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Abstract—This paper presents the design of a compact and 

wideband surface wave antenna that exhibits very low profile and 

can be flush-mounted on a conformal platform. The proposed 

antenna comprises a tapered grounded ceramic slab, a 

unidirectional surface wave launcher, and a tapered impedance 

transition. The ceramic slab is smoothly tapered to transform the 

guided surface wave into radiated space wave over a wide 

frequency range. The surface wave launcher employs a probe-fed 

parallel plate waveguide with a modified parabolic reflecting wall 

and a metallic post, which are critical for effectively transforming 

the cylindrical waves to a unidirectional plane wave within a 

broad frequency range. Simulated results show that the proposed 

surface wave antenna achieves a wide operation bandwidth from 

6.1 GHz to 18 GHz with a thickness of only 0.12 𝝀𝟎 at the center 

frequency. Acceptable gain values with stable and quasi end-fire 

radiation beams are obtained over the entire frequency band. A 

prototype of the proposed antenna is fabricated and tested. 

Measured results are in good agreement with simulated ones. 

 
Index Terms— Flush-mounted, low-profile, surface wave 

antenna, surface wave launcher, wideband antenna. 

 

I. INTRODUCTION 

ECENT years have witnessed a growing demand for 

wideband and low-profile end-fire antennas, which can be 

flush-mounted for aircraft, missile, and unmanned aerial 

vehicle (UAV) applications. Traditional end-fire antennas such 

as log-periodic [1], Yagi-Uda [2], and tapered slot antennas [3] 

can achieve wide bandwidth. However, they are not suitable to 

be mounted on the surfaces of airborne applications because the 

mounting platforms have a significant effect on the antenna 

performance. Although cavity-backed structures can be utilized 

to mitigate the ground effects, the depth of the cavity needs to 

be a quarter-wavelength [4], which limits the structures for 

low-profile applications. 

Surface wave antennas based on dielectric slabs exhibit the 

advantages of low profile, moderate gain with end-fire 

radiation, and structurally conformal to airborne installations 

with good aerodynamic characteristics [5]-[7]. In surface wave 

antennas, surface waves propagate along the antenna surfaces 

and radiate into free space at discontinuities or when a surface 

wave gap is produced [8], [9]. Surface wave launchers play an  
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important role on the performance of such antennas. One of the 

suitable candidates for TM0 mode surface wave excitation in 

grounded slab is the slot Yagi-Uda antenna launcher [10], [11]. 

However, the bandwidth of the slot-based launcher is generally 

narrow due to its resonant nature. Other typical feeding devices 

widely used in surface wave antennas are rectangular 

waveguides and flare horns [12]. Nevertheless, a poor 

impedance matching will be introduced when the dielectric 

thickness is very low [13], [14], which may limit these feeding 

structures for wideband and low-profile applications. Ridged 

structures are often employed to increase the bandwidth 

[15]-[17]. In [16], a flared slot antenna can achieve stable 

radiation beam near the end-fire direction over a 4:1 frequency 

band. However, the antenna thickness is 0.32λ0 at the center 

frequency, which is relatively thick. 

It is known that simultaneously achieving a wide bandwidth 

and retaining a small thickness remain a challenging task for 

surface wave antennas. In this paper, a wideband, low-profile 

and compact surface wave launcher is proposed to feed the 

grounded tapered dielectric slab of high dielectric constant. The 

proposed launcher employs a probe-fed parallel-plate 

waveguide with a modified parabolic reflecting wall and a 

metallic post. The metallic post is placed close to the feeding 

probe to serves as a matching element, which is essential for 

improving the impedance matching of the launcher. The shape 

of the parabolic reflecting wall is carefully modified so as to 

obtain a more uniform amplitude and phase distribution over a 

wide bandwidth. The fractional bandwidth of our surface wave 

antenna is 100%, the antenna thickness is only 0.12λ0, and its 

volume is 0.45𝜆0
3 at the center frequency.  

The proposed surface wave antenna has the following 

advantages. 1) The antenna can achieve a wide bandwidth 

while maintaining a very low profile and compact size. 2) 

Stable and quasi end-fire radiation beams with moderate gain 

values are obtained over the entire operating band. 3) The 

antenna is structurally simple and conductor-backed, which is 

potentially useful to be conformal and flush-mounted for 

missile and unmanned aerial vehicle applications.  

II. ANTENNA CONFIGURATION 

Fig. 1 shows the configuration of our proposed wideband and 

low-profile surface wave antenna. It consists of a wideband 

probe-fed unidirectional surface wave launcher, a tapered 

grounded ceramic slab, and a tapered impedance transition. The 

launcher and slab are seamlessly joined together by tapering 

one end of both parts. The length and width of the antenna are 

denoted by L and W, respectively. 
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Fig. 1.  Configuration of the proposed wideband, low-profile, and compact 

surface wave antenna, (a) perspective view, (b) side view. 
 

The surface wave launcher consists of a coaxial-to-parallel 

plate waveguide transition with a modified parabolic reflecting 

wall and a metallic post. The shape of the reflecting wall can be 

expressed as |𝑥| = (4𝑝𝑦)𝑛. The distance between the coaxial 

probe and the reflecting wall is p. The coaxial probe and 

metallic post are located along the symmetric plane of the 

launcher with a separation of dp, and they protrude into the 

substrate with heights of hf and hp, respectively.  

The grounded slab is smoothly tapered to transform the 

surface wave into radiated space wave as well as to improve the 

matching condition between dielectric slab and free space. As 

shown in Fig. 1(b), the taper is mainly determined by three 

segments AB, BC, and CD. The lengths of these three segments 

are represented by LAB, LBC, and LCD, respectively. The 

thicknesses of the slab at points A, B, C, and D are denoted by 

hA, hB, hC, and hD, respectively. By selecting the proper length 

of each segment and thickness at each point, the curvature of 

the ground can be controlled. It should be mentioned that the 

ground curvature has a significant effect on the sidelobe levels 

of the radiation patterns, and it can also be controlled by 

employing more segments or other arc-shaped tapers. In our 

design, three linear segments are used in order to facilitate 

simulation and fabrication. 

III. DESIGN CONSIDERATIONS 

A. Tapered Grounded Dielectric Slab 

It is well-known that a grounded dielectric slab can support 

the propagation of surface waves. As shown in Fig. 2, assume 

that a uniformly grounded dielectric slab is infinite in the x and 

y directions, the propagation is along the +y direction and fields 

have no variation in the x direction. The lossless slab is of 

thickness h in the +z direction and has a relative permittivity of 

εr. The following relation is obvious [8] 

 

 𝛽𝑦
2 = 𝑘0

2 + 𝛼𝑧
2 (1) 

 

where 𝛽𝑦 is the phase constant of a surface wave in the +y 

direction, 𝑘0 represents the wave number in free space, 𝛼𝑧 

denotes the attenuation constant in the +z direction. Due to the 

fact that the field exponentially decays in air away from the 

dielectric surface, surface waves are intrinsically bound onto 

the dielectric interface.  
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Fig. 2.  Surface wave bound onto a uniform grounded dielectric interface, 

decaying exponentially away from the surface. 

 

For the dominant TM0 mode propagating in the grounded 

dielectric slab, the propagation constant 𝛽𝑦 satisfies [18] 

 

 𝑘1𝑡𝑎𝑛(𝑘1ℎ) = 휀𝑟𝑘2    (2) 

 

 𝑘1
2 + 𝑘2

2 = (휀𝑟 − 1)𝑘0
2 (3) 

 

where 𝑘1
2 = 휀𝑟𝑘0

2 − 𝛽𝑦
2 and 𝑘2

2 = 𝛽𝑦
2 − 𝑘0

2
. 

The power inside and outside the dielectric of the uniform 

grounded slab can be derived as [19] 

 

              𝑃1|𝑧=0
𝑧=ℎ =  𝐾𝑌

2
1

4𝑘1

𝛽𝑦

𝜔휀𝑟
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1

2
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     (4) 

 

                      𝑃2|𝑧=ℎ
𝑧=∞ = 𝐾𝑌
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     (5) 

 

where 𝐾𝑌 is a coefficient that is equal to the y-directed current 

per unit depth in the x direction. The subscripts 1 and 2 

represent the dielectric and air regions, respectively. 𝑃1|𝑧=0
𝑧=ℎ is 

the power integrated from the plane z = 0 to z = h, which 

denotes the total power inside the dielectric. 𝑃2|𝑧=ℎ
𝑧=∞  is the 

power residing outside the dielectric. 

The power ratio C that represents the power inside the slab 

𝑃1|𝑧=0
𝑧=ℎ  over the total power ( 𝑃1|𝑧=0

𝑧=ℎ + 𝑃2|𝑧=ℎ
𝑧=∞ ) can be 

calculated as 

 

          𝐶 =
휀𝑟𝑘2

3[2𝑘1ℎ + 𝑠𝑖𝑛 (2𝑘1ℎ)]

휀𝑟𝑘2
3[2𝑘1ℎ + 𝑠𝑖𝑛 (2𝑘1ℎ)] + 2𝑘1

3𝑠𝑖𝑛2(𝑘1ℎ)
 

 

 (6) 

 

It is generally required that most of surface wave power can 

be retained inside the dielectric slab right after it enters the 

tapered grounded slab from a parallel-plate waveguide. This 

can eliminate the strong reflection and potential diffraction 

occurring at the feeding junction, which may degrade the 

radiation pattern. It is clear from (6) that the power ratio C is 

related to slab thickness h, dielectric constant 휀𝑟 , and 

wavelength λ, and this relationship is shown in Fig. 3. It is 

noted that the power ratios inside the slab are around 0.6 when 

the slab thickness is  ℎ = λ/4√휀𝑟  for different dielectric 

constants. As the slab thickness increases, the power ratio C 

increases meaning that more power is concentrated inside the 

slab. Generally speaking, the value of C above 0.9 is sufficient 

for minimizing the reflection and diffraction at the feeding 

junction [20]. 
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Fig. 3.  Relationship of power ratio C, slab thickness, dielectric constant, and 

wavelength. 

 

Although surface waves are bound waves, they can radiate 

into free space once a discontinuity occurs or a surface wave 

gap is produced. When looking straight down from the +z 

direction, the grounded dielectric slab can be regarded as a 

transmission line, which is shorted at the bottom. For the 

tapered grounded slab, the surface impedance alters 

continuously as the height changes smoothly. When the slab 

height reaches 𝜆/4√휀𝑟, the short circuit at the bottom end is 

transformed into an open circuit at the interface. At this 

resonant point, the guided surface wave can be effectively 

transformed into a space wave that can be radiated into space 

[9].  

In order to effectively transform the surface wave into 

radiated space wave over a wide frequency band, a large range 

of thickness should be selected for the dielectric slab for a given 

휀𝑟. On the other hand, the slab thickness should be maintained 

low so that a compact and low-profile antenna can be designed, 

which indicates that a large 휀𝑟  should be selected. Finally, a 

tapered grounded dielectric slab with a high dielectric constant 

휀𝑟 is employed to design a wideband and low-profile surface 

wave antenna.  

The tapered grounded slab radiator can be designed based on 

the above understandings, and the procedures are summarized 

below. 

i) The antenna height hA and dielectric constant 휀𝑟  of the 

tapered slab can be first determined once the starting frequency 

𝑓𝑚𝑖𝑛  of the operating band is specified. In our design, the 

bandwidth from 6 GHz to 18 GHz is desired and a large 휀𝑟 is 

preferred to maintain a low profile. hA should satisfy 

 

 ℎ𝐴 > 𝜆𝑚𝑖𝑛/4√휀𝑟 (7) 

 

where 𝜆𝑚𝑖𝑛 is the free-space wavelength at the starting 

frequency 𝑓𝑚𝑖𝑛. Meanwhile, it is desirable that the power ratio 

C at the beginning part of the tapered slab is larger than 0.9. 

Based on the above, we select a ceramic slab with a high 

dielectric constant 휀𝑟 =25 and height ℎ𝐴 = 3mm. In this case, 

the power ratio C is 0.93 so that the reflection and diffraction at 

the feeding junction can be negligible.  

ii) Next, the slab width W can be determined based on the 

desired beamwidth in the H-plane. For the TM surface wave 

propagating in the grounded dielectric slab, it is assumed that 
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Fig. 4.  Effects of Ls on VSWR of the linearly tapered grounded slab (hA = 3 

mm, hD = 0.2 mm, W = 29 mm, 휀𝑟  = 25). 
 

TABLE I 

SIDELOBE LEVELS (SLLS) COMPARISON OF THE LINEARLY TAPERED SLAB (#1: 

hA = 3 mm, hD = 0.2 mm, Ls= 47 mm) AND THREE-SEGMENT TAPERED SLAB 

(#2: hA = 3 mm, hB = 2.1 mm, hC = 1 mm, hD = 0.2 mm, LAB = 11 mm, LBC = 
15.5 mm, LCD = 20.5 mm). 

f  (GHz) <12 12 14 16 18 

#1 

SLL (dB) 

E-plane  - -7.5 -7 -2.6 -5 

H-plane  - -9 -12.9 -13 -17 

#2 
SLL (dB) 

E-plane  - -8.5 -8.3 -9.5 -9.1 

H-plane  - -12.7 -13.3 -17.8 -16.2 

 

the field distribution is uniform along the x direction, as shown 

in Fig. 2. The half-power beamwidth (HPBW) of the radiation 

pattern in the H-plane is approximately [21] 

 

Θℎ = 114.6𝑠𝑖𝑛−1 (
0.443𝜆

𝑊
)  degrees 

 

 (8) 

 

In our example, the slab width is selected to be 29 mm so that 

the HPBW is around 450at the center frequency f = 12 GHz. 

iii) Furthermore, the length Ls of the tapered slab can be 

initially determined by considering both the beam tilt-angle in 

the E-plane and the impedance matching condition between the 

dielectric slab and free space. The guided surface waves can be 

radiated into free space at the resonant position of the tapered 

grounded slab, where the slab thickness is 𝜆/4√휀𝑟. Therefore, 

the region starting from the resonant point to the end of the slab 

can be considered as an extended ground plane, whose length 

Lg affects the beam tilt-angle of the pattern in the E-plane [8]. 

As Lg increases, the beam angle tilts closer to the end-fire 

direction. When Lg ≅ 0.8𝜆, the radiation beam is around 450 

away from the end-fire direction. 

On the other hand, in order to smoothen the impedance 

transition from the dielectric slab to free space, a longer length 

Ls is preferred and hD is better kept small to widen the 

bandwidth though it may be limited by the fabrication 

constrains. However, a long slab takes up more space and leads 

to a less compact structure. Therefore, a suitable length should 

be selected to compromise the matching condition and 

compactness. As a simple instance, a waveport is placed at the 

thick side of the tapered slab for excitation using ANSYS High 

Frequency Structure Simulator (HFSS). The initial parameters 

are 휀𝑟 = 25, hA = 3 mm, hD = 0.2 mm, W = 29 mm. The effects 

of slab length Ls on the port’s voltage standing wave ratio 
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(VSWR) are shown in Fig. 4. It is seen that a lower VSWR is 

obtained as Ls increases. When Ls is 47 mm, the VSWR value 

remains less than 2 within the entire frequency range. Thus, Ls 

can be initially selected to be 47mm considering both the beam 

angle and matching condition in our design. 

iv) Finally, the curvature of the ground can be carefully 

designed by considering the sidelobe level (SLL) of the 

radiation pattern. Since the ground shape affects the surface 

impedance variation along the tapered slab and the field 

distribution along the surface, it plays a significant role on the 

radiation pattern, especially for the SLL [20], [22]. A simple 

way to control the curvature is to divide the tapered ground into 

several segments, and then vary the length and slope of each 

segment properly. In our design, three segments are employed 

in order to simplify the simulation. In the simulated model, the 

SLL of the tapered slab is treated as the objective of the 

optimization problem, which is a function of six parameters hA, 

hB, hC, LAB, LBC, LCD, and the operating frequency. Within a 

reasonable range of values, all these parameters are carefully 

tuned and finalized to obtain an acceptable SLL over the entire 

band. After optimization, the final parameters are hA = 3 mm, hB 

= 2.1 mm, hC = 1 mm, hD = 0.2 mm, LAB = 11 mm, LBC = 15.5 

mm, and LCD = 20.5 mm. It should be mentioned that using 

more segments or arc-shaped ground may also result in a 

satisfactory result. However, this can increase the complexity 

of design and fabrication, and the simulation process may also 

be time-consuming. 

In order to illustrate the significances of the ground curvature 

on the radiation patterns, we summarized the comparison of 

sidelobe levels (SLLs) of the linearly tapered slab (#1) and the 

three-segment one (#2) in Table I. The E-plane is the y-z plane, 

and the H-plane is the plane orthogonal to E-plane and includes 

the maximum beam peak. At lower frequencies, the radiation 

beams are wide and no sidelobes appear. Therefore, Table I 

only lists the SLLs at frequencies larger than 12 GHz. It is seen 

that the SLLs of the E-plane are large at higher frequencies for 

the linearly tapered grounded slab. In comparison, they are 

effectively improved for the three-segment taper. It is worth 

mentioning that the gain values of the three-segment taper are 

slightly larger than the linearly tapered one with the 

improvement in SLL at higher frequencies. In addition, slight 

change of the ground shape has little effect on the VSWR of the 

slab since a good impedance matching is mainly obtained by 

employing a sufficiently long tapered structure. Therefore, the 

VSWR is almost unchanged by employing a three-segment 

tapered slab compared to the linearly tapered one.  

As discussed, surface waves are bound onto the interface of 

the tapered grounded dielectric slab. However, they can be 

transformed into radiated space waves efficiently in the tapered 

structure when the slab thickness reaches 𝜆/4√휀𝑟. As a proof of 

concept, a waveport is used to excite the tapered grounded 

dielectric slab. Fig. 5 shows the electric field distributions of 

the tapered grounded dielectric slab and in free space at 

different frequencies, which clearly illustrates the 

transformation from guided surface waves to radiated space 

wave via the tapered structure. As seen, the areas showing the 

strongest electric field intensity of the tapered slab effectively 

transform the surface waves into space wave, while the areas 

before that, starting from the waveport, guide the waves. The 

radiation occurs at different thicknesses of the tapered slab at 

different frequencies, the corresponding thickness is 𝜆/4√휀𝑟, 

as expected. 
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Fig. 5.  E-Field distributions of the tapered grounded dielectric slab and in free 

space at different frequencies, (a) 6 GHz, (b) 12 GHz, (c) 18 GHz. 

B. Surface Wave Launcher 

The surface wave launcher is designed based on the 

following considerations. First, a broad bandwidth should be 

obtained when the structure maintains a very low profile. 

Second, in order to improve the launching efficiency, it is 

required that the phase differences between waves arriving at 

the waveguide aperture is minimized, and it is desirable to 

obtain a uniform distribution of the electric field at the 

waveguide aperture as well. Therefore, the cylindrical waves 

excited by the coaxial probe should be transformed to 

unidirectional quasi-plane waves efficiently. 

A few strategies are employed in our structure to meet the 

aforementioned requirements. The center frequency of our 

designed antenna is f0 = 12 GHz. A Teflon sheet with a low 

permittivity of 2.1 is used as the slab in the parallel-plate 

waveguide because has the same dielectric constant as the 

Teflon material inside the SMA feed. The thickness is selected 

to be 3mm, which is the same height as the grounded tapered 

slab. The top, bottom, and reflecting walls of the Teflon are 

covered with copper tapes to form the parallel-plate waveguide, 

which supports the propagation of the quasi-TEM wave.  

1) Metallic Post 

In the launcher, a metallic post is utilized to serves as a 

matching element, which helps to broaden the bandwidth of the 
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launcher to a certain extent. The post partially penetrating into 

the waveguide acts as a shunt capacitive reactance, whose value 

is related to the height and diameter of the post. The mutual 

coupling between the coaxial probe and the post is determined 

by their spacing. By varying the length, diameter, and location 

of the post, the self-impedance of the metallic post and the 

mutual impedance between the probe and post can be adjusted. 

This can affect the input impedance of the launcher and help to 

improve the impedance matching. Fig. 6 shows the simulated 

VSWR of our proposed surface wave launcher with and 

without the metallic post. The VSWR is above 1.8 over 

frequency range without the post. However, the value is much 

lower with a metallic post of suitable height and at an 

appropriate location, which indicates that the impedance 

matching is significantly improved. 
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Fig. 6.  Effects of metallic post on VSWR of the launcher. (휀𝑟 = 2.1, h = 3 mm, 

W = 29.1 mm, n = 0.5, hf  = 2.85 mm, p = 4.3 mm). 
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Fig. 7.  Effects of distance p on VSWR of the launcher. (휀𝑟 = 2.1, h = 3 mm, W 

= 29.1 mm, n = 0.5, hf  = 2.85 mm, dp = 2.4 mm, hp = 1.7 mm). 

 

2) Reflecting Wall 

The coaxial probe is fed at the focal point of the parabolic 

reflecting wall. The focal length p is generally chosen to be a 

quarter guided wavelength λg at the center frequency for 

matching purpose [13]. However, by varying p to be larger than 

a quarter but less than a half guided wavelength λg at the center 

frequency helps to widen the bandwidth [23]. Fig. 7 shows the 

effects of the distance p on the VSWR of the launcher. It is seen 

that the operating frequency ranges from 7 GHz to 15.8 GHz 

for VSWR less than 2 when 𝑝 = 0.25𝜆𝑔 . By increasing the 

distance p to be 0.4λg, the frequency band from 6 GHz to 18 

GHz for VSWR ≤ 2 can be achieved. When p is larger than 

0.5λg, the impedance matching degrades.  
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Fig. 8.  Simulated (a) phase differences between the maximum and minimum 
phase values and (b) magnitude ratios of the maximum to minimum magnitude 

values of the electric field along the aperture width of the waveguide as a 

function of n at different frequencies. (휀𝑟 = 2.1, h = 3 mm, W = 29.1 mm, p = 
6.8mm, hf  = 2.85 mm, dp = 2.4 mm, hp = 1.7 mm). 

 

A modified parabolic reflecting wall is employed to 

transform the cylindrical waves excited by the probe to 

quasi-plane waves at the aperture of the parallel plate 

waveguide. The shape of reflecting wall is optimized by 

carefully choosing the value n properly. It is well known that 

based on the geometric optics, when a source is positioned at 

the focal point and excited unidirectionally towards a large 

parabolic reflector, the reflected wave is planar [24]-[26]. 

However, different from the ideal case, a coaxial probe in our 

proposed structure excites an omni-directional cylindrical wave 

rather than a unidirectional one. Therefore, there exists wave 

superposition of the reflected wave and the wave transmitted 

directly from the probe in the launcher, leading to an 

unavoidable phase distortion at the aperture of the parallel plate 

waveguide. Due to the very compact size of our launcher, using 

geometrical optics is insufficient to analyze the phase distortion 

caused by the wave superposition of the structure. To illustrate 

the importance of the shape of the reflecting wall, we plot the 

effects of n on the phase and magnitude errors provided by the 

launcher with the aid of HFSS, as shown in Fig. 8.  
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Fig. 8(a) plots the differences between the maximum and 

minimum phase values of the electric field distribution along 

aperture width of the parallel plate waveguide. It is seen that the 

phase differences are large for the ideally parabolic shape with 

n = 0.5. However, the phase distortion can be well improved by 

varying n properly. When n approaches 0.55, the phase 

differences can be maintained below 20°  within the whole 

frequency band. Fig. 8(b) shows the corresponding ratios of the 

maximum to minimum magnitude values as a function of n. It is 

noticed that the magnitude ratios follow almost the same 

variations as the phase difference, and the values are below 1.2 

at different frequencies when n = 0.55. Therefore, it is 

concluded that quasi-plane waves are obtained in our proposed 

launcher for the case of n = 0.55 considering both the phase and 

magnitude errors. It is worth noting that choosing a certain 

value of n may not account for the lowest phase and magnitude 

differences at all frequencies. Therefore, an appropriate value 

of n should be chosen to yield a good compromise of phase and 

magnitude differences over the entire band.  

Based on the above discussions, the following procedures 

may be considered to design the proposed wideband and 

low-profile surface wave launcher. 

i) Choose a substrate with the same dielectric constant 휀𝑟 as 

the insulating material in the feeding probe and the same height 

as the tapered grounded dielectric slab. 

ii) As an initial start, use the ideally parabolic wall with n = 

0.5. The coaxial probe is fed at the focal point with 𝑝 = λ𝑔/4, 

where λ𝑔  is the guided wavelength at the center frequency f0. 

The focal length p can be larger than λ𝑔/4, but less than λ𝑔/2 

to maximize the bandwidth. The parabolic shape may also be 

optimized by studying the variation of the phase and magnitude 

errors at the waveguide aperture at different frequencies. 

iii) Employ a metallic post to improve the impedance 

matching. 

A few iterations may be invoked to obtain an optimum 

design. The final dimensions of our proposed surface wave 

launcher are as follows: 휀𝑟 = 2.1, h = 3 mm, n = 0.55, p = 

6.8mm, hf = 2.85 mm, W = 29.1 mm, dp = 2.4 mm, hp = 1.7 mm, 

C1 = 17.8 mm, C2 = 30 mm. The diameters of the coaxial probe 

and metallic post are both 1.3 mm. 

C. Tapered Impedance Transition 

In order to realize a smooth impedance transition between 

the Teflon slab and ceramic slab, one end of each slab is tapered, 

and the two parts are seamlessly connected, as shown in Fig. 9. 

ε1 and ε2 represent the dielectric constants of Teflon and ceramic 

materials, respectively. h1 and h2 denote the corresponding 

dielectric heights. L_tr is the length of the transition part.  

 

1

2

1h

2h

y

z

L_tr

 
Fig. 9.  Side view of the tapered impedance transition. 
 

The propagation phase constant in the tapered transmission 

line can be approximately expressed as [27], [28] 

 

                 𝛽𝑔 =  
2𝜋

𝜆0
√휀𝑎 

 

     (9) 
 

where 

                휀𝑎 =  
휀1ℎ1 + 휀2ℎ2

ℎ1 + ℎ2

 

 

    (10) 
 

 

     
 

is the volume average dielectric constant in the transition, 𝜆0 is 

the wavelength in free space. 

The electrical length of the tapered transmission line is 

derived as 

 

                𝜙 = ∫ 𝛽𝑔 𝑑𝑦
𝐿_𝑡𝑟

0

 =
4𝜋(휀2

1.5 − 휀1
1.5)

3𝜆0(휀2 − 휀1)
𝐿_𝑡𝑟 

 

  (11) 

 

For the tapered transmission line, when the electrical length 

𝜙 is greater than 3𝜋, the reflection coefficient is quite small 

[29]. In our proposed structure, the center frequency f0 is used 

to determine the transition length L_tr. Based on (11), L_tr is 

calculated to be 10.5 mm if 𝜙 is equal to 3𝜋 at f0 = 12 GHz. 

Therefore, the length is selected to be L_tr = 10.5 mm in order 

to obtain a good matching as well as to maintain a relatively 

short length for the sake of compactness. 

IV. ANTENNA PERFORMANCE 

A prototype of our proposed surface wave antenna is shown 

in Fig. 10. A ceramic material with a high dielectric constant of 

εr = 25 and loss tangent of tan𝛿 = 0.0002  is used for the 

grounded tapered radiator. The surface wave launcher is 

fabricated using a Teflon sheet. The Teflon and ceramic parts 

are seamlessly glued together and covered by copper tapes on 

both top and bottom sides of the antenna. The reflecting wall of 

the Teflon part is also covered with copper tape. The 

dimensions of our proposed antenna are designed to be: n = 

0.55, p = 6.8, L = 80.3 mm, W = 29.1mm, C1 = 16.7 mm, C2 = 

13.2 mm, C3 = 12.2 mm, dp = 2.4 mm, hf= 2.85 mm, hp = 1.7 

mm, L_tr = 10.5 mm, hA = 3 mm, hB = 2.1 mm, hC = 1 mm, hD = 

0.2 mm, LAB = 11 mm, LBC = 15.5 mm, LCD = 20.5 mm.  

Teflon

Copper Ceramic Material
x

y

z

Fig. 10.  Prototype of the proposed surface wave antenna. 

 

Fig. 11 shows the simulated and measured VSWR results of 

the proposed surface wave antenna. It is seen that a wide 

bandwidth is achieved. The VSWR is less than 2 within the 

frequency range from 6.1 GHz to 18 GHz for the simulated 

result and 6.3 GHz to 18.8 GHz for the measured one. The 
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discrepancy may be due to the small air gap existing between 

the Teflon and ceramic slab in our prototype. In addition, 

fabrication and assembling tolerances may also attribute to the 

difference. 
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Fig. 11.  Simulated and measured VSWR of the proposed surface wave 
antenna. 
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Fig. 12  Simulated and measured radiation patterns of the proposed surface 

wave antenna at different frequencies. 

 

Radiation patterns of the proposed antenna are measured in 

the anechoic chamber, as depicted in Fig. 12. The results show 

that the simulated and measured patterns of both E- and 

H-plane are in good agreement. The radiation beam angle in the 

E-plane is about 45oaway from the end-fire direction over the 

frequency range due to the existence of the finite ground. As 

discussed in Section III, the finite ground has significant 

influence on the radiation beam angle. The ratio of the ground 

length Lg that starts from the resonant point where the radiation 

occurs till the end of the slab to the free-space wavelength is 

almost identical at different frequencies. Therefore, the beam 

angles are almost stable since the ground effect is almost the 

same over the entire band. 
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Fig. 13  Simulated and measured gain values and simulated radiation efficiency 

of the proposed surface wave antenna. 

 

Fig. 13 shows the gain values and simulated radiation 

efficiency over the operation bandwidth. The simulated gain is 

5.1 dB at 6 GHz, and increases to 12.8 dB at 18 GHz. The 

measured gain values are slightly less than the simulated ones; 

and the gain discrepancies are within the range of 0.5 dB to 1 

dB over the entire frequency band.  It is expected that the 

insertion loss of the SMA connector is around 0.2 dB. The 

actual loss tangent of the commercial ceramic material is 

slightly larger than the one used in simulations, which also 

results in around 0.2 dB gain degradation. The other 

unpredictably slight discrepancy may be due to the fabrication 

and assembling tolerances, and the alignment error of our 

measurement setup. The radiation efficiency is calculated using 
G

D⁄ , where G denotes the gain and D is the directivity of the 

antenna. The values are obtained by the simulated results in 

HFSS. As shown, the radiation efficiency is above 88% over 

the entire operation bandwidth.  

Furthermore, it is worth noting that a larger ground plane can 

tilt the beam angle closer to the end-fire direction. If the ground 

plane is infinite, an ideal end-fire radiation pattern may be 

obtained. In order to examine the effects of the ground size on 

the antenna’s radiation pattern, the ground plane of the 

proposed antenna is extended beyond the end of the slab along 

the +y direction, and the effect of different ground sizes on the 

radiation pattern is illustrated in Fig. 14. It is seen that when the 

extended ground length increases from 1λ to 10λ, the beam 

angle of the patterns in the E-plane can be gradually tilted from 

around 45o to 30oaway from the end-fire direction. 
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Fig. 14  Simulated radiation patterns of the proposed surface wave antenna with 
different lengths of an extended ground plane. 

 
TABLE II 

PERFORMANCE COMPARISON OF FLUSH-MOUNTABLE END-FIRE ANTENNAS 

Reference 

Bandwidth 

(VSWR ≤ 

2) 

Dimensions (λ0)  

(L×W×H, λ0 is the 

wavelength at the 

center frequency)  

 

Volume 
(λ0

3) 

Gain at 

the center 
frequency 

(dB) 

[7] 10% 6.7 × 11.5 × 0.17 13.1 - 
[13] 19% 1.56 × 1.26 × 0.1 0.19 7.1 

[15] 66.7% 10 × 4.8 × 0.29 13.92 10 

[16] 120% 9 × 4.3 × 0.32 12.38 9.5 

[17] 76% 6.7 × 3.8 × 0.25 6.365 7.8 

Our work 100% 3.2 × 1.16 × 0.12 0.45 9 

 

Table II summaries the performance comparison of several 

flush-mountable end-fire antennas. It is seen that although the 

antenna in [13] can maintain a slightly lower thickness and a 

compact size than our proposed antenna, the bandwidth is 

significantly narrower. Meanwhile, the design in [16] can 

achieve a wider bandwidth, but the size is big and the thickness 

is much larger. Therefore, our proposed antenna has the 

advantages of wide bandwidth, low profile as well as compact 

size over other flush-mountable end-fire antennas. 

V. CONCLUSION 

In this paper, a wideband, low-profile, and compact surface 

wave antenna has been presented. The surface wave is radiated 

at the position of the tapered grounded slab where the slab 

thickness is equal to  𝜆/4√휀𝑟 . A unidirectional surface wave 

launcher with a broad bandwidth and quasi-plane waves at the 

aperture of the launcher has been realized by utilizing a 

probe-fed parallel-plate waveguide with a modified parabolic 

reflecting wall and a metallic post. The procedures of designing 

the tapered slab and surface wave launcher have been also 

provided. Besides the advantages of wideband, low-profile and 

compact size, the antenna can obtain stable radiation patterns, 

moderate gain, and high radiation efficiency over the entire 

frequency range. It is worth mentioning that the proposed 

antenna is suitable to be mounted on the surfaces of aircrafts 

and can be readily extended to conformal arrays. 
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