ical -model of a via, the parameter considers the inter-
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Fig. 2. Equivalent circuit model for a v-SIW transition.

action of the via with the SIW environment. In practice, when
the signal frequency is below only includes the effect
of the evanescent fields present at the transition. In this case,

is purely imaginary and can be represented by means of
a lumped inductance. For simplicity, this effect is included in
the inductance of the via . Thus, by defining a dummy
port at the bottom of the v-SIW transition in the 3D-model,
the via-to-ground capacitances and , and can be ob-
tained from the simulated -parameters associated with the cir-
cuit shown in Fig. 2. In this case, the values for , , and
shown in Fig. 2 were obtained from a fit of the ,

, and versus curves respec-
tively for , where .

Now consider the SIW shown in Fig. 3(a), where the v-SIW
transition is located at the middle along the length of this struc-
ture. The full-wave simulation of this structure was carried out
for to obtain the -parameters between the port-1 and
the dummy port located at the bottom of the v-SIW transition.
Fig. 3(b) shows the corresponding equivalent circuit, including
the parasitics of the via, a transformer that accounts for the
impedance change at the transition, and the impedance re-
lated to the evanescent fields occurring at the v-SIW transition
(i.e., within the distance ). Notice that is not dependent
on the structure that surrounds the transition provided that the
boundaries are found at a distance bigger than ( in Fig. 3(a)
is arbitrarily selected considering this). In addition, two uniform
SIW sections associated with both propagation directions are
considered by using the propagation constant and the wave
impedance of the mode [2]. Thus, when these uni-
form sections are terminated with perfect matched boundaries
(PMBs), . This allows to reduce to
in the equivalent circuit model. For reference, at

. The resulting equivalent circuit under these as-
sumptions is shown in Fig. 4(a). As can be seen in this simpli-
fied model, the transformer is not present since the ratio equals
1 when the v-SIW transition is located at the middle along the
width of the SIW [7], which is the case of the fabricated struc-
tures. Thus, since is already known, after obtaining the sim-
ulated -parameters for the implemented 3D model for ,

can be determined as

(1)

Notice in Fig. 4(a) that can be now obtained.
Moreover, can be represented by means of an equivalent cir-
cuit that involves negative elements [7], which are shown in
Fig. 4(b). To obtain the negative and elements, the regres-
sion shown in Fig. 5(a) is performed. As can be seen in Fig. 5(b),
when using these parameters in the equivalent circuit for , ac-
curate modeling of is achieved up to 85 GHz.

Fig. 3. (a) Sketch showing the 3D model of a v-SIW transition embedded be-
tween two perfectly-matched waveguide terminations and (b) the corresponding
equivalent circuit for � � � .

Fig. 4. (a) Simplified model for the v-SIW transition assuming PMBs in the
radiation directions. (b) Model for � .

Fig. 5. (a) Determination of the model parameters for � . (b) Comparison be-
tween the equivalent circuit model and full-wave simulations for � .

To verify that the extracted parameters allow to represent the
v-SIW transition within different environments, the model of
Fig. 3(b) is implemented but now considering electric-wall (i.e.,
short-circuit) terminations instead of PMBs. In this case,

, and now represents the input impedance of two
identical short-circuit terminated transmission lines in parallel;
mathematically

(2)

where is shown in Fig. 3(a), and is left as a fitting param-
eter that decreases from 1 mm to 0.2 mm for varying from 27
to 85 GHz. Hence, the impedance of the v-SIW transition as-
suming electric-wall terminations is given by

(3)

where has been previously determined. Fig. 6 shows the
versus curves obtained using (3) and full-wave simulations.
Since in this case corresponds to the input impedance of
a via surrounded by rectangular-shaped electric walls, this pa-
rameter can also be determined using the formulation [5],
which is also shown in Fig. 6. As can be seen, there is a good
agreement between the extraction using the proposed method
and full-wave simulations for the entire useful bandwidth. This
means that the proposed method can be used to implement
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Fig. 6. Equivalent impedance for the transition obtained from full-wave simu-
lations, using the proposed method, and the � formulation.

Fig. 7. Equivalent circuit for an SIW fed by means of a v-SIW transition.

Fig. 8. Comparison between the measured and simulated return and insertion
losses for the fabricated SIW structures: (a) without off-line GVs �� �
���� ���, and (b) with off-line GVs �� � �� ���.

models for signal vias embedded within rectangular wave-
guide-like structures. For the case of the formulation, also
good model-experiment correlation is achieved but requiring
previous knowledge of the effective dimensions and material
parameters of the structure. Bear in mind, however, that in
the studied structures this formulation failed to reproduce
above approximately 54 GHz (see Fig. 6). This is due to the
fact that considers all the modes supported by the structure

even though some modes are intentionally omitted, as the
in the SIWs studied here.

IV. EXPERIMENTAL VERIFICATION AND DISCUSSION

Fig. 7 shows the model implementation for the structures de-
picted in Fig. 1. This model includes the equivalent circuits for
the v-SIW transitions at each port of the structure. In addition,
the homogeneous section of SIW is represented by means of

, , and for the regular SIWs [2], and
using the ABCD-matrix formulation given in [8] for the SIWs
including off-line GVs. The small electric wall-terminated sec-
tions of SIW located at the outer sides of the structure are repre-
sented by means of the impedance .
Fig. 8 shows the comparison between the measured -parame-
ters and the simulations using the proposed equivalent circuit for
the fabricated SIWs. As can be seen, excellent simulation-ex-
periment correlation is achieved from the cutoff frequency of
the mode to that corresponding to the mode, which
is the useful bandwidth of these SIWs. In spite of previous ap-
proaches [1], [3], [4], excellent correlation was obtained for

in a relatively wide frequency range. This is not only due to
the use of probes instead of coaxial test fixtures for minimizing
the insertion losses, but also due to the reliable extraction of
the -dependent for modeling the v-SIW transition. More-
over, even though the SIW that includes off-line GVs was not
used during the parameter determination process, the proposed
equivalent circuit accurately reproduces the corresponding data
as shown in Fig. 8(b).

V. CONCLUSION

A methodology for modeling v-SIW transitions using only
capacitive and inductive elements has been presented and
demonstrated. In addition to the via parasitics, the model for
the equivalent impedance of the transition was obtained and
validated using full-wave simulations. Excellent agreement
between simulated and experimental data was achieved for both
transmission and reflection parameters within the entire useful
bandwidth of SIWs with different structures.
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