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Abstract—A dual-band dual-polarized antenna suitable for 
5G millimeter-wave base station antenna array is presented in 
this paper. It operates on all the commercial millimeter wave 
frequencies allotted in 5G NR from 24.25 GHz up to 40 GHz. 
The antenna is based on a novel stacked square ring patches 
arrangement to achieve wide dual band and stable radiation 
pattern. The antenna offers a sharp roll-off and a filter like 
response between the operating bands due to the strongly 
coupled resonators. Antenna design principle and simulated 
performance are discussed in detail. The -10 dB impedance 
bandwidth of the lower band starts from 24.25 GHz to 29.5 GHz 
while the higher band covers the 37 GHz to 40 GHz. The realized 
gain remains stable between 5 to 6 dBi at all the operating 
frequencies. The isolation between the ports and cross-polar 
discrimination remain better than 20 dB in all the covered 
frequency range.   

Index Terms—5G NR, base station antenna array, dual-
band dual-polarized antenna, filtenna. 

I.  INTRODUCTION  
The trial and deployment of 5G NR (New Radio) networks 

have already started in different regions of the globe. 
Millimeter-wave (mm-Wave) communication is one of the 
key enabling technologies offered by the 5G for high data rate 
and low-latency applications [1]. There are several challenges 
on the antenna front from electrical, mechanical and 
commercial aspects. Antennas are required to cover wide 
bandwidths with reasonable and stable pattern preferably 
supporting dual polarizations. They need to be low profile and 
meet the antenna-in-package (AIP) considerations [2]. After 
all, the solution should be low cost to be commercially 
competitive. For mm-Wave communications, antenna arrays 
are required at the base stations in order to meet the link 
budget requirements. The array issues, like array geometry 
and its integration, mutual coupling and grating lobe also need 
to be considered during the antenna array unit cell design. 

Few different antenna array solutions have been 
demonstrated to meet the mm-Wave base station 
requirements. For example, phased array horn antenna is 
presented to cover the 28 GHz band [3] and a Vivaldi antenna 
array is demonstrated to cover the 26 GHz band [4]. However, 
microstrip patch antennas are preferred due to their low 
profile, ease of integration and low cost. There are associated 
challenges like narrow bandwidth, surface waves and losses 
due to the inherent nature of microstrip antennas. Patch 
stacking is a well-known technique to enhance the bandwidth 
of microstrip antennas. A stacked patch antenna for mm-Wave 
base station is presented to cover the 28 GHz band [5]. For 

mobile terminals, a dual-band dual-polarized stacked patch 
antenna with parasitic elements is demonstrated at 28 GHz 
and 39 GHz bands [6].  

In this paper, a dual-band dual-polarized antenna covering 
three, 26 GHz, 28 GHz and 39 GHz 5G NR mm-Wave bands 
is presented. The lower band, from 24.25 GHz to 29.5 GHz, 
covers the 26 GHz and 28 GHz bands with 19.5% of fractional 
bandwidth. Over 8% of fractional bandwidth is achieved at 
39 GHz, higher band from 37 GHz to 40 GHz. In the 
following, antenna design and its operating mechanism is 
discussed in Section II. The simulated results are discussed in 
Section III followed by the conclusion and future work in 
Section IV.      

II. ANTENNA DESIGN 
Generally, the stacking technique is utilized to obtain 

either wide-band [7] or dual-band [8] operation. However, the 
proposed antenna design utilizes the stacking approach to 
achieve a wide and dual-band operation as discussed below.  

A. Antenna Element Design 
The proposed antenna is based on four stacked square-

ring patches arranged in a novel configuration to achieve 
wide dual-band with a reasonable and stable radiation pattern 
as shown in Fig.1. A square-ring patch is similar to a square 
patch with a portion around its center being removed. 
Geometrically, it is an intermediate configuration between a 
printed loop and solid patch. The ring geometry offers 
additional parameter, inner length, to control resonant 
frequency, impedance and bandwidth of the patch. The ratio 
of the inner to the outer length of the patch influence its 
resonant frequency. The outer length remains between 
quarter to half-effective wavelength for the resonance [9].    

Fig. 1. Antenna structure for wide, dual band operation. 
 



 The selection of appropriate substrate material for the 
patch antenna needs consideration of multiple issues. 
Generally, a low dielectric constant and low loss material is 
preferred to have better bandwidth and efficiency. On the 
other hand, for AIP, the chosen substrate should comply with 
the multilayer fabrication requirements. Here, Panasonic 
Megtron 7 is selected for the antenna design for its ultra-low 
loss and multi-layer properties [10]. It has dielectric constant 
around 3.35 and dissipation factor of 0.004 at the operating 
frequencies. 

For an antenna array, element size plays a vital role in its 
far-field performance. Generally, the spacing between the 
elements is less than half wavelength at the highest frequency 
to avoid grating lobes. In the presented case, the operating 
bands are wide apart and a compromise is required in the 
selection of unit cell size. It is kept at 5 mm, �/2 at 30 GHz, 
to have sufficient gain at the lower band, although the scan 
range is reduced at the higher frequency band.     

The antenna is designed targeting the mm-Wave 5G NR 
bands over the selected substrate material and the cell size as 
discussed earlier. The design is initiated by observing the 
performance of a square patch and influence of inner cutout 
through parametric study at the lower frequency band. The 
stacking technique is utilized by introducing a second 
resonator to enhance the bandwidth. Apart from the ring 
dimensions, the other critical parameter in stacked 
configuration is the spacing among elements and feed, as the 
coupling strongly depends on it. Generally, for a stacked 
patch antenna configuration, the lower patch is strongly 
coupled to the feed, over-coupled. The introduction of second 
patch effectively impedance match the antenna [11].  

In the presented work, a second set of coupled resonators 
operating at the higher frequency band is introduced to 
achieve wide, dual-band operation. The initial design of the 
higher band stacked patch configuration follows the same 
procedure as discussed earlier. The two stacked coupled 
resonators operating at different frequency bands are merged 
in an alternate resonance configuration as depicted in Fig.1. 
The detuning of the resonators due to the loading by the other 
set of resonators can be corrected by optimizing the patch 
dimensions. It is observed that an alternate placement of 
patch antenna yields the best results in the discussed 
configuration. It can be lower band antenna resonator first, 
followed by the higher band resonator or otherwise 
depending on the antenna feed and coupling requirements.  

The resonators are strongly coupled to the respective 
adjacent resonator over the frequency spectrum. This gives a 
sharp roll-off and passband filter like response, particularly 
at frequencies in between the two operating bands. In this 
view, the antenna may be considered as a filtenna, easing the 
load on transceiver filters. In the following, integration of the 
antenna with the feed and related issues are discussed. 

B. Aperture Coupled Antenna Design 
The stack of the proposed antenna with nine metal layers 

is shown in Fig.2. The top five layers are for the radiating 
structure and its ground while the remaining are for the feed 
network. To simplify the fabrication process, all the vias are 
connecting M5 to M9 with 0.2 mm diameter. An additional 
0.1 mm via connecting M8 to M9, placed for the ground 
connection. The simulation model is shown in Fig.3 with all 
the simulations being carried out in CST Microwave Studio. 
The model, with connector excluded, is excited by the 
waveguide ports. 

Fig. 2. Stack of the proposed dual band dual polarized antenna with aperture
coupled feed. 
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Fig. 3. CST MWS simulation model (a) Perspective view (b) zoomed 
stacked patches (c) feed network 
 



Although the operation of the discussed antenna is 
independent of feed structure, the matching and far-field 
performance is influenced by the feeding technique. Non-
contact feeding techniques, like proximity coupling and 
aperture coupling are preferred at mm-wave frequencies, as 
they do not deteriorate the radiation pattern [11].  

In the presented work, aperture coupling is used to feed the 
antenna as shown in the simulation model. The feed network 
is isolated from the radiating elements and can be 
independently optimized. Considering the AIP, stripline feed 
network is adopted, although it needs more substrate volume 
than microstrip structure. Also, parallel plate modes [12] 
appeared at the operating frequencies, due to stripline 
structure. Shorting vias are placed around the slot aperture to 
effectively suppress them. Their positions are optimized 
through iterative simulations. To shield the signal, a coaxial 
like structure is emulated by placing grounded vias around the 
feed via [13].  At the bottom layer, a microstrip line is placed 
to feed the antenna. Microstrip to stripline transition is 
optimized by tuning the circular ground cutouts and the 
spacing between the signal and the ground vias. In the 
following section, simulation results on the antenna's 
performance and behavior are discussed. 

III. RESULTS AND DISCUSSION 
Fig. 4. presents the simulated S-parameters of the proposed 

antenna element. -10 dB impedance bandwidth is achieved at 
both the lower and higher bands. The important filtering and 
sharp roll-off feature can be observed in the plot as discussed 
earlier. A fine-tuning of the spacing between the ring patches 
and their dimensions can further improve the matching 
around 28 GHz. The feeding network and the slot aperture 
are non-identical causing minor deviation between the ports 
matching. The isolation between the ports remains below the 
-20 dB and -25 dB in both the lower and higher bands 
respectively.  

The realized gain against the frequency is plotted in Fig. 5. 
The gain is stable between 5 to 6 dBi over both the studied 
bands. Further improvement around 37 GHz can be achieved 
by fine adjustment of the spacing between the elements. A 
significant drop in gain can also be observed between the 

Fig. 4. Simulated S-parameters of the proposed antenna. 
 

Fig. 5. Realized gain vs. frequency plot of the proposed antenna 

Fig. 6. 3D radiation pattern of the proposed antenna at different frequencies.
 

Fig. 7. Cross-polar discrimination, XPD plot of the proposed antenna. 
 



operating bands. Fig. 6 shows the 3D radiation pattern at 
different operating frequencies. A stable and almost 
symmetric radiation pattern is achieved. The feeding slot 
aperture’s resonance is close to the higher band, which might 
be affecting the radiation pattern. Another important far-field 
parameter is the cross-polar discrimination (XPD) being 
plotted in Fig. 7. It is better than 20 dB and 25 dB in both the 
lower and higher bands respectively. The minor differences 
between the two polarizations are likely due to the different 
electrical length of feeding slot aperture.   

IV. CONCLUSION 
This paper presented a multilayer, dual-band dual 

polarized antenna for mm-Wave base station arrays, covering 
5G NR bands from 24.25 GHz to 40 GHz. A novel antenna 
configuration is introduced by stacking antenna elements in 
an alternating resonance order. Electrically, the demonstrated 
antenna shows wide dual bands, reasonable gain, isolation 
and XPD with stable radiation pattern at all the operating 
frequencies. From the fabrication point of view, it is a simple 
geometry meeting the requirements of common commercial 
fabrication capabilities with minimum via requirements. On 
the other hand, it has a maximum of two additional metal 
layers in comparison to the existing solutions. Next, the 
designed antenna will be fabricated and measured.   
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