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Abstract—Many transmitarray antennas are designed with 
multilayer frequency selective surface type elements. The goal of 
this paper is to present a multiple conductor layers transmitarray 
antenna using slot-type element with no substrate material. A 
quaternary-layer transmitarray antenna using cross-slot 
elements has been designed, fabricated, and tested for 11.3 GHz 
operating frequency. The measured gain of the prototype 
transmitarray is 22.06 dB. It is observed that the oblique incident 
associated with the excitation and the polarization direction has a 
strong effect on the antenna radiation pattern and gain. 

I. INTRODUCTION 
Transmitarray antennas combine the favorable features of 

the optic theory and the array technique, leading to a low 
profile conformal design with high gain, high radiation 
efficiency, and flexible radiation performance. A transmitarray 
antenna consists of an illuminating feed source and a flat 
transmitting surface composed of one or multiple layers. The 
transmission coefficients of the array elements are individually 
designed to convert the spherical phase front from the feed to a 
planar phase front. Usually, transmitarray antennas are 
designed using printed-type elements such as patch, loop and 
dipole geometries, and be mounted on a supporting substrate 
[1], [2]. 

In this paper, a new element of slot-type is used to design a 
quaternary-layer transmitarray antenna with no substrate 
material is presented, which has the advantages of low cost and 
suitability for space applications. The impact of the element 
shape on the overall gain and radiation pattern is discussed. 

II. CROSS-SLOT TRANSMITARRAY ANTENNA DESIGN 

A. Unit Cell Element 
A unit cell of a cross-slot element, as shown in Fig. 1, is 

simulated using CST Studio Suite software [3] at 11.3 GHz 
with normal incidence plane wave. Different slot length Ls with 
periodicity P = 0.62λ0 = 16.46 mm, and slot width W = 2 mm 
are considered. Four layers of this cross-slot element is used for 
this design with separation between layers equals to H = λ0/4 = 
6.64 mm. 

Figure 2 shows the transmission coefficient magnitude and 
phase versus the slot length Ls, which confirms the possibility 

of achieving 360° transmission phase range with transmission 
coefficient equals to or better than -1 dB. 

 

Figure 1.  Cross-slot element unit cell, (a) top view, (b) side 
view. 

Figure 2.  Transmission coefficient versus the slot length for 
the four identical layers of the unit cell shown in Fig. 1. 

B. Transmitarray Design 
A quaternary-layer circular aperture transmitarray antenna 

of diameter = 13.02λ0 = 34.57 cm and F/D ratio of 0.8 with the 
cross-slot element unit cell was fabricated as shown in Fig. 3. It 
includes 325 slot elements. The feed horn is vertically 
polarized (along y-direction in the xy plane) with Q value 
equals to 6.6. 

Using the transmission magnitude and phase properties 
shown in Fig. 2, array theory is used to calculate the radiation 
pattern and gain of this transmitarray at 11.3 GHz. These 
results are compared with the measured data in Fig. 4. 
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Figure 3.  A quaternary-layer circular aperture transmitarray 
antenna, (a) transmitarray aperture, (b) transmitarray antenna 
setup for a near field measurement. 

Figure 4.  Measured and simulated radiation pattern, 
considering only normal incidence plane wave in the 
simulation for all array elements. 

Figure 5.  Transmission coefficient versus the slot length at 
different oblique incidence angles, (a) transmission magnitude, 
(b) transmission phase. 

We noticed approximately 6.5 dB differences in gain and 
increasing of the side loops in the measurements compared to 
the theoretical results. Furthermore, a wider beam width in the 
vertical plane cut (yz plane cut) is observed in the measured 
results, in spite of the symmetry of the elements along the x- 
and y-directions. These differences are due to the normal 
incidence approximations in the array element design. These 
differences are usually smaller when using printed-type 
elements as in [2]. However, due to the slot-type element 
configuration, each conductor layer adds some blockage on the 
slot elements of the following conductor layers. This blockage 
varies with the different oblique incidence angles and the feed 

polarization, which has a noticeable impact on the transmission 
coefficient of each element. Figure 5 shows the variations in 
the transmission coefficient magnitude and phase at different 
oblique incidence angles. 

We have re-simulated each element separately taking into 
account the oblique incidence angles and the feed polarization 
conditions and then the radiation pattern and gain have been re-
calculated using the array theory. The results are depicted in 
Fig. 6, which shows much better agreement with the 
measurements. The theoretical and measured gains are 23.21 
dB and 22.06 dB, respectively. 

 

Figure 6.  Measured and simulated radiation pattern, 
considering both the oblique incidence angles and the feed 
polarization in the simulation of each array element. 

III. CONCLUSION 
This paper demonstrates a new design of a quaternary-layer 

transmitarray antenna using a cross-slot element with no 
substrate material. By varying the slot length, the element unit 
cell achieves 360° transmission phase range for better than -
1dB transmission coefficient. Due to the slot-type element 
configuration, blockage is found to be a major factor in gain 
reduction from each conductor layer to the following conductor 
layers. This blockage varies with the different oblique 
incidence angles and the feed polarization. By taking into 
account the oblique incidence angles of each array element and 
the feed polarization, the measured gain and the radiation 
pattern are closely matched with those based on theoretical 
analysis. 
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