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ABSTRACT: In this paper, a coplanar waveguide-to-rectangular waveguide TE;y mode transition using an antisymmetric tapered probe is
proposed. The transmission coefficient of the TE;y mode is nearly 0 dB, and the reflection coefficient of the coplanar waveguide mode is
smaller than —10 dB from 13.48 GHz to 14.7 GHz. In this frequency range, the transmission coefficient of the TE;o mode is smaller than
—20dB while the reflection coefficient of the coupled slotline mode is smaller than —19 dB. Besides, a microstrip line-to-rectangular
waveguide TE» mode transition using an antisymmetric fork is proposed. The transmission coefficient of the TE»y mode is nearly 0 dB,
and the reflection coefficient of the microstrip line mode is smaller than —10 dB from 13.34 GHz to 15 GHz. In this frequency range, the
transmission coefficient of the TE;o mode is smaller than —20 dB. To verify simulation results, the coplanar waveguide-to-rectangular
waveguide TE transition and microstrip line-to-rectangular waveguide TE»p mode transition are back-to-back fabricated and measured,
with the measurement results agreeing well with the simulation ones.

1. INTRODUCTION

he early development of microwave circuits was mainly

based on waveguide structures such as coaxial cables and
rectangular waveguides. Due to the characteristics of low
loss and high-power carrying capacity, rectangular waveguides
are widely used in long-distance transmission systems such as
radar satellite communications, military, and aerospace com-
munications. In the 1960s, planar transmission lines emerged,
making microwave circuits diverse. Planar transmission lines
have a variety of structures, such as microstrip lines, coplanar
waveguides, coplanar strip lines, and slotlines. These structures
have characteristics of small size, low price, easy making, and
easy integrating with monolithic microwave integrated circuits
or microwave integrated circuits. Therefore, they have been
widely used in the design of microwave components in recent
years. Among these planar transmission lines, microstrip lines
and coplanar waveguides are easier to achieve low character-
istic impedance, so they are more commonly used. In order to
integrate planar circuit components and rectangular waveguide
components, a transition from planar transmission lines to rect-
angular waveguides is required.

Many scholars have proposed various types of coplanar
waveguide-to-rectangular waveguide TE;; mode transi-
tions [1-9]. First, in 1990, a coplanar waveguide-to-rectangular
waveguide TE |y mode transition using a ridge waveguide was
proposed by Ponchak and Simons [1]. Although this transition
has a broadband response and extremely low loss, the transition
uses a ridge waveguide to achieve field matching, which is
difficult to process, expensive, and bulky. In 2009, Shireen et
al. applied ridge waveguide to the W-band [2]. Although this
transition can achieve a broadband response, it was also bulky
and difficult to process.
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In order to solve the problems of large size, inconvenience to
carry, and difficulty in processing, some scholars directly fabri-
cated transition on substrate [3-9]. First, a coplanar waveguide-
to-rectangular waveguide TE |y mode transition using a dipole
slot antenna was proposed [3]. This structure is extremely sim-
ple, using only a quarter wavelength for impedance matching,
but the bandwidth of this transition is not very wide. In or-
der to further reduce the area of the transition, some schol-
ars use extremely small slot antennas to achieve the transition
from coplanar waveguide to rectangular waveguide [4]. Al-
though the area of this transition circuit is quite small, a quarter-
wavelength short-circuited waveguide is required in the back
direction, which occupies the transition volume.

In order to increase the bandwidth, some scholars use coni-
cal fin-lines to excite the TE;y mode of the rectangular waveg-
uide [5]. This transition circuit is easy to manufacture, has a
wideband frequency response, and is suitable for high and low
dielectric constant substrates. However, using conical fin-lines
to gradually match the field pattern and impedance to the rect-
angular waveguide requires a large area. In order to reduce
the area, some scholars proposed a conical slotline probe struc-
ture to excite the TE;o mode of the rectangular waveguide [6].
Although this structure can achieve a wideband frequency re-
sponse and slightly reduce the transition area, this structure still
requires a relay switch to achieve the overall transition, so its
circuit area reduction is limited. In addition, some scholars use
a simple probe structure to match the field pattern to rectan-
gular waveguide TE o mode [7]. Although the probe structure
only needs a quarter wavelength, another quarter-wavelength
substrate is required at its end to achieve a broadband transition
design, so the area reduction is limited. To eliminate the sub-
strate at the end, a coplanar waveguide-to-rectangular waveg-
uide TE o mode transition utilizing an inductor-compensated
slotline was developed [8]. This transition uses an inductor-
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FIGURE 1. The schematic view of the coplanar waveguide-to-
rectangular waveguide TE»9 mode transition using the antisymmetric
tapered probe.

compensated slotline to shrink the quarter-wavelength slotline
and integrate it into the bow-tie transition to save circuit area.
Some scholars further reduced the inductor-compensated slot-
line by using a 90° resonator to accomplish the transition [9].
The TE,y mode of rectangular waveguides is becoming in-
creasingly important today as it has been used in the design of
antennas [10—12] and filters [13]. As for high-order modes rect-
angular waveguide transitions, a variety of transitions are also
proposed [14—17]. Some scholars have used curved rectangular
waveguide bends to design a rectangular waveguide TE () mode
to TE»p mode or TE4 mode transitions [14]. By using one rect-
angular waveguide bend, a broadband rectangular waveguide
TE o mode to TE;y mode transition can be accomplished. By
utilizing two rectangular waveguide bends, a broadband rect-
angular waveguide TE () mode to TE4 mode transition can be
accomplished. Although this transition can achieve a broad-
band response, it occupies an extremely large volume. In addi-
tion, in 2016, some scholars proposed a rectangular waveguide
TE o mode to cylindrical waveguide TE;3 mode transition [15].
This structure first converts rectangular waveguide TE( mode
to TEsp mode through a front-end transition, and then converts
the TEso mode to cylindrical waveguide TE 3 mode. The tran-
sition is broadband and can reduce the transition volume of the
rectangular waveguide. However, the fabrication process of
this transition is quite complicated, and the volume is still large.
In addition, some scholars use similar transitions at the front
end to convert rectangular waveguide TE ;o mode into rectan-
gular waveguide TE,y mode, and then convert the TE,y mode
into different cylindrical waveguide modes [16]. Although the
transition is broadband, the fabrication process is also compli-
cated, and the transition still occupies a large volume. To reduce
the volume, some scholars use two fin-line structures to con-
vert rectangular waveguide TE o mode to rectangular waveg-
uide TE;¢ mode [17]. Although the transition volume can be
greatly reduced, the transition bandwidth is very narrow. As
two fin-line structures with a phase difference of 180° are re-
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quired, the transition still occupies a substantial volume. To
further reduce the transition volume, a miniaturized coplanar
waveguide-to-rectangular waveguide TE;; mode transition us-
ing an antisymmetric tapered probe is proposed. As there will
be TE;p mode and TE;y mode propagating in the rectangular
waveguide at the same time, the antisymmetric tapered probe
should be properly designed so that there will be solely TEj
mode propagating in the rectangular waveguide without TE ¢
mode propagating in the rectangular waveguide, and the tran-
sition can maintain a compact size. In addition, a miniaturized
microstrip line-to-rectangular waveguide TE»; mode transition
using an antisymmetric fork is proposed. For the same rea-
son, the antisymmetric fork should be properly designed so that
there will be solely TE,y mode propagating in the rectangular
waveguide without TE;y mode propagating in the rectangular
waveguide, and the transition can maintain a compact size.

2. COPLANAR WAVEGUIDE-TO-RECTANGULAR
WAVEGUIDE TE,, MODE TRANSITION USING ANTI-
SYMMETRIC TAPERED PROBE

2.1. Topology

The schematic view of the coplanar waveguide-to-rectangular
waveguide TEyy mode transition using an antisymmetric ta-
pered probe is shown in Figure 1, and its planar circuit is
shown in Figure 2. The substrate used for the planar circuit
is Rogers®RO5880, with a dielectric constant of 2.2, a tangent
loss of 0.0009, and a substrate thickness of 0.8 mm. From the
planar circuit in Figure 2, the 75-Q2 coplanar waveguide is fed
into the front end of the circuit. One slot of the coplanar waveg-
uide is terminated with a short-circuited quarter-wavelength
slotline, and the other slot is fed into the coplanar stripline
and antisymmetric tapered probe. The coplanar stripline and
antisymmetric tapered probe are used to gradually match the
field pattern and impedance to the rectangular waveguide TE»
mode. The rectangular waveguide used is rectangular waveg-
uide WR-90 (¢ = 22.86 mmxb = 10.16 mm). The cutoff
frequency of TE|y mode is 6.56 GHz; the cutoff frequency of
TE,p mode is 13.1 GHz; the cutoff frequency of TEy; mode is
14.76 GHz. As a result, the operating frequency band of TEj
mode is between the cutoff frequency of TE,y mode and the
cutoff frequency TE(; mode, that is, 13.1 GHz to 14.76 GHz.
Besides, in this frequency range, the TE;o mode will propagate
and should be suppressed.

Observing Figure 1, the 75-) coplanar waveguide and
coplanar waveguide to slotline relay are packaged in a
10.16 mmx8.0899 mm (H, x Hj) metal shell to ensure that
no rectangular waveguide mode is generated within the design
frequency band and to shield interference from various external
factors. The planar circuit is placed in the middle of the z-axis
of the metal shell, resulting in the metal shell being divided
into two 5.08 mmx 8.0899 mm rectangles. Since the coplanar
waveguide has odd- and even-modes, we use two air-bridges
to suppress the odd-mode of the coplanar waveguide (coupled
slotline mode) so that the feed end retains only the even-mode
(coplanar waveguide mode). The terminal structure is a WR-90
rectangular waveguide with a short-circuited waveguide at
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FIGURE 3. The frequency response of the S-parameters of the coplanar
waveguide-to-rectangular waveguide TE;p mode transition using the
antisymmetric tapered probe.

a distance D from the planar circuit. The distance D was
designed to be approximately half the wavelength of the
TE;p mode of the rectangular waveguide (about 12mm at
14.1 GHz), which can well suppress the TE|yp mode. Finally,
the distance D was selected as 9.779 mm.

2.2. Circuit Analysis

First, TXLine is used to calculate dimensions of the 75-2 copla-
nar waveguide, and the values of the dimensions are W py =
1.7272mm and Scpw = 0.3429mm. In addition, two air-
bridges are used to suppress the coplanar waveguide odd-mode.
The height and width of the air-bridges are 0.4 mm and 0.3 mm,
respectively, and the distance L;, between the two air-bridges
is 1.9 mm. The length of the short-circuited slotline is a quarter
wavelength of 2.8 mm, so Lg; is chosen to be 2mm and Lgo
to be 0.8 mm, making its total length 2.8 mm. Its slot width
W1 is chosen as thin as the fabrication tolerance permits, so
W1 is 0.2 mm. The length of the antisymmetric tapered probe
needs to be one wavelength in order to match the field pattern
of the rectangular waveguide TE;() mode. Therefore, by fixing
Ly = 3mm and W, = 1.4 mm, the length of the antisymmetric
tapered probe is chosen as one wavelength of L, = 17.5 mm.
Then, the values of L,, L3, Wg, and W}, are adjusted to achieve
impedance matching, and the dimensions are L, = 2.16 mm,
L; = 0.5mm, Wg = 0.2032mm, and W, = 0.6 mm, com-
pleting the overall coplanar waveguide-to-rectangular waveg-
uide TE,9 mode transition. The dimensions are summarized
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TABLE 1. The dimensions of the coplanar waveguide-to-rectangular
waveguide TE») mode transition using the antisymmetric tapered

probe.
L L2 L3 le LsZ La Lb Lair
10.16 2.16 | 0.5 2 0.8 17.5 3 1.9
W We | Wo | Wy | Wepw | Scprw D Unit
0.2032 0.2 1.4 0.6 1.7272 0.3429 | 9.779 | mm

FIGURE 4. The back-to-back photograph of the coplanar waveguide-to-
rectangular waveguide TE»9 mode transition using the antisymmetric
tapered probe.

in Table 1. Next, Ansoft HFSS is used to simulate the copla-
nar waveguide-to-rectangular waveguide TE;y mode transition
using the antisymmetric tapered probe in Figure 1. During the
simulation, coplanar waveguide (CPW) mode and coupled slot-
line (CSL) mode are excited at the coplanar waveguide port,
while the TE |y mode and TE,, mode are excited at the rectangu-
lar waveguide port. The frequency response of its S-parameters
is shown in Figure 3. From the figure, the —10-dB bandwidth
of the coplanar waveguide mode reflection coefficient covers
13.48 GHz to 14.7 GHz, and in this frequency band, the trans-
mission coefficient of the rectangular waveguide TE |y mode is
almost less than —20 dB, and the reflection coefficient of the
coupled slot mode is less than —19 dB. The transmission coef-
ficient of the TE,y mode is nearly 0 dB.

2.3. Verification

In order to verify the correctness of the simulation results, two
of coplanar waveguide-to-rectangular waveguide TE;; mode
transition using the antisymmetric tapered probe are connected
back-to-back and fabricated as shown in Figure 4. Agilent
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FIGURE 5. The comparison between the simulated and measured fre-
quency responses of the S-parameters of the coplanar waveguide-to-
rectangular waveguide TE>y mode transition using the antisymmetric
tapered probe.
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FIGURE 6. The schematic view of the microstrip line-to-rectangular
waveguide TE;p mode transition using the antisymmetric fork.

N4433A ECal calibration kit is applied, and Agilent N5242A
PNA is used to measure S-parameters. The comparison of
the simulated and measured S-parameters of the back-to-back
coplanar waveguide-to-rectangular waveguide TE;( mode tran-
sition using the antisymmetric tapered probe is shown in Fig-
ure 5. From Figure 5, the curve trends of the simulation and
measurement results are similar, but there is a gap in the level.
The low-frequency resonance is slightly offset, mainly due to
the influence of the welding effect.

3. MICROSTRIP LINE-TO-RECTANGULAR WAVEG-
UIDE TE,, MODE TRANSITION USING ANTISYMMET-
RIC FORK

3.1. Topology

The schematic view of the microstrip line-to-rectangular
waveguide TE;p mode transition using an antisymmetric fork
is shown in Figure 6, and its planar circuit is shown in Figure 7.
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The substrate used for the planar circuit is Rogers® RO5880,
with a dielectric constant of 2.2, a tangent loss of 0.0009, and a
substrate thickness of 0.8 mm. From Figure 7, the front end is a
50-2 microstrip line feed; the middle is a double-sided parallel
stripline, which is used to achieve impedance matching;
the end is an antisymmetric fork, which gradually matches
the field pattern to the rectangular waveguide TE,y mode.
The rectangular waveguide used is WR-90 (¢ = 22.86 mmx
b =10.16 mm), and its operating frequency band is between the
TEj cutoff frequency and TE(; cutoff frequency of WR-90,
that is, 13.1 GHz to 14.76 GHz.

L, L,
)

¥

FIGURE 7. The planar circuit of the microstrip line-to-rectangular
waveguide TE») mode transition using the antisymmetric fork.

Reexamining Figure 6, the 50-{2 microstrip line feed is en-
capsulated by a metal shell with H, = 9mmx H, = 9mm. In
addition to resisting external interference, this metal shell can
also keep the pure microstrip line mode inside the metal shell
without generating any waveguide modes within the designed
frequency band. The planar circuit is placed in the middle of
the metal shell, and the height from the back short-circuited
waveguide is D. The value of D is chosen to be half the wave-
length of the rectangular waveguide TE |y mode (about 12 mm
at 14.1 GHz) so that the TE ;o mode can be suppressed.

TABLE 2. The dimensions of the microstrip line-to-rectangular waveg-
uide TE» mode transition using the antisymmetric fork.

Ly
10.16

Lo
2.5

L3
4.6

L4 D Unit

12.8 | 12

Wi
2.5

Wa
0.6

Ws
0.8

3.2. Circuit Analysis

First, TXLine is used to calculate the dimension of the 50-2
microstrip line, and the width W = 2.5mm. By fixing the
width of the antisymmetric fork W3 = 0.8 mm, Lj is chosen as
4.6 mm, and L4 is chosen as 12.8 mm so that the sum of them is
one wavelength. Then by adjusting the values of L, and W, for
impedance matching, dimensions of the double-sided parallel
stripline are length L, = 2.5 mm and width W, = 0.6 mm. The
dimensions are summarized in Table 2. Then, Ansoft HFSS is
used to simulate the structure of Figure 6. During the simula-
tion, the microstrip line (MSL) mode is excited at the microstrip
line port, while the TE;y mode and TE;;, mode are excited at
the rectangular waveguide port. The frequency response of its
S-parameters is shown in Figure 8. From the figure, the fre-
quencies where the microstrip line mode reflection coefficient
is less than —10 dB range from 13.34 GHz to 15 GHz. In ad-
dition, within this frequency band, the transmission coefficient
of the rectangular waveguide TE;p mode is less than —20 dB.
The transmission coefficient of the TE,y mode is nearly 0 dB.
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TABLE 3. Comparison of the performance of the high-order mode rectangular waveguide transitions.
Transition Type Waveguide Mode | Frequency Band | Insertion Loss (dB) | Length (mm)

Rectangular Waveguide Bend [14] TEzo 7.98-9.07 GHz —0.45 149
Cylindrical Waveguide [15] TE:3 95-105 GHz -5 31.63
Cylindrical Waveguide [16] TEo 46-51.4 GHz -3 31.63
Fin-line [17] TE2o 14-14.5GHz -0.9 N.A.
Antisymmetric Tapered Probe TE2 13.48-14.7 GHz —-0.59 18.7
Antisymmetric Fork TE2 13.34-15GHz —-0.5 15.3

S-parameter (dB)

" —1S,,| (MSL mode , MSL mode) N
-- |Sn| (TE,, mode , MSL mode)
-+ |S,,| (TE,, mode , MSL mode)

40 -

T T
13.0 13.5 14.0 15.0

Frequecny(GHz)

FIGURE 8. The frequency response of the S-parameters of the mi-
crostrip line-to-rectangular waveguide TE» mode transition using the
antisymmetric fork.

FIGURE 9. The back-to-back photograph of the microstrip line-to-
rectangular waveguide TE»9 mode transition using the antisymmetric
fork.

3.3. Verification

In order to verify the accuracy of the transition design, two
of microstrip line-to-rectangular waveguide TE,y mode tran-
sition using an antisymmetric fork are back-to-back connected
and fabricated as shown in Figure 9. The comparison of the
simulated and measured S-parameters of the back-to-back mi-
crostrip line-to-rectangular waveguide TE;y mode transition us-
ing the antisymmetric fork is shown in Figure 10. From Fig-
ure 10, it can be seen that the curve trends of the simulation
and measurement are quite close, except that the resonance fre-
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FIGURE 10. The comparison between the simulated and measured
frequency responses of the S-parameters of the microstrip line-to-
rectangular waveguide TE»p mode transition using the antisymmetric
fork.

quency point is slightly offset, and the level is not quite correct,
mainly due to the influence of the welding effect.

4. CONCLUSION

In this paper, a coplanar waveguide-to-rectangular waveguide
TE,p mode transition using the antisymmetric tapered probe
is presented. The bandwidth of the —10dB reflection coef-
ficient of the coplanar waveguide mode covers 13.48 GHz to
14.7 GHz, and in this frequency band, the transmission coeffi-
cient of the TE;y mode is less than —20 dB, and the reflection
coefficient of the coupled slotline mode is less than —19 dB.
The transmission coefficient of the TE;y mode is nearly 0 dB.
In addition, the microstrip line-to-rectangular waveguide TEj
mode transition using the antisymmetric fork has a —10-dB re-
flection coefficient of the microstrip line mode from 13.34 GHz
to 15GHz, and in this frequency band, the transmission co-
efficient of the rectangular waveguide TE;y mo is less than
—20dB. The transmission coefficient of the TE,; mode is
nearly 0dB. Two back-to-back transitions are fabricated and
measured, where the simulation results agree well with the mea-
surement ones. Table 3 summarizes the performance of the
high-order mode rectangular waveguide transitions. As can be
seen from Table 3, since the proposed transitions use antisym-
metric probes for feeding, the transition volume can be substan-
tially reduced.
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