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Abstract — This paper presents an advanced design of high-
gain slot antenna array at K-band using slots as radiating 
elements serially fed by coplanar waveguide (CPW). The 
arrays consist of identical slots of rectangular shape positioned 
symmetrically relative to the CPW feeding line. Firstly, the 
linear arrays of 14 slots are examined considering mainly their 
bandwidth and radiation characteristics. In addition, two 
identical linear sub – arrays of 14 slots are investigated when 
they have separate feeding in the form of two generators for 
each sub – array. Last, a CPW T-junction is employed to feed 
the antenna consisting of 2 x 14 slots which resulted in a wide 
operating bandwidth and maximum gain of 21.0 dBi which 
proved to be 2.25 dB less gain than with independent feeding. 
In order to enhance the antenna gain, both arrays are 
terminated with open-circuited stubs, so that the energy 
remaining after the last array element is reflected from the 
stub and re-radiated through the slot arrays. The length of the 
stubs is optimized to provide that the reflected wave is in phase 
with the forward-traveling waves at all the slot locations. In 
that way, very little energy is wasted and consequently the 
antenna gain is increased. The feed simplicity and uniplanar 
configuration of the slot arrays, designed for the frequency 
range 24.25-27.5 GHz, makes them attractive for radar 
sensors and high capacity 5G technology applications. 
 

Keywords — Antenna array, Symmetrical slot antenna, 
CPW-fed antenna, Series feeding, CPW T-junction. 
 

I. INTRODUCTION 

HE next 5G generation of mobile networks aims to 
allow an ubiquitous connection between hundreds 

different devices, improving the main properties such as 
great broadband capacities and transmission speeds [1]. 
Therefore, new challenges are put to the to design of 
millimeter band antennas, composed of dozens of radiating 
elements, whose radiation properties are a crucial property, 
combined with the reduced size and higher gain [2]. CPW - 
fed slot antennas are considered as good candidates for 
applications in 5G mobile communication systems due to 
their wide bandwidth, low cost, light weight, small size, and  

 
a) 

 
b) 

Fig. 1. Linear array of CPW-fed symmetrical slots of rectangular 
shape: a) top view b) side view. 

ease of fabrication and integration with active components 
[3]-[10]. 

Compared with previous generations of mobile 
communication networks, the operation bandwidth of the 
proposed 5G networks will be at millimeter - frequencies 
since it is one of the ways to get rid of the overcrowded sub-
6 GHz frequency range. Several promising millimeter-wave 
bands have been released by International 
Telecommunication Union (ITU) for the 5G wireless 
communication system that include the 24.25 – 27.5 GHz, 
37 – 40.5 GHz, 66 – 76 GHz bands [11]. Meanwhile, the 
Federal Communications Commission (FCC) has 
considered the spectrum of approximately 11 GHz above 
24 GHz for flexible, mobile and fixed wireless broadband 
for the next-generation 5G networks and technologies in the 
United States [12]. 

This paper presents an extension of the work presented in 
[13] (the original design) that was shown that the gain of 
two series fed arrays was significantly higher when two 
arrays were fed independently, than when the feeding was 
though the CPW T-junction. Here the advanced design of 
that array is proposed displaying an enhanced antenna gain 
as well as better Side Lobe Suppression (SLS) in respect to 
the design shown in [13]. 

II. LINEAR CPW-FED RECTANGULAR SHAPED SLOTS 

ARRAY 

The configuration of the original linear CPW-fed 
rectangular slot array [13] is depicted in Fig. 1. It is 
simulated on a substrate with thickness of h=0.508 mm and 
relative permittivity εr=2.54. The center frequency 
fc=25.875 GHz is calculated as the central value of range 
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Fig. 2. Radiation pattern in yOz plane (φ=90°) of the linear 

CPW-fed slot array at 25.2 GHz, 25.875 GHz and 26.1 GHz. 

 
a) 

 
b) 

Fig. 3. 3D radiation pattern of the linear CPW-fed symmetrical 
slot array at the center frequency fc=25.875 GHz with view of 

a) yOz plane b) xOz plane. 

24.25 – 27.5 GHz, recommended by ITU [11]. At the 
distance λ0/4 =2.89 mm from the array there is a reflector 
plate whose dimension are the same as the array’s 
dimensions (λ0 is the wavelength in vacuum at the center 
frequency fc=25.875 GHz). Unlike the microstrip antennas 
with a backside ground plane, slot antennas require the 
reflector plane to be at a distance equal to the quarter of the 
free space wave-length. It should ensure that the antenna 
radiates only in half the space. 

 
Fig. 4 S11 parameter versus frequency of linear CPW-fed slot 

array. S-parameters are normalized to the 120 Ω -impedance of 
CPW feeding line.  

The array is fed by 120 Ω CPW line featuring the strip 
w=0.3 mm and gap g=0.375 mm. The dimensions of metal 
plate are 135 mm x 20 mm x 0.508 mm. The array has 14 
slots of a rectangular shape with width a=0.4 mm and length 
b=10.15 mm. Also, the slots are positioned at mutual 
distance d=λg=9 mm, where λg is wavelength of CPW line 
at the center frequency fc. 

The radiation patterns for the lower, central and upper 
frequency are presented in Fig. 2. resulting in the range 
from 25.2 GHz to 26.1 GHz. The maximum gain is about 
20 dBi at the central while it drops 2-2.5 dB at the edge 
frequencies. SLS is 13 dB at the central frequency fc when 
it decreases to 8-9 dB at the edge frequencies, which is 
expected for the uniform antenna array. 

Moreover, 3D radiation patterns at the center frequency 
fc, obtained by WIPL-D software [14], are displayed in Fig. 
3. Its S11 parameter versus frequency is depicted in Fig. 4. 
It can be observed that S11 < -10 dB for frequencies between 
25.7 – 25.95 GHz. 

III. 2D CPW-FED RECTANGULAR SHAPED SLOT ARRAY 

The array, shown in Fig. 5, consists of two identical 
linear 14-slot sub - arrays fed by CPW T-junction with the 
60 Ω-CPW line (featuring the strip w1=0.9 mm and gap 
g1=0.1 mm) which is used to enable feeding for both sub - 
arrays dividing power into two 120 Ω CPW feed lines 
featuring the strip w2=0.3 mm and gap g2=0.375 mm for 
feeding every 14 slots sub - array. The dimensions of metal 
plate are 148 mm x 30 mm x 0.508 mm. The distance 
between two sub – arrays is 1.2λ0=14 mm. Slots have width 
a=0.4 mm and length b=10.15 mm.  

In order to test influence of the mutual coupling between 
slots in x-axis direction, two sub – arrays were firstly 
investigated when they have independent feeding in the 
form of two generators for every sub – array (Fig. 6a). Then, 
the sub – arrays were connected via CPW T – junction (Fig. 
6b). The obtained radiation patterns for both considered 
cases are presented in Figs. 7-10.  
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a) 

 
 

b) 

Fig. 5. 2D array of CPW-fed rectangular slots: a) Top view b) 
Side view. 

 

 
 

a) 

 
b) 

Fig. 6. Feeding for 2D array of rectangular slots by: 
 a) 2 generators b) CPW T-junction. 

 

 
Fig. 7 Radiation pattern in yOz plane (φ=90°) of 2x14 slot array 

fed by 2 generators at 25.2 GHz, 25.875 GHz and 26.1 GHz. 

First considered array, when two generators are used for 
feeding every sub – array, has a greater gain of about 23.25 
dBi and SLS of 14.5 dB at the central frequency (Fig. 7). 
But gain is reduced for 2.5 dB at the lower (20.7 dBi) and 
for 1 dB at higher (22.25 dBi) frequencies. SLS at edge 
frequencies also decreases. 3D radiation pattern of 2 sub-
arrays of 14 symmetrical slots when two generators are used 
is shown in Fig. 8. at the central frequency fc.  

 
a) 

 
b) 

Fig. 8 3D radiation pattern of the 2x14 slot array fed by 2 
generators at the center frequency fc=25.875 GHz with view of 

a) yOz plane b) xOz plane. 

 
Fig. 9 Radiation pattern in yOz plane (φ=90°) of 2x14 slot array 
fed by CPW T-junction at 25.2 GHz, 25.875 GHz and 26.1 GHz. 

Furthermore, the antenna array of 14 slots sub – arrays 
that is fed by CPW T–junction has a considerably reduced 
gain which is about 21dBi at all three considered 
frequencies: central, lower and higher (Fig. 9). SLS in this 
case is about 11-12 dB. The degradation of gain and SLS 
for the array fed by CPW T – junction in respect to two 
separately fed sub -arrays, can be explained by the influence 
of the power reflected from the adjacent sub – array through 
the CPW T – junction. 3D radiation pattern of 2x14 
symmetrical slot array fed by CPW T-junction at central 
frequency fc is presented in Fig. 10. 
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a) 

 
b) 

Fig. 10 3D radiation pattern of the 2x14 slot array fed by CPW T-
junction at the center frequency fc=25.875 GHz with view of 

a) yOz plane b) xOz plane. 
 

 
Fig.11 S11 parameter versus frequency of 2x14 slot array for both 
cases of feeding: fed by 2 generators and fed by CPW T-junction.  

The S11 parameters of considered antenna array for 
different cases of feeding are presented in Fig. 11. When 
two generators feed every sub – array, S11 is normalized to 
the impedance of CPW feeding line (120 Ω) and it is less 
than -10 dB for range between 25.75-26 GHz (dash line). 
This result corresponds with S11 parameter of the linear 
CPW-fed slot array from Fig. 4. which confirms that the 
mutual coupling between slots in the x-axis direction 
(Fig. 5.) is not considerably expressed. Furthermore, when 
the antenna array is fed by CPW T-junction, S-parameters 
 

 
 

Fig. 12. Top view of advanced design of 2D array of CPW-fed 
rectangular shaped slots.  

 
Fig. 13 Radiation pattern in yOz plane (φ=90°) of advanced 

design of 2x14 slot array fed by 2 generators at 25.2 GHz, 25.875 
GHz and 26 GHz.  

are normalized to the impedance of CPW feeding line with 
width w1 and gap g1 (60 Ω). Considering presented results 
in Fig. 11, the bandwidth of antenna array fed by CPW-T 
junction (solid line) respecting S11<-10 dB does not vary a 
bit from bandwidth of previously investigated antenna 
array. 

IV. ADVANCED DESIGN OF 2D CPW-FED RECTANGULAR 

SLOT ARRAY 

The results from the previous section demonstrate that 
gain significantly decreases when the antenna array is fed 
by CPW-T junction [13]. The advanced design of the 
proposed slot array is presented in Fig. 12. Both antenna 
sub-arrays have additional open-circuited stub that is the 
extension of the CPW feeding line after the last slot for the 
length dCPW. The value dCPW=7.1 mm is optimized in order 
to obtain the best possible gain in the considered frequency 
range. In that way the energy remaining after the last array 
element is reflected back from the stub and re-radiated 
through the slot arrays. The length of the stub is optimized 
to provide that the reflected wave is in phase with the 
forward-traveling waves at all the slot locations. It provides 
that very little energy is wasted and consequently the 
antenna gain is increased. 
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a) 

 
b) 

Fig. 14 3D radiation pattern of the advanced design of 2x14 slot 
array fed by 2 generators at the center frequency fc=25.875 GHz 

with view of a) yOz plane b) xOz plane. 

 
Fig. 15 Radiation pattern in yOz plane (φ=90°) of advanced 

design of 2x14 slot array fed by CPW T-junction at 25.2 GHz, 
25.875 GHz and 26 GHz.  

Firstly, the proposed advanced design is fed by two 
independent generators for every sub-array. The 
corresponding 2D and 3D radiation patterns are presented 
in Fig. 13-14. It can be concluded that gain is 23.4 dBi at 
the center frequency, 22.7 dBi at lower frequency and 
22 dBi at upper frequency. Similarly, SLS is 13.5 dB at the 
center frequency and at lower frequency, while it increases 
to 14 dB at upper frequency.  

 
a)  

 

 
b) 

Fig. 16 3D radiation pattern of the advanced design of  2x14 slot 
array fed by CPW T-junction at the center frequency 

fc=25.875 GHz with view of a) yOz plane b) xOz plane. 

Similarly, like original antenna array, the gain of antenna 
array fed by CPW-T junction decreases. Although in the 
case of advanced design, this change is very small (less than 
1 dB). The 2D and 3D radiation patterns of the advanced 
design of 2x14 symmetrical slot array fed by CPW T-
junction are shown in Figs. 15-16. The gain is 22.5 dBi and 
SLS is 14.3 dB at the center frequency fc. The gain does not 
change at lower frequency but it falls at the upper frequency 
to value 21.6 dBi. SLS is 15.5 at lower frequency and 
14.3 dB at upper frequency. However, the gain of the 
proposed advanced design of slot array fed by CPW T-
junction is higher the gain of the original design for 
1.5 - 2 dB in the considered frequency range.  

The Fig. 17. and the Table 1 - 3 gives the comparison 
between the main parameters of the original and advanced 
design of 2x14 symmetrical slot arrays through the design 
stages. Considering presented results, it can be concluded 
that advanced design of the proposed slot array has better 
radiation characteristics when open-circuited stub is added 
at the end of each sub - array. Therefore, the extension of 
CPW feeding line of both sub-arrays increases the antenna 
gain by reflecting the remaining energy after the last 
radiating slot in phase with the forward-traveling waves. 
The difference in the value of the gain between two ways of 
feeding the antenna array was a good indicator that the 
design needs to be improved. 
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Fig. 17 Radiation pattern in yOz plane (φ=90°) of 2x14 slot array 

through the design stages at 25.875 GHz for both original and 
advanced design.  

 

TABLE 1: MAIN CHARACTERISTICS OF THE ORIGINAL AND 

ADVANCED SLOT ARRAYS OF 2X14 ELEMENTS AT CENTER 

FREQUENCY fc=25.875 GHZ 
 

fc=25.875GHz Original design Advanced design 
Feeding 2 

generators 
CPW –T 
junction 

2 
generators 

CPW –T 
junction 

Gain [dBi] 23.25 21 23.4 22.5
SLS [dB] 14.5 12 13.5 14.3
Bandwidth 
[GHz] 

25.2-
26.1 

25.2-
26.1 

25.2-26 25.2-26 

 

TABLE 2: MAIN CHARACTERISTICS OF THE ORIGINAL AND 

ADVANCED SLOT ARRAYS OF 2X14 ELEMENTS AT THE LOWER EDGE 

FREQUENCY flef 
 

flef Original design Advanced design 
Feeding 2 

generators 
CPW –T 
junction 

2 
generators 

CPW –T 
junction 

Gain [dBi] 20.7 20.8 22.7 22.8
SLS [dB] 13 12 13.5 15.5

 

TABLE 3: MAIN CHARACTERISTICS OF THE ORIGINAL AND 

ADVANCED SLOT ARRAYS OF 2X14 ELEMENTS AT THE UPPER EDGE 

FREQUENCY fuef 
 

fuef Original design Advanced design 
Feeding 2 

generators 
CPW –T 
junction 

2 
generators 

CPW –T 
junction 

Gain [dBi] 22.25 21.6 22 21.6
SLS [dB] 14 13.5 14 14.3

V. CONCLUSION 

Antenna design is one of the major considerations to 
realize mm-wave based 5G mobile networks. Modern 
wireless communication system requires low profile, light 
weight, high gain and ease of installation, antenna systems. 
The design of a wideband compact antenna is a challenging 
task especially at higher frequencies around 28-GHz.  

A high-gain coplanar waveguide-fed slot antenna array is 
presented in this letter. The antenna consists of two identical 
sub – arrays of 14 symmetrical slots. Two types of 
excitation are considered. Firstly, two independent 

generators were employed to feed each sub - array in order 
to investigate antenna parameters without influence of the 
CPW T – junction. Afterwards, the CPW T – junction was 
used to excite the array. Presented results of radiation 
pattern show that CPW T – junction affects antenna 
radiation pattern (its gain and SLS). Therefore, the advance 
design of proposed slot array is presented in this paper. 
CPW feeding line of both sub-arrays is extended after the 
last slot in order to get a better radiation characteristic. 
Presented results show that the advanced design of 2x14 
symmetrical slot array provides higher gain for 1.5 dB and 
SLS for 2 dB in respect to the original design when feeding 
is done via CPW-T junction. Its main disadvantage is a bit 
smaller bandwidth which is less for 100 MHz then the 
bandwidth of the original design of proposed slot array. 
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