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I. INTRODUCTION 

Existing 4G LTE (IMT-Advanced) and most Wi-Fi com-

munication equipment use the 3 GHz frequency band or below, 

which is ideal for long-range and secure mobile and broadband 

communication. However, the increasing number of mobile 

service users and the large amounts of data consumption mean 

that the frequency resources are approaching a near-saturation 

point, which could result in traffic congestion [1]. Consequently, 

frequency bands above 3 GHz are attracting attention as a new 

radio wave resource. A typical example is the 5G non-standalone 

(NSA) standard. The 5G NSA uses a 3–6 GHz frequency band 

known as "sub-6 GHz," which provides a higher bandwidth and 

higher speed than 4G LTE. It effectively resolves existing traffic 

problems and is also being used in core technologies of the 

fourth industrial revolution systems, such as the Internet of 

Things, virtual reality, and augmented reality [2]. The wireless 

communication standards, IEEE 802.11ac (Wi-Fi 5) and the 

subsequent 802.11ax (Wi-Fi 6), also use the 5.7–5.9 GHz band 

range to enable faster data processing than the conventional 2.4 

GHz band [3]. The new Wi-Fi 6E will also support frequencies 

in the sub-6 GHz spectrum [4, 5]. 

Signal path loss is a common occurrence with the use of 

higher frequency bands. Multiple-input and multiple-output 

(MIMO) antennas can reduce path loss with beamforming 

techniques, which use multiple antennas to focus the beam in 

the desired direction [6]. However, the conditions for measuring 

their performance can be problematic in terms of long meas-
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Abstract 
 

The non-standalone 5G antenna wireless communication standard and devices operating under Wi-Fi 5, 6, and 6E operate at the 3 GHz 

frequency bands and above. With the increasing demand for these devices and technologies, it is crucial to test them rapidly and economi-

cally for commercial usage. This paper presents a dual-polarized Vivaldi antenna for the over-the-air (OTA) measurement of wireless 

communication devices used in the 3–7 GHz band. The dual-polarization performance is realized by vertically intersecting two planar 

Vivaldi antennas and soldering them at the back end. A three-step 1/4 wavelength balun is applied to the input for the wideband imped-

ance matching of the antenna, which is attached to a Teflon holder for easy mounting. It has excellent performance and is designed to be 

manufactured at low cost. The fabricated antenna was tested in an anechoic chamber and showed S11 less than -10 dB from 2.63–7.15 

GH, and a realized gain of more than 5 dBi from 3 GHz and above. A measured half-power beam width of more than 60° was realized 

with symmetric E/H-plane. Much of the required symmetry was achieved with the designed Teflon holder. The antenna has a measured 

cross-polarization discrimination of better than 15 dB across the entire operating bandwidth. 
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urement times and inaccuracies with power amplifier and cable 

loss calibrations. Thus, the conventional measurement method 

cannot be used for active measurement in a beamforming sce-

nario [7]. A variety of measurement scenarios can be actively 

addressed, and the measurement time of the MIMO antenna 

can be effectively shortened using certain systems. One example 

is the over-the-air (OTA) measurement system. In fact, most 

radiation performance tests and evaluations are conducted using 

the OTA measurement, including for 3G and 4G devices [7, 8]. 

To perform OTA measurements rapidly and accurately, cer-

tain requirements are needed for the antenna measuring system. 

This includes a wide bandwidth to measure a vast array of de-

vices at various frequency bands, a wide beamwidth, and sym-

metrical radiation patterns capable of uniformly investigating 

the device under test in both the far and near field. Other con-

siderations include dual polarization with excellent cross-

polarization discrimination (XPD) and a highly suppressed side- 

lobe level with stable gain across the operating bandwidth. In 

addition to these electrical performances, the antenna should be 

inexpensive to allow for mass production and should be small in 

size and lightweight for easy installation. 

Existing antennas for OTA measurements, such as the quad-

ridge horn antenna, have certain significant drawbacks [9–12], 

including the tendency to be bulky and expensive to develop 

and install. However, in [13–17], two flat Vivaldi antennas were 

orthogonally coupled to construct a dual-polarized antenna with 

excellent performance. The Vivaldi antenna is easy to manufac-

ture, inexpensive to develop, and light enough to be attached to 

the chamber, while it also achieves good broadband impedance 

matching and radiation performance. 

This paper proposes a dual-polarization Vivaldi antenna for 

OTA measurement in the 3–7 GHz bandwidth. A system that 

implements a dual-polarization mode through the vertical cross-

coupling of two single Vivaldi antennas is convenient since it 

allows for measuring all horizontal and vertical polarizations 

without having to reposition the antenna, while the measure-

ment time can also be shortened. 

Section II outlines the design and optimization approach for 

two identical Vivaldi antennas, their feed mechanisms, and the 

dual-polarization implementation technique. A mounting struc-

ture to attach the antenna to the OTA chamber holder is also 

developed. Section III then outlines how the optimized antenna 

with its holding brackets was manufactured and tested. Here, a 

brief description of the antenna manufacturing process and the 

measurement results are provided and discussed. The measured 

antenna operates from 2.63–7.15 GHz, representing a fractional 

bandwidth of 92% at -10 dB S11. An antenna gain ranging from 

5–10 dBi was also recorded across the operating bandwidth with 

a half-power beamwidth (HPBW) of more than 60° with 

E/H-plane symmetry and an XPD of better than -15 dB. The 

proposed design’s performance was also evaluated for its designs 

in the existing research. Section IV concludes the contents of 

Sessions II and III, and refers to the possibility of additional 

development. 

II. ANTENNA DESIGN 

As shown in Fig. 1, the Vivaldi antenna was designed in 

terms of a microstrip printed circuit board (PCB). The designed 

PCB is a 0.76-mm-thick Taconic-35 dielectric substrate, with a 

dielectric constant (𝜺𝒓) of 3.5 and a low loss of 0.0016. A pat-

tern was designed using copper foil on both sides of the sub-

strate. On the front of the antenna, a tapered slot pattern was 

designed with an etched narrow slot gradually expanding to 

form an opening. On the back, a quarter-wave transformer-type 

balun that could supply power was designed with some consid-

eration of the difference in impedance between the input termi-

nal and the antenna. 

According to [18], the energy of the wave fed through the 

balun is transferred to the narrow slot and then follows the ta-

pered slot pattern to the opening. At this point, polarization 

occurs at the ends of both slots, and charges are generated. 

Coupling with the charge then occurs, and electromagnetic waves 

are subsequently radiated. The space between the slots is wider, 

and the wavelength of the coupled electromagnetic waves is 

longer. The change in the length of the wavelength means that 

the frequency characteristic of the electromagnetic wave also 

changes. Electromagnetic waves with various frequency charac-

teristics radiate from the narrow slot to the opening such that 

the wavelength of the electromagnetic waves can be induced by 

using the width of the slot to secure the desired frequency band. 

        (a) (b)

Fig. 1. Design parameters of the designed Vivaldi antenna model: 

(a) front and (b) back. 
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Additionally, the circular slots behind the narrow slots induce 

waves to a couple in the circular slots as they flow in a reverse 

direction. Here, unnecessary backside radiation can be reduced, 

and the energy can be concentrated in one direction to increase 

gain. 

In Fig. 1, 𝑊  is the width of the antenna and is the section 

where the slot is widest. This radiates the longest wavelength 

electromagnetic wave corresponding to the minimum cutoff 

frequency (𝑓 ). According to [18], 𝑊  is recommended to be 

half of the guided wavelength at 𝑓 : 
          𝑊 𝜆2 𝑐𝑓 √𝜀  

(1)
 

where 𝜆  is the guided wavelength and c is the speed of light. 

With 𝑓  = 2 GHz and 𝜀  = 3.5, 𝜆  becomes 80 mm. Thus, 

we assigned 𝑊  = 40 mm, half of 𝜆 , in the initial Vivaldi de-

sign. 

Meanwhile, L0 is the length of the antenna and was initially 

designed to be 80 mm. However, if the antenna is installed on 

the holder, the performance may be changed. And the antenna 

was thus designed to be longer than the holder area. So, L0 was 

changed to 120 mm. The curved surface of the slot was de-

signed by drawing an ellipse using the lengths of E0 and E1. 

As shown in Fig. 2, the balun on the backside applies the 

quarter-wave transformer-type impedance matching method, 

which is used to reduce reflection due to the impedance differ-

ence between the input terminal and the antenna [19, 20]. The 

length of L1 was 30 mm, and that of L2–L4 mainly reflects the 

impedance of the intermediate frequency band since the charac-

teristics of the passing frequency are reflected. Therefore, the 

length of the line was 6.5 mm, which is slightly less than 8 mm, 

around 1/4 of the length of the guide wavelength at 5 GHz, the 

intermediate frequency in the 3–7 GHz bandwidth. L5 was 8 

mm. 

Also, the line width starts at 1.70 mm at the input (L1), passes 

through the narrowing line in three stages (L2–L4), and decreases 

to 0.25 mm immediately before the fan balun (L5). The balun 

provided the most appropriate impedance between 50 Ω (L1) of 

the input stage and the maximum impedance of 125 Ω (L5) and 

increased the impedance stepwise. The radius R1 of the outer 

circular slot was 5.5 mm, the length of the fan-shaped balun R2 

was 5 mm, and L6 was 37 mm. 

However, as Fig. 3 shows, when W0 and L0 were 40 and 120 

mm, respectively, the antenna resonated in the 3.2–8.0 GHz 

bandwidth. Meanwhile, the gain decreased to under 5 dBi in 

the band below 4 GHz. This issue is disadvantageous for meas-

uring 5G NSA in sub-6 GHz and wireless communication 

standard devices in the 5.725–5.875 GHz range. 
Figs. 4 and 5 show the parametric study results of S11 and an-

tenna gain by altering W0 and L0, respectively. As shown in Fig. 

4(a), the increase of W0 shifts 𝑓  to a lower frequency. The 

gain slightly increases as the antenna size increases (Fig. 4(b)). 

The gain dip is also observed at 5.5 GHz. This is due to the 

destructive interference between the main aperture radiating 

and minor feed radiating components. To alleviate this dip, L0, 

the antenna length, is increased to provide a smoother transition 

along with the feed [21]. As can be seen in Fig. 5(a) and (b), 

varying L0 hardly affects S11 but improves the gain and reduce 

the gain dip at 5.5 GHz. When W0 and L0 were increased to 60 

mm and 143 mm, respectively, the antenna bandwidth of 2.69–

7.34 GHz could be secured. While optimized antennas tend to 

be larger, they are still comparatively small in size and also tend 

to have an excellent performance. The parameters of the final 

designed antenna are detailed in Table 1.  

 
Fig. 2. Detailed parameters of the quarter-wave transformer balun.

(a) 

(b) 

Fig. 3. Comparison of the simulation results when changing W0 

and L0: (a) S11 and (b) gain. 
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However, the designed single Vivaldi antenna only supports 

horizontal polarization, which means that it cannot implement a 

dual-polarization mode. Therefore, two vertically cross-combined 

Vivaldi antennas were implemented to provide a dual-polarization 

mode, as shown in Fig. 6. 
Each antenna was designed with a slit in the intersecting part. 

W1 is the slit thickness, which was 0.85 mm. The W1 was de-

signed with some consideration of the thickness of the antenna 

substrate, which was 0.76 mm.  

The antenna was vertically cross-combined through this slit, 

and a mounting holder was used to install the measuring anten-

na in the OTA chamber. The holder was made of Teflon and 

had non-conductivity and a low dielectric constant, which meant 

that the effect on the antenna could be minimized while it was 

light, inexpensive, and easy to process and fabricate. Four sepa-

Table 1. Optimized antenna parameters (defined in Figs. 1 and 2) 

Parameter Value (mm) 

E0 29.3 

E1 46 

L0 143 

L1 30 

L2 6.5 

L3 6.5 

L4 6.5 

L5 8 

L6 37 

W0 60 

W1 0.85 

R1 5.5 

R2 5 

(a) 

(b) 

Fig. 4. Change in simulation value by varying W0: (a) S11 and (b) gain. 

 

 

(a) 

(b) 

Fig. 5. Parametric study by varying L0: (a) S11 and (b) gain.
 

Fig. 6. The designed dual-polarized Vivaldi antenna.
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rate Teflon blocks were wrapped around the antenna, and the 

Teflon bolts were inserted through the holes to secure the an-

tenna to the OTA chamber frame. 

Fig. 7 shows a comparison of the simulated S11 and gain val-

ues, depending on the design process for the antenna. Fig. 7(a) 

shows how the antenna mounted on the holder was able to 

secure the 2.56–7.15 GHz band range. The bandwidth was 

around 0.4 GHz wider than a single Vivaldi antenna, while the 

gain increased more in the 3–6 GHz band range. Overall, a 

sufficient bandwidth of 3–7 GHz and a gain of over 5 dBi could 

be secured. 
This antenna presented the final design for the dual-polarized 

Vivaldi antenna for OTA measurement. The detailed simula-

tion results are presented in Fig. 8. The bandwidth of each port 

of the antenna was 2.56–7.15 GHz. Fig. 8(c), (d), and (e) show 

the emission patterns in the 3, 5, and 7 GHz bands, respectively. 

Symmetry exists on the left and right, ensuring a maximum 

beamwidth of 70° in the 3 GHz band, while the beamwidth 

gradually decreases as the frequency increased. The radiation 

pattern maintained a wide HPBW of over 60°. 

III. FABRICATION AND MEASUREMENT OF ANTENNA 

A dual-polarized Vivaldi antenna was fabricated and meas-

ured based on the design outlined in Section II. The measure-

ment results were then compared with the simulation values. 

The fabrication process was similar to the antenna design meth-

od and is shown in Fig. 9.  

 

(a) 

(b) 

Fig. 7. Comparison of the simulation results according to the de-

sign process: (a) S11 and (b) gain. 

(a) 

(b) 

 

(c) 

 

(d) 

 

(e) 

Fig. 8. The simulation results of the designed dual-polarized Vi-

valdi antenna: (a) S-parameters, (b) gain, (c) radiation pat-

tern at 3.0 GHz, (d) radiation pattern at 5.0 GHz, and (e) 

radiation pattern at 7.0 GHz. 



JOURNAL OF ELECTROMAGNETIC ENGINEERING AND SCIENCE, VOL. 21, NO. 3, JUL. 2021 

206 
   

  

First, a microstrip PCB single Vivaldi antenna was fabricated. 

The antenna was 143 mm in length, 60 mm in width, and 0.76 

mm in height and incorporated a circuit pattern formed by 

etching thin copper on both sides of the Taconic-35 dielectric 

substrate. A SMA (subminiature version A) connector capable 

of supplying power was soldered to the end of the balun pattern. 

Next, a dual-polarized Vivaldi antenna was fabricated by ver-

tically cross-combining two of the single Vivaldi antennas. Both 

ports of the antenna with the soldered SMA connectors per-

formed dual-polarization modes in the horizontal/vertical direc-

tion while acting as inputs and outputs for each other. Following 

this, a Teflon holder was manufactured, and the antenna was 

attached to the holder, which allowed the antenna to be at-

tached to the chamber. As such, the cross shape of the antenna 

could be stably maintained. As Fig. 9 shows, the SMA connect-

or of the antenna was exposed to the bottom surface of the 

holder, and the cable could easily be connected outside the OTA 

measurement chamber. After the antenna was attached to the 

Teflon holder, this dual-polarization Vivaldi antenna for OTA 

measurement weighed around 116.5 g and measured 143 × 60 

× 60 mm. We confirmed the change in the S-parameter that 

occurred during the manufacturing process using a vector net-

work analyzer (Anritsu MS2038C). With the implementation 

of the dual-polarization mode, both ports play the role of input 

and output, and we thus checked the ratio of input voltage to 

output voltage between both ports. As Fig. 10 shows, the radia-

tion pattern was measured using a chamber capable of far-field 

measurement (the chamber used was a medium-sized chamber 

from RAPA Korea). The main measurement section was in the 

2–8 GHz range, and the measurement results are shown in Figs. 

11 and 12. 

Here, the S-parameter from each antenna port was measured. 

It was confirmed that S11 and S22 resonated below -10 dB at 

2.56–8 GHz, while the transmission (S12, S21) between the ports  

 

was maintained at -30 dB or less in the 3–7 GHz band range. 

Meanwhile, the antenna gain was, on average, 6.76 dBi in the 

3.0–6.0 GHz range (sub-6 GHz) and 9.06 dBi in the 5.725–

5.875 GHz range (Wi-Fi 5/6). The beamwidth of the antenna 

tended to decrease from the 3 GHz band to the 7 GHz band. 

However, a wide beamwidth of 60° or more could be secured in 

this range. 

All the above results are like those of the simulation, except 

for the XPD results (Fig. 12). Although it maintained more 

than 15 dB differences throughout the target frequency range, 

the measured XPD levels were 5–13 dB less than the simula-

tions. These lower XPD measurement results may be due to 

unexpected electromagnetic coupling introduced by slight misa-

lignments during antenna fabrication. 

Table 2 compares the proposed antenna to other reported du-

al-polarized Vivaldi antennas. As can be seen, the proposed an-

tenna has a smaller aperture size (1.9λ) and broader beamwidth 

(≥63°) suitable for multi-probe installation and wide coverage 

as a testing antenna. On the contrary, the antenna gain is lower 

due to the broad beamwidth. The bandwidth is relatively narrow, 

but enough to cover the target communication protocols (e.g., 

5G, Wi-Fi 6, IR-UWB). 

IV. CONCLUSION 

In this paper, we propose a dual-polarized Vivaldi antenna for 

OTA measurement that enables high-speed measurement of 

wireless communication devices in the 3–7 GHz band range. 

The antenna was designed to resonate below -10 dB S11 from 

2.56–7.12 GHz. The radiation pattern had a wide HPBW of 

over 60°, an XPD of better than -15 dB, and a side lobe level of 

better than -9.2 dBi across the operating bandwidth. The cus-

tom-made Teflon-based holder weighed only 116.5 g, which is 

extremely light and has the advantages of low manufacturing 

costs and mass production capacity. 

 
Fig. 9. Fabricated dual-polarized Vivaldi antenna. 

 
Fig. 10. Antenna mounted in anechoic chamber. 
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However, additional research is perhaps required. The antenna 

in this paper was designed and fabricated to ensure a bandwidth 

of 3–7 GHz. However, when measuring the S11 of the antenna 

via a vector network analyzer, it was confirmed that the antenna 

resonated with -10 dB or less, even in the 8–11.6 GHz band 

range. Since far-field measurement above the 8 GHz band was 

not performed, the actual gain and radiation pattern could not 

be confirmed. However, it was confirmed through the simula-

tion that in the 8–11.6 GHz band range, the gain sharply de-

creased to 0 dBi or less. This is a natural result, as the antenna 

was designed to ensure a bandwidth of 3–7 GHz. Nonetheless, 

if additional research is carried out in view of increasing the gain 

above the 8 GHz band, it would be possible to design an antenna 

that allows for measurements from the 3 GHz band to the 12 

GHz band, which will, in turn, allow for the preparation for 

non-licensed band usage above the 8 GHz band. 

 

This work was supported in part by the Institute of Infor-

mation and Communications Technology Planning and 

Evaluation (IITP) funded by the Korea Government (MSIT) 

(No. 2017-0-00659) and in part by the Basic Science Re-

search Program through the National Research Foundation 

of Korea (NRF) funded by the Ministry of Education. 

Fig. 12. Comparison of cross-pol discrimination. 

 

Table 2. Comparison of dual-polarization Vivaldi antennas 

Ref.
Center freq. 

(GHz) 

Band width 

(GHz) 

Size 

(mm) 

Average

gain (dBi)

Beam 

width (°)

[14] 3.99 0.68–7.30 6.0λ × 5.5λ 8.75 ≥43 

[16] 4.70 1.40–8.00 3.2λ × 3.2λ 8.71 ≥37

[17] 4.13 0.56–7.70 5.1λ × 5.1λ 6.88 ≥45 

This 

work

4.89 2.63–7.15 4.7λ × 1.9λ 6.80 ≥63

(a) 

(b) 

(c) 

(d) 

(e) 

Fig. 11. Comparison of simulation and measured results: (a) S-

parameter, (b) gain, (c) radiation pattern at 3.0 GHz, (d) 

radiation pattern at 5.0 GHz, and (e) radiation pattern at 

7.0 GHz. 
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