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Abstract—Transmitarray unit-cells, typically multi-layered, 

have several design challenges. These structures require 

many thick substrates between layers. This makes the 

transmitarray costly and bulky. Besides, significant 

modifications of the size of radiating layers to achieve phase 

variation may lead to discrepancies between unit-cell 

performance in periodic boundary simulation and that in the 

real transmitarray. This paper proposes a 2-bit 

transmitarray unit-cell structure made from two substrates 

and a combination of C-patches and C-slots. Thanks to the 

multi-resonance characteristics of the C-patches and C-slots, 

a large phase shift can be primarily realized through varying 

the slot length of the C-slots on the middle layers. As a result, 

the radiating elements in the array are the same size. A low-

cost, thin transmitarray prototype is fabricated and 

measured. Experimental results reveal a 1-dB bandwidth of 

7%. A peak aperture efficiency is achieved of 43% at 11.8 

GHz. Furthermore, the side lobe level is less than 18 dB, and 

cross-polarization radiation is below 30 dB.   

 

Keywords—cut-ring patch, cut-ring slot, reflectarray, 

transmitarray, unit-cell design  

 

I. INTRODUCTION 

In order to create a high directivity antenna and beam 

steering, transmitarray antenna, which consists of a source 

antenna and an array of phase shifting surface, has been 

the subject of extensive research in recent years [1−7]. 

These types of antennas are highly appealing alternatives 

to conventional high directivity antennas, including 

parabolic reflector, phased array, and dielectric lens 

antennas [8, 9]. Transmitarray antenna is an interesting 

option to meet the requirements of a lightweight, low-

profile, low-cost antenna system for several applications 

such as satellite-based telecommunications and radars. 

Transmitarray has a simple structure to be fabricated with 

common Printed Circuit Board (PCB) technology and its 

spatial feeding mechanism eliminates the huge insertion 

loss of a phased array’s feeding network, especially at very 

high frequencies.  The transmitarray antenna design 

process ensures that the transmitted wave phase through 
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the array is in-phase at the normal surface of the main 

beam desired direction. 

A transmitarray antenna could be categorized based on 

various working principles namely: meta-surfaces [10−12], 

receive-transmit antenna structure [13−17], and frequency 

selective surfaces [18−24]. The transmitarrays using 

receive-transmit antenna structures typically consist of a 

receiving layer and a transmitting layer that are electrically 

connected to each other. In Ref. [15], the unit-cell consists 

of two identical square patch antennas printed on both 

sides of a substrate. The two layers are connected by a visa. 

The phase shift of the unit-cell is varied by rotating the 

relative position of the top layer. Besides, the transmission 

phase can be changed by varying a phase delay-line. In Ref. 

[17], a layer of delay lines is inserted between the receiving 

and the transmitting layer. Tuning the length of the delay 

lines could be a simple way to control the transmission 

phase of the unit-cell. However, the size of the unit-cell is 

relatively large to reserve the space for the delay lines. 

Frequency Selective Surface (FSS) is an interesting 

technique and has been widely used to manipulate 

electromagnetic fields based on the frequency of the field. 

It is a type of filter where the filtering is accomplished by 

the periodic pattern on the surface of the FSS. Traditional 

FSS are periodic arrays of resonant elements. Each 

element size is about half-wavelength at frequency of 

operation. The basic FSS configurations can be 

represented as low pass, high pass, bandpass or band stop 

filters. The structures have properties of equivalent 

inductance and capacitive circuits. By changing the 

inductance and capacitance, the resonance frequency will 

be shifted. Therefore, the varied amplitude and phase 

response of a FSS structure can be created by tuning 

complex geometries of the resonating element as in Ref. 

[25−27]. On the other hand, metamaterial Frequency 

Selective Surfaces (MTM-FSS) operate based on a 

different principle that allows for many advantages over 

traditional FSS structures. Instead of using fully resonant 

unit-cells of traditional FSS, non-resonant unit-cells with 

much smaller size (typically less than quarter-wavelength) 
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are used. In non-resonant MTM-FSS, the surface 

impedance changes very slowly over a wide band. 

Different works [28, 29]  have reported various designs of 

MTM-FSS with interesting features such as compact size, 

low sensitivity to oblique incidence angle of the wave. 

Clearly, the MTM-FSS structure is more advanced 

compared to the traditional one. However, traditional FSS 

structures have their own advantages, such as simplicity in 

design and manufacturing, ease of frequency response 

prediction, and suitability for applications where a large 

FSS is beneficial. 

In a typical Multilayer Frequency Selective Surfaces 

(M-FSS) transmitarray unit-cell the transmission phase is 

shifted by the field coupling between layers; hence, no 

phase delay-line is required. This reduces the complexity 

of a transmitarray design, simplifies the fabrication 

process and maintains low transmission loss. However, the 

maximum transmission phase range of a single FSS unit-

cell is 90° for −3dB transmission coefficient, as 

demonstrated in Ref. [30]. To increase the phase range, a 

large number of layers are employed. In Ref. [5], a unit-

cell based on seven layers has been designed to achieve a 

phase range of 360°. In Ref. [31], five Jerusalem cross 

patches are printed on five substrates. Due to the large 

number of layers, FSS-transmitarrays are usually bulky 

and have large thickness. The number of metallic layers 

reduced to 3 or 4 has been proposed for unit-cells in Refs. 

[1, 2, 18, 32]. Each metallic layer is printed on a substrate 

and the layers are separated by an air gap of λ0/4 

corresponding to an electrical length of 90°. In Ref. [33], 

three layers of split diagonal cross patch are printed on 

three substrates. The use of many substrates leads to the 

large total thickness while the aperture efficiency ranges 

from 20% to 35% in most of the mentioned transmitarrays. 

In our previous work in Ref. [21], a configuration based 

on four metallic layers had been proposed for 

transmitarray unit-cells. The unit-cell design was simple 

and low profile. Only two dielectric substrates separated 

by an air gap are used. Simulations and experimental 

validations of unit-cells confirmed that the combination of 

C-patches and ring slots could provide a large transmission 

phase with a low-profile unit-cell structure. The work in 

Ref. [21] also demonstrated that the phase shift of the unit 

cell can be controlled by the length of the rectangular slot 

of the C-slot. With this characteristic, the unit-cell 

structure allows easy phase tuning without a modification 

of the Radiating Elements (C-patches) on the top layers. 

The identical sizes of the radiating elements on the top 

layers result in constant mutual coupling among adjacent 

unit cells throughout the array. This ensures that the 

transmission parameters of a unit cell within the array 

remain consistent with those of a unit cell simulated using 

periodic boundary conditions during the design phase. 

Thanks to the mentioned characteristic, the unit-cell 

structure can be used to design an electronically 

reconfigurable transmitarray antenna [34]. 

To give more information about the C-patch and C-slot 

characteristics as well as the performance of the proposed 

unit-cells when they are used to design a transmitarray 

antenna, in this work, theoretical study on the C-patch and 

C-slot has been performed and a transmitarray prototype 

was fabricated and measured.  

This paper is organized as follows. In section II, the 

proposed unit-cell structure is presented. This structure is 

based on the use of multi-resonance layers, namely C-

patches and C-slots. The multi-resonance characteristics of 

the layers are studied in Section II. (A−B). The 

effectiveness of the C-patches and C-slots is shown in 

Section II. C when they are combined to form a M-FSS 

transmitarray unit-cell. Section III provides an 

experimental validation for a transmitarray prototype, 

measured radiation characteristics are reported in this 

section. Conclusions are drawn in Section IV.  

II. TRANSMITARRAY UNIT-CELL 

Our proposed unit-cell is designed using multi-resonant 

patches on multiple metallic layers. In general, a unit-cell 

based on multi-layer FSS works as a high order bandpass 

filter. A higher order of the filter can provide a larger phase 

range. Therefore, by using a multi-layer FSS with multi-

resonant patches on each metallic layer, the unit-cell can 

obtain a large phase range with low transmission loss and 

low thickness. In this section, the multi-resonance 

characteristics of the metallic layers will be analyzed to 

clarify the characteristics of the whole unit-cell.    

A. Design of a C-patch Layer 

To understand the resonant characteristics of a FSS 

layer. The approach in Ref. [35] based on classic 

transmission-line rules can be used to find the impedance 

of an arbitrary free-standing FSS layer as follows: 

 

𝑍𝑙𝑎𝑦𝑒𝑟 = −
𝑍0
2𝛤𝑅

(1 + 𝛤𝑅) (1) 

 

where 𝑍0 is impedance in free space, 𝛤𝑅  is the reflection 

coefficient of the layer. By using a full-wave simulation, 

the reflection coefficient is determined. For each metallic 

layer, an equivalent circuit model is presented. To simplify 

the circuit model, ohmic loss is neglected, the impedance 

of a metallic layer is a pure reactance so that the equivalent 

circuits are composed of only inductors and capacitors. 

The C-patch is a modification of the circular ring patch, 

the ring element has been widely used in FSS structures 

[36, 37]. However, the circular ring has single-resonance 

characteristics, as in Fig. 1(a), the single resonant 

frequency is at 19.3 GHz, which is far from our desired 

frequency band. Whereas, with the same size, we can 

achieve two resonant frequencies when the circular ring is 

cut with a rectangular gap and shaped into a C-patch. 

Fig. 1(b) shows that the impedance of the free-standing 

C-patch (d1 = 8.5 mm, d2 = 1.5 mm, 𝑔1 = 0.6 mm) has two 

resonant frequencies in the band from 1 GHz to 20 GHz, 

corresponding to a zero at 10 GHz and a pole at 13 GHz. 

The equivalent circuit model is derived based on the 

number of poles and zeros of the layer’s impedance. The 

values of lumped components are determined by fitting the 

reflection coefficient of the circuit model and reflection 

coefficient obtained by full-wave simulation. For the 
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mentioned C-patch and C-slot dimensions, the computed 

lumped components are L1 = 28.8 nH, L2 = 6.92 nH, C1 = 

8.34 fF, C2 = 8.66 fF. 

 

 
(a) 

 
(b) 

Fig. 1. Impedance and reflection coefficients of a simple circular ring 

patch (a) and a C-patch (b) that obtained by full-wave simulation (solid 

curves) and equivalent circuit model (dash curves). (d1 = 8.5 mm, d2 = 1.5 

mm, 𝑔1  = 0.6 mm) 

 

As can be seen, the reflection coefficients of the 

equivalent circuit models match to the simulated reflection 

coefficients. Since the number of LC pairs is proportional 

to the number of poles and zeros, the equivalent circuits 

verify the multi-resonance properties of the C-patch and 

C-slot layers.  

B. Design of a C-slot Layer 

The idea of design of C-slot patch originates from a 

simple circular ring slot. The C-slot is the combination of 

a simple circular ring slot loaded with a rectangular slot 

(𝑑3, 𝑑4 are respectively outer and inner diameter of the 

ring slot and 𝑙 is the length from the center point of the ring 

slot to the terminated position of the rectangular slot). As 

shown in the case when 𝑙= 4 mm, (the length of the 

rectangular slot is minimum) the C-slot becomes a simple 

circular ring slot. In this case, the ring slot has a single 

resonant point within 1 GHz to 20 GHz and hence, it does 

not exhibit multi-resonance characteristic, the second 

resonance cannot be seen in the frequency range up to 20 

GHz. The impedance of the circular ring is characterized 

by a parallel LC tank. When a rectangular slot is added, the 

C-slot layer with multi-resonance characteristics can be 

realized. It is equivalent to a circuit of a series LC (L3 and 

C3) in parallel with a LC tank (L4 and C4). The impedance 

of the free-standing C-slot (d3 = 9.8 mm, d4 = 8.0 mm, 𝑔2 

= 0.9 mm, l = 0.2 mm) has two poles at 11 GHz and 19 

GHz and a zero at 15 GHz, as shown in Fig. 2(a). The 

computed lumped components are L3 = 2.47 nH, L4 = 0.82 

nH, C3 = 47.1 fF, C4 = 159.9 fF. It is important to find the 

dimension which affects the resonant frequency so that it 

can be used to vary the transmission phase. Fig. 2(b) shows 

that a small change of parameter 𝑙 has an impact on the 

impedance of the C-slot layer. Specifically, as 𝑙  varies 

from 0.2 mm to 1.2 mm, the resonant frequencies shift 

toward the higher frequencies. The first resonance 

(presented by a pole of 𝑍) is merely shifted from 11 GHz 

to 12 GHz, whereas the second resonance (presented by a 

zero of 𝑍) is shifted strongly from 15 GHz to 18 GHz. 

Numerical tests have shown that values of the series L3 and 

C3 control this second resonance.  The increase of the 

terminated position of the rectangular slot (l) can be 

physically explained by the decrease of the value of C3. 

This causes the second resonance to be shifted to higher 

frequencies. 

 

 
(a) 

 
(b) 

Fig. 2. Multi-resonance characteristic of the C-slot layer. (a) Impedance 

and reflection coefficients of the C-slot  (d3 = 9.8 mm, d4 = 8.0 mm, 𝑔2 = 

0.9 mm, l = 0.2 mm) obtained by full-wave simulation (solid curves) and 

equivalent circuit model (dash curves). (b) Resonance shifting due to 

variation of 𝑙. 
 

The interesting point in our design is to use the C-slot, 

in which the rectangular slot introduces a second 

resonance in the layer. This resonance is immensely 

sensitive to the length of the rectangular slot. The 

resonance is shifted strongly with a small change of the 

parameter 𝑙. A large variation of transmission phase range 

can be obtained by varying only 𝑙 in the C-slot layer. This, 

in turn, reduces the need for tuning other dimensions. 

Consequently, the unit-cell, formed by combining the C-
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patch and C-slot layers, is designed to provide a large 

phase range, thanks to the presence of multi-resonances.  

C. Unit-Cell Design Using Multi-resonant C-patches 

and C-slots 

The unit-cell structure is illustrated in Fig. 3. It is 

designed using two identical substrates which are Roger 

4003C substrates with a thickness ℎ𝑡 = 1.542 mm and εr = 

3.55. The two substrates are stacked on top of each other 

and separated by a 1.5 mm layer of air. For each substrate, 

a C-patch is printed on the top while a C-slot is printed on 

the bottom. The structure operates with a linear 

polarization. In this case, the orientation of E-field is 

perpendicular to the gap of the C-patch, as depicted in Fig. 

3. Table I shows detailed dimensions of the four unit-cells. 

Total thickness of a unit-cell is 4.584 mm corresponding 

to 0.18λ0 and the cell size equals 0.54λ0, where λ0 is the 

wavelength in free-space. 

TABLE I. DIMENSIONS OF THE FOUR UNIT-CELLS 

Unit-

cell 

Layer 1&4 Layer 2&3 

𝒅𝟏 𝒅𝟐 𝒅𝟑 𝒅𝟒 𝒍 
UC1 9 1.8 10.8 9.8 0 

UC2 8.5 1.8 9.8 8 0.2 

UC3 8.5 1.8 9.8 8 1.2 

UC4 8.5 1.8 9.8 8 1.7 

 
𝑔1 = 0.6; 𝑔2 = 0.9 ; 𝑝 = 1 ; 𝑠 = 1.5; ℎ𝑡 = 1.5 2 . Unit: 

mm 

 

 
Fig. 3. Geometry of the proposed unit-cell structure. 

 

The full equivalent circuit model of this quad-layer 

configuration can be constructed based on the combination 

of the equivalent circuit model of each layer as presented 

in [21]. In our unit-cell structure, the equivalent circuit has 

seven cascaded sections including four conductor layers, 

two dielectric substrates and an air gap. Each dielectric 

substrate is equivalent to a short transmission line, as 

studied in [38], which can be represented by a as series 

inductor 𝐿𝑡 = ℎ𝑡 × 𝜇0𝜇𝑟  and a shunt capacitor 𝐶𝑡 =
(𝜀0𝜀𝑟 × ℎ𝑡)/2.  Where 𝜇0, 𝜀0  are permeability and 

permittivity of free space, respectively. 𝜇𝑟, 𝜀𝑟 are relative 

permeability and  permittivity of the dielectric substrate 

and ht is the substrate thickness. The substrate thickness 

has a direct impact to Lt, which affects the coupling 

between the resonance of the C-patch and C-slot layer. 

With an appropriate thickness, the transmission magnitude 

can be enhanced to provide pass-band behavior. On the 

other hand, the capacitance values in the circuit model of 

C-patch and C-slot  layers are modified when the 

permittivity varies. For this reason, variation of dieletric 

permittivity will have an impact on shifting the resonant 

frequencies of the unit-cell structure. 

For UC2, UC3 and UC4, the transmission phase is 

changed by varying the length of the rectangular slots in 

the middle layers with a step of 0.5 mm. As mentioned, the 

second resonant frequency varies with a large range when 

𝑙 varies from 0.2 mm to 1.7 mm. This allows UC2 and UC4 

to have a large phase shift of about 200° at 11.5 GHz, as 

shown in Fig. 4(b). Further increasing of 𝑙 will cause the 

resonant frequency to shift further to higher frequencies. 

However, this also means that at frequencies below 11.2 

GHz, the phase curves cannot be as linear as those at higher 

frequencies. The phase variation is small even with a larger 

value of l. That is due to the small change of the first 

resonant frequency when L3 and C3 changes, whereas the 

first resonance is mainly controlled by the parallel L4 and 

C4. In order to get the fourth phase state, UC1 is optimized 

by a small change of the C-patch and C-slot.  
 

 
(a) 

 
(b) 

 
(c) 

Fig. 4. Simulated transmission coefficients of the four unit-cells. (a) co-

polarized transmission magnitude, (b) transmission phase and (c) cross-

polarized transmission magnitude. 
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The unit-cell structure has been simulated by using 

ANSYS HFSS software, version 15. The unit-cell is 

simulated under array environment by using two Floquet 

ports and Master-Slave boundaries, with a normal incident 

wave. The simulated transmission phase and magnitude of 

four phase states are shown in Fig. 4. As can be seen, two 

adjacent phase states are separated by circa 90° at −11.8 

GHz. The four unit-cells cover a large common 3 dB 

transmission bandwidth, from 10.8 GHz to 12.7 GHz, 

corresponding to 16.1% fractional bandwidth. The 

transmission magnitude is better than −1.5 dB at 11.8 GHz. 

The cross-transmission coefficients of the unit-cells are 

shown in Fig. 4(c). They remain under −50 dB for all states. 

III. TRANSMITARRAY ANTENNA VALIDATION 

A. Transmitarray Design Based on 2-bit Phase 

Resolution Unit-Cells 

In the context of the beam focusing transmitarray, the 

individual unit-cells are designed to intercept the incoming 

wave that is emitted from the feed horn. Upon receiving 

this signal, these unit-cells are then responsible for re-

transmitting the signal. It is crucial that this transmission 

maintains a uniform phase across the entire aperture of the 

transmitarray. 

 

 
(a) (b) 

Fig. 5. Phase distribution in the transmitarray aperture (a) Ideal phase, 

(b) Quantized phase. 

 

To focus the beam at a specific direction (𝜃, 𝜙), the 

required phase distribution across the transmitarray 

aperture is first calculated by Eq. (2) and then a phase 

quantization process in Eq. (4) transforms the ideal phase 

into the closest phase that the unit-cell can provide.  The 

phase distribution is shown in Fig. 5. 

 

𝜑(𝑥𝑖 , 𝑦𝑖) = 𝑘0(𝑟𝑖 − 𝑠𝑖𝑛𝜃(𝑥𝑖𝑐𝑜𝑠𝜙 + 𝑦𝑖𝑠𝑖𝑛𝜙)) (2) 

𝑟𝑖 = √𝑥𝑖
2 + 𝑦𝑖

2 + 𝐹2 (3) 

ψ(𝑥𝑖, 𝑦𝑖) =

{
 
 

 
 UC1         − 5

° < φ(𝑥𝑖 , 𝑦𝑖) <  5
°  

UC2            5° ≤ φ(𝑥𝑖 , 𝑦𝑖) < 1 5
°

UC         1 5° ≤ φ(𝑥𝑖 , 𝑦𝑖) ≤ 225
° 

UC         225° ≤ φ(𝑥𝑖 , 𝑦𝑖) ≤  15
° 

 (4) 

where 𝑘0  is propagation constant, 𝜑(𝑥𝑖 , 𝑦𝑖)  is required 

phase at 𝑖𝑡ℎ unit-cell with position 𝑥𝑖 , 𝑦𝑖. 𝐹 is focal length. 

B. Measurement of a Transmitarray Prototype 

Fig. 6 shows a transmitarray antenna prototype which 

has been fabricated and measured in an anechoic chamber. 

The transmitarray includes 196 unit-cells arranged in a 14-

by-14 square lattice. As the unit-cell size is 14 × 14 × 4.58 

mm3, the total size of the transmitarray is 7.7λ0 × 7.7λ0 × 

0.18λ0 at 11.8 GHz. The feed source is a small pyramidal 

horn antenna customized for nominal gain of 10 dBi, the 

aperture of the horn is 23×32 mm2. The 10-dB beamwidths 

of both E-plane and H-plane have no considerable 

difference in our testing frequency range. At 11.8 GHz, its 

gain is 10.4 dBi, and its E-plane and H-plane 10-dB 

beamwidths are approximately 100° and 110°, 

respectively. The feed source is placed at a focal point of 

175 mm away from the transmitarray, corresponding to a -

8 dB edge illumination of the feed horn. To create an air 

gap between the two substrates of the transmitarray, a 

hollow acrylic frame is attached between two substrates. It 

has a thickness of 1.5 mm. It also plays a role as an 

extended frame to fix the array in four supporting columns. 

 

 
(a)                                         (b) 

Fig. 6. Fabricated transmitarray prototype, (a) A transmitarray prototype 

consisting of 196 unit-cells and (b) measurement setup in anechoic 

chamber. 

 

The transmitarray is measured by NSI near-field 

measurement system in which the distance between the 

transmitter antenna to the transmitarray-under-test is 268 

mm.  In the range of 10 GHz to 12 GHz, this distance is 

within the near-field distance of the transmitarray-under-

test. Far-field radiation characteristics are finally extracted 

by a Near-field-to-Far-field transformation built-in 

software. 

The normalized radiation patterns of the prototype 

transmitarray are simulated and measured, as presented in 

Fig. 7. The pencil beam is successfully formed at broadside 

direction (𝜃 = 0°, 𝜙 = 0°) . The co-pol patterns of the 

main lobe are almost superimposed in both simulated and 

measured results. The side lobe level is below 18 dB in 

both cut planes. As depicted by measured cross-pol 

radiation patterns, the polarization purity is very good, 

providing an isolation of around 30 dB between co-

polarizations and cross-polarizations. 

At the focal length of 175 mm, the gain of the 

transmitarray reaches maximum of 25 dBi at 11.8 GHz, 

corresponding to the aperture efficiency of 43%. The 1-dB 

and 2-dB gain bandwidth are 7% and 11%, respectively. 

Table II shows a comparison between the proposed 

transmitarray designs and other existing designs. Our 

transmitarray is highlighted with the high aperture 

efficiency and has a much lower thickness compared to 

other transmitarray designs. Furthermore, our design uses 

only two substrates, making the transmitarray not only 

cost-effective but also simple to fabricate and install. 

   

   

   

   

 

 

unit cell

 ir gap
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TABLE II. COMPARISION BETWEEN THE PROPOSED TRANSMITARRAY WITH OTHER EXISTING DESIGNS 

Ref. 
Freq. 

[GHz] 

Number of 

layers 

Number of 

substrates 
Total thickness 

Aperture 

efficiency 

Gain bandwidth 

(1−dB/ 3−dB) 

[2] 11.3 3 2 0.51λ0 30% 9% / 17.7% 

[18] 30 4 4 0.95λ0 47% 7.5% /  - 

[31]  12 5 5 0.58λ0 34.6% 10% / - 

[33] 12.5 3 3 0.52λ0 20.9% 9.6% / - 

[39] 19 4 3 0.69λ0 34.9% 18% / >25.5% 

This work 11.5 4 2 0.18λ0 43% 7% / - 

 

 
(a) 

 
(b) 

 
(c) 

Fig. 7. Radiation patterns at 11.8 GHz of the feed horn antenna (a), 

radiation patterns of the transmitarray in H-plane (b) and E-plane (c). 

 
Fig. 8. Measured peak gain and corresponding aperture efficiency of the 

transmitarray. 

IV. CONCLUSION  

This paper has presented the use of multi-resonance C-

patch and C-slot to design a transmitarray unit-cell 

structure. The unit-cell was designed to provide four 

different phase states with a large phase range, wide -3 dB 

transmission bandwidth. A 196-element transmitarray 

prototype has been characterized. Measured results 

confirm that transmitarray using the proposed unit-cell 

structure has good radiation characteristics and high 

aperture efficiency. It is worth to emphasize that the key 

attribute of our transmitarray unit-cell structure is the ease 

of phase tuning just by varying the length of the 

rectangular slot in the C-slot layers. In our vision, this unit-

cell structure has a great potential in a design of an 

electronically reconfigurable transmitarray where 

switching devices (p-i-n diodes, RF-MEMS) can be 

inserted at different positions along the rectangular slot of 

the C-slots to control the slot length, consequently the 

transmission phase shift. As a result, this unit-cell structure 

has several advantages such as design simplicity, low 

thickness, cost-effectiveness and capability of 

electronically reconfigurable unit-cells. 
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