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Compact MSL-Fed CWG Polarizer Using Corner-Truncated Patch
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ABSTRACT: In this paper, a compact microstrip line (MSL)-to-circular waveguide (CWG) transition using a rectangular patch is intro-
duced. As the rectangular patch is placed 2.68mm (0.043λg) away from the short-circuited plane of the CWG, the transition is very
compact. By truncating the rectangular patch of the compact MSL-to-CWG transition, a compact MSL-fed CWG polarizer using the
corner-truncated patch is proposed. The proposed polarizer has a compact size and a phase difference of−90.97◦ at 9.65GHz. The axial
ratio is within±1 dB from 8.5GHz to 10GHz. The reflection coefficient is smaller than−10 dB from 9.03GHz to 10.5GHz. In addition,
as the corner-truncated patch is adopted, the proposed polarizer does not require a complex manufacturing process on the waveguide.
Moreover, as the microstrip line feeds the polarizer, it can be easily integrated with other planar circuits. To verify the simulation results,
the MSL-fed CWG polarizer using the corner-truncated patch is fabricated and measured. The simulation and measurement results are
in good agreement.

1. INTRODUCTION

Microstrip line (MSL)-to-circular waveguide (CWG) transi-
tions are commonly used in the feeding of circular waveg-

uides. As circular waveguides and rectangular waveguides
have similar electromagnetic field distributions, techniques
used in the design of microstrip line (MSL)-to-rectangular
waveguide (RWG) transitions can be straightforwardly applied
to the design of MSL-to-CWG transitions. At the beginning,
MSL-to-RWG transitions can be formed by using multi-section
ridgedwaveguides [1], tapered ridgedwaveguides [2], or multi-
section rectangular waveguides [3, 4]. However, these struc-
tures are bulky, heavy, and expensive. To reduce the cost,
some scholars use an antisymmetric gradient fin line to com-
plete the MSL-to-RWG transition [5]. This transition uses a
planar circuit to complete the transition, which can greatly re-
duce the production cost, but the area occupied by the gradi-
ent fin line is quite large. To reduce the area of the transition,
some scholars use quarter-wavelength probes combined with
relay transitions [6–9] to complete theMSL-to-RWG transition.
Although the area occupied by the quarter-wavelength probe
is quite small, various relay transitions are added which in-
crease the area of the transition. In addition, other scholars use
quarter-wavelength probes combined with quarter-wavelength
short-circuit rectangular waveguides [10–14] to complete the
MSL-to-RWG transition. Although the area occupied by the
quarter-wavelength probe is quite small, an additional quarter-
wavelength short-circuit rectangular waveguide is added which
increases the area of the transition. In addition, some schol-
ars use a quarter-wavelength probe combined with a rectan-
gular waveguide resonant cavity [15] or a rectangular waveg-
uide wedge [16] to complete an MSL-to-RWG transition. Al-
though the area occupied by the quarter-wavelength probe is
quite small, adding a rectangular waveguide resonant cavity or
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rectangular waveguide wedge will increase the area of the tran-
sition and increase the cost of rectangular waveguide produc-
tion. To achieve miniaturized transitions, some scholars use a
quarter-wavelength bow-tie antenna [17] or an antisymmetric
tapered probe [18] to complete a miniaturized MSL-to-RWG
transition. The size of these transitions is quite small, only a
quarter of a wavelength in length. Though the techniques men-
tioned above have also been applied to high-frequency MSL-
to-RWG transitions [19–21], the size of the transition is still of
a quarter wavelength. To further reduce the size of the tran-
sition, a compact MSL-to-CWG transition using a rectangular
patch is introduced. As the rectangular patch is placed 2.68mm
(0.043λg) away from the short-circuited plane of the CWG, the
transition is very compact.
Circular waveguide (CWG) polarizers have been widely dis-

cussed over the past few centuries. First, some scholars used
multiple grooves to achieve CWG polarizers [22]. In addi-
tion, some scholars used metal irises to achieve CWG polar-
izers [23, 24]. Although these types of CWG polarizers have
a very wideband response, they require complex machining to
complete the metal grooves or irises, which raises the produc-
tion cost. To reduce the production cost, some scholars used
metal partitions to achieve CWG polarizers [25–27]. However,
because the largest electric field of the CWG TE11 mode is at
the center of the CWG polarizer, placing the metal partition at
the center of the CWG polarizer will cause greater reflection.
To reduce reflection, some scholars used a dielectric septum to
replace metal partitions so that a CWG polarizer using the di-
electric septum is formed [28]. Although the use of a dielectric
septum can achieve lower reflection, it requires a very long di-
electric septum, thus increasing the size of the CWG polarizer.
In the above designs, there is a need for the energy to be

fed into the CWG so that the CWG polarizer may work prop-
erly. Therefore, some scholars proposed a metal column CWG
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FIGURE 1. The MSL-to-CWG transition using the rectangular patch. (a) The schematic view. (b) The xy-cross-sectional view. (c) The yz-cross-
sectional view. (d) Top and bottom views of the planar circuit.

polarizer fed by a coaxial cable [29]. This design combines
coaxial cable-to-CWG transition and CWG polarizer using a
metal column. As a result, the overall volume of the coaxial
cable-fed CWG polarizer is quite large. To reduce the volume,
some scholars proposed a mesh metal CWG polarizer fed by
a coaxial cable [30]. This design combines coaxial cable-to-
CWG transition and CWG polarizer using a mesh metal. As a
result, the overall volume is reduced. Even so, as this design di-
rectly connects two microwave components in series, one is the
transition and the other the CWGpolarizer, the volume required
by two separate microwave components is substantially larger.
To reduce the volume of this integrated system, a miniaturized
MSL-to-CWG transition is designed and then transformed into
an MSL-fed CWG polarizer. As a result, the feeding system to
the CWG and CWG polarizer can be integrated as a compact
component, leading to a volume reduction of the overall sys-
tem. To achieve the above objective, an MSL-to-CWG transi-
tion using a metal patch is proposed in Section 2. The volume
occupied by this transition is very small as the metal patch is
directly attached to the end of the CWG. To transform the tran-
sition into a CWG polarizer, the metal patch is cut at the cor-
ners to achieve an MSL-fed CWG polarizer using a truncated
metal patch in Section 3. So far, the MSL-to-CWG transition
and CWG polarizer have been integrated into a compact single
component. Compared with the designs in [29, 30], it is dis-
covered that this integrated MSL-fed CWG polarizer has a very
small volume because the truncated metal patch can be directly
attached to the end of the CWG.

2. COMPACT MSL-TO-CWG TRANSITION USING
RECTANGULAR PATCH

2.1. Transition Topology
A compact MSL-to-CWG transition using a rectangular patch
is proposed as shown in Fig. 1, where Fig. 1(a) shows the
schematic view; Fig. 1(b) shows the xy-cross-sectional view;
Fig. 1(c) shows the yz-cross-sectional view; and Fig. 1(d) shows
the top and bottom views of the planar circuit. As shown in
Fig. 1, the microstrip line port and circular waveguide port
are matched. The proposed transition consists of a circular
waveguide, a metallic housing, and a planar circuit. The ra-
dius of the circular waveguide is selected as 10.5mm so that
the cutoff frequency of the dominant TE11 mode is 8.53GHz
and the cutoff frequency of the first higher-order TM01 mode is
10.77GHz. To ensure that only the TE11 dominant mode prop-
agates in the circular waveguide while the other higher-order
modes of the CWG are still below cutoff, the operation band-
width of the CWG is chosen between 8.53GHz and 10.77GHz.
In accordance, the cross-sectional dimensions of the metallic
housing for the microstrip line are chosen as 3.2× 8.4mm2 so
that there would be only microstrip line mode propagation in
the frequency range from 8.53GHz to 10.77GHz, while all the
waveguide modes of the metallic housing are below cutoff. The
planar circuit intrudes the CWG by the side so that the electric
field of the rectangular patch will be matched to that of the elec-
tric field of the CWG, which will be described later. Besides,
since the planar circuit is placed at only 2.68mm (0.043λg)
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FIGURE 2. The electric field distribution of the rectangular patch. (a) The electric field distribution around the peripheral of the rectangular patch.
(b) The yz-cross-sectional view of the electric field distribution of the rectangular patch.
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FIGURE 3. E-field (solid line) and H-field (dashed line) distributions of the TE11 mode of the circular waveguide. (a) Vertically-polarized CWG.
(b) Horizontally-polarized CWG.

away from the short-circuited end of the circular waveguide,
which serves as the ground plane of the rectangular patch, the
proposed transition is compact.
Fig. 1(d) shows the top and bottom views of the planar cir-

cuit, which consists of the microstrip feed-in and rectangular
patch. The planar circuit is fabricated on an RT/Duroid 5880
substrate with a relative dielectric constant of 2.2 and a thick-
ness of 0.8mm. The microstrip feed-in has a characteristic
impedance of 50Ω, which conforms to the commonly used
standard impedance. By simply controlling the length of the
patch, the operating frequency of the transition can be deter-
mined.
The electric field distribution of the rectangular patch is

shown in Fig. 2, where the electric field distribution around the
peripheral of the rectangular patch is shown in Fig. 2(a), and the
yz-cross-sectional view of the electric field distribution of the
rectangular patch is shown in Fig. 2(b). Fig. 3 shows theE-field
and H-field distributions of the TE11 mode for the vertically-
polarized CWG and horizontally-polarized CWG. As can be
observed from Fig. 1(b), since the rectangular patch is aligned
with the cross-section of the CWG, the electric field distribution
in Fig. 2(a) would only excite the vertically-polarized CWG
shown in Fig. 3(a). The horizontally-polarized CWG shown

in Fig. 3(b) would not be excited as the electric field distribu-
tions on the right and left sides of the rectangular patch are in
opposite polarities in Fig. 2(a).

2.2. Design and Analysis of the Transition

Reconsidering Fig. 1, since the characteristic impedance of the
microstrip line is chosen to be 50Ω, the width of the microstrip
lineWM can be calculated to be 2.48mm, and the length of the
microstrip line is arbitrarily given as 17.7mm. Since the center
frequency is 9.65GHz, which is the average of 8.53GHz and
10.77GHz, the rectangular patch length LP can be estimated
to be half the wavelength of the frequency fc = 9.65GHz,
which is 12.5mm [32]. All the other parameters are given in
Table 1. To determine the value of the patch width WP , The
MSL-to-CWG transition using the rectangular patch in Fig. 1,
along with the dimensions listed in Table 1, is simulated with
Ansoft High Frequency Structure Simulator (HFSS) by varying
the patch width WP . The frequency response of the reflection
coefficient for the MSL-to-CWG transition using the rectangu-
lar patch with various patch widthsWP is shown in Fig. 4. As
can be seen from Fig. 4, when the patch width WP increases,
the corresponding resonance frequency decreases slightly. The
patch width WP is chosen as 9.3mm, resulting in a small re-
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FIGURE 4. The frequency response of the reflection coefficient for the
MSL-to-CWG transition using the rectangular patch with various patch
widthsWP .

8.5 9 .0 9.5 10.0 10. 5
-25

-20

-15

-10

-5

0

 |S
21

Vertical
|

 |S
21

Horizontal
|

 |S
21

Horizontal
 /S

21

Vertical
|

Frequency (GHz)

|S
V

er
ti

ca
l

21
| ,

 |S
21

H
or

iz
on

ta
l | (

d
B

)

-30

-25

-20

-15

-10

-5

0

 |S
21

H
or

iz
on

ta
l /S

21

V
er

ti
ca

l | (
d

B
)

FIGURE 5. The frequency responses of the vertically-polarized and
horizontally-polarized transmission coefficients for the MSL-to-CWG
transition using the rectangular patch.
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FIGURE 6. Top and bottom views of theMSL-fed CWG polarizer using
the corner-truncated patch.

TABLE 1. The dimensions of the MSL-to-CWG transition using the
rectangular patch. Unit: mm.

LS LM LP LG

34 20.37 12.5 17.7
WS WM WP WD

12.5 2.48 9.3 3.51

flection coefficient at 9.65GHz. To demonstrate that the rect-
angular patch will only excite the vertically-polarized TE11
mode, the frequency responses of the vertically-polarized and
horizontally-polarized transmission coefficients for the MSL-
to-CWG transition using the rectangular patch are shown in
Fig. 5. As can be seen from Fig. 5, the horizontally-polarized
transmission coefficient can be ignored as it is −25 dB smaller
than that of the vertically-polarized transmission coefficient
within the frequency range 8.5 to 10.5GHz.

3. MSL-FED CWG POLARIZER USING CORNER-
TRUNCATED PATCH

3.1. Polarizer with Matched CWG Port
The MSL-fed CWG polarizer using the corner-truncated patch
has the same structure as the MSL-to-CWG transition using the
rectangular patch shown in Fig. 1(a), except that the rectangu-
lar patch is now truncated. The microstrip line port and circular
waveguide port are matched. The top and bottom views of the
planar circuit for theMSL-fed CWG polarizer using the corner-
truncated patch are depicted in Fig. 6. By comparing Fig. 6 with
Fig. 1(d), the only difference between the MSL-fed CWG po-
larizer and MSL-to-CWG transition is that the corners of the
rectangular patch are truncated. As a result, the descriptions of
the polarizer shown in Fig. 6 are the same as those of the transi-
tion shown in Fig. 1, which have been addressed in Section 2.1.
As can be seen from the electric field distribution around the

peripheral of the rectangular patch shown in Fig. 2(a), the elec-
tric field distributions of the up and low edges of the rectangu-
lar patch will excite the vertically-polarized CWG. In contrast,
the electric field distributions of the right and left edges tend
to cancel with each other, leading to diminished horizontally-
polarized CWG. To alleviate the cancellation between the elec-
tric field distributions of the right and left edges, the rectan-
gular patch is truncated diagonally, where LC1 represents the
truncated length on the up and low edges and LC2 represents
the truncated length on the right and left edges. The remain-
ing electric field distributions are shown in Fig. 7. As can be
seen from Fig. 7, part of the electric field on the peripheral of
the patch is eliminated, making the electric field more balanced
in the vertical and horizontal directions. As can be observed
from Fig. 7, the leading phase of the electric field on the low
edge (pointR) should have a 90-degree phase advance over the
leading phase of the electric field on the left edge (point S) to
achieve a right-hand circularly-polarized (RHCP) wave. As a
result, the following relationship should be satisfied.

β(WP − LC1) = 90◦ (1)
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FIGURE 7. The electric field distribution around the peripheral of the
corner-truncated patch.

Besides, since the total phase of the peripheral of the trun-
cated patch should be 360 degrees, the following relationship
should be satisfied.

β

[
(LP − LC2) +

√
L2
C1 + L2

C2 + (WP − LC1)

]
= 180◦

(2)
By dividing Equation (2) by Equation (1), the following

equation is obtained.

(LP − LC2) +
√

L2
C1 + L2

C2 + (WP − LC1)

2(WP − LC1)
= 1 (3)

Equation (3) can be manipulated to solve for the truncated
length LC2 on the left edge of the patch shown below.

LC2 =
(∆l)2 + 2(∆l)LC1

2(∆l) + 2LC1
(4)

where ∆l = LP − WP . By arbitrarily giving the truncated
length LC1 on the up edge of the patch, the required truncated
length LC2 on the left edge of the patch can be acquired.
Given the truncated length LC1 =3.5mm and ∆l = LP −

WP = 12.5 − 9.3 = 3.2mm, the required truncated length
LC2 can be calculated to be 2.43mm through using Equa-
tion (4). With the truncated lengths LC1 = 3.5mm and
LC2 = 2.43mm, The MSL-fed CWG polarizer using the
corner-truncated patch in Fig. 1(a) and Fig. 7, along with the
other dimensions listed in Table 1, is simulated by using Ansoft
HFSS, and the frequency response of the phase difference be-
tween the vertically-polarized and horizontally-polarized trans-
mission coefficients for the MSL-fed CWG polarizer using the
corner-truncated patch is shown in Fig. 8. As can be seen from
Fig. 8, the phase difference is only −81.12◦, which deviates
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FIGURE 8. The frequency response of the phase difference between
the vertically-polarized and horizontally-polarized transmission coef-
ficients for the MSL-fed CWG polarizer using the corner-truncated
patch. LP = 12.5mm, LC1 = 3.5mm, and LC2 = 2.43mm.

from the required value of −90◦ at the center frequency f0 =
9.65GHz. To compensate the deviation in the phase difference,
the dimensions of the corner-truncated patch are optimized.
The patch length LP is changed from 12.5mm to 13.1mm; the
truncated length LC1 on the up edge of the patch remains as
LC1 = 3.5mm; the truncated length LC2 on the left edge of
the patch is changed from 2.43mm to 3.7mm. The MSL-fed
CWG polarizer using the corner-truncated patch in Fig. 1(a)
and Fig. 7, along with the optimized dimensions, is simu-
lated by using the Ansoft HFSS, and the phase difference be-
tween the vertically-polarized and horizontally-polarized trans-
mission coefficients for the MSL-fed CWG polarizer using the
corner-truncated patch now becomes−90.97◦ at the center fre-
quency f0 = 9.65GHz. The final dimensions of the MSL-fed
CWG polarizer using the corner-truncated patch are summa-
rized in Table 2.
Figure 9 shows the frequency response of the axial ratio for

the MSL-fed CWG polarizer using the corner-truncated patch.
As can be seen from Fig. 9, the axial ratio is within ±1 dB
from 8.5GHz to 10GHz. Besides, the axial ratio is 0.002 dB
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FIGURE 9. The frequency response of the axial ratio for the MSL-fed
CWG polarizer using the corner-truncated patch. LP = 13.1mm,
LC1 = 3.5mm, and LC2 = 3.7mm.
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FIGURE 10. The frequency response of the vertically-polarized and
horizontally-polarized transmission coefficients and the reflection co-
efficient for the MSL-fed CWG polarizer using the corner-truncated
patch. LP = 13.1mm, LC1 = 3.5mm, and LC2 = 3.7mm.

TABLE 2. The final dimensions of the MSL-fed CWG polarizer using
the corner-truncated patch. Unit: mm.

LS LM L1 L2 LG

35 20.37 5.3 9.4 17.7
WS WM W1 W2

12.5 2.48 5.79 3.31

at the center frequency f0 = 9.65GHz. The frequency re-
sponse of the vertically-polarized and horizontally-polarized
transmission coefficients for the MSL-fed CWG polarizer us-
ing the corner-truncated patch is shown in Fig. 10. As can be
seen from Fig. 10, the vertically-polarized and horizontally-
polarized transmission coefficients take similar values below
10GHz. At the center frequency f0 = 9.65GHz, each of them
gets an equal −3-dB half-power, so the sum of them is equal
to 0 dB. However, when the frequency is above 10GHz, the
vertically-polarized transmission coefficient tends to be much
larger than the horizontally-polarized transmission coefficient,
causing the axial ratio to deviate more from 0 dB as shown in
Fig. 9. The frequency response of the reflection coefficient for
the MSL-fed CWG polarizer using the corner-truncated patch
is shown in Fig. 10. As can be seen from Fig. 10, the reflection
coefficient is smaller than−10 dB from 9.03GHz to 10.5GHz.

3.2. Polarizer with Opened CWG Port
To gain the radiation patterns of the right-hand circularly-
polarized (RHCP) and left-hand circularly-polarized (LHCP)
waves, the CWG port of the MSL-fed CWG polarizer using
the corner-truncated patch shown in Fig. 1(a) and Fig. 6 is
now opened. The MSL-fed CWG polarizer using the corner-
truncated patch in Fig. 1(a) and Fig. 6, along with the dimen-
sions listed in Table 1, is simulated by using Ansoft HFSS with
the CWG port opened. The simulated radiation patterns of the
RHCP and LHCP waves at f = 9.65GHz are shown in Fig. 11.
As can be seen from Fig. 11, the magnitude of the electric field
of the RHCP wave is 14.97 dB larger than the magnitude of
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FIGURE 11. Comparison between the radiation patterns for the original
and optimized polarizers at f = 9.65GHz.

the electric field of the LHCP wave at θ = 0◦. Consequently,
the radiation pattern is mainly RHCP. The radiation patterns of
the RHCP and LHCP waves can be used to generate the phase
difference between ∠Eφ and ∠Eθ, which could be obtained
by [31]

∠Eϕ − ∠Eθ = ∠
(
j
ERHCP − ELHCP

ERHCP + ELHCP

)
(5)

The phase difference between ∠Eθ and ∠Eϕ at 9.65GHz is
shown in Fig. 12, where the phase difference at θ = 0◦ shifts
to −69.34◦, which is far from −90◦. Besides, the magnitudes
of the electric fields of the RHCP and LHCP waves can then be
used to calculate the value of the axial ratio, which is defined as
the major axis to the minor axis of the polarization ellipse [31].

AR =
|ERHCP + ELHCP |
|ERHCP − ELHCP |

(6)

The resulting axial ratio calculated from the RHCP and LHCP
waves at f = 9.65GHz is shown in Fig. 13. As can be seen
from Fig. 13, the axial ratio is smaller than 7 dB when the
value of θ is within ±95◦. The corresponding 7-dB axial ra-
tio beamwidth is 190◦. Fig. 14 shows the frequency response of
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FIGURE 12. Comparison between the phase differences for the original
and optimized polarizers at f = 9.65GHz.
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the reflection coefficient for the MSL-fed CWG polarizer using
the corner-truncated patch when the CWG port is opened. As
can be seen from Fig. 14, the bandwidth, for which the reflec-
tion coefficient is smaller than −10 dB, covers from 8.86GHz
to 10.47GHz.
As can be seen from Fig. 12 and Fig. 13, the axial ratio falls

away from 0 dB, and the phase difference falls away from−90◦

when the CWG port is opened. These deviations can be re-
duced by improving the radiation patterns of RHCP over LHCP
waves shown in Fig. 11. To improve the radiation patterns of
RHCP over LHCP waves, the truncated lengths LC1 and LC2

shown in Fig. 7 are optimized. Fig. 15 shows the top and bot-
tom views of the optimized MSL-fed CWG polarizer using the
corner-truncated patch when the CWG port is opened. The op-
timized dimensions are listed in Table 3. Fig. 15, along with
the dimensions listed in Table 3, is simulated by using the An-
soft HFSS, and the radiation patterns of the RHCP and LHCP
waves for the optimized polarizer at f = 9.65GHz are shown
in Fig. 11. As can be seen from Fig. 11, the magnitude of the
electric field of the RHCP wave is now 19.85 dB larger than the
magnitude of the electric field of the LHCP wave at θ = 0◦.
The phase difference for the optimized polarizer at 9.65GHz is
shown in Fig. 12. As can be seen from Fig. 12, the phase dif-
ference at θ = 0◦ improves from −69.34 degrees to −96 de-
grees, and the phase difference within 90◦ ± 10◦ corresponds
to θ = −117◦ to 71◦. The axial ratio for the optimized po-
larizer at f = 9.65GHz is shown in Fig. 13. As can be seen
from Fig. 13, when the value of θ is within±95◦, the axial ratio
is now reduced from 7 dB to 3.5 dB. The frequency response of
the reflection coefficient for the optimized polarizer is shown in

TABLE 3. The dimensions of the optimized MSL-fed CWG polarizer
using the corner-truncated patch. Unit: mm.

LS LM L1 L2 LG

35 21.77 3.53 9.95 17.53
WS WM W1 W2 W3

12.5 2.48 7.1 3.56 1.06
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FIGURE 14. Comparison between the frequency responses of the re-
flection coefficients for the original and optimized polarizers.

Fig. 14. As can be seen from Fig. 14, the reflection coefficient
is smaller than −10 dB from 8.97GHz to 10.1GHz.

4. VERIFICATIONS
To verify the simulation results, the optimized MSL-fed CWG
polarizer using the corner-truncated patch in Fig. 1(a) and
Fig. 15 is fabricated as shown in Fig. 16. To gain the radia-
tion patterns, the fabricated polarizer in Fig. 16 is measured by
using the Wavepro NSI2000 near-field system in Fig. 17. The
comparison between the simulated and measured radiation pat-
terns for the optimized polarizer at f = 9.65GHz is displayed
in Fig. 18. The simulated and measured radiation patterns in
Fig. 18 can be used to generate the simulated and measured
phase differences for the optimized polarizer at f = 9.65GHz
in Fig. 19 through (5). The simulated and measured phase dif-
ferences are in good agreement except for θ beyond ±120◦,
which may be caused by the misalignment while setting up the
measurement instrument. Furthermore, the simulated and mea-
sured radiation patterns in Fig. 18 can also be used to generate
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L2

L1

WS

WM

W1

W2W3

LG

FIGURE 15. Top and bottom views of the optimizedMSL-fed CWGpo-
larizer using the corner-truncated patch when the CWG port is opened.
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FIGURE 16. Photograph of the assembled polarizer. FIGURE 17. Photograph of radiation pattern measurement setup.
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FIGURE 18. Comparison between the simulated and measured radiation
patterns for the optimized polarizer at f = 9.65GHz.
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FIGURE 19. Comparison between the simulated and measured phase
differences for the optimized polarizer at f = 9.65GHz.
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FIGURE 20. Comparison between the simulated and measured axial ra-
tios for the optimized polarizer at f = 9.65GHz.
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quency responses of the reflection coefficients for the optimized po-
larizer.
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TABLE 4. Comparison of the polarizers with feeding.

Type of Polarizer
Operation
Band (GHz)

Length of the
Circuit (mm)

Return
Loss (dB)

Axial
Ratio (dB)

Coaxial-fed polarizer
using metal posts [29]

8.0–8.6 50 20 2.5

Coaxial-fed polarizer
using wire reflector [30]

8.15–8.83 25.5 10 6

MSL-fed polarizer
using truncated patch

9.03–10.5 3.48 10 3

the simulated andmeasured frequency responses of the axial ra-
tios for the optimized polarizer in Fig. 20 through (6). The sim-
ulated and measured minimum axial ratios are in good agree-
ment.
To gain the frequency response of the reflection coefficient,

the fabricated polarizer in Fig. 16 is thenmeasured by usingAg-
ilent E8362B PNA (10MHz–20GHz) after the short-open-load
through (SOLT) calibration process is done. The comparison
between the simulated and measured frequency responses of
the reflection coefficients for the optimized polarizer is shown
in Fig. 21. The simulated and measured reflection coefficients
are in good agreement.

5. CONCLUSION
This paper proposes a compact MSL-to-CWG transition us-
ing a rectangular patch. Because the rectangular patch is lo-
cated 2.68mm (0.043λg) from the CWG short-circuit plane,
this transition is compact. Furthermore, by appropriately trun-
cating the rectangular patch in this compactMSL-to-CWG tran-
sition, a compact MSL-fed CWG polarizer using the truncated
patch can be realized. Because the transition and polarizer are
integrated into a single component, no additional feeding struc-
ture for the polarizer is required. As a result, theMSL-fed CWG
polarizer itself is extremely compact. The proposed polarizer
exhibits a phase difference of −90.97◦ at 9.65GHz. The ax-
ial ratio is within ±1 dB in the 8.5GHz to 10GHz range. The
reflection coefficient is less than −10 dB in the 9.03GHz to
10.5GHz range. To validate the simulation results, an MSL-
fed CWGpolarizer using the truncated patch was fabricated and
measured. The simulated results are highly consistent with the
measured ones. Table 4 provides a comparison of the polariz-
ers, and it can be seen that the polarizer proposed in this paper
has the smallest circuit length.
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