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Abstract: 
Substrate Integrated Waveguide (SIW) technology enables the fabrication of small, low-loss devices. The 
innovative leaky wave antenna described in this paper operates at Ku-band, and is based on SIW technolo-
gy. We have created two rectangular slots at the antenna. Then four slots. To reconfigure the leaky wave 
antenna, we added a PIN diode in the center of each slot. 
PIN diodes are used to control current because they act as insulators that stop the flow of current in the 
OFF position.  The antenna is radiated and properly grounded in the operating condition. Antenna It chang-
es its configuration from one frequency to another through this action without changing its size. 
Keywords: substrate integrated waveguide SIW; leaky wave antenna; reconfigurable; slot; PIN diode; CST; 
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I. Introduction 
In recent years, the development of modern tele-
communications systems relies on small, high-
performance microwave components. Both indus-
trial and scholarly study place a high value on the 
design of these parts, including the filter, antenna, 
coupler, and oscillators [1-2].  
A leaky wave antenna (LWA) is a traveling wave 
antenna, allowing electromagnetic wave leakage 
along its structure. It has the ability to scan without 
the need for any complicated feeder network. 
These antennas are used for beam scanning, direc-
tion of arrival estimation, collision avoidance, inter-
com, etc. LWAs can be realized in a substrate-
integrated waveguide (SIW) architecture. SIW-
based LWA offers many advantages such as low 
loss, ease of fabrication, high power handling capa-
bilities and narrow beamwidth. Because of these 

advantages, SIW-based LWAs have received much 
attention of researchers recently [3]. 
Reconfigurable antennas are very interesting be-
cause their operation can be dynamically modified 
[4], which can be very advantageous for several 
applications. In addition, reconfigurability allows 
the antenna to offer more functionality. Reconfigu-
rability at the antenna level can be defined as the 
dynamic modification of one or more fundamental 
properties of the antenna in terms of frequency, 
polarization and radiation pattern. It makes it pos-
sible to adapt to the variability of the environment 
and to the constraints linked to the communication 
system. The agility of the parameters can be envis-
aged by the use of switchable or tunable discrete 
components (PIN diodes). 
In this paper, A reconfigurable leaky wave antenna 
has been proposed. It operates in the Ku band for 
TE10 mode. based on SIW technology. Leakage is 
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obtained by making slots in the conductive layer of 
the SIW, which controls the course of the current. 
been suggested the first model, which has two par-
allel slots, and the second, which has four slots. The 
wave numbers of the patterns They were calculat-
ed theoretically and evaluated numerically by HFSS 
and CST simulation. Return loss and transmission 
coefficient. The SIW leaky wave antenna covers a 
wide frequency range. A frequency reconfigurable 
design using the leaky wave antenna is proposed of 
slots in with an insert a PIN diode is in the center of 
each slot, which powers on Switch technology, i.e., 
ON-OFF state technology. Due to the PIN diodes' 
low working voltage and quick switching between 
the on and off states, they were selected for our 
suggested design. They can handle enormous 
amounts of power and are very cost effective and 
dependable. 
II.  SIW DESIGN 
SIWs, which resemble integrated waveguides, are 
created by fusing two parallel metal plates with two 
rows of conductive cylinders and holes inserted in 
an insulating substrate, as shown in figure 1. 

 
Fig. 1. Basic SIW structure realized on a dielectric 
substrate. 
appropriate standards. There must be a gravita-
tional attraction between the closest cylinders and 
a rectangular waveguide filled with dielectric. The 
cutoff frequency for a rectangular waveguide is 
established by: 

                                              (1) 

The fundamental mode's cutoff frequency may be 
determined using the formula below, where m=1, 
n=0, because the SIW design frequently works in 
mode. 

                                                                           (2) 

The diameter of a DFW (dielectric field waveguide) 
guide may be calculate using Equation 3, where “a” 
denotes the size of a standard waveguide and “𝜀𝑟” 

is the relative dielectric constant of dielectric that 
fills the waveguide [5]. 

                                                                   (3) 

Equation 4 [6] therefore gives the dimension “𝑎𝑑” 
for the DFW and the empirical design equation of a 
SIW that is related to its width “w”. 

                                                              (4) 

Crucial to in mind for SIW design that diameter of 
the metallized via holes and the distance between 
them should fulfill the following specifications in 
order to decrease radiation and return loss brought 
on by field leakage from gaps between vias. 

                                                                         (5) 

                                                                         (6) 

Where: 𝜆𝑔: is the guided wavelength [1]. The fol-
lowing formula is used to determine the guided 
wavelength: 

                             (7) 

Once the SIW has been generated, it is necessary to 
establish the impedance of the guiding SIW, which 
is given by the following equation: [3]. 

                                                                 (8) 

The wave impedance of the TE mode, which is pro-
vided by [7], must also be calculated in order to get 
the guide impedance: 
TABLE I :DESIGN PARAMETERS OF THE ANTENNA 
BASED ON SIW IN THE KU-BAND. 

Parame-
ters 

Value 
(mm) 

Parame-
ters 

Value (mm) 

w 10.32  1.5 
d 1.25  2.71 
p 1.88  10.72 
h 0.508  10 

 

                                        (9) 

Table 1 displays the measurements of the SIW-
based waveguide. The antenna's size and specifica-
tions are shown in Figure 2, We build a structure 
SIW using the CST and HFSS on a Rogers RT5880-
based substrate with a loss tangent of about 
0.0009, a relative permittivity of 2.2, a thickness “h” 
of 0.508 mm, and a conductor thickness of 0.05 
mm. The SIW parameters were refined by CST using 
parametric analysis, where "d" stands for the diam-
eter of the metallic via, "p" for the distance be-
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tween adjacent vias, and "w" for the distance be-
tween the centers of two opposing cylinders. 

 
Fig.2. Geometry of the antenna based on SIW in the 

Ku-band. 
Figure 3 shows the result of SIW-based antenna 
simulation by CST and HFSS. transmission coeffi-
cient and reflection coefficient. 

 
(a) 
 

 
(b) 
Fig.3. The simulation result of antenna based on 
SIW in the Ku-band (a) Transmission coefficient and 
(b) Return loss of SIW. 

It can be shown that the antenna based on SIW 
adapts effectively and spans a wide bandwidth 
range from 11 to 20 GHz with return loss less than -
10 decibels in all ranges. Multiple resonance fre-
quencies also appear, with the best it could do at 
17.72 GHz being -51.6 dB, the outcome demon-
strates good concordance between CST and HFSS. 
III. RESULTS 

A.  Leaky Wave Antenna based on SIW 
The leaky-wave antennas are essential to provide 
the benefit of high directivity without complex 
feeding network, The LWA antenna uses SIW tech-
nology and has a substrate thickness of 0.508 mm 
for Ku-band applications based on the Rogers 
RT5880. with the conductive surface's slots present. 
The length 𝑙𝑠 and width 𝑤𝑠 of the rectangular slot 
should be determined, for the antenna to operate 
as a slot antenna, the slots must be precisely the 
proper size.  
The dimensions of the slots may be calculated using 
the following relationships: 

                                                                 (10)  

Dimension 𝑤𝑠 must be less than half of l_s . The 
distance between the centers of the slots was taken 
as D_sl. The SIW parameters were optimized by CST 
and HFSS using the parametric study. 

1. Model 1 (With Two Slots) 
The first model is a leaky wave antenna with two 
parallel slots. The dimensions of rectangular slot 
opening are expressed in l_(s  )× w_s, separated by 
a distance D_sl, As shown in figure 4. 

 
Fig.4. The first model proposed, LWA with Two 
slots; The dimensions of rectangular slot 𝑙𝑠 × 𝑤𝑠, 
Where: 𝑙𝑠 = 3.5 𝑚𝑚, 𝑤𝑠 = 0.4 𝑚𝑚, and the dis-
tance between slots 𝐷𝑠𝑙 = 3.3 𝑚𝑚. 
The simulated results of S-parameters for leaky 
wave antenna based on SIW with Two slots is 
shown in figure 5, It can be seen that the 𝑆11 simu-
lation is less than – 10 dB from 11 to 20 GHz. From 
this we conclude that the leaky wave antenna with 
two slots based on SIW is well adapted and covers 
the Ku-band. We also see the emergence of several 
resonance frequencies, the best of which is - 59.6 
dB at 19.4 GHz. We obtained good agreement be-
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tween the CST and HFSS simulation results which 
illustrate our proposal. 

 
(a) 

 
(b) 
Fig. 5. The simulation result of LWA with Two slots 
in the Ku-band (a) Transmission coefficient and (b) 
Return loss of LWA. 
2. Model 2 (with four slots) 

The second model is a leaky wave antenna with 
four parallel slots. The dimensions of rectangular 
slot opening are expressed in l_(s  )× w_s, separat-
ed by a distance D_sl, As shown in figure 6. 
 
 
 

 
Fig. 6. The second model proposed, LWA with four 

slots. 
The simulated results of S-parameters for leaky 
wave antenna based on SIW with four slots is 
shown in Figure 7, It can be seen that the 𝑆11 simu-
lation is less than -10 dB from 11 to 20 GHz. From 
this we conclude that the leaky wave antenna with 
four slots based on SIW is well adapted and covers 
the Ku-band.  
We also see the emergence of several resonance 
frequencies, the best of which is - 45.6 dB at 11.74 
GHz, the same results are also obtained with HFSS 
simulator. 

 
(a) 

 
Fig. 7. The simulation result of LWA with four slots 
in the Ku-band (a) Transmission coefficient and (b) 
Return loss of LWA. 
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B. Reconfigurable Leaky Wave Antenna  
To make a reconfigurable leakage wave antenna 
built on a Roger RT/Duroid 5880 substrate while 
maintaining wave leakage, preserving all antenna 
dimensions. The antenna has been additionally 
modified PIN diodes are placed in the middle of 
each slot.  
When switches are used to feed diodes, current 
cannot pass through the switches in the OFF state, 
because they act as isolators and stop the flow of 
current. The antenna is radiated and grounded 
appropriately if it is in the ON state. The antenna 
changes its configuration from one frequency to 
another through this procedure without changing 
its size. 

1)  Model 1 (with Two Slots) 
To reconfigure the leaky wave antenna that has 
two slots, two PIN diodes are added in the center of 
each slot as shown in the figure 8. The PIN diode 
between ON and OFF is replaced by its equivalent 
circuit obtained from the datasheets provided by 
the manufacturer.  
Reconfigurable antenna simulation is done using 
CST. 

 
Fig. 8. Reconfigurable LWA design with 2 PIN diodes 

positioned in 2 slots. 
We propose two cases to reconfigure the antenna 
by switching between the two PIN diode states. Put 
the two diodes in the closed state OFF (00). Then 
put them in ON state (11). 
 0 stands for the status of the diode when OFF, and 
1 to the diode ON state. 

 
Fig. 9. Return loss of the antenna in the proposed 

cases 00 and 11. 
The return loss results of the reconfigurable anten-
na show a clear change in frequency and resonance 
when switching the PIN switches between ON and 
OFF, it scans frequencies along the Ku-band. In the 
figure 9, we presented the results in the two fields 
[12-15] GHz and [18-20] GHz, Where the frequency 
scan appears clearly between the two proposed 
cases. 

2)  Model 2 (with Four Slots) 
To reconfigure leaky wave antenna with four slots, 
four PIN diodes are added in the center of each slot 
as shown in figure 10. 
In the same way as the first model. The PIN diode is 
replaced between ON and OFF. 

 
Fig. 10. Reconfigurable LWA design with 4 PIN di-

odes positioned in 4 slots. 
There are several possibilities for reconfiguring the 
leaky wave antenna using PIN diodes. But to clearly 
show the antenna reconfiguration by switching 
between the two states of the PIN diode, we pro-
pose 8 states: 0000; 0001; 0011; 0110; 1001; 1100; 
1110; and 1111.  
0 stands for the status of the diode when OFF, and 
1 to the diode ON state. 
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Fig. 11. Return loss of the antenna in the eight pro-
posed cases: 0000; 0001; 0011; 0110; 1001; 1100; 

1110; and 1111. 
The return loss results for the reconfigurable an-
tenna show a clear change in frequency and reso-
nance when the PIN switches are switched be-
tween ON and OFF, it scans frequencies along the 
Ku band. 
 In figure 11 we present the results in the [12.5–
13.5] GHz and [16.5–18.5] GHz fields, where the 
frequency scan is clearly shown among the pro-
posed cases. 
CONCLUSION 
In this work, a leaky waveguide antenna with two 
slots and then four slots are presented. and recon-
figurable in the Ku-band. 
The antenna is controlled by PIN diodes, The behav-
ior of leaky wave antenna components with chang-
ing frequencies is affected by switching diodes. The 
obtained results show that the proposed antenna 
Provides usable frequencies in the Ku-band, The 
return loss results show that the proposed antenna 
is able to scan frequencies when the diode action 
changes between ON and OFF, and the antenna can 
also realize beam scanning over a wide frequency 
range. 
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