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Abstract: This article introduces a novel transition between coplanar waveguide (CPW) and air-filled
rectangular waveguide (RWG). A rectangular radiator etched with a semi-elliptic slot is connected to
the center conductor of CPW to realize the transition, which broadens the bandwidth. This direct
transition does not require intermediate transition or air-bridges. Moreover, the planar circuit of the
transition can be designed with high- and low-permittivity materials (¢, = 10.2 and 2.22), which offer
more benefits in both PCB and MMIC design. Two back-to-back transition prototypes at X-band are
designed, fabricated and measured. The 15 dB fractional bandwidths are expanded to 44.7% and
47.6% respectively, which have been demonstrated in both of the transitions (¢; = 10.2 and 2.22). The
measurement results agree well with simulation results, which validate the feasibility of this design.
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1. Introduction

The coplanar waveguide (CPW) has been proved to be one of the most popular planar
transmission lines in microwave and millimeter-wave applications. Due to the coplanar
structure of the CPW, where the signal line and the two ground planes are placed on the
same side of the substrate, surface mount and active devices can be easily integrated with
the CPW transmission line [1-6]. In spite of the wide use of printed planar circuits in
microwave and millimeter-wave systems, metallic waveguides still play an essential role in
various components such as high-gain antennas [7], filters [8], diplexers, amplifiers [9] and
so on. In some microwave and millimeter-wave systems, it is necessary to apply both CPW
and rectangular waveguide; thus, developing a high-performance transition between them
is needed. Over the last few decades, various CPW-to-waveguide transitions have been
reported in the literatures [10-16]. Based on the relative position between the waveguide
and the coplanar waveguide, the designs can be classified into two distinct types: in-line
and right-angle transitions. More precisely, the main axes of the in-line configurations are
collinear, while the right-angle configurations are perpendicular.

Several approaches have been proposed to improve the performance of in-line tran-
sition between the CPW and rectangular waveguide in [10-13]. As is reported in [10], a
CPW-to-rectangular-waveguide transition can be achieved by using a tapered fin-line, but
this suffers from an electrically large substrate size. In [11], the transition of CPW to RWG
was achieved on a high-permittivity sapphire substrate. However, the above-mentioned
structures in [11-13] need air-bridges to enhance their performance. At the same time,
right-angle transitions between CPWs and rectangular waveguides have also been widely
studied [14-16]. A compact CPW-to-RWG transition can be accomplished by exploiting slot
antenna [14], while the bandwidth needs to be further expanded. A four-step Chebyshev
impedance transformer and a matching stub over the quartz CPW are employed in the
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transition of CPW-to-RWG [15]. The structure increases the complexity of manufacturing,
which makes the actual processing more difficult. Recently, the metal ridge was introduced
to guide the signal from the rectangular waveguide to CPW with gap termination [16].
The metal ridge makes the fabrication complicated. Most of the previous works [12-16]
were optimized for low-permittivity substrates. The transitions in [10,11] can be realized
on a high-dielectric-constant dielectric substrate, but the transition circuit occupies an
electrically large area because of the tapered fin-line [10] and the relative bandwidth is
merely 21.1% in [11].

In this letter, a broad CPW-to-RWG transition is proposed. By introducing a rectangular
radiator etched with a semi-elliptic slot, the transition was achieved experimentally. The
advantages of this design are as follows: (1) this transition can be realized on both high-
and low permittivity materials (¢; = 10.2 and ¢, = 2.22); (2) the improved bandwidths of
44.7% and 47.6% have been achieved, respectively; (3) the circuit structure is simple, which
reduces the manufacturing difficulty in manufacture processing.

2. Configuration and Design

The structure of the proposed transition between CPW and rectangular waveguide,
which uses an RT/Duroid 6010 substrate, is shown in Figure 1. The configuration of the
transition consists of coplanar waveguide (CPW), a rectangular radiator etched with a
half-Elliptic slot and a rectangular waveguide. The transition structure is symmetrical
about the z-axis and the CPW is printed on an RT/Duroid 6010 substrate with a relative
dielectric constant of 10.2, a loss tangent of 0.0023 and thickness of 0.635 mm. The view
of planar circuit for CPW-to-RGW transition (e, = 10.2) is shown in Figure 2a. A radiator
is connected to the coplanar waveguide’s central conductor for energy coupling. The
rectangular waveguide used in this design is WR-90, a standard waveguide with dimen-
sions of 22.86 x 10.16 mm, which will ensure single TE1y mode propagation in the X-band.
The CPW transmits quasi-TEM mode, and the impedance matching with the rectangular
waveguide can be realized by adjusting the related parameters of the radiator.
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Figure 1. Configuration of proposed transition.

As shown in Figure 2a, the radiator is inserted from the broad wall of the waveguide,
and is vertical with the z-axis. Note that the substrate embedded with the radiator is
placed approximately one-quarter-wavelength away from the waveguide short plane, and
shown with Lg,t in Figure 2a. The radiator used in this transition is formed by cutting
a semi-elliptic slot in a rectangular patch. The etched semi-ellipse is arc-shaped, so the
radiator used in this transition has a continuous change in distance from the wall of the
waveguide. This can bring in continuously tunable electrical resonance lengths for fed-
waves of different frequencies. In operation, the waveguide will work as a ground, and
it will generate multiple resonances with the radiator. Additionally, two rows of metal
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vias are placed in parallel on each ground plane of CPW. The role of the metal vias is to
suppress energy leakage of the electromagnetic wave.
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Figure 2. Layout of the proposed transitions: (a) the design with RT/Duroid 6010; (b) the design
with RT/Duroid 5880.

All simulated and optimized processes of this proposed transition use a full-wave
electromagnetic simulator. Table 1 lists some key parameters of the transition (the design
with RT/Duroid 6010). Among them, Wp1l and Lp1 are the length of the rectangular sides,
Ea is the major radius (in x-axis) of the half-ellipse, and ratio_1 is the aspect ratio of the
secondary radius to the major radius in the radiator structure.

Table 1. Structure parameters of the transition with RT/Duroid 6010 substrate (unit: mm).

Wpl Lpl Ea ratio_1 d_hole P Wit
4 2.5 3.5 0.9 0.45 0.8 15

Wsg Lpd Wxx Wzz Lshort a b

0.41 0.95 8.2 7.9 4.408 22.86 10.16

The structure of the proposed transition between CPW and a rectangular waveguide
which uses RT/Duroid 5880 substrate is similar to the former structure shown in Figure 1.
The RT/Duroid 5880 is a substrate with a relative dielectric constant of 2.22, loss tangent
of 0.0009 and thickness of 0.787 mm. When switching from RT/Duroid 6010 substrate to
RT/Duroid 5880 substrate, there is no need to redesign the overall transition. A broad-
band performance can be achieved by tuning the related parameters of the radiator. The
parameters used to describe this transition are shown in Figure 2b. Table 2 lists some key
parameters of the transition (the design with RT /Duroid 5880).

Table 2. Structure parameters of the transition with RT/Duroid 5880 substrate (unit: mm).

Wp2 Lp2 Ea_1 ratio_2 Wit Wsg

4 25 35 0.7 15 0.41
Lpd_1 Wxx Wzz Lshort a b

0.95 8.2 7.9 4.408 22.86 10.16

The proposed structure uses a rectangular radiator etched with a semi-elliptic slot to
realize the direct transition between the rectangular waveguide TE;p mode to the CPW
quasi-TEM mode. To demonstrate that a better return loss (511) can be achieved by
applying a rectangular radiator etched with a semi-elliptic slot in this paper, three different
transitions (the transitions in this paper, the transition with semicircle radiator and the one
with rectangular radiator) were simulated separately, and the S11 comparison of back-to-
back transitions were shown in Figure 3. Then, it is necessary to study the effect of radiator
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parameters on the performance of this proposed transition. Taking the transition with
RT/Duroid 6010 as example, the S-parameters against frequency for different values of the
ratio_1 in the radiator is shown in Figure 4. As can be seen from Figure 4, a new resonance
point appears at 10.5 GHz around when ratio_1 = 0.9. At the same time, the bandwidth is
slightly wider than the one choosing other two values.

0r

—=— the transition in this paper
L —=e— the transition with rectangular radiator,
—=— the transition with semicircle radiator

-10

8 9 10 11 12 13
Frequency, GHz

Figure 3. The S-parameter comparison of back-to-back transitions with different radiators.

0or 90.0
ratio_1=0.8
ratio_1=0.9
ratio_1=1
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Figure 4. Simulated S-parameters of waveguide-to-CPW with varying parameters.

3. Measurement

To experimentally validate the simulation results and test the performance of the
proposed transition, two back-to-back configurations were designed and fabricated to
form the test circuit. The photos of the fabricated prototype are shown in Figure 5. The
S-parameters of the fabricated transition were measured with a vector network analyzer
after the equipment was calibrated by using WR-90 waveguide calibration kit. Moreover,
a test fixture is adopted to measure the transmission coefficient of the transition. The
measured results along with simulated results for comparison are also shown in Figure 6a
(er =10.2) and Figure 6b (e = 2.22).
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Figure 5. Photos of the fabricated prototype: (a) (er = 10.2); (b) (e = 2.22).
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Figure 6. Measured and simulated results for the back-to-back transition: (a) (er = 10.2); (b) (e = 2.22).

The results show that the operation bandwidths of the two back-to-back transitions
cover the entire X-band, meanwhile 44.7% (&, = 10.2) and 47.6% (&, = 2.22) of the broadband
are achieved with low loss and good impedance matching, respectively. As can be seen
from Figure 6, the measurement and simulation results are in good agreement. The slight
deviation is attributed to the fabrication tolerance and inaccuracy of assembly.

Table 3 summarizes the performance comparison between this proposed waveguide-
to-CPW transition and some previously reported works. There are two kinds of transitions
sorted by the propagation direction, which are in-line [10,12,13] and right-angle [14-16].
The transitions proposed in this letter are designed for the application of right-angle
systems. Compared with the transitions in [10,12-16], it is obvious that the proposed
transition is suitable for both high- and low-dielectric-constant dielectric circuit substrate,
and can achieve a wider operational bandwidth simultaneously.

Table 3. Comparison of waveguide-to-CPW transitions.

Frquency BW Relative RL IL Structure Fabrication Transition
Band (GHz) BW (dB) (dB) Substrate (Permittivity) Direction
8.2-12.4 40.78% >16 <0.4 NA/(2.33) .
[10] X 87.124 40 78% 210 <1 back-to-back NA/(10.8) In-line
[12] X 8.2-12.4 40.78% >13.24 <0.43 single RT/Duroid 5880 (2.22) In-line
[13] X 8.6-12.75 39.5% >20 <1 single RT/Duroid 5880 (2.22) In-line
[14] X 9.45-12.9 30.9% >10 <1 back-to-back RT/Duroid 5880 (2.22) Right-angle
[15] W 80-109 31.5% >10 <1.2 back-to-back Quartz (3.78) Right-angle
[16] 18] 40-60 40% >12 <2.6 back-to-back RT/Duroid 6002 (2.94) Right-angle
This 8-13 47.6% <0.95 RT/Duroid 5880 (2.22) .
work X 8-12.58 44.7% >15 <1 back-to-back RT/Duroid 6010 (10.2) Right-angle

4. Conclusions

A novel wideband and compact design of a right-angle coplanar waveguide to a
rectangular waveguide transition for X-band application is introduced in this article. This
design can be obtained with low- and high-permittivity materials (¢, = 10.2 and 2.22).
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Measurement results show that the two back-to-back transitions exhibit the impedance
bandwidth of 44.7% (e; = 10.2) and 47.6% (e, = 2.22) for S11 < —15 dB, respectively. The
measurement results of the back-to-back configurations are in reasonable agreement with
the simulation results, which shows that this transition structure can be used in a variety of
microwave applications.
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