
A High-Efficient Wideband Transmitarray Antenna with Vias

Yongliang Zhang*1,2, Xiuzhu Lv 2, Lina Liu 2, Yaxin Yi 2, and Zhao Wu 3 

1 College of Transportation  
Inner Mongolia University, Hohhot, 010021, China 

namar@imu.edu.cn 

2 College of Electronic Information Engineering  
Inner Mongolia University, Hohhot, 010021, China  

31856006@mail.imu.edu.cn, lnliu1207@163.com, m18804709243@163.com 

3 College of Physics and Telecommunication Engineering 
Yulin Normal University, Yulin, 537006, China  

kianty@163.com 

Abstract ─ This paper presents a high-efficient wideband 

transmitarray antenna with vias. The transmitarray 

element consists of two layers of Jerusalem cross patches 

and four metal vias. Two Jerusalem cross patches are 

printed on both sides of the substrate and are connected 

by four symmetrical metal vias. The metal vias can 

improve the coupling strength between the two patches. 

By adjusting the size of the patch and the position of the 

metal vias, the transmission phase of the element is 

greater than 360º. Then, an transmitarray antenna consists 

of the proposed elements is designed, manufactured, and 

measured. The experiment results show that the 

maximum gain of the transmitarray antenna is 25.7dB, 

and the corresponding aperture efficiency is 46.6%. The 

measured 1-dB gain bandwidth is 14.9% (8.7GHz-

10.1GHz). 

Index Terms ─ High-efficient, transmitarray antenna, 

wideband. 

I. INTRODUCTION
In recent years, planar array antenna has attracted 

more and more attention due to its light weight and easy 

installation. The planar array antenna includes the 

reflectarray antenna (RA) and the transmitarray antenna 

(TA). Compared with the RA [1-3], the feed horn of the 

TA and the transmitted wave are not on the same side, so 

it has higher aperture efficiency and lower side lobe. 

However, the bandwidth of the TA is narrow.  

In order to improve the broadband characteristics of 

TA, scholars have proposed a variety of methods [4-12]. 

In [4], a four layers TA using double split-ring slot is 

presented. The 1-dB gain bandwidth of the TA is 7.4% 

and the aperture efficiency is 55%. [5] presents a four 

layer TA using a double square ring as the element. It has 

7.5% 1-dB gain bandwidth. [6] using triple-layer spiral-

dipole to realize the 360º transmission phase, but the 

transmission amplitude of the TA element is less than 

-4dB. In [7], a triple-layer TA without substrate is

proposed. The proposed TA realized 15.5% 1-dB

bandwidth and 55% efficiency. In [8], a novel TA

element based on bandpass filter is designed. The TA

element consists of two triple-layer frequency selective

surfaces. Experimental results that the TA has 16% 1-dB

gain bandwidth and 60% aperture efficiency. Other

studies on transimitarray antenna is proposed in [9-12].

[13-17] are metasurface application on antenna array and

MIMO antennas. From the above report, in order to

improve the bandwidth of the TA, it is necessary to use

the multi-layer patch to realize the 360º transmission

phase and desired transmission amplitude. That will

results to higher processing costs and increased

installation complexity.

In this paper, a double-layer high-efficient wideband 

transmitarray antenna is present. The transmitarray 

element consists of two layers of Jerusalem cross patches 

and four metal vias. The metal vias are used to improve 

the internal coupling of the TA element. The structure of 

the article is as follows: Section Ι is the introduction of 

transmitarray antenna. Section Ⅱ is the design and 

simulation of the TA element. To verify the validity of 

the proposed element, a transmitarray antenna is 

designed and measured. The transmitarray prototype and 

measurement results are given in Section III. Section IV 

is the summary of the whole design. 

II. DOUBLE-LAYER TRANSMITARRAY

ANTENNA ELEMENT DESIGN

A. Element structure

Figure 1 is a plane geometric model of the proposed
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TA element. The purpose of the TA element design is to 

realize the transmission phase of 360° with the least 

number of patch layers. The TA element consists of two 

Jerusalem cross patches. The dielectric constant of the 

substrate is 2.2 and the tangent of loss angle is 0.0009. 

Four symmetrical metal vias are used to connect the two-

layer of patch. The metal vias are made of copper. Two 

layers of patches are printed on both sides of the 

substrate. The role of the metal vias are improve the 

internal coupling of the TA element. 

(a) 

(b) 

Fig. 1. Geometric model of the TA element: (a) vertical 

view and (b) lateral view. 

Fig. 2. The TA element simulation settings. 

Table 1: Design parameters of the TA element 

Parameter Value 

P 17mm 

W 1.5mm 

L 2~9mm 

S L+3.5mm 

R1 1.55mm 

R2 0.6mm 

H 4mm 

Ansoft HFSS is used to simulate and optimize  

the proposed element. In order to simulate the 

electromagnetic characteristics of elements in infinite 

period arrangement, the master-slave boundary is adopted. 

Because of transmitarray antenna needs to consider both 

transmission and phase shift characteristics, two 

Floquet-port excitations need to be set, as shown in Fig. 

2. Figure 3 is the transmission characteristics of TA

element with different structure parameters. As shown in

(a), the thicker the substrate, the better the linearity of the

phase shift curve. But the increase in the substrate

thickness will lead to the reduction of the radiation

efficiency of the TA. Therefore, the substrate thickness

is 4mm. In order to avoid the generation of grating lobe,

the TA element period is generally greater than 0.5λ. As

shown in (b), when P=17mm (0.53λ), the phase shift

curve is the most linear. It is can be seen from (c) and (e)

that, the size and position of the metal vias have little

effect on the linearity of the phase shift curve. In (d) and

(f), it can be concluded that the size and position of the

metal vias have a great influence on the transmission

performance of the TA element. After a series of

parameter optimization, the geometric dimensions of the

element are shown in table 1.

B. Element transmission characteristic

The transmission amplitude and transmission phase

versus L of the proposed TA element is shown in Fig. 4.

As shown in this figure, the transmission phase of the

element is greater than 360°. Within the range of 360°

phase shift, the transmission amplitude of the element is

always greater than -3.5dB. By adjusting the size of the

TA element, the phase shift curve is parallel in a wide

frequency band, which widens the frequency band width

of the transmission array antenna. The transmission

phase curves of the TA element at different frequencies

are shown in Fig. 5. It can be seen from the figure that

the transmission phase curves of different frequencies

are approximately parallel. Therefore, the designed TA

element has broadband characteristics. In order to

observe the aperture efficiency of the TA element, the

current distribution on the surface of the element is

shown in the Fig. 6. As can be seen from the figure, the

element surface current distribution is relatively uniform,

so the TA has high efficiency. In addition, the current at

FloquetPort1 

FloquePort2 

Master 

Slave 

TA element 
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the element edge is weak, which can reduce the coupling 

between the TA elements and improve the gain of the TA. 
Since most of the TA elements are irradiated by 

oblique incident electromagnetic waves, the oblique 

incident characteristics of the element must be 

considered when designing the element. θ and φ are the 

angles of the incident wave with Z-axis and X-axis, 

respectively. Figure 7 shows the transmission amplitude 

and phase of the TA element at different incident angles. 

As shown in this figure, within the range of 15°, the 

transmission phase of the cell is always greater than 360°, 

and the corresponding transmission phase is greater than 

-3.5dB.

(a) 

(b) 

(c) 

(d) 

(e) 

(f) 

Fig. 3. The transmission characteristics of TA element 

with different structure parameters (9.5 GHz), (a) 

transmission phase of different substrate thickness 

(P=17mm, R1=1.55mm, R2=0.6mm), (b) transmission 

phase of different element periods (H=4mm, R1=1.55mm, 

R2=0.6mm), (c) transmission phase of different metal 

vias location (H=4mm, P=17mm, R2=0.6mm), (d) 

transmission amplitude of different vias location 

(H=4mm, P=17mm, R2=0.6mm), (e) transmission phase 

of different vias size (H=4mm, P=17mm, R1=1.55mm), 

and (f) transmission amplitude of different vias size 

(H=4mm, P=17mm, R1=1.55mm). 
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Fig. 4. Transmission characteristics of the TA element 

versus L. 

Fig. 5. Transmission phase of the TA element at different 

frequencies. 

Fig. 6. The current distribution of the TA element. 

C. Metal vias

Four vertical metal vias are placed symmetrically

between the Jerusalem cross patches, they create a strong 

coupling between the two patches. The four metal vias 

can be used as an additional coupling structure, which 

can reduce the number of patch layers of the TA element. 

The decrease of the number of patch layers will result 

in the decrease of transmission amplitude and phase. 

Currently, no TA element with only two layers of patches 

can achieve 360°'s transmission phase and desired 

transmission amplitude [18]. 

(a) 

(b) 

Fig. 7. Transmission characteristics of the TA element at 

different incident angles: (a) transmission amplitude, and 

(b) transmission phase.

Figure 8 is the transmission characteristic curve of 

the TA element without metal vias. It is obvious from the 

figure that the transmission amplitude is very small and 

the transmission phase is less than 360°. This is because 

the coupling between the upper and lower Jerusalem 

cross patches is weak. Therefore, it can be concluded that 

the introduction of metal vias can reduce the number of 

patch layers and improve the transmission performance 

of the TA element. 
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Fig. 8. Transmission characteristic of the TA element 

without metal vias: (a) transmission amplitude, and (b) 

transmission phase. 

III. DOUBLE-LAYER TRANSMITARRAY

ANTENNA DESIGN AND MEASUREMENT

A. Design of the TA

To verify the validity of the proposed TA element, a

transmitarray antenna working at 9.5GHz is designed. 

The transmitarray antenna consists of 15×15 TA elements 

and the dimension size is 255mm×255mm×4mm. The 

focal length is 400mm and the corresponding focal 

diameter ratio is 1.57. Focal length is the distance from 

the feed to the transmitarray. Once the position of the 

feed is determined, the compensation phase of the TA 

element can be calculated by formula [19]. Figure 9 

is the compensated phase distribution diagram of the 

transmitarray. The value of L corresponding to the 

compensation phase can be obtained from Fig. 4. As the 

value of L is obtained, the size of each TA element in the 

transmitarray can be determined. The feed of this design 

is a wideband pyramidal horn. The aperture dimension 

of the pyramidal horn is 187mm×60mm. The operating 

frequency of the horn is 8GHz-11GHz and its gain at 

9.5GHz is 16dB. 

B. Experimental results

The TA prototype was measured in a microwave

anechoic chamber at Xidian University. The test system 

is shown in the Fig. 10, Tx is the transmitting horn and 

Rx is the receiving horn. The polarization modes of Tx 

and Rx are vertical polarization, the center of Tx, Rx and 

TA is aligned, which can ensure the effectiveness of the 

test system. The distance from Tx, Rx and TA to the 

ground is 1.5 meters, the distance between Rx and TA 

is 3 meters. The simulated and measured normalized 

radiation patterns at 9.5GHz is shown in Fig. 11. In Fig. 

11 (a), the sidelobe level and the cross-polarization of the 

E-plane radiation pattern is 17dB and 37dB, respectively. 

In Fig. 11 (b), the sidelobe level and the cross-

polarization of the H-plane radiation pattern is 16dB and 

36dB, respectively. The simulated and measured gain 

versus frequency is shown in Fig. 12. The measured 

maximum is 25.7dB at 9.5GHz and the corresponding 

aperture efficiency is 46.6%. The measured 1-dB gain 

bandwidth is 14.9%. The measured maximum gain is 

0.33dB lower than the simulated maximum gain. There 

are two main reason: 1. There is an error in the size of 

the patch during processing, which will result in an error 

between the theoretical phase compensation value and 

the actual phase compensation value, resulting in an 

increase in sidelobe and a decrease in gain. 2. The phase 

center of the horn is not stable. 

Fig. 9. Transmission phase distribution. 

Fig. 10. The test system in microwave anechoic. 
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Fig. 11. The simulated and measured normalized radiation 

patterns at 9.5GHz: (a) E-plane and (b) H-plane. 
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Fig. 12. The simulated and measured gain versus 

frequency. 

Table 2 shows the performance comparison between 

the proposed antenna and other antennas. It can be 

concluded from the table that the proposed TA has the 

advantages of high efficient and broadband with only 

two layers of patches compared to the published antenna 

in [4], [12], [20-21].  

Table 2: The comparison between the proposed TA and 

other published TA 

Ref. Freq. 

(GHz) 

Numbers of 

Layers 

Gain 

(dB) 

Aperture 

Efficiency 

(%) 

1dB gain 

Bandwidth 

(%) 

[4] 12.5 4 18.9 20.9 9.6 

[12] 13.58 3 23.9 55 7.4 

[20] 6.1 3 20.1 27 8.3 

[21] 10 3 21.9 36 4 

This 

work 

9.5 2 25.7 46.6 14.9 

IV. CONCLUSION
In this paper, a double-layer high-efficient wideband 

transmitaray antenna with vias is designed and measured. 

The designed transmitarray element consists of two-

layer Jerusalem cross patche and four metal vias. The 

introduction of metal vias could effectively improve the 

transmission performance of the element. After a series 

of design and simulation, a transmitarray antenna 

consisting of 255-element is fabricated and measured. 

The measurement and simulation results are basically 

consistent. The measured maximum gain is 25.7dB at 

9.5GHz and the corresponding aperture efficiency is 

46.6%. The 1-dB gain bandwidth of the transmitarray 

antenna is 14.9% (8.7GHz-10.1GHz). Since the designed 

element has only two-layers patch, the complexity of the 

design can be simplified and the production cost can be 

reduced. 
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