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Fig. 1.  Conceptual demonstration graph for the proposed antenna array deployed 

in SOTM application. 
 

  

Abstract—In this paper, a novel circularly polarized (CP) 

ridge-waveguide slotted antenna array is proposed for vehicle 

used Satcom on the Move (SOTM) applications. The antenna 

array is designed closely following the required factors for 

generating the circular polarization. The proposed antenna array 

is constructed on a symmetrical single-ridge slotted waveguide. 

Each antenna element consists of a pair of inclined slots opened on 

the narrow walls, and longitudinal slots opened on the bottom of 

the U-shaped wall of the waveguide. The inclined slots and the 

longitudinal slots are able to radiate orthogonal electric-fields 

independently with a phase-difference of 90°. After a vector 

superposition in the far-field by using this design, the circular 

polarization could be realized with extremely low axial ratio 

theoretically. Several essential parameters affecting the CP 

performance are also studied in this paper. To verify the 

feasibility of the proposed approach, a four-element CP antenna 

array is simulated, fabricated and measured. Results show that 

the obtained prototype achieves a measured impedance 

bandwidth of 14.74% from 9.24 GHz to 10.71 GHz with S11 < -10 

dB, and a 3-dB axial ratio bandwidth of 19.1% from 9.0 GHz to 

10.9 GHz. 

 

Index Terms—Circular polarization, ridge-waveguide, slotted 

antenna, satcom on the move (SOTM). 

I. INTRODUCTION 

ehicle mounted satcom on the move (SOTM) 
communication becomes an attractive research topic in 

vehicle technology. Among the SOTM system, antenna is 
an essential device that could significantly influence the 
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capability of vehicular communication on-the-move between 
ground and space [1]-[3]. To ensure the quality of signal 

propagation between the satellite and the fast-moving vehicles, 
antennas are expected to have desirable performances, e.g., 
high efficiency, low side lobes and low cross polarization. On 
the other hand, a relatively low cost is also highlighted in a 
commercialized SOTM antenna, which would be a superiority 
compared with other antennas that have complex construction, 

e.g., two-dimensional phased array antenna [4]. Some typical 
vehicle mounted SOTM antenna, e.g., reflector antenna and 
lens antenna [5], [6], have huge volume and weight. Planar 
arrays based on the microstrip patch antennas have advantages 
in terms of low profile, light mass, small volume, etc. However, 
these antennas have relatively low radiation efficiency, or 

exhibits high sidelobe level [7], [8]. Another much-concerned 
challenge for vehicle mounted SOTM antenna is the ability to 
adapt to harsh environment, for instance, extreme weathers or 
mountainous and other complex terrains [9]. This in turn 
requires the antenna to have reliable structural robustness, 
strong heat dissipation and the ability of beam forming or beam 

steering. These requirements make reflector antennas, as well 
as microstrip-based antennas become more difficult to be 
adopted. In contrast, all-metal-based antennas, e.g., waveguide 
slotted antennas, are preferred candidates to handle these issues 
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Fig. 2.  Current distribution on different slotted waveguide. (a) Conventional 

rectangular waveguide. (b) Single-ridged waveguide. 

[10], [11]. Nevertheless, waveguide-based antennas are not 
widely used in current commercialized vehicle mounted SOTM. 
This is because, similar to reflector antennas, waveguide-based 

antennas are bulky three-dimensional structures, resulting in a 
large volume and weight. Since the waveguide-based antenna is 
mainly used in the non-civilian scenarios, e.g., satellite, radar or 
military applications, the size and the weight reduction are 
seldom considered in most of the conventional 
waveguide-based antenna designs. 

Circular polarized (CP) antennas are widely used in satellite 
communications. The polarization-rotatable electromagnetic 
(EM) wave produced by a CP antenna has several unique 
advantages, including excellent ability for anti-multipath 
fading, reduction of the Faraday rotation effect when signal 
propagates through the ionosphere, and better capability to let 

signal penetrate the atmosphere [12]. A circular polarized 
antenna can bring significant enhancement of communication 
quality in a vehicle mounted SOTM, especially considering the 
vehicle is moving at high speed, where the difficulty of 
polarization matching is dramatically increased. However, 
there is still few waveguide-based antenna that is reported to 

realize circular polarization, especially those with a relative 
compact volume. In fact, as there is no concern for 
wave-guided antenna volume and mass, loading external 
structures or layers on the existing waveguide antennas so as to 
transform linear polarization to circular polarization is a 
straightforward approach that is commonly used. Short 

monopoles [13], linear-to-circular polarization converters 
[14]-[16], open waveguides [17]-[19] and hybrid couplers [20], 
[21] are frequently used loading structures for generating the 
circular polarized waves. Evidently, these loading structures 
will further increase the volume and the weight of a 
waveguide-based antenna, which is hard to apply to a vehicle 

mounted SOTM. Loading external structures on a 
waveguide-based antenna will also deteriorate some critical 
performance which are expected by an advanced SOTM, e.g., 
beam steering ranges. 

A waveguide-based antenna suitable for vehicle mounted 
SOTM is expected to have features of simple construction, low 

profile, compact volume and light mass, which means that an 
external loading structure is not acceptable for the antenna in 
generating the circular polarization. On the contrary, it is 
preferred that a single-layer waveguide-based antenna should 
be adopted. There are also some single-layer slotted leaky 
waveguide antenna arrays have been reported [22]-[28]. 

Among these designs, compound slots [22]-[26] or cross slots 
[27], [28] are opened on the waveguide to directly excite the CP 
waves. However, those antennas could only operate in 
traveling-wave mode. As a result, their working bandwidth are 
significantly limited, which makes them unsuitable to be used 
in the vehicle mounted SOTM, especially when high data 

transmission rate is required. 

In this paper, a novel CP waveguide slotted antenna based on 

ridge-waveguide binate slot configuration is proposed for 

advanced vehicle mounted SOTM application. The proposed 

antenna is designed to operate at 10 GHz band. A conceptual 

demonstration graph of the proposed antenna array integrated 

into vehicle electronics is shown in Fig. 1. The proposed 

antenna achieves a remarkable progress on miniaturizing the 

cross-section size of 12 mm×9 mm with a low-profile. Unlike 

the previous designs using external structures/layers in 

waveguide-based antennas or applying multi-layer printed 

circuit board (PCB) structures, the proposed CP antenna have a 

significant simple structure for only composing of a 

single-layer U-shaped ridge-waveguide. Pairs of inclined slots 

are opened on the narrow walls of the ridge-waveguide, and 

longitudinal slots are placed on the bottom of the U-shaped 

waveguide wall. These two types of the slots are not only able 

to radiate the approximate intensity of EM fields independently, 

but also can generate orthogonal electric fields (E-field) with 

phase difference of 90°, which consequently fulfill the criteria 

of generating CP radiation. In addition to this work, the 

proposed antenna is designed and implemented closely 

following the conditions of forming circular polarization using 

waveguide’s standing-wave mode. The proposed antenna also 

shows excellent advantages in low-profile, lightweight and 

easy fabrication, which make it become a promising candidate 

for future vehicle mounted SOTM applications. 

II. DESIGN PRINCIPLE OF CP WAVEGUIDE SLOTTED ANTENNA 

This section presents the details of the design and working 

principle of the proposed CP antenna, which strictly follows the 

criteria of producing the circular polarization. For simplicity, it 

should be noted that all analyses presented in this work are 

based on a two-element waveguide slotted antenna model. 

According to the waveguide fundamental transmission 

characteristics, such an antenna could cover a complete 
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Fig. 4.  Different CP configurations by using the proposed design. (a) RHCP. 

(b) LHCP. (c) RHCP. (d) LHCP. 

 
Fig. 3.  E-filed and current distributions on different types of slots. 

transmission phase period when the waveguide’s dominant 

mode is TE10 mode. 

According to the working mechanism, circular polarization 

could be formed by two orthogonal E-fields which have equal 

filed intensity and 90° phase difference. Therefore, a typical 

way to generate circularly polarized electromagnetic wave is 

synthesizing two orthogonal linear polarized electromagnetic 

waves, which have the same field intensity and 90° phase 

difference. Theoretically, the circular polarization is unable to 

be obtained from a conventional waveguide slotted antenna. As 

demonstrated in Fig. 2(a), a common rectangular waveguide 

slotted antenna obtains effective radiation either by opening the 

longitudinal slots on both sides of the broad waveguide wall, or 

by opening the inclined slots on the narrow waveguide wall, 

intentionally forcing the surface currents to be interrupted and 

radiated EM waves. However, these two kinds of surface 

currents interrupted by the corresponding slots are not able to 

provide proper E-fields to meet the requirements of forming 

circular polarization, which is mainly due to the following 

reasons. On one hand, if slots are purely opened on the same 

plane, e.g., Slots L1&L2 in xoy-plane or Slots I1&I2 in 

yoz-plane as shown in Fig. 2(a), they could only radiate linear 

polarized EM waves in the same broadside direction with equal 

field intensity. Nonetheless, as the composition of the E-field 

components of these linear polarized waves are along the same 

direction, such configuration is not possible to produce circular 

polarization. On the other hand, if the slots are opened on the 

broad and the narrow waveguide walls simultaneously, e.g., 

Slots (L1, L2, I1, I2), two orthogonal E-field components could 

be obtained after the composition of E-field vectors, i.e., Slots 

L1&L2 generate the E-field along x-axis while Slots I1&I2 

generate the E-filed along y-axis. Accordingly, the EM waves 

radiated from the slots on the two walls are propagating in 

directions perpendicular to each other, i.e., z-direction for 

longitudinal slots and x-direction for the inclined slots. 

Therefore, such radiations are unable to be synthesized to form 

a proper far-field circular polarization in a broadside direction. 

Additionally, in a conventional waveguide slotted antenna 

which excites standing waves, E-fields radiated from the 

neighbored slots on the same plane are in the phase difference 

of 180°, e.g., L1&L2, while the E-fields radiated from the 

neighbored longitudinal slot and inclined slot, e.g., L1&I1, are 

in-phase. Both situations result in the impossibility of reaching 

a phase difference of 90° between the orthogonal E-fields, 

making the function of circular polarization unattainable in the 

conventional waveguide slotted antenna. 

To overcome the above technical dilemma, a modified 
waveguide slotted antenna realized by a single-ridged 
waveguide is presented in this work to implement the circular 
polarization. Fig. 2(b) exhibits the configuration of the novel 
single-ridged waveguide slotted CP antenna. The structural 
evolution of the proposed antenna is detailed as follows. For a 

conventional rectangular waveguide operating in the TE10 
mode, one of the broad walls could be folded into a 
symmetrical U-shaped single-ridged waveguide but still 
maintaining its transmission characteristics. Based on the 
equivalence of the electrical length, subsequently, the 
longitudinal slots opened on the broad wall of the conventional 

waveguide could be transferred onto the bottom of the 
U-shaped ridge, e.g., observing the placement of the Slot L1 in 
Fig. 2(a) and the Slot L1’ in Fig. 2(b). Similarly, the inclined 
slots opened on the narrow wall of the conventional waveguide 
could be transferred onto the top narrow wall of the of ridged 
waveguide, e.g., observing the location of the Slot I1&I2 in Fig. 

2(a) and the Slot I1’&I2’ in Fig. 2(b). 
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By implementing the proposed structure, the requirements of 

producing the circular polarization can be easily fulfilled. 

Firstly, the currents across the longitudinal and the inclined 

slots are in the same direction, i.e., x-direction as shown in Fig. 

2(b), which indicates the two types of excited E-fields coming 

from the slots’ current interruption can be synthesized in 

broadside direction. Secondly, the phase difference of 90° 

between the two E-field components could be obtained from 

tuning the z-directional spacing between the longitudinal and 

the inclined slots. Thirdly, according to the working principle 

of slotted antennas, the direction of the E-field generated from 

the slot is generally parallel to its short edge. Hence, as shown 

in Fig. 3, the E-field components radiated from the longitudinal 

slots are parallel to the x-axis. The E-field components excited 

by the inclined slot could be divided into two vector 

components that parallel with the x-axis and the y-axis 

respectively. In particular, as considering the E-field 

components radiated from a pair of inclined slots (e.g., Slots 

I1’&I2’ in Fig. 3) opened on both sides of the longitudinal slot 

(e.g., Slot L1’ in Fig. 3), their vector decomposition 

components along x-axis would cancel each other out, while 

their components along y-axis are superimposed. As a 

consequence, the E-fields of a pair of inclined slots after vector 

composition can be treated as parallel to the y-axis. Namely, an 

orthogonal relationship between the E-field components can be 

established by combining the radiation characteristics of the 

longitudinal and the inclined slots. Lastly, the field intensity of 

the EM wave that radiated from the longitudinal slot could be 

adjusted by changing the displaced distance of the slot (denoted 

as dx in Fig. 3), while that radiated from the inclined slot could 

be tuned by rotating the slant angle (denoted as  in Fig. 3) of 

the slot. It is worth mentioning that an outstanding advantage of 

the proposed design is that the field intensity generated from 

the two types of slots could be adjusted independently, 

allowing more freedom in the design process to achieve an 

approximately equal amplitude in the interested bandwidth. 

In the proposed antenna, the resonance of the longitudinal 

slots and vertical slots are generated independently. The 

resonant frequency of the longitudinal slot is determined by 

their length, i.e. Ls. The resonant frequency of the inclined slot 

is determined by its effective electrical length, i.e.  

2Hs+(Ww-Wr)/2/cosθ. The impedance resonant frequency of 

the longitudinal slots is designed to be lower than the AR 

resonant frequency of the proposed antenna, i.e. 10 GHz. The 

impedance resonant frequency of the inclined slots is designed 

to be higher than the AR that resonant frequency. The 

impedance bandwidth of this antenna is thus increased. On the 

other hand, the phase of the longitudinal slots is opposite with 

which of the inclined slots at 10.2 GHz. This brings a very low 

AR value at that frequency.  

Therefore, based on the above analysis, circular polarization 

is realizable on the proposed ridged waveguide slotted antenna 

theoretically and numerically by properly exciting the 

orthogonal polarizations from the longitudinal and the inclined 

slots. And owing to the efficient designing approach, the 

proposed antenna could realize circular polarization with a 

much simpler and robust configuration, and none of external or 

multi-layer structures are required. Noted that axial ratio is 

normally used to evaluate the performance of circular 

polarization, which typically refers to the E-field amplitude 

ratio of the orthogonal polarized EM wave. In this work, as the 

EM waves are independently radiated from the longitudinal 

slots and the inclined slots, the AR of the proposed antenna is 

expected to be excellent theoretically. Additionally, the 

proposed design is easy to achieve different CP modes, i.e., 

left-hand circular polarization (LHCP) and right-hand circular 

polarization (RHCP), by simply altering the location and 

rotation of the longitudinal and inclined slots respectively. Fig. 

                   
(a)                                                                                                                     (b) 

 
(c) 

Fig. 5.  Configuration of the proposed antenna array. (a) 3D view. (b) Cross-section view. (c) Top view. 
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TABLE I 

PARAMETERS OF THE PROPOSED ANTENNA ARRAY 

Parameters Ww Hw Wr Hr Ls Ws 

Values 

(mm) 

12 9 8.66 6.9 16.6 1 

Parameters dx θ Hs D Lm1 Wm1 

Values 

(mm) 

3 31.4° 6.1 19.47 11.3 5.17 

Parameters Lm2 Hm1 Hm2 Dm1 Dm2 t 

Values 

(mm) 

4.71 0.5 0.5 22.09 8.04 0.8 

 

4 shows some examples of adopting the proposed design to 

realize different CP modes. For instance, as the Ant1 shown in 

Fig. 4(a), it could be recognized the E-field phase of the 

adjacent longitudinal slot lags behind that of the inclined slot. 

As mentioned previously, the phase difference should be 90° 

around to form the required circular polarization. With EM 

waves radiated from the two types of slots properly, a RHCP 

can be generated in this case. Ant2 in Fig. 4(b), on the contrary, 

generates a LHCP. As the E-field phase of the inclined slot lags 

behind that of the adjacent longitudinal slot. With the similar 

principle, Ant3 generates a RHCP and Ant4 generates a LHCP. 

Therefore, only relatively simple procedures are required to 

complete the structural conversion between the above antennas. 

III. DESIGN OF 1×4-ELEMENT ANTENNA ARRAY 

A. Antenna Array Configuration 

In order to verify the performance of the CP ridged 

waveguide slotted antenna designed by the above-mentioned 
approach, a four-element linear antenna array working at 
RHCP mode is demonstrated in this section. The central 
frequency of this antenna array is fixed at 10 GHz for X-band 
SOTM application. Fig. 5 shows the structure of the proposed 
antenna array, where the parameters Ww and Hw are the width 

and the height of the waveguide wall, respectively. These 
dimensions can be determined by the equations elaborated in 
[29], as well as the technical principles detailed in [30]. In 
addition, Wr and Hr are the width and the height of the 
U-shaped ridge respectively, which are generally fixed by 
engineering experience values or equations, e.g., Wr = 

0.45Ww. However, in the proposed antenna array, the height of 
the U-shaped ridge (Hr) would affect the performance of 
circular polarization. Therefore, parametric study on Hr, as well 
as other previously-mentioned parameters like the displaced 
offset of the longitudinal slot (dx) and the rotating angle of the 

inclined slot (), should be conducted to figure out proper 
values, some of which will be performed analysis in next 
sub-section. Meanwhile, the width of both types of slots, Ws, is 
set to 1 mm in this work, which is also adequate for fabrication 
requirements. In addition, the spacing between the neighbored 

longitudinal slots or the adjacent inclined slots along 
y-direction is denoted as D. This antenna array is designed to 
operate in the standing-wave mode, and the condition D = 0.5λg 
should be strictly maintained, where λg is the waveguide 
wavelength at the center frequency, which could be calculated 
by: 

 λg=
λ

√1-(
λ

λc
)

2 

 (1) 

where λ is the free-space wavelength at 10 GHz, and λc is the 

cutoff wavelength of the ridged waveguide, which could be 

determined by the approach given in [29]. Lastly, for ease of 

machining fabrication, the thickness of the ridge waveguide (t) 

is set to 0.8 mm. The proposed antenna array is fed by a SMA 

connector. A metallic matching block under the ridge is utilized 

for impedance transform. Sizes of the matching block are 

denoted by Lm1, Lm2, Hm1, Hm2 and Wm1, as shown in Fig. 

5(a). In addition to optimizing the matching block alone, its 

distance from the shorting wall (Dm2) also needs to be 

fine-tuned, which should be around a quarter-wavelength 

theoretically.   
As abovementioned, the overall design progress can be 

summarized as the following steps. (1) The main radiating 
structures, including the ridged waveguide and the two types of 
slots, are constructed and simulated. An ideal waveguide port 
can be applied to feed the antenna array at this stage. (2) The 

impedance matching structure for ridged waveguide feeding, 
i.e., the matching block as shown in Fig. 5, is designed 
independently. A waveguide-to-coaxial transition has to be 
considered during the simulation. (3) In order to take practical 
assembly into consideration, a screw fastening plane is applied 
to combine the antenna array and the matching block together. 

Such combined structure is required to be evaluated to realize 
the desired performance. 

B. Para metric Analysis of the Antenna Array  

As the height of the ridge, Hr, namel y the distance of the 
inclined slots above the longitudinal slots, plays an important 
role in the phase difference of the E-field components between 

the two types of slots, it is firstly studied in this sub-section. To 
obtain the phase difference of 90°, the surface current length 
between the neighbored inclined slot and longitudinal slot 
should be approaching 0.25λg. Figs. 6(a) and (b) exhibits the 
parametric study of AR and reflection coefficient (represented 
by S11) of the antenna array with various Hr values. As can be 
seen, this parameter has great impact on both the AR and S11 

performance, indicating Hr has close relationship with λg. 
Consequently, the optimized value o f Hr provided by HFSS is 
6.9 mm, which is quite close to the calculated value of 6.77 
mm. 

As discussed earlier, the displaced offset of the longitudinal 

slot (dx) and the rotating angle of the inclined slot () have 
influence on the E-field amplitude of the EM wave that radiated 
from the two types of slots respectively. The best circular 
polarization is obtained under one of the conditions that the 
E-field amplitudes from different slots are the same. Figs. 6(c) 

and (d) verify that the AR fluctuates a lot with different dx 
values, while they only have limited effect on the impedance 
matching as the value changing step is small. Noted that the 

analysis of the parameter  is not shown in the paper as it 
returns to similar phenomenon as dx. 

In addition, several parameters relevant to the antenna 
radiation performance are also analyzed, i.e., the length of the 
longitudinal slots (Ls) and the depth of the inclined slots (Hs). 
Theoretically, Ls should be less than λ to avoid the appearance 
of grating-lobes. Meanwhile, it has been proved that the 
resonance characteristics of a waveguide slotted antenna 
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(a)                                                        (b) 

 
(c)                                                        (d) 

 
(e)                                                        (f) 

 
(g)                                                        (h) 

Fig. 6.  Parametric study of the proposed antenna. (a) AR vs. Hr. (b ) S11 vs. Hr. 

(c) AR vs. dx. (d) S11 vs. dx. (e) AR vs. Hs. (f) S11 vs. Hs. 

 

 
(a) 

 
(b) 

 
(c) 

 
(d) 

Fig. 7.  Prototype of the 4-element CP antenna array. (a) Top view of the 

radiating layer. (b) Bottom view of the radiating layer. (c) Ground plate with  

SMA connector. (d) 3D view of the antenna array after assembly. 

 
Fig. 8.  Comparison between the simulated and measured reflection 

coefficient. 
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operating in standing-wave mode would not be affected by the 
length of the longitudinal slot [31]. Accordingly, Figs. 6(e) and 
(f) prove such phenomenon in the proposed design. Either the 
AR or S11 of the antenna array only shows minor fluctuation as 

Ls varies. On the other aspect, changing the depth of the 
inclined slot (Hs) does not affect λg, which is different from the 
parameter Hr, but it still contributes to the frequency resonance 
and the AR performance, as shown in Figs. 6(g) and (h). As 
shown in Fig. 6(g), the AR values dramatically changes with 
different Hs values, the phenomenon of which is mainly due to 

amplitude mismatch between the E-fields produced by the two 
types of slots. Also, a significant resonance variation at the high 
frequency point (around 10.15 GHz) is observed in Fig. 6(h), 
while that at the low frequency point (around 9.25 GHz) is 
slightly affected. This analysis confirms that the high frequency 
resonance is generated by the inclined slots, while the 

resonance at low frequency is excited by the longitudinal slots, 
revealing the two resonances can be independently adjusted to 
achieve a wide bandwidth covering the band of interested. 
Table I tabulates the final parametric values of the proposed 
antenna array. 

IV. MEASUREMENT RESULTS 

In order to verify the practical performance of the proposed 
CP antenna array, a 4-element antenna array has been 
prototyped and performed EM measurement. The prototype is 
made up of aluminum alloy by using milling process, as shown 

in Fig. 7. The antenna array is separated into two parts in 
fabrication, i.e., the radiating layer and the ground plate, which 
are ma nufactured respectively and assembled by screws. 

The reflect on coefficient of the antenna array is measured by 
a vector network analyzer, and the radiation performance is 
evaluated in an anechoic chamber. A comparison between the 

results of the simulated and measured reflection coefficients is 
presented in Fig. 8, from which it can be seen that the measured 
impedance bandwidth of the proposed antenna array is 14.74% 
from 9.24 GHz to 10.71 GHz, showing a good agreement with 
the simulated result of 13.72% from 9.22 GHz to 10.6 GHz. 
Minor discrepancy between the two results is mainly caused by 

the manufacturing and the assembling tolerances. Figs. 9(a)-(f) 
show the CP radiation patterns of the proposed antenna array in 
the two main cut-planes, i.e., xoz- and yoz-planes, at 9.0 GHz, 
10.0 GHz and 11.0 GHz respectively. It can be observed that 
the experimental results of the radiation patterns are in good 
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          (a)                                                      (b) 

 
       (c)                                                       (d) 

 
(e)                                                        (f) 

Fig. 9.  Comparison between the simulated and measured radiation patterns of 

the array. (a) xoz-plane at 9 GHz. (b) yoz-plane at 9 GHz. (c) xoz-plane at 10 

GHz. (d) yoz-plane at 10 GHz. (e) xoz-p lane at 11 GHz. (f) yoz-p lane at 11 GHz. 
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Fig. 10.  Results of the simulated and measured gain (Size of radiation aperture: 

12×72.14 mm2). 

 

 
Fig. 11.  Results of the simulated and measured AR. 

TABLE II 

PERFORMANCE COMPARISON BETWEEN THE PROPOSED AND REPORTED CP 

ANTENNA ARRAY 

 Freq. 

(GHz

) 

Imp. 

BW (%) 

AR BW (%) Peak 

Gain 

(dBi) 

Eff. (%) Cross 

section 

dimension

s (mm) 

Apert

ure 

efficie

ncy 

(%) 

This 

work 

10.0 14.74 19.1 (3 

dB) 

12.1 85.31 

(Max.) 

14×11 88.2 

(Max) 

Ref. 

[10] 

8.45 / 1.2(2dB) 26.1 62 825×300 84 

Ref. 

[15] 

20.45 7.3 7.3(1.1dB

) 

28.01 74.65 

(Max) 

10.81×18.

41 

86.06 

(Max) 

Ref. 

[16] 

10.5 4 3.2(3dB) 15.94 N/A 22×9 62 

Freq.: frequency; Imp.: impedance; BW: bandwidth; Eff.: efficiency. 
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consistency with the simulated ones. 
Fig. 10 shows the peak gain of this antenna array measured in 

the frequency band of 9-11 GHz, where the simulated results 
are also included for comparison. The experimental results 

show the array gain ranges from 10.16 dBc to 12.1 dBc in 
9.3-10.5 GHz. In addition, a set of benchmarks of antenna 
efficiencies based on the calculated directivity is provided in 
Fig. 10, which allows us to identify the antenna efficiency from 
its gain curve. In this way, the measured efficiency of the 
antenna array varies between 69.02%-85.31% in the frequency 

range from 9.3 GHz to 10.5 GHz. Furthermore, Fig. 11 presents 
the simulated and measured AR of the antenna array. From the 
results, one can observe that the measured data are well 
approaching to the simulated ones, where the minimum AR 
value appears at around 10 GHz, verifying the feasibility of the 
abovementioned design approach. Particularly, a 3dB AR 

bandwidth of 19.1% covering from 9.0 GHz-10.9 GHz has 
been obtained from the measurement. Overall, all the 
experimental results in terms of operating bandwidth, radiation 
patterns and AR show that the proposed antenna array is able to 
provide good CP performance. Table II compares the proposed 
CP antenna array with some reported designs operating in 

standing-wave mode, from which it could be concluded that the 
proposed antenna array owns advantages of wider impedance 
and AR bandwidths with consideration of simpler structure. 

V. CONCLUSION  

A novel compact and simply constructed all-metal circular 
polarized waveguide slotted antenna array operating in the 
standing-wave mode for vehicle mounted S OTM application is 
presented in this work. The detailed analysis of designing the 
circular polarization performance is also provided. A 4-element 
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waveguide slotted antenna array is numerically simulated and 
experimentally measured to verify the effectiveness of the 
proposed design approach. Results show that the proposed 

antenna array can achieve satisfactory impedance and AR 
bandwidth with good efficiency. The proposed circular 
polarized antenna could become an excellent candidate for 
future vehicle mounted SOTM applications. 
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