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Abstract— A novel design for a transition from substrate-
integrated waveguide (SIW) to regular coplanar waveguide
(CPW) is presented. In comparison with previously published
transitions, which employ conductor-backed CPWs and via
holes, the new design achieves better return-loss performance.
Dispersion curves highlight the related modes and the available
bandwidths. The new design is optimized in an HFSS
environment and is presented as a single transition and as a
back-to-back version with more than 30 dB and 26 dB return
loss, respectively, over a bandwidth of 19.5 GHz to 27 GHz. All
design parameters are specified. A SIW-to-conductor-backed
CPW and via holes is presented for comparison, showing return-
loss values of only 21 dB and 14.5 dB. All presented
performances include dielectric and metallic losses and are
verified by comparisons between HFSS and CST Microwave
Studio.

Index Terms — Substrate-integrated waveguide technology,
coplanar waveguide, transitions.

I. INTRODUCTION

For the purpose of circuit integration in the millimeter-
wave frequency regime, substrate-integrated waveguide (SIW)
technology has emerged as a successful compromise between
all-metal waveguide and microstrip components, e.g. [1]. The
boundary conditions and principal design guidelines of SIW
are meanwhile well understood [2], and applications have
been demonstrated up to the 100 GHz range [3], [4].

As SIW technology is meant to replace that of all-metal
waveguides, one port of the SIW circuitry will be connected
to an antenna. This is demonstrated in [5] and [6] by
employing linearly tapered slot antennas. The other SIW port
will have to be integrated with active devices, e.g., low-noise
amplifiers (LNAs) in millimeter-wave receiver systems,
which commonly use coaxial (quasi-TEM-type) ports.

It is common to interface SIW with microstrip lines, and
design guidelines are available for single layered [7] and
double layered [8] SIW-to-microstrip transitions. In order to
exploit connectivity to a higher level of integrated circuits,
coplanar waveguide (CPW) technology is more amenable to
integration with MMICs or MHMICs [9]. Thus SIW
transitions to CPW have been proposed [1] and are realized in
double layered [10] and single layered [11], [12] substrate
configurations. However, both single layered configurations
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employ conductor-backed CPWs which are prone to higher-
order (waveguide-type) mode excitation.

Therefore, this paper focuses on a transition from SIW to
regular CPW with removed ground plane. The advantages of
such a transition compared to those in [11], [12] include wider
bandwidth and more design flexibility for the integration of
active components. A larger substrate area can be viewed as a
disadvantage. Compared to the design in [12], however, this
follows logically from the simultaneous removal of the ground
plane and associated vias.

II. DESIGN

The application for the SIW-to-CPW transition is set for a
frequency range of 19.5 GHz to 27 GHz. After consulting
fabrication guidelines and tolerances, Rogers’ low-
permittivity substrate RT Duroid 5880 was selected. The
relevant parameters are: €=2.2, tand=0.0009, substrate height
h=0.508 mm, metallization thickness t=26 pum, conductivity
6=5.8x10" S/m. Via-hole dimensions and spacing are selected
according to [2], giving via diameters of 0.72 mm and center-
to-center spacing of 1.02 mm. For this application, the SIW
width measured between the centers of the via holes is chosen
as 7.28 mm. This results in a fundamental-mode cutoff
frequency of 15 GHz as shown as dotted lines in the
normalized dispersion diagram of Fig. 1. Due to the symmetry
of the transitions (c.f. Fig. 2), the next propagating mode in
the SIW occurs at 45 GHz.

Also shown in Fig. 1 are the dispersion curves for a
conductor-backed CPW with via holes (dashed lines), using
design considerations similar to those in [11], [12] with a
reduced SIW width of 3.64 mm and the regular CPW (solid
line). For the substrate specified above, the center conductor
of the 50Q regular CPW is 2.3 mm wide; its slot widths are
0.1 mm.

It is noted that in the conductor-backed CPW, the main
waveguide mode due to vias and conductor backing appears at
34 GHz (dashed line) and thus limits the operational
bandwidth of an SIW-to-CPW transition which, due to the
second mode in the SIW, could potentially extend to 45 GHz
(dotted line). This limitation is not present in the regular CPW
(solid line) whose surface wave will start propagating at
beyond 100 GHz [13]. The propagation constant of the quasi-
TEM mode is higher in the conductor-backed CPW (dashed
line) since the field is more concentrated in the dielectric than
in the regular CPW. The normalized propagation constant of
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Fig. 1. Dispersion diagram for regular CPW and SIW as used in this

paper, conductor-backed CPW with via holes according to [12]; k, and k, are
the propagation constants in the transmission line and in free space,
respectively.
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Fig. 2. Transition from SIW to regular CPW; (a) top view, (b) bottom
view.

Based on this investigation, a transition from SIW to
regular CPW is presented in Fig. 2. The SIW is first connected
to a quasi-microstrip line (Fig. 2a) while its bottom
metallization is gradually removed (Fig. 2b). Another gradual
transition involving via holes brings the top ground planes
closer to the microstrip line to form a regular CPW, with the
bottom ground plane removed, when the via holes are lined up
towards the edges of the substrate. The overall transition
length from the SIW to the CPW is 3.27 mm; the width of the
microstrip line extends from 2.19 mm to 2.3 mm. The
dimensions of the triangular area with removed top
metallization are 1.74 mm x 3.27 mm. The entire substrate
width is 21.85 mm.

III. RESULTS

The transition shown in Fig. 2 has been optimized in an
HFSS environment for a return loss of 30 dB or better
between 19.5 GHz and 27 GHz. Note that this and all
following responses include the full dielectric and conductor
losses as specified in the previous section.

Fig. 3 shows the response of the transition of Fig. 2 as
predicted by HFSS and CST. The maximum insertion loss
occurs at the higher frequency and is computed by HFSS and
CST as 0.30 dB. The return loss curves are very similar with a
slight frequency shift. However, both field solvers agree that
the return loss is below 30 dB over the above frequency range
T
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Fig. 3. Performance of the transition of Fig. 2, and comparison between
results obtained with HFSS and CST; maximum insertion loss is 0.30 dB.

In order to compare this transition with the design of [12],
Fig. 4 shows the performance of the respective transition to a
conductor-backed CPW with via holes. Since the propagation
characteristics for the conductor-backed and via-holed CPW
are different (c.f. Fig. 1), the CPW center conductor and slot
widths have been adjusted to resemble 50€2 line impedance.

The maximum insertion loss including all losses is 0.30 dB
which is comparable with the new design presented in Fig. 2
and Fig. 3. However, the return loss predictions in Fig. 4 are
are not as good as the ones for the new design in Fig. 3.
Moreover, they differ between HFSS (24 dB, solid line) and
CST (21 dB, dotted line). Note that for future broadband
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transitions, the circuit in Fig. 4 is limited to operation below
34 GHz (Fig. 1) by the conductor-backed and via-holed CPW
whereas that of Fig. 3 actually extends all the way to 45 GHz
as limited by the next symmetric higher-order mode in the
feeding SIW.
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Fig. 4. Performance of a SIW-to-conductor-backed CPW with via holes
as calculated by HFSS and CST; maximum insertion loss is 0.30 dB.

One of the best ways to test and measure a transition is to
investigate two transitions connected back-to-back. We have
opted for this scenario in order to first assure that the two
individual transitions still meet the requirements and, secondly,
that their mutual interactions do not influence the overall
performance. Therefore, the circuits shown in the insets of Fig.
3 and Fig. 4 are simply mirrored to form CPW-to-SIW-to-
CPW transitions without any consideration given to the actual
length between the two transitions.

Fig. 5 shows the performance obtained from the back-to-
back transitions of Fig. 3. (Note that the inset only shows the
top view; the bottom view is a mirror image of Fig. 2b.) The
agreement between the results obtained with HFSS and CST
is very good. Both field solvers predict the insertion loss to be
better than 26 dB over the 19.5-27 GHz frequency range. The
maximum insertion loss is 0.65 dB (HFSS) and 0.60 dB (CST).

In comparing this performance to one obtainable from the
back-to-back conductor-backed and via-holed CPW-to-SIW
transition, it is obvious from Fig. 6 that the simple mirroring
of transitions is not as straightforward as with the transition
proposed in this paper. Although the insertion loss (HFSS:
0.72 dB, CST: 0.69 dB) is comparable to that of Fig. 5, the
return loss exceeds the 20 dB mark at several frequencies as
predicted by both HFSS (15.4 dB) and CST (14.5). It is
assumed that the SIW-to-SIW discontinuities at either end
contribute largely to the performance displayed in Fig. 6. That
would suggest that the overall performance of a back-to-back
transition depends on the length of SIW line between the
individual transitions. Note that a back-to-back transition in
[12] achieved a return loss of 20 dB over the entire Ka-band
whereas a similar one in [11] failed to achieve 20 dB over a
frequency range from 6 GHz to 10 GHz.
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Fig. 5. 3D view (a), performance of the back-to-back transition of Fig. 3,
and comparison between results obtained with HFSS and CST; maximum
insertion loss is 0.64 dB.
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Fig. 6. Performance of a SIW-to-conductor-backed CPW with via holes
as calculated by HFSS; maximum insertion loss is 0.72 dB; for direct
comparison with Fig. 5.
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IV. CONCLUSIONS

It is demonstrated that the new design for a transition from
substrate-integrated waveguide to regular coplanar waveguide
outperforms a similar one proposed in the literature, which
involves a conductor-backed and via-holed CPW. First, the
bandwidth of the regular CPW is wider and thus permits
utilization of the full bandwidth provided by a symmetric
transition with the incoming SIW. Secondly, the new
transition is clearly better than one that uses a conductor-
backed CPW and, thirdly, due to its better performance, is less
sensitive to back-to-back connections as shown in a direct
comparison.

Over a bandwidth of 19.5 GHz to 27 GHz, the new design
achieves a return loss better than 30 dB for the single and
better than 26 dB for the double transition. The respective
performances include dielectric and metallic losses and are
individually verified by comparison with two commercially
available field solver packages. All design parameters are
specified in the text.
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