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Abstract-The goal of this paper is to present a design technique 

that optimizes the transmission phase distribution of triple-layer 

transmitarray antennas. It aims to reduce the effects of the lossy 

elements with low transmission coefficients on the antenna gain. 

A full transmission phase range of 3600 is achieved using triple

layer spiral-dipole element with transmission magnitude equal to 

or better than -4.2 dB. A transmitarray antenna prototype has 

been designed, fabricated, and tested at X-band. The measured 

gain is 28.9 dB at 1 1 .3 GHz. A broadband of9% bandwidth for 1 

dB gain is achieved. 

I. INTRODUCTION 

A transmitarray antenna consists of an illuminating feed 
source and a planar array of printed antenna elements. Each 
element incorporates a certain transmission phase shift to 
produce a focused radiation beam in a specified direction. The 
required phase compensation for practical designs cannot be 
achieved by a single layer, hence multiple layers of printed 
elements array are required [1], [2]. Consequently, in order to 
reduce the design complexity and cost, it is challenging to 
achieve a full phase range of 360° using fewer conductor layers 
while maintaining the overall performance of the antenna. 

This paper presents a novel design of a triple-layer 
transmitarray antenna. Using spiral dipole elements, a full 
phase range of 3600 is achieved with transmission magnitudes 
equal to or better than -4.2 dB. Moreover, the transmission 
phase of the center element of the transmitarray aperture is 
optimized, in order to reduce the contributions of the lossy 
elements on the antenna gain. This design has been fabricated 
and tested for X-band operation. The measured gain is 28.9 dB 
at 11.3 GHz. The measured bandwidth is 9% for 1 dB gain, 
which is considered a broadband performance as compared 
with published designs in [2], [3]. 

II. TRIPLE LA YER TRANSMIT ARRAY ANTENNA DESIGN 

A. Unit Cell Element 

Varying the length of a conventional dipole within a limited 
unit cell size is not sufficient to cover a full transmission phase 
range. An extension of the dipole length can be done by 
bending the dipole. Furthermore, to keep the symmetry along 
the main axes, a four-arm spiral dipole shape is designed. 
Figure 1 shows the spiral dipole element in three identical layer 
configuration, with unit cell periodicity of P = 0.6Ao. Ao is the 

free space wavelength at 1l.3 GHz. The element of each layer 
is mounted on a dielectric substrate of thickness T = 0.5 mm 
and permittivity lOr = 2.574. The separation between layers is 
equal to H = 6 mm. The unit cell element is simulated using 
CST Microwave Studio software [4] at 1l.3 GHz with normal 
incidence plane wave. Different dimensions of length L and 
width W = O.IL are considered. 
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Fig. l. Spiral dipole unit cell, (a) top view, (b) side view. 

Figure 2(a) depicts the transmission magnitude and phase 
versus the element dimension L. Figure 2(b) presents the 
transmission magnitude and phase in a polar diagram with the 
variation of the element dimension L, such that the magnitude 
represents IS211 and the angle represents LS21. 
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Fig. 2. (a) Transmission coefficient versus the length L, and 
(b) phase magnitude relationship in a polar diagram. 

A full transmission phase range of 3600 is achieved with 
transmission magnitude equal to or better than -4.2 dB, as 
shown in Fig. 2. The spiral dipole element has the advantage of 
the large range of variation in the element dimension L, and 
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hence a more linear slope is achieved. The length L varies 
between 6.65 mm and 14.65 mm to obtain the full phase range 
of 360°, which makes the design less sensitive to fabrication 
error. 

B. Transmitarray Design 

The transmission phase of each transmitarray element is 

designed to compensate for the phase delays over the different 

paths from the illuminating feed. The required transmission 

phase l/Ji for the ith element is calculated as: 

(1) 

where k is the wave number, Ri is the distance from the feed 

source to the ith element, ri is the ith element position vector, 

and To is the unit vector of the main beam. The phase constant 

l/Jo is selected deliberately to set the phase at the aperture 

center to a certain value. Once the transmission phase of the ith 

element is determined, the corresponding element dimension L 

can be obtained from Fig. 2(a). 

A triple-layer circular aperture transmitarray antenna is 

designed using the spiral dipole elements. The aperture 

diameter = 16.21.0 = 43.01 cm, which includes 537 elements. 

The F/D ratio is 0.8, and the feed is a linearly polarized 

corrugated conical hom with a q value of 6.6 at 11.3 GHz. 

Referring to Fig. 2(b), the transmission phase of the center 

element is selected at 55°, which has a transmission magnitude 

equal to 1 (0 dB). Accordingly, when the element is away 

from the aperture center, it needs a phase larger than 55°, thus 

moving counterclockwise in the polar diagram of Fig. 2(b). 

The magnitudes of these elements are still closer to 1 (0 dB) 

until the element phase is larger than 300°, which has a 

magnitude less than -1 dB. This phase distribution aims to 

keep the lossy elements, which have low transmission 

magnitudes, away as much as possible from the aperture 

center, and hence reducing their contribution to the average 

element loss. This is because the radiation pattern of the feed 

source is directed with its maximum power to the aperture 

center, while the feed illumination decreases away from the 

center of the transmitarray aperture. The transmitarray phase 

distribution is shown in Fig. 3( a). Figure 3(b) shows the 

magnitude distribution, which illustrates that the elements with 

large transmission magnitudes are close to the aperture center. 
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Fig. 3. (a) elements transmission phase distribution, and (b) 
elements transmission magnitude distribution. 

III. EXPERIMENT AND DISSCUSSION 

The transmitarray prototype is measured using NSI near

field system, as shown in Fig. 4(a). The antenna shows a 

focused beam in Fig. 4(b), with a measured gain of 28.9 dB at 

11.3 GHz. The side lobe and cross polarized levels are -21 dB 

and -27 dB, respectively. The measured bandwidth is 9% for 1 

dB gain, which is considered a broadband performance 

achieved using a triple-layer configuration, as compared to the 

7.5% bandwidth using a quad-layer configuration in [2], and 

7.6% bandwidth using 1 bit transmitarray in [3]. 
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Fig. 4. (a) Near-field measurements, and (b) radiation patterns. 

IV. CONCLUSION 

This paper presents a triple-layer transmitarray antenna 
design using spiral-dipole elements. The spiral-dipole element 
achieves a full transmission phase range with a transmission 
magnitude better than -4.2 dB. It has a large range of variation 
in the element dimensions, which makes the design less 
sensitive to fabrication error. A design technique that optimizes 
the transmission phase distribution is proposed in order to 
reduce the loss due to the elements with small transmission 
magnitudes. A transmitarray antenna with a diameter of 43.01 
cm (16.21.0) is fabricated and tested. A measured gain of 28.9 
dB at 11.3 GHz is achieved with a broadband of 9% for 1 dB 
gain. 
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