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Abstract—Despite the numerous advantages of planar 

transmitarray antennas over conventional lens antennas, 

transmitarrays have a narrow bandwidth. The goal of this paper 

is to present a design methodology for improving the bandwidth 

of transmitarray antennas through control of the transmission 

phase range of the transmitarray elements. Two Ku-band 

transmitarrays using quad-layer double-square loop elements, 

which differ in the transmission phase ranges, have been 

designed and compared. It is shown that the transmitarray 

antenna designed using the proposed methodology achieves a 

10.1% bandwidth as compared to the 7.0% bandwidth of the 

conventional design. 

I. INTRODUCTION 

A transmitarray antenna consists of a feed source and a 
planar array of printed antenna elements. The transmission 
phase of each element is individually designed to compensate 
for the different path lengths from the feed to each element on 
the planar array. This relatively new hybrid configuration 
combines many of the favorable features of optical lens and 
array antennas, and creates a low profile and low mass design 
with high radiation efficiency and diversified radiation 
performance. Despite all these advantages, transmitarray 
antennas have a narrow bandwidth due to the narrow band 
limitation of transmitarray elements and the differential spatial 
phase delay resulting from the different lengths from feed to 
each element on the aperture. Several designs have been 
proposed over the years to increase the bandwidth of 
transmitarray antennas [1]-[3]; however the bandwidth 
obtained is limited to 7.5% and 7.6% for 1 dB gain in [1] and 
[2], respectively, and 14.7% for 3 dB gain in [3]. 

This paper presents a study related to the variations in 
transmission phase and magnitude of the unit-cell element as a 
function of frequency with the aim to improve the bandwidth 
of transmitarray antennas. We demonstrate a design 
methodology for increasing the bandwidth of transmitarray 
antennas through control of the transmission phase range of its 
elements. To demonstrate the effectiveness of this technique, 
two Ku-band transmitarray prototypes, which differ only in 
element transmission phase range, have been designed and 
compared. The results show a bandwidth improvement of more 
than 3% for 1 dB gain bandwidth when using the proposed 
methodology in comparison to the conventional design.  

II. PERFORMANCES OF QUAD-LAYER UNIT-CELL AT 

DIFFERENT FREQUENCIES 

In transmitarrays, a complete phase range of 360 cannot be 
achieved by using only one layer of printed antenna elements 
array, and multiple layers are required to increase the 
transmission phase range of the elements [4]. A full phase 
range of 360° can be achieved by using four identical layers 
separated by an air gap of quarter wavelength [4], [5]. A quad-
layer unit-cell using the double square loop element of Fig. 1 is 
simulated at 13.5 GHz using the commercial software CST 
Microwave Studio [6]. Different loop lengths L1 and L2 with 
periodicity P = λ0/2 = 11.1 mm, loop widths W = 0.4 mm, and 
separation between the two loops S = 0.22L1 are considered. 
The elements are printed on a dielectric substrate with εr = 
2.574 and thickness T = 0.5mm. The separation between layers 
H = 5 mm, such that H + T ≈ λ0/4. 

  

(a) (b) 

Fig. 1.  Quad-layer unit cell of double square loop element, (a) 

top view, (b) side view. 

The rectangular plots in Figure 2 depict the transmission 
magnitude and phase of the elements at different frequencies as 
a function of L1. Figures 2 (c) to (e) show these transmission 
coefficients at different frequencies on polar diagrams, where 
the magnitude represents       and the angle represents     . 
The range of varying the element dimensions L1 is selected 
such that a 360° phase range is achieved with transmission 
magnitude equal to or better than -1.2 dB at the center 
frequency of 13.5 GHz, as shown in Fig. 2(d). However, at the 
lower frequency of 13 GHz, the transmission coefficient points 
move counterclockwise in the polar diagram and follow the 
theoretical curve [4], as shown in Fig. 2(c). This leads to a 
reduction in the transmission magnitude at small values of L1. 
Similarly, at 14 GHz, the transmission coefficient points move 
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clockwise in the polar diagram as shown in Fig 2(e), which 
ultimately leads to a reduction in the transmission magnitude at 
large values of L1. In summary, as the frequency changes, both 
phase error and magnitude loss occur, leading to a gain 
reduction and a narrow bandwidth.  

  

(a) (b) 
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Fig. 2.  Transmission coefficients at different frequencies: (a) 

magnitudes, (b) phases, (c) at 13GHz in polar diagram, (d) at 

13.5GHz in polar diagram, and (e) at 14GHz in polar diagram. 

III. TRANSMITARRAY BANDWIDTH WITH DIFFERENT 

TRANSMISSION PHASE RANGES 

Based on the results in Fig. 2, it is clear that utilizing all 
possible dimensions of L1 and realizing a full phase range of 
360° at the center frequency will result in transmission 
magnitude reduction at other frequencies. For this design, this 
reduction occurs for elements with transmission phases around 
270°. Accordingly, in order to eliminate the transmission 
coefficient reduction in the band of interest, the designed 
transmission phase range at the center frequency should be 
reduced by avoiding elements with transmission phases around 
270°. 

Two quad-layer circular aperture transmitarray antennas are 
designed at 13.5 GHz using the double square loop elements 
shown in Fig. 1 with transmission phase ranges of a full 360° 
and a limited 245° (from -30° to 215°), respectively. The 
diameter of the circular aperture is 14.5λ0 (32.22 cm), which 
includes 621 elements. The F/D ratio is 0.95, and the feed is a 
linearly polarized corrugated conical horn with a q value of 
9.25 at 13.5 GHz. The calculated gain versus frequency of the 
designed transmitarray antennas are given in Fig. 3, where it 
can be seen that the design with limited phase range achieves a 
notable improvement in bandwidth. It is worthwhile to point 
out that although this design shows a slight gain reduction at 
the center frequency, the gain at higher and lower frequencies 
increase in comparison with the conventional design. This 
improvement results from the proper truncation of the elements 
phase tuning range, which eliminates the elements that have 
low transmission magnitudes at the higher and lower 

frequencies. Table I presents a comparison between these two 
antennas. 

 

Fig. 3.  Transmitarray antenna gain versus frequency. 

TABLE I. COMPARISON OF THE TWO ANTENNA PROTOTYPES 

Phase range Gain at 13.5 GHz 1 dB gain bandwidth  

360° 31.6 dB 7.0% 

245° 31.2 dB 10.1% 

 

IV. CONCLUSION 

A new design methodology is proposed to improve the 
bandwidth of transmitarray antennas. Transmission coefficient 
variation of the elements as a function of frequency is first 
studied and it is shown that for quad-layer transmitarrays, 
elements with a transmission phase around 270° suffers from 
the degradation in transmission magnitude with the change in 
frequency. This in turn limits the antenna bandwidth. 
Accordingly, to improve the bandwidth of the antenna, a phase 
truncation is implemented in the element selection routine, 
which ignores certain elements around this sensitive 
transmission phase area. This results in an overall increase of 
antenna gain bandwidth. Comparisons between two Ku-band 
transmitarrays, which differ in the transmission phase ranges, 
demonstrate a bandwidth improvement from 7.0% to 10.1% by 
using this technique. 
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