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Abstract—A 2x2 array of coaxial periodic leaky-wave 

antennas at X-band has been designed, fabricated and 
measured. It achieved a gain of more than 10 dBi at 9.8 GHz, 
input return loss better than 10 dB from 8 GHz to 12 GHz 

(other than the broadside frequency) and a 3 dB beamwidth of 
9 degrees. The sidelobe level is better than 10 dB from 8 GHz 
to 10.5 GHz. The antenna also achieved a reduced open 

stopband attenuation at 9.8 GHz. A beam scanning range of 35 
degrees from backward to forward direction over a 4 GHz 
span was achieved. Good agreement between the simulated 

and measured results was obtained.  

Index Terms—leaky-wave antenna, slotted waveguide 

array, radar. 

I.  INTRODUCTION 

Leaky-wave antennas (LWA) have been the subject of 

interest due to their unique radiation characteristics of 

frequency beam scanning, simple feed network and narrow 

beamwidths [1][2]. One type of leaky-wave antenna is the 

periodic LWA, which scans their beam as a function of 

frequency [3][4]. When implemented using coaxial cable, the 

LWA possesses compact size and is relatively easy to deploy 

[5][6]. These features make coaxial periodic leaky-wave 

(CPLW) antennas suitable for imaging and radio 

communications [7][8], radar antennas [9][10], wide 

bandwidth aerial communications [11] and 

weather/surveillance monitoring systems [12]. 

However, there are two main drawbacks that affect the 

performance of a CPLW antenna: (i) an open stopband 

attenuation, which results in a gain reduction at broadside 

frequency [13] causing a non-linear gain frequency response, 

and (ii) their overall longer length, particularly at RF 

frequencies below a few GHz [14]. Researchers have 

investigated methods to eliminate the open stopband 

attenuation, including the use of radiating stubs [15] and 

tapered slots [16] to suppress the open bandstop region. 

Reducing the cable length required for a conventional CPLW 

antenna featuring a wide beam scanning range poses a 

significant challenge at lower frequencies, owing to the 

periodicity and number of slots required. 

In this work, we investigate the use of four shorter, 

periodically etched semi-rigid coaxial cables to form a 2x2 

CPLW antenna array at X-band. Compared to conventional 

CPLW antennas, the proposed CPLW antenna array yields a 

narrow directive beam with low sidelobe and backlobe levels 

and overall gain exceeding 10 dBi from 8.5 GHz to 11.5 

GHz. Due to the four-fold reduction in overall length 

compared to a conventional CPLW antenna, the 2x2 CPLW 

antenna array could be deployed more easily. 

II. DESIGN AND  PARAMETRIC ANALYSIS 

 

Fig. 1. Structural parameters of the 2x2 CPLW antenna array 

A. Design 

Fig. 1 shows the structure of the 2x2 CPLW antenna 

array. It consists of four identical (semi-rigid) coaxial cables 

each with an inner conductor diameter of 1.66 mm, outer 

conductor diameter of 6.3 mm and an insulating dielectric 

with εr of 2.05. Slots are etched on the outer conductor of the 

coaxial cable. The periodicity of these slots form space 

harmonics of the n-th order, which can be written as: 

βn = β0 + 2nπ/p () 

where p is the slot period and βn is the phase constant of the 

n-th harmonic. To calculate the slot period, the guided 

wavelength λg is computed as 20.7 mm at 10 GHz by: 

λg = c/f√(εr ) (2) 

where c is the speed of light in freespace, f is the operating 

frequency and εr is the relative permittivity of the cable 



dielectric. The periodic slots are truncated on the cable by the 

guided wavelength distance and the required cable length L 

is also dependent on the operating guided wavelength: 

α/k0 = 0.18×λg/L (3) 

where k0 = 2π/λ. Since four cables are used, L = 200 mm has 

been chosen, accommodating nine identical slots on each 

cable [17]. The slot dimensions are denoted as a1 for the 

wide slot, a2 for the narrow slot and d is the distance between 

the wide and narrow slots pair. Each slot depth is 2.35 mm. 

The four cables were equispaced with separation of dist = λg 

as shown in Fig. 1 as a 2x2 array to produce a broadside 

beam [18]. 

B. Parametric Analysis 

Two sets of excitation ports herein named Odd Ports and 

Even Ports are used to feed the antenna array. As shown in 

Fig. 1(a), the Odd Ports are excited from the left hand side 

closest to the first narrow slot. The lower pair of CPLW 

antenna ports are designated P1 and P3, and the upper pair of 

CPLW antenna ports are designated P5 and P7. 

Alternatively, the Even Ports are excited from the right hand 

side that is closest to the first wide slot. In this case, the 

lower pair of CPLW antenna ports are designated P2 and P4, 

while the upper pair of CPLW antenna ports are designated 

P6 and P8. Any unexcited ports are terminated with 50 Ω 

loads. All four CPLW antennas are placed at 20.7 mm from 

the centre point of their signal conductors, as shown in Fig 

1(c). The input ports are excited differentially with equal 

amplitude. The lower port pair of the antenna array can be 

fed differentially while the upper port pair of the antenna 

array can be fed in-phase, or vice-versa. 

 

 

Fig. 2. (a) Simulated |S11| and realized gain of 2x2 CPLW antenna array 

(optimal values), (b) main radiated beam angle versus frequency. 

In Fig. 2, it is evident that exciting the array from the 

Odd Ports results in lower open stopband attenuation 

compared to excitation from the Even Ports. While the input 

return loss demonstrates good characteristics at the broadside 

frequency, the open stopband attenuation experiences a 

reduction of approximately 5 dB when the array is excited 

from the Even Ports. The realized gain is generally linear 

from 8 GHz to 12 GHz. The size of the 2x2 CPLW antenna 

array is 26.5 mm x 26.5 mm x 200 mm. 

The radiation pattern of this 2x2 CPLW antenna array 

demonstrates enhanced directivity and a reasonable front-to-

back ratio at the broadside frequency, as illustrated in Fig. 3. 

 

Fig. 3. Radiation pattern at 9.8 GHz (a) perspective view, (b) top view. 

A parametric study was performed by varying the 

parameters a1, a2 and b. From Fig. 4(a) and 4(b), varying b 

from 0.016λ (1 mm) to 0.163λ (5 mm) improved the input 

return loss by 5 dB at 9.8 GHz. Here, λ is the freespace 

wavelength at 9.8 GHz. The antenna gain improved by 3 dB 

when b was varied from 1 mm to 5 mm. From Fig. 4(d), the 

design showed a similar trend when a1 was varied from 

0.049λ (1.5 mm) to 0.147λ (4.5 mm). The overall gain was 

improved by approximately 3 dB from 8 GHz to 12 GHz. 

However, the change in broadside frequency gain was less 

significant. When a2 was varied from 0.016λ (0.5 mm) to 

0.098λ (3.0 mm), the realized gain was improved by 5 dB as 

shown in Fig. 4(c). The optimal values for a1, a2 and b were 

found to be 0.098λ (3 mm), 0.033λ (1 mm) and 0.098λ (3 

mm) respectively. 

 

Fig. 4. Parametric results for: varying b on (a) |S11| and (b) realized gain 
with a1 = 3 mm and a2 = 1 mm; varying a1 and a2 (c) and (d) gain variation 

with b = 3 mm. 



III. FABRICATION AND MEASUREMENT 

A. Fabrication 

Four 225 mm long semi-rigid coaxial cables were etched 

with nine wide slots of a1 = 3 mm and nine narrow slots of a2 

= 1 mm over a length of 200 mm. A manual milling machine 

and fixed Dremel tool were used to manually etch the coaxial 

cables. In-line SMA connectors were soldered at each cable 

end. 

To feed the 2x2 CPLW antenna array, a wideband 4-way 

power divider was realised on PCB as shown in Fig. 5. 

Isolation resistors of 100 Ω were used for R1, R2 and R3. 

The PCB substrate (Taconic TSM-DS3) has a thickness of 

0.25 mm and εr of 3. The power divider splits the input 

power with a phase difference of 180° for two input ports 

and 0° for the other two input ports. This is achieved by 

extending the electrical length of the other two ports at 9.8 

GHz with respect to the electrical length of the input port. In 

this way, the power divider acts as a Wilkinson power 

divider for in-phase split for two ports, and anti-phase split 

for the other ports. 

 

 

Fig. 5. Fabricated antenna fed with 1-to-4 power divider.  

B. Measurement 

The 2x2 CPLW antenna array was measured in an 

anechoic chamber with a vector network analyser to evaluate 

the antenna radiation pattern and realized gain 

characteristics. A reference horn antenna was used while the 

2x2 CPLW antenna array was rotated around the z-axis to 

measure the radiation pattern from 8 GHz to 11 GHz. The 

far-field radiation patterns of the 2x2 CPLW antenna array 

were measured in the y-z plane (Phi=0°) with theta scans 

from -90° to +90° in 1° steps.  

Additionally, Fig. 6(b) shows a setup involving 

movement of a reference horn antenna while keeping the 2x2 

CPLW antenna array position fixed was devised to 

demonstrate the target detection performance of the array. 

The frequency response of |S21| was measured as the 

reference antenna is moved in discrete steps from a 

downward to upward position. The separation distance 

between the 2x2 CPLW antenna array and the reference horn 

antenna was manually adjusted from 80 cm to 160 cm in 

three incremental steps, as illustrated in Fig 6. 

 

 

Fig. 6. Measurement setup for (a) radiation pattern, and (b) recording |S21|  

IV. RESULTS AND DISCUSSION 

Fig. 7 shows the simulated and measured input reflection 

coefficients and realized gains. Discrepancies between the 

simulated and measured results can be attributed to practical 

fabrication tolerances. The realized gain is linear over the 

frequency band of 8 GHz to 12 GHz with no open stopband 

attenuation. 10 dBi gain was measured from 9 GHz to 10.75 

GHz. The parabolic gain curve over the entire bandwidth is 

due to phase imbalance of the power divider above and 

below 9.8 GHz. Therefore, the power divider is non-ideal 

below 9 GHz and beyond 10.75 GHz, causing a gradual 

reduction in gain. The power divider imperfections also 

affect the sidelobe level which increases above 10.5 GHz. 

The sidelobe level is less than -10 dB at 9.8 GHz.  

 

 

Fig. 7. Simulated and measured |S11| and gain. 

The normalized far field radiation patterns are shown in 

Fig. 8. The simulated far field radiation angle from 8 GHz to 

12 GHz is found to be -17° to +18°, respectively. The 2x2 

CPLW antenna array shows a good linear gain response 

versus frequency, with more than 35° of scanning range from 

backward to forward direction. 

 

 

 



 

 

 

To illustrate the use of the proposed antenna in a beam 

scanning application, we conducted an experiment involving 

the 2x2 CPLW antenna array vertically mounted at 150 cm 

from a reference horn antenna, which was manually moved 

to 80 cm, 120 cm and 160 cm above the ground. For each 

configuration, the 2x2 CPLW antenna array was fed from an 

upward direction and |S21| was measured from 8 GHz to 12 

GHz. The results demonstrated successful target detection at: 

8.7 GHz for 160 cm, 9.8 GHz for 120 cm, and 10.9 GHz for 

80 cm. Notably, the signal levels were consistently more 

than 7 dB below the peak |S21| of the target. This capability 

holds significant value for acquiring radar profile data 

without the need to move the 2x2 CPLW antenna array, 

making it potentially useful for borehole radar applications. 

 

 

Fig. 8. Normalised |S21| frequency response for target detection 

Table I shows the performance of LWAs implemented 

with an array of coaxial cables compared to LWA 

implementations using other transmission line media. The 

proposed 2x2 CPLW antenna array offers a reduced size and 

high gain at broadside frequency. 

TABLE I.   COMPARISON OF RELATED LEAKY-WAVE ANTENNA 

ARRAYS 

 

 

V. CONCLUSION 

A 2x2 CPLW antenna array has been demonstrated and 

shows a potential for beam scanning target detection. The 

beam scanning capability is achieved through a simple 

circuit design and offers advantages for deployment in 

remote and resource-constrained areas. It obviates the need 

to manually position the measurement antenna. Our proposed 

design also caters to applications with restricted spatial 

constraints, where antenna size can only be extended along 

one axis. 

The proposed antenna provides a gain of more than 10 

dB at 9.8 GHz, a fractional bandwidth of 40% with a -3 dB 

beamwidth of approximately 10° and a scanning range of 35° 

from backward to forward direction over the 8 GHz to 12 

GHz band. The 2x2 CPLWA array is compact and yields a 

more directive beam compared to conventional CPLWAs. 

Importantly, it exhibits no open stopband attenuation at the 

broadside frequency.  

Designing compact CPLWA arrays for lower frequencies 

will be more challenging due to the longer guided 

wavelengths. Ongoing work is investigating a scaled 

adaptation of the proposed 2x2 CPLWA array concept for 

operation within the UHF/L-bands aimed at borehole 

geophysical radar applications. 
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