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Robust design of a broadband dual-polarized
transition from PCB to circular dielectric
waveguide for mm-wave applications

Andre Meyer and Martin Schneider

RF & Microwave Engineering Lab, University of Bremen, Germany

A growing interest in dielectric waveguides (DWGs) as an alternative to commonly used wave-
guides (like coaxial or twisted-pair cables) for high data rate interconnects could be observed
in the last few years. Especially in the mm-wave frequency range (30–300 GHz) applications
with these waveguides benefit from low losses and low dispersion. Moreover, using both polar-
izations of the fundamental mode in such waveguides could theoretically double the data rate
without the need of higher bandwidth or additional fibers. The connection between DWGs
and commonly available transceiver chips requires broadband transitions from planar wave-
guides like microstrip lines to DWGs. In this paper, an overview of the current developments
of such transitions is given and a novel low-complexity design is presented that reduces the
space consumption by 35% related to recently published works. This allows an easy integra-
tion into a printed circuit board layout or a chip package. Furthermore, an extensive sensitivity
analysis is presented to prove the robustness toward manufacturing tolerances. The transition
is realized at W-band frequencies (75–110 GHz) and achieves a relative 10 dB-bandwidth of
more than 25% with a minimum insertion loss of 1.2 dB. It is shown that these properties
even hold for manufacturing tolerances of nowadays manufacturing processes.

Introduction

For short and mid-range high data rate interconnects, dielectric waveguide (DWG) cables can
be an interesting alternative to commonly used copper cables or optical fibers [1]. DWGs are
flexible, lightweight, and cost-effective. Moreover, they have low losses (2− 3 dB/m at
100 GHz) and can be designed to reduce their dispersion to values lower than 0.1 ps/GHz/
m even over large bandwidths [2]. Such a DWG cable consists of a dielectric core that is sur-
rounded by a cladding with a permittivity that is less than the core’s permittivity. To ensure
low losses, the core consists of a low-loss material like PE or PTFE and the cladding is
made of low-loss foam. Due to the fact that the wave not only propagates inside the core
but also in the cladding, an additional protective cladding layer is added [3, 4]. To ensure
an easy manufacturing process of such a cable, a simple cross-sectional geometry of the
DWG core is desirable (e.g. rectangular or circular cross-sections). In recent publications
the transmission of linearly polarized waves along dielectric waveguides with these cross-
sections has been demonstrated in high data rate links under laboratory conditions [5, 6].
The mode that is excited in the DWG for these applications is the fundamental mode
HE11. This hybrid mode exists in two orthogonal polarizations: HEx

11 and HEy
11. Under perfect

conditions, DWGs with rectangular and circular cross-sections theoretically maintain the lin-
ear polarization of a wave traveling along the waveguide. However, the polarization of the
transmitted wave can be disturbed by twists or bends of the waveguide. Moreover, in circular
cross-sectional waveguides, the linearly polarized wave does not follow the waveguide in case
of twists. Therefore, the excitation of the wave at the transmitter and the detection of the wave
at the receiver must be in the same orientation to receive maximum power. This is not feasible
for practical applications. Hence, a transition between DWG and transceiver is needed that is
able to convert the power to or from both polarizations. This can be done either by a circularly
or a dual-polarized transition. An advantage of dual-polarized transitions is their ability to
excite different waves in both polarizations at the same time. Therefore, in high data rate sys-
tems which use DWGs, the data rate could theoretically be doubled by transmitting data in
both polarizations simultaneously.

To connect DWGs to commonly available transceiver chips in the mm-wave frequency
range, transitions from planar waveguides (e.g. microstrip lines (MSLs)) to DWGs are needed.
Linearly polarized transitions were already intensively studied [7–12]. These transitions can be
distinguished into two different types: transitions with horizontal alignment between DWG
and printed circuit board (PCB) as well as transitions with vertical alignment. A horizontal
alignment between DWG and PCB allows the use of broadband traveling wave structures
(e.g. Vivaldi structures) to excite the fundamental mode HE11 in the DWG [8–10]. These
structures have a large space consumption and the excitation of both polarizations at the
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same time is difficult [13]. For a transition with the vertical align-
ment of DWG and PCB, usually resonant structures like patches
are used. These structures are compact and the excitation of the
second polarization is quite simple. The drawback of these reson-
ant structures is their narrow bandwidth. In [11] a simple transi-
tion between MSL and DWG using a single microstrip patch has
been demonstrated that achieved a relative 10 dB-bandwidth of
≈ 5% at 210 GHz (see Fig. 1(a)). To increase the bandwidth, dif-
ferent approaches have been investigated in the recent years. Most
of these approaches are using parasitic patches on the PCB that
leads to a higher space consumption [12, 14, 15]. Furthermore,
metallic apertures are added to improve the coupling efficiency
into the DWG that increase the complexity and weight of the
transitions and impede an integration into a package. Figure 1
(b) shows a linearly polarized transition presented in [12] with
one parasitic patch and a metallic waveguide aperture. This tran-
sition achieved a relative bandwidth of 10% but increases the
space consumption on the PCB due to the metallic aperture. To
overcome this disadvantage, in [14, 15], a dielectric sphere is
used to space apart the metallic structure from the PCB to reduce
the contact surface on the PCB and thus enable an integration
into a package (see Fig. 1(c)). This approach was presented as lin-
early and dual-polarized transition but is still bulky and heavy due
to the metallic structure added to the sphere. A totally different
approach can be seen in Fig. 1(d) [16] where a differential fed
probe transition allows broadband and dual-polarized operations.
This transition comes without metallic aperture but needs a feed-
ing network that increases space consumption and requires an
additional layer.

In this paper, a dual-polarized broadband transition from MSL
to circular DWG using a stacked patch inside the DWG is

presented. This transition reduces the space consumption on
the PCB and comes without any metallic aperture to reduce the
complexity and weight of the transition. The design allows an
easy integration into a PCB layout or chip package. One critical
parameter in the manufacturing process of such a transition is
the positioning of PCB and DWG. A large misalignment of
PCB and DWG could dramatically impair the electrical properties
of the overall transition. Therefore, an extensive sensitivity ana-
lysis is presented that clarifies the acceptable manufacturing toler-
ances for the transition design. The simulation results are
compared to the measurement results of various manufactured
prototypes to prove the robustness of the design.

Transition design

The basic concept of the MSL-to-DWG transition uses a circular
microstrip patch to excite both perpendicular polarizations of the
fundamental mode HEx

11 and HEy
11 in a DWG. Just as for patch

antennas, the bandwidth and coupling efficiency of a transition
using only one MSL patch are mainly limited by the permittivity
and thickness of the substrate. Increasing the thickness and/or
reducing the permittivity of the substrate increases the bandwidth
but might cause surface modes in the substrate. Due to these lim-
itations, such a single patch PCB-to-DWG transition usually
achieves a relative 10 dB-bandwidth of roughly 5% [11]. To
enhance the bandwidth without increasing the space consump-
tion on the PCB, a parasitic patch (hereinafter called “stacked
patch”) is centered above the MSL patch (hereinafter called “pri-
mary patch”). The stacked patch is fed by the primary patch by
electromagnetic coupling. Now the transition’s bandwidth is
mainly determined by the permittivity and thickness of the
material between both patches. The stacked patch is placed on
the bottom of a cavity that is drilled into the DWG. The basic
concept of the presented PCB-to-DWG transition is shown in
Fig. 2(a). The primary patch is fed by two orthogonal MSLs.
The MSL in the x-direction excites the TMx

11 mode in both
patches which in turn excites the fundamental mode HEx

11 in
the dielectric waveguide. For the second polarization, a second
MSL in the y-direction is added to the patch that feeds the
TMy

11 mode in both patches which in turn excites the HEy
11

mode. To match the edge impedances of the primary patch to
the characteristic impedance of the MSL (here Z0 = 50 Ω) an
impedance transformer is placed between each MSL and patch.

To further increase the coupling efficiency without adding a
metallic aperture, it has been found that the diameter of the
DWG near the patches has to be larger than the guided wave-
length of the fundamental mode HE11 in the DWG (D/λg≥ 1).
Following the cut-off condition for the lowest higher order
modes TE01 and TM01 in a circular DWG [18], the core diameter
D relative to the free space wavelength λ0 has to be

D
l0

≤ x0,1
p

�����������
1r,1 − 1r,0

√ (1)

to be a single-mode waveguide. Here, χ0,1 = 2.405 is the first root
of the Bessel function of zero order J0 and εr,1 and εr,0 are the rela-
tive permittivities of the DWG’s core and cladding. Since equa-
tion (1) can not be fulfilled in case of a high coupling efficiency
with available materials, the propagation of higher order modes
is possible in this section of the transition. If both patches or
DWG and PCB are not perfectly centered, higher order modes

Fig. 1. An overview of recently published transitions from PCB to DWG with vertical
alignment: (a) Linearly polarized patch [11], (b) Linearly polarized parasitic patch
with metallic aperture [12], (c) Dual-polarized parasitic patch with dielectric sphere
[15], and (d) Dual-polarized probe feed transition with feeding network [16].
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will be excited. To suppress these unwanted modes, this multi-
mode section (hereinafter called “dielectric stamp”) is followed
by a short single-mode section. Such a single-mode section can
be realized by either decreasing the permittivity of the material
or reducing the diameter (see equation (1)). Here, the single-
mode section is realized by changing the diameter. To avoid add-
itional reflections and enhance the radiation of unwanted higher
order modes, a taper between dielectric stamp and single-mode
section is introduced.

In case of a single-mode DWG cable, the core of this cable can
directly be connected to the single-mode section. However, it
might be advantageous to use multi-mode DWGs in a high-data
rate system in combination with a higher-order-mode filter due to
the low waveguide dispersion of certain circular multi-mode
designs as stated in [2] and [19]. For this purpose, in our transi-
tion, a dielectric taper is added to the single-mode section to
adapt the transition to the core diameter of a multi-mode
DWG. Similar to the approach presented in [20], a cosine-shaped
dielectric taper is used to couple a wave from a single-mode DWG
into a multi-mode DWG with negligible higher order mode
excitation.

To demonstrate the stacked-patch transition, a design is opti-
mized to connect a 50 Ω MSL on a Rogers 3003 substrate (εr =
3.0, h = 0.127 mm) with a multi-mode dielectric waveguide
made of HDPE (εr = 2.3, tan δ = 1 × 2.2−4) with a diameter of
D = 4 mm at W-band frequencies. Especially the frequency
range between 80 and 90 GHz is of great interest since commonly

available E-band transceivers are operating in this frequency
range. The dimensions of the design are shown in Table 1
(Column: Levels “o”). The ability of such a transition to be imple-
mented into a chip package depends on its robustness toward
manufacturing tolerances. Therefore, an extensive sensitivity ana-
lysis has been performed.

Sensitivity analysis

For the sensitivity analysis, 13 parameters are considered. These
parameters are divided into control and noise parameters.
Control parameters are dimensions that can be modified during
the design process. They contain the dimensions of the dielectric
structure and the PCB layout. The taper length lTaper as well as the
MSL width w1 are not taken into account for the sensitivity ana-
lysis. Furthermore, parameters that are not part of the design but
can occur during the manufacturing process are denoted as noise
parameters. In this analysis, we focus on the non-perfect align-
ment between PCB and dielectric structure. Therefore, the noise
parameters contain an x-offset, a y-offset as well as a z-offset
which means an air gap between PCB and dielectric structure.
The permittivity and thickness of the substrate are assumed to
be highly reliable and therefore are not included in this analysis.
For each parameter, a lower tolerance limit (− ) and an upper tol-
erance limit ( + ) are specified. Combined with the nominal value
(o), 3 levels per parameter are obtained (see Table 1). Each toler-
ance limit depends on the structure the limit belongs to. For
dimensions of the PCB, layout limits of ± 10 μm are assumed.
The dielectric structure could be fabricated by injection molding,
therefore higher tolerances of ± 100 μm are specified for the
dimensions of the dielectric structure. For a horizontal misalign-
ment between PCB and dielectric structure, the tolerances are set
to ± 100 μm. For the z-offset, a nominal value of 0 μm and two
values of + 25 and + 50 μm are specified.

Fig. 2. Schematic structure of the transition between microstrip line and circular
dielectric waveguide (a) as well as PCB layout (b) and detailed view of the dielectric
structure (c) [17].

Table 1. Parameter dimensions with their corresponding tolerance limits

Type Parameters
Levels in mm

− o +

Control factors l1 − 0.01 0.83 + 0.01

ltaper 12.5

w1 0.28

w2 − 0.01 0.11 + 0.01

d1 − 0.01 1.08 + 0.01

d2 − 0.01 1.03 + 0.01

d3 − 0.1 2.0 + 0.1

d4 − 0.1 3.0 + 0.1

h1 − 0.05 0.18 + 0.05

h2 − 0.1 0.3 + 0.1

h3 − 0.1 0.5 + 0.1

h4 − 0.1 1.7 + 0.1

Noise factors x-offset − 0.1 0 + 0.1

y-offset − 0.1 0 + 0.1

z-offset + 0.025 0 + 0.05
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Since the number of parameters k and levels per parameter s of
the sensitivity analysis is large, a full factorial experiment would
lead to a huge number of trials (sk). To reduce the number of
simulations, the Taguchi Method [21] is chosen for the sensitivity
analysis. The Taguchi Method utilizes orthogonal arrays (OA) to
determine the experiment plan for the analysis and reduces the
number of simulations drastically by obtaining results close to
that of a full factorial experiment [22]. An OA(N, k, s, t) is a
matrix with N rows and k columns. Each row in an OA represents
one experiment where a certain combination of levels per param-
eter s is applied. The strength t indicates that an interaction of t
parameters is taken into account. The OA ensures equally distrib-
uted occurrence of levels for each parameter and each interaction
of parameters.

The presented sensitivity analysis combines two orthogonal
arrays. This allows to determine the influence of the control para-
meters on the variance of the electric properties of our design in
the presence of the noise factors. The variations of control para-
meters are determined by an OA1(27, 10, 3, 2), the variation of the
noise parameters by an OA2(9, 3, 3, 2). For each row in the control
parameter OA1, the scattering parameters (S-parameters) for all
rows in the noise parameter OA2 are simulated using Ansys
HFSS. This leads to 27 × 9 = 243 simulations instead of 313 =
1.59 × 106 simulations for a full factorial experiment.

To determine the effect of the control parameters on the sen-
sitivity of the overall transition, a fitness value is calculated that
evaluates the relation between average electrical performance
and its variance. As fitness value Taguchi introduced the
Signal-to-Noise ratio (SNR). The SNR in terms of sensitivity ana-
lysis determines the ratio of the squared mean of all variations
(signal) and the error power (noise). The SNRi for every experi-
ment i is calculated by

SNR
(Sxy)
i = 10 · log E{|Sxy|}2

Var{|Sxy|}2
( )

(2)

where Sxy = E{|Sxy(f )|} is the mean absolute value of the
S-parameter Sxy( f ) over all frequencies between 80 and
90 GHz. The following S-parameters Sxy( f ) are included for the
analysis: The transmission coefficient from the MSL port 1 to
the wanted polarization HEx

11 of the DWG at port 3 (Sx31), the
unwanted transmission between both MSL ports (port 1 and 2)
S21, referred as isolation as well as the transmission coefficient
between the MSL port 1 and the unwanted polarization HEy

11 of
the DWG (Sy31), referred as crosstalk. To determine the impact
of each parameter n on the S-parameters, the average
SNR(n, m) of all SNRi values for each parameter n and all levels
m is calculated:

SNR(n, m)(Sxy) = s
N1N2

∑
i : OA1(i,n)=m

^OA2(i)

SNR
(Sxy)
i . (3)

Thus, the SNR is a measure of the change in electrical properties
in case that a parameter changes according to its specified toler-
ances. Subsequently, a Pareto analysis is performed on the average
SNR where the parameters with the highest impact on the elec-
trical properties are identified. The results for the transmission
coefficient Sx31 are depicted in Fig. 3(a), for the isolation S21 in
Fig. 3(b) and for the crosstalk Sy31 in Fig. 3(c).

Figure 3(a) identifies four main influencing factors of the
transmission coefficient Sx31: The distance between both patches
h1, the diameter of the primary patch d1, the width of the imped-
ance transformer w2 as well as the stacked patch diameter d2. The
first main factor, the distance between both patches h1, already
shows a quite high SNR for the nominal value of the design. A
larger value of h1, however, leads to a significantly lower SNR
and therefore an increasing variance of the transmission coeffi-
cient Sx31. This can be explained by the one-sided distribution of
the tolerance values of the z-offset. With increasing z-offset, the
distance between primary and stacked patch also increases.
Thus, a tendentially smaller distance between both patches than
the nominal value shows a higher robustness against an air gap
between PCB and dielectric structure. For isolation and crosstalk,
however, the distance h1 plays a subordinate role. Especially for
the isolation, a significantly lower influence can be observed
than for all other parameters. The second main factor, the diam-
eter of the primary patch d1, shows an increasing variance of the
transmission coefficient Sx31 with decreasing size. However, at the
same time a significantly increasing variance of isolation and
crosstalk can be observed (see Figs 3(b) and 3(c)). The selected
nominal value of diameter d1 thus represents a compromise of
the variance of transmission coefficient Sx31 as well as isolation
S12 and crosstalk Sy31. As the third main factor, the impedance
transformer allows a reduction of the variance of all S-parameters
when its line width w2 is further reduced. However, the minimum

Fig. 3. Pareto analysis for the control parameters given in Table 1 of the transmission
coefficient Sx31 (a), isolation S21 (b), and crosstalk Sy31 (c).
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line width in our design is limited to 0.1 mm which is already
reached with the lower tolerance value. Furthermore, the sensitivity
of the transmission coefficient Sx31 strongly depends on the diam-
eter d2 of the stacked patch. Here the SNR analysis shows that
the optimal value to be robust against misalignment has already
been fulfilled by the nominal value.

For a more illustrative representation, the simulated
S-parameters of the nominal design (solid lines) together with
their respective variances (shadowed regions) are depicted in
Fig. 4. The nominal transition design shows a large
10 dB-bandwidth of 21 GHz (25%) for the input reflection coeffi-
cients at the MSL ports S11, S22 and 28 GHz (33%) at the DWG
port S33. Due to imperfections summarized in Table 1, the band-
widths are reduced to 16 and 20 Ghz, which are still competitively
large bandwidths for a resonant structure. The insertion loss from
MSL port 1 to the wanted polarization of the fundamental mode
HE11 inside the DWG Sx31 of the nominal design is better than 1.5
dB in the frequency range between 80 and 90 GHz. Including
manufacturing tolerances of the control parameters as well as
the noise parameters, the insertion loss varies between 1.2 and
2.3 dB in this frequency range. The isolation between both MSL
ports as well as the crosstalk from one MSL port to the unwanted
polarization in the DWG of the nominal design are better than 15
and −18 dB, respectively. The assumed manufacturing tolerances
reduce both values to 13 and − 15 dB. It has to be highlighted that
the decreasing performance is mainly determined by the air gap
between PCB and dielectric structure (z-offset), which in turn
also defines the distance between both patches h1. With this in
mind, for the measurements, a prototype system is realized that
allows to press the dielectric structure onto the PCB to reduce
the z-offset as much as possible and maintain a reliable distance
between both patches.

Measurement

Three PCBs containing the primary patch structures and four
dielectric structures including the stacked patches are manufac-
tured to prove the simulation results. The primary patch struc-
tures are fabricated on Rogers 3003 substrate by a laser process
(see Fig. 5(c)). The dielectric structures are cut out by lathe

machine from solid polystyrene (PS) (εr = 2.5, tanδ = 1 × 10−3).
The stacked patches are punched out of copper foil with 20 μm
thickness. To attach the stacked patches, a conical hole is drilled
on the bottom of each dielectric structure. Then, the copper foil
patch is placed on a metallic rod with 1 mm diameter, heated
and pressed onto the bottom of the conical hole inside the dielec-
tric structure. The heated copper foil melts the uppermost poly-
styrene layer and glues the stacked patch to the PS structure.
Figure 5(d) shows a microscopic view of the bottom side of the

Fig. 4. Simulation results for the input reflection coefficients at both MSL ports S11,
S22, the transmission coefficient Sx31 as well as the isolation S21 and crosstalk Sy31 of
the nominal transition design (solid lines) and their respective variances (shadowed
regions).

Fig. 5. Cross view of measurement test structure including brass fixture, POM mount,
and MSL-to-DWG transition (a) as well as one manufactured prototype structure (b),
primary patch structure (c), and stacked patch placed inside dielectric structure
(d) [17].
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dielectric structure with the stacked patch mounted on the bottom
of the drilled cavity. A precise alignment of the stacked patch
inside the cavity could be achieved.

For measurements at W-band frequencies, a vector network
analyzer N55250 PNA from Agilent with an N5260-6003 test set
for each port is used. Both test sets provide WR-10 connectors.
To connect both WR-10 test sets to the MSLs on the prototype
PCBs, a fixture made of brass is applied (see Figs 5(a) and 5(b)).
This brass fixture holds the PCB in place and contains two finline
transitions from MSL to WR-10, one for each polarization. The
dielectric structure is held by ROHACELL foam (εr = 1.1) (not
shown in Fig. 5(b)) that is attached to the brass fixture by a housing
made of polyoxymethylene (POM). Due to the low relative permit-
tivity, ROHACELL does not affect the electrical properties of the
transitions. A detachable cover (not shown in Fig. 5(b)) on top

of the POM mount allows to press the solid ROHACELL foam
and therefore the dielectric structure onto the PCB to maintain a
reliable small z-offset.

To obtain statistical significance for the measurement results,
the scattering parameters of various combinations of the three
PCBs and the four dielectric structures are measured. For each
S-parameter, 12 combinations of PCB and dielectric structure
are selected. The rotational orientation of the dielectric structure
related to the PCB is chosen randomly. The scattering parameters
of each transition are measured by three types of measurements.
The input reflection coefficients S11 and S22 as well as the isolation
between both MSL ports S21 are measured by connecting both test
sets to the WR-10 connectors of the brass fixture. The DWG port
is matched by adding a dielectric tip of 10 mm length made of
polystyrene. For this type of measurement, every dielectric struc-
ture is combined with each of the three PCBs. The transmission
coefficient from MSL to the wanted polarization Sx31 of each
MSL-to-DWG transition is measured by a back-to-back setup
where three DWGs (HDPE, d = 4 mm) of different lengths (l1 =
0.236 m, l2 = 0.506 m, l3 = 1.010 m) are connected between both
transitions. The HDPE waveguides are attached to the test struc-
ture with a POM connector as shown in Fig. 5(a). For each
back-to-back PCB pair, four random pairs of dielectric structures
are chosen. The crosstalk Sy31 is measured by a WR10-to-DWG
transition presented in [20] that is flipped by 90° and connected
to the DWG port of the MSL-to-DWG transitions. Exactly like
in the first measurement, every dielectric structure is combined
with each of the PCBs. For all measured values, the effect of the
MSLs and finline transitions as well as the losses of the HDPE
DWGs and WR10-to-DWG transition are removed from the
measurement results. A more detailed description of the measure-
ment setup and calculation of the S-parameter results is given in
[17]. The S-parameters per transition determined by the measure-
ments are shown in Fig. 6. The colored shadow regions indicate
the variation over all measured combinations of PCB and dielec-
tric structure for each S-parameter. The solid lines depict the

Fig. 6. Measurement results of all prototype combinations (shadowed regions) and
prototype with the best overall performance (solid lines) for the input reflections
at both MSL ports S11, S22, the transmission coefficient Sx31 as well as the isolation
S21 and crosstalk Sy31.

Table 2. Comparison of recently published vertical PCB-to-DWG transitions [11]

TMTT’16 [11] MWCL’16 [12] TMTT’18 [14] IMS’18 [15] TMTT’18 [16] This work

(Fig. 1(a)) (Fig. 1(b)) - (Fig. 1(c)) (Fig. 1(d)) (Fig. 2(a))

Polarization Linear Linear Linear Dual Dual Dual

Topology Patch Parasitic patch +
metallic aperture

Parasitic patch +
diel. sphere +
metallic aperture

Parasitic patch +
diel. sphere +
metallic
aperture

Differential
probe

Stacked
patch

Dielectric waveguide Silicon
rectangular

HDPE
rectangular

Rogers TMM10i
rect.

PTFE circular Silicon square HDPE
circular

0.5 mm × 0.3 mm 3 mm × 1.5 mm 1 mm × 0.76 mm ∅ 2 mm 0.5 mm ×
0.5 mm

∅ 4 mm

Center frequency
(GHz)

210 88 100 104 175 85

10 dB-bandwidth (%) 5 12 10 6/NA 12/31 26/27

Min. insertion loss (dB) NA 1.8 2.15 3.4 ≈ 2.8 1.5 ± 0.3

Isolation/Crosstalk
(dB)

– – – ≥ 27/ ≤−28 ≥ 30/≤−28 ≥ 14/ ≤−16

Sizea A
l20

0.12 (0.12) 0.22 (8.62) 0.03 (0.75) 0.06 (1.13) 1.14 (1.14) 0.49 (0.72)

a(...) including area of dielectric and metallic structures.
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measurement results for the transition with the best overall per-
formance. Referring to the input reflection coefficients S11 and
S22 at both MSL ports for all measured combinations, a 10 dB
bandwidth of larger than 22 GHz (26%) could be achieved. The
transition with the best overall performance shows a bandwidth
of around 23 GHz (27%) and 24 GHz (28%) for both polariza-
tions, respectively. The insertion loss Sx31 between 80 and
90 GHz varies in a range between 1.2 and 2.0 dB. On average,
the insertion loss in this frequency band is better than 1.5 dB
with a minimum at around 1.2 dB. In Table 2, the measured
S-parameters are compared to recent publications. It can be
seen that despite manufacturing tolerance, competitive values
for bandwidth and insertion loss are achieved over all measured
combinations. The isolation between both MSL ports as well as
the crosstalk from one MSL port to the unwanted polarization
in the DWG of the optimal design are lower than 15 and −
18 dB, respectively. The assumed manufacturing tolerances
impair both values to 14 and − 16 dB. In comparison to the simu-
lation results, a quite smaller variance can be observed for all
S-parameters. In order to find the cause for the smaller deviations,
the PCB and the dielectric structure are optically measured. It has
been found that all control parameters are within their assumed
tolerance range. Therefore, it is assumed that smaller tolerances
for the alignment could be achieved in the prototype manufactur-
ing process. Especially a smaller z-offset ensured by the
ROHACELL foam, which presses the dielectric structure onto
the PCB, is assumed to be the cause for the better performance
related to the simulation results.

Conclusion

A robust design of a broadband dual-polarized transition between
an MSL and a circular DWG for mm-wave applications has been
presented. A stacked-patch topology is used to reduce the space
consumption on the PCB by 35% compared to recent publica-
tions. The stacked patch is placed inside a dielectric structure
which is optimized to improve the coupling between MSL and
DWG. The design does not require any additional metallic aper-
tures, which enables an easy integration into a package. An exten-
sive sensitivity analysis has been performed by simulation and
measurement to prove the transition’s suitability for mass produc-
tion. The sensitivity analysis identified the main influence factors
of the design towards robustness of the electrical properties.
Especially the size and the distance between the primary patch
on the PCB and the stacked patch inside the dielectric structure
are sensitive to manufacturing tolerances. It has been found
that the nominal size of both patches can be optimized to either
improve the insensitivity of the transmission coefficient Sx31 or to
improve the insensitivity of isolation S21 and crosstalk Sy31. A more
critical parameter is the distance between both patches. This dis-
tance is not only affected by the manufacturing tolerances of the
dielectric structure but also by a possible air gap between PCB and
dielectric structure. The sensitivity analysis showed a drastically
increasing variance of the transmission coefficient for too large
distances between both patches. For statistical significance, 12
combinations of three manufactured PCBs and four dielectric
structures are measured. Comparing the measured S-parameters
to recent publications, an improved 10 dB-bandwidth of greater
than 22 GHz (26%) could be measured. Despite manufacturing
tolerances, the insertion loss Sx31 in the frequency range between
80 and 90 GHz varies only between 1.2 and 2.0 dB. An isolation
and crosstalk of better than 14 and − 16 dB could be obtained.

The measurements showed a significantly lower variance of the
S-parameters compared to the simulation results. An optical
measurement of all prototype PCBs and dielectric structures sug-
gest that the improvement was mainly caused by a better align-
ment of PCB and dielectric structure than assumed for the
sensitivity analysis. Especially a lower z-offset due to a stable
mount of the dielectric structures ensured low variance in the
measurement results.
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