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Low-Profile Slot Transmitarray Antenna
Bahman Rahmati and Hamid R. Hassani

Abstract—A novel ultrathin slot-based transmitarray antenna is

presented. The related unit cell consists of two thin dielectric layers

placed on top of each other, with annular ring slots placed on the

outer layers and a PBG element placed on the common interface.

The combination of the two annular ring slots and the PBG element

acts as a bandpass filter for the transmitted wave. The design of the

elements can be carried out through a simple circuit-based anal-

ysis approach. The proposed two-layer structure, the unit cell, has

a thickness of and provides the required 360 of phase

shift. Furthermore, over the bandwidth, the unit cell can have up

to 7 of phase error for incident angles of up to 50 . The unit cell

and the full transmitarray prototype are fabricated, and the results

were compared with simulation and discussed. The full transmi-

tarray has 1 dB gain bandwidth of 5.7% and efficiency of 38%

at the center frequency. The structure is simulated via HFSS and

CST software package.

Index Terms—Antenna array, lens antenna,microstrip array, re-
flectarray, transmitarray.

I. INTRODUCTION

I N wireless technology, in the area of antenna, the need

for low-profile, lightweight, low-cost, broadband, and

high-gain antennas has increased recently. Among the possible

options, the transmitarray antenna is a promising potential

technology to meet these requirements.

Comprising a planar array of printed elements, the transmi-

tarray avoids the fabrication complexity inherent in parabolic

reflectors, and being usually less than one wavelength thick, it

has size and weight advantages over shaped dielectric lenses.

Free-space feeding improves the radiation efficiency by elimi-

nating the losses that occur with corporate feed networks of a

large planar array of printed elements. In a reflectarray with the

feed being in front of the array aperture, the efficiency is reduced

because of feed blockage losses, whereas in a transmitarray, be-

cause the feed is placed on the opposite side of the array, the

blockage does not exist.

To form a pencil beam in transmitarray design, the phase

shifts from the source to the transmitarray elements and, subse-

quently, to a planar surface must be equal for the wave beams on

a planar surface before the aperture. Transmitarray collimates

an incident wave by manipulating the phase shifts at different

positions on the planar surface. To produce arbitrary phases on
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the aperture, at least 360 of phase range is required. The mag-

nitude of transmission is an additional design consideration for

transmitarray elements. In addition to a large phase range, large

bandwidth, low reflection, low insertion loss, and small phys-

ical profile are also desirable.

Up-to-date transmitarray antennas have been designed using

multiple dielectric layers with printed patch antennas on each

layer. The designs are through two approaches: the layered scat-

terer approach (LS) and the guided-wave approach (GW).

In the LS approach, the required phase shift for each array el-

ement is achieved by varying the element dimensions. Multiple

dielectric layers with printed patch antennas on each layer are

coupled through slots in the ground plane of the patches [1]–[3],

air gap layers [4], [5], or printed cross-elements [6] controlling

the level of coupling between the two patches, resulting in a unit

cell acting as a spatial phase shifter. In the case of [1] and [2],

unit cells that have and thicknesses, respectively,

were proposed. The transmitarray of [3] provides 7% bandwidth

with a thickness of . The transmitarrays of [4] and [5]

that use coupled patch rings on a 4-dielectric layered structure

(approximately thick) provides 1 dB gain bandwidth of

7.5%. The unit cell described in [6] uses four dielectric layers,

with each layer having a thickness of . A full review of

the various phase-shifting surfaces developed in recent years is

reported in [7].

In the guided-wave approach, the required phase shift for

each element is achieved through a physical phase shifter,

whereas the element dimensions are kept constant throughout

the array. Two dielectric substrates are separated from each

other by a middle layer. Two patch antennas are on the outer

layer of the substrates, and either a simple printed transmission

line phase shifter [8], [9] or a circuit-based phase shifter [10],

[11] connecting the two patches physically, is on the middle

layer. In [10], a unit cell with an overall thickness of is

given, whereas in [11], a thick transmitarray design providing

5.8% of the bandwidth is described.

A summary of comparison between previously reported

transmitarray designs is presented in Table I. In the above-men-

tioned works related to the LS and GW approaches, the required

phase shift that can be achieved from a unit cell typically re-

quires at least three dielectric substrates, making the overall

antenna structure thick and expensive.

To minimize the overall transmitarray antenna thickness,

while keeping the bandwidth almost similar to the previously

reported wideband structures, this paper uses the LS approach

and presents a new design based on slot elements that provides

the required phase range with less number of dielectric layers.

The unit cell comprises two dielectric layers with annular ring

slots on the outer layers and a uniplanar compact photonic

bandgap (UC-PBG) element on the inner layer that acts as
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TABLE I

COMPARISON BETWEEN REPORTED TRANSMITARRAY ANTENNAS UC = UNIT

CELL, LS = LAYERED SCATTERER, GW = GUIDEDWAVE

Fig. 1. Unit cell configuration and its equivalent circuit: (a) annular ring slot

resonant element on a dielectric substrate, (b) UC-PBG coupling/resonant ele-

ment, and (c) the two-layered structure.

the coupler and as an additional resonator. In the following

sections, the design of a thin two-layer slot transmitarray unit

cell providing 360 of phase shift along with the transmitarray

is provided. The design is shown to be easily extendable to

larger number of layers providing a multiple of 360 of phase

shift.

II. UNIT CELL DESIGN

In this section, the design of the proposed slot transmitarray

unit cell is provided, the structure of which, is shown in Fig. 1.

Thin unit cell with minimum number of layers to achieve the

desired phase shift is the main goal of this unit cell design. Ac-

cordingly, the overall design is based on a pair of annular slot

ring elements, each is replaced on the outer surface of two at-

tached dielectric substrates, and a printed PBG element is on

the inner surface of the substrates. The PBG acting as a res-

onant/coupler element reduces the requirement of extra layer.

Parametric studies of dimensions of the annular slot and a study

of different coupling element types to provide a compact unit

cell with the proper range of phase shift angles are provided.

The dielectric substrates used in this paper are RO4003 with a

permittivity of 3.55 and a thickness of 0.8 mm.

Fig. 2. Simulated transmission coefficients (magnitude and phase) and ADS

equivalent circuit response of an annular ring slot resonant element, Fig. 1a, for

various slot gaps, ( and ).

Fig. 3. Simulated transmission coefficients (magnitude and phase) of an an-

nular ring slot resonant element for various slot side lengths,

( and ).

A. Annular Ring Slot Element

It is known that a slot antenna element can provide a low-pro-

file, lightweight, low-cost, and broad bandwidth. As such, in the

design of a transmitarray, one can use slot element rather than

the usual printed patch element to provide wave transmission

with the least possible loss and with the maximum amount of

phase shift. For this purpose, a very simple annular ring slot can

be selected that would allow wave transmission and provide the

required phase shift.

For the simple single-layer annular ring slot chosen in this

work, Fig. 1a, the transmission magnitude and phase are plotted

in Figs. 2 and 3 for various slot gaps and slot side lengths. In

doing so, when one parameter is changed, the other parameters

of the slot are kept constant.

For the above single-layer annular ring slot, to have knowl-

edge of the overall phase response and the passband behavior,

a simple model based on a parallel-type LC circuit [Fig. 1(a)]

that can provide similar results to that of the full-wave results

can be introduced. Fig. 2 also shows the transmissionmagnitude

and phase of the single annular ring slot based on the equivalent

LCmodel as obtained through Advanced Design System (ADS)

package. As can be seen, the CST simulation and the model re-

sults are very close to each other for both narrow and wide slots.
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TABLE II

EQUIVALENT LC MODEL PARAMETER VALUES FOR THE UNIT CELL OF FIG. 1(A)

FOR VARIOUS GAP SIZES G

In obtaining such close results, the quality factor (QC andQL) of

the lumped elements should also be taken into account. Table II

provides the relevant equivalent model parameter values.

From the simulated results shown in Fig. 2, it is seen that

by increasing the slot gap, G, the passband center frequency

and bandwidth of the transmission coefficient, S21, increases.

Also shown in Fig. 2 are the simulated transmission phases for

various slot gaps G. The transmission phase changes from 45

to within the 3-dB passband (overall 90 of phase shift).

Thus, with an increase in the annular slot gap, both center fre-

quency and bandwidth of the phase response increases.

Although larger slot gaps can provide a higher bandwidth, to

have the antenna center frequency in the desired X band, re-

sults show that a slot gap of 0.5 mm provides the appropriate

response. In the following work, this slot gap is kept constant.

Fig. 3 shows the transmission response of the annular ringslot

element for various slot side lengths, . It is

seen that with the increase in side length, the passband center

frequency decreases, whereas its bandwidth does not change. A

comparison between the phase responses shows that the change

in slot side length leads to curves that are almost parallel to each

other. This is a desirable feature that can be used in the design

of transmitarray elements with various phase responses.

B. Single Dielectric Layer with Stacked Annular Ring Slot

Elements

Because the single annular ring slot element provides only

90 of phase shift, one needs to modify this slot element to pro-

vide 360 of desired phase response.

By considering the equivalent circuit of the single slot ele-

ment, shown in Fig. 1(a), one expects to have higher phase re-

sponse (up to double) if two such parallel resonance circuits are

simply coupled to each other. A simple way to provide the cou-

pling is to place the two annular ring slots on top of each other. If

appropriate spacing is used in between these two layers, one can

double the phase shift offered by each slot alone. This technique

was used in [5], [6] by stacking patch elements (using several

dielectric layers) to obtain higher phase shifts.

The response of the single dielectric layer stacked annular

ring slot elements is shown in Fig. 4. From these results, one

can notice that when the slot separation is lower than one wave-

length, , the two resonant slots behave like a single

slot element providing the same 90 phase response. By in-

creasing the separation between the two slots and thus changing

the level of the coupling between the two slots, one can increase

the overall phase shift. After a specific separation between the

two slot layers, one can obtain twice the single element phase

Fig. 4. Simulated transmission coefficients (magnitude and phase) of the single

dielectric layer with stacked annular ring slots for various substrate thicknesses,

( and ). ADS model parameters:

; ; ; .

Fig. 5. Equivalent circuit model for the stacked single-layer annular ring slot

unit cell.

shift, that is, 180 ; however, such an increase in the separa-

tion between the layers makes the magnitude response more

undesirable.

By exporting the relevant touchstone parameters of the CST

simulation of the single annular ring slot, the single-layer

stacked slot unit cell can be simulated through ADS. To have

results similar to the full-wave ones, one requires having a

transmission line equivalent circuit in parallel with a transmis-

sion zero in between the touchstone parameters of the annular

ring slots.

The equivalent circuit model of the stacked annular ring slots

is shown in Fig. 5. The need for the transmission line equiva-

lent circuit, CSS and LSS, is due to the coupling provided by the

substrate, and the transmission zero is related to the dimension

of the slot. The transmission zero that is modeled with LZSS

and CZSS creates one notch in the magnitude response, and

the transmission line model couples the two slot resonators to-

gether. As can be seen from the results shown in Fig. 4, this

model can provide a good and fast knowledge of the overall

phase response as well as the passband behavior of a stacked

annular ring slot using only the single annular ring slot results.

To have up to 360 phase response, one needs to increase the

number of the stacked annular ring slots to four (three dielec-

tric layers), which makes the overall structure not compact. In

Fig. 4, because the height of the single-layer stacked slots is 0.4

mm or at 10 GHz, the height of the three-layer stacked

slots would be 1.2 mm. The work regarding the stacked patches

reported in [5] used a patch separation of , where is the

free space wavelength at the center frequency of operation. In

this paper, the stacked slots have a separation of , which

is lower than that of [5].
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Fig. 6. Simulated transmission coefficients (magnitude and phase) of two-layer

structure with annular ring slots in the outer layers and cross-type element in the

middle layer for various cross-strip widths, ( , ,

, and ).

To have a better control on the unit cell magnitude and phase

response at a fixed separation between the slots, one needs to

change the coupling method between the two slots. A cross-type

printed element can be introduced in between the two stacked

slots, as shown in the legend of Fig. 6. Based on the work re-

ported in [6], if two resonators are coupled through a cross-type

printed element, the cross-coupler can be viewed as a series ca-

pacitance between the two resonators. The effective capacitance

( in Fig. 5) can be used to improve the unit cell perfor-

mance. Relevant results for various cross-element widths, ,

are shown in Fig. 6.

C. Two Dielectric Layer Stacked Slot Elements with UC-PBG

Coupler

The stacked slot elements of the previous section with cross-

type coupler in between do not lead to an increase in the phase

shift when compared with the two stacked slot resonators. As

reported in the literature, to increase the phase shift, one needs

to increase the number of resonances, usually up to 4 to obtain

360 . For maintaining the structure with two dielectric layers, a

resonator in between the two stacked slot elements (instead of

the capacitive cross-element of previous section) that can act

both as a coupler and as an additional resonator is proposed

here. This resonator should be of printed type and simple to de-

sign and should act as a series parallel-type resonance in be-

tween the two parallel resonances of the two slots, as shown

in Fig. 7. The simple cross of the previous section can only

provide a capacitive coupling. To provide an extra resonance,

the cross should be modified. A patch-type shape is introduced

into the cross-element for this purpose. The size of the patch

is chosen in such a way that it provides a resonance

near that of the slot resonance and the required coupling (flat

amplitude response over the bandwidth) in between the slot and

the patch. This patch is connected to the neighboring patches

through narrow strip lines. The patch surface provides the ca-

pacitive, whereas the strip lines provide the inductive effect of

the created resonance.

To be able to have a better control on the resonant frequency

and the coupling effect, small square elements are cut off from

the patch along the axis with parameters GC and LL, as shown

Fig. 7. The equivalent circuit model of the two-layered annular ring slots with

a UC-PBG in the middle layer.

Fig. 8. Simulated transmission coefficients (magnitude and phase) of

UC-PBG-type coupled element for various stub lengths (

).

in Fig. 1(b). Increase in GC reduces the patch surface, thus in-

creasing the resonant frequency of the patch element, whereas

increasing LL increases the inductive effect of the resonance,

reducing the resonant frequency, as shown in Fig. 8. This cou-

pling resonator can be named as a UC-PBG [12], [13] struc-

ture. Through a full-wave simulation and an equivalent circuit

in the ADS software, one can show that the UC-PBG behaves

as a parallel type of resonance with series-type coupling capac-

itors [Fig. 1(b)]. As will be shown in the following, with this

UC-PBG element in between the two annular slots, one can pro-

vide the desired 360 of phase change from a two-layer unit cell.

The structure of the proposed two-layer unit cell is shown in

Fig. 7 along with its equivalent circuit. The three parallel-type

resonators are coupled through series capacitors (capaci-

tance effect between PBG and slot) and (capacitance ef-

fect due to substrate).

To be able to design the overall unit cell, the following pro-

cedure can be applied. Our aim is to design a two-layer transmit

array unit cell (two slots and a UC-PBG element) with three near

resonances as well as optimum coupling between them, leading

to flat magnitude response and maximum phase change over the

desired frequency band.

The center frequency of the annular ring slot resonance is de-

pendent on the slot side length and slot gap size , whereas
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TABLE III

PARAMETER VALUES RELATED TO (1) AND (2)

the center frequency of the UC-PBG resonance depends on pa-

rameters such as , , , and (the parameters with

C subscript relate to the capacitance, and those with L subscript

relate to the inductance of the resonance). Because there are var-

ious parameters of the slot and UC-PBG that control the reso-

nances, to simplify the analysis, one can consider some param-

eters to be constant, , (simulation

shows that changes in these two parameters do not have a signif-

icant effect). For the UC-PBG, there are two more parameters

left, LL and WC. The relation between these two parameters

and those of the slot should be chosen in such a way that the

UC-PBG resonance would be near to that of the slot.

In the previous discussion, the required resonance is obtained

without considering the required coupling. To obtain the re-

quired coupling, parameters and should be adjusted. In

doing so, the resonance frequency of the UC-PBG also changes.

Through a parametric study, one can obtain a relation, equa-

tions (1) and (2), between the UC-PBG and the slot parameters

to reach the desired response, flat magnitude, and maximum

phase change over the bandwidth. The related coefficients are

shown in Table III

(1)

(2)

These relations have been obtained for a dielectric thickness

of . In the following sections, the above-mentioned

relations are applied.

D. Unit Cell Results and Discussion

The proposed structure of the two-layered stacked annular

ring slot elements with UC-PBG coupler in between based on

parameters according to equations (1) and (2) is simulated, and

the response is shown in Fig. 9 for various , the slot side

length. Results show that by setting the parameter to any

value shown in the legend of Fig. 9, the desired phase shift over

the required bandwidth can be obtained. Fig. 9 also shows the

transmission magnitude and phase of the equivalent LC model

of Fig. 7, for the two-layered annular ring slots with a UC-PBG

element in the middle as obtained through ADS. As can be seen

in Fig. 9, this model is not exact but can provide a good and

fast knowledge of the overall phase response and the passband

behavior of the relevant unit cell.

To obtain a clearer picture of the behavior of the phase shift

response, Fig. 10 is shown for the three frequencies of 9.5, 10,

and 10.5 GHz. It can be seen that for a given frequency, by

changing the slot side length DX, one can obtain more than

360 of phase shift over the 3-dB magnitude bandwidth. As

mentioned previously, because of having a parallel phase re-

sponse between the curves shown in Figs. 9 and 10, one can

expect to have a wideband transmitarray from such a structure.

The insertion loss of the proposed unit cell does not vary by

Fig. 9. Simulated transmission coefficients (magnitude and phase) of the two-

layered annular ring slots with a UC-PBG element in the middle for various slot

side lengths ( , , and ).

ADS model parameters: ; ; ;

; ; .

Fig. 10. Simulated transmission coefficients (magnitude and phase) of the two-

layered annular ring slots with a UC-PBG element in the middle for various slot

side lengths at three frequencies ( , ,

, , and ).

more than 3 dB in the frequency range of phase change from 0

to 360 , which is equivalent to a transmission fractional band-

width of 18%.

The phase response obtained above is for normal incidence.

Fig. 11 shows the transmission coefficient magnitude and phase

responses of the proposed unit cell for various angles of inci-

dence at three frequencies. It is seen that the unit cell can create

a maximum of 7 of phase error for incident angles up to 50 .

This makes the proposed unit cell a good candidate for transmi-

tarrays even with low ratios of 0.42. The error value for

F/D ratio of 0.8 or, in other words, for incident angles up to 32

is lower than 3 . A phase error of 7 is equivalent to a reduction

of 0.065 dB in directivity [14].

The proposed transmitarray unit cell is fabricated on Rogers

RO4003 and placed in between two WR90 rectangular waveg-

uides and tested. For a mode traveling in a WR90 stan-

dard waveguide at 10 GHz, according to waveguide simulator

theory, an off-broadside illumination should be assumed with a

wave propagation angle of 41 in the H-plane.

To measure the characteristics of the unit cell, it is required

to place two elements side by side within the waveguide to be

suitable for the WR90, as shown in the legend of Fig. 12. This

test environment simulates a plane wave that is incident on an
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Fig. 11. Simulated transmission coefficients (magnitude and phase) of the two-

layer annular ring slots with a UC-PBG element in the middle layer for various

incident angles at three frequencies ( , ,

, , , and ).

Fig. 12. Simulated and measured transmission coefficients (magnitude and

phase) of the proposed two-element unit cell in waveguide and PBC envi-

ronment with parameters: ; ; ;

; ; .

infinite array, where the vertical and horizontal periods are set

by the waveguide dimension [15]. Similar to the measurement

procedure, the two-element unit cells are also placed in between

two rectangular waveguides, and the structure is simulated. The

relevant measured and simulated parameters of the struc-

ture are shown in Fig. 12. Also shown in this figure is the sim-

ulation result of the unit cell with two elements placed side by

side in a periodic boundary condition, PBC (without the use of

the waveguides) with an incident angle of 0 . The difference

between the results of the waveguide simulator and that of the

PBC are due to the difference between the free space and the

waveguide impedances and the incidence angles, zero in the free

space and 41 in the waveguide simulator (as shown in Fig. 11).

As can be seen in Fig. 12, if varies by less than 3 dB,

results show that a two-layer unit cell can provide 360 of phase

range.

To increase the phase change of the proposed unit cell, one

can double the number of layers. Fig. 13a shows the equivalent

circuit of a four-layered transmitarray unit cell. It should be

noted that, in the four-layer structure, because the middle-layer

annular ring slot is covered from both sides with dielectrics

(when compared with the slots in the outer layers), the cou-

pling between this element and the UC-PBG element slightly

Fig. 13. (a) Equivalent circuit of a four-layered unit cell and (b) simulated

transmission coefficients (magnitude and phase) of the two- and four-layered

unit cells ( , , ,

, , and ). ADS model param-

eters: ; ; ; ;

; ; ; ; .

changes, when compared with that of the two-layer case; as

such, one needs to modify this middle-layer annular ring slot

side length, , and the distance between this layer and

UC-PBG layer, , to achieve a flat magnitude and maximum

phase response over the bandwidth. Equations (1) and (2) still

apply.

Fig. 13(b) shows the transmission coefficients of a four-lay-

ered structure (three stacked slots with two UC-PBG elements

in between) when compared with that of a two-layer structure.

It is seen that the phase change of the transmission coefficient

in the four-layer structure is double (720 ) that of the two-layer

structure (360 ). Fig. 13(b) also shows the transmission magni-

tude and phase of the equivalent LC model. As can be seen, this

model provides an approximate knowledge of the overall phase

response as well as the passband behavior of the relevant unit

cell.

III. TRANSMITARRAY OF ANNULAR RING SLOTS WITH

UC-PBG IN BETWEEN

The proposed unit cells of the previous section are incorpo-

rated into a transmitarray, shown in Fig. 14. The array is de-

signed for operation at a center frequency of 9.7 GHz. The trans-

mitarray is designed on RO4003 substrate, and the elements,

which have fixed geometrical parameters, are listed as follows:

; ; ;

; . For each element of the array, the

required phase (the phase shift to compensate the spatial delay

between the feed and the array surface) is obtained through ap-

propriate length, and the PBG parameters are then

calculated from (1) and (2).
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Fig. 14. Geometry of transmitarray with 400 elements.

A. Design of the Transmitarray

The transmitarray design includes two parts, the feed antenna

and the printed array.

For the feed antenna, an X band optimum corrugated horn

is used with low cross polarization ( 26 dB) and equal E- and

H-plane patterns. The horn has a gain of 15.5 dB at 9.7 GHz,

and its pattern can be modeled by a . The horn antenna,

including the coaxial to the waveguide adaptor, has a return loss

of better than 19 dB over the X-band.

The horn antenna is placed in line with the center of the array.

The focal-length-to-diameter ratio (F/D) of the transmitarray

antenna is chosen to be 0.8. The transmitarray has 20 20 of

the proposed unit cells that fill the 192 192 mm aperture. Each

unit cell’s dimension is selected to provide the appropriate phase

shift distribution across the array. As shown in Fig. 14, a rigid

frame is used to mount both the array and the feed for anechoic

chamber measurements.

B. Transmitarray Results and Discussion

Ansoft HFSS software package is used to simulate both the

feed horn and the entire transmitarray elements.

Fig. 15 shows the measured co- and cross-polar far-field

E-plane radiation patterns of the transmitarray at a center fre-

quency of 9.7 GHz. Although not shown, the measured H-plane

pattern is similar to that of the E-plane pattern. Because no

amplitude tapering is considered in this paper, the figure shows

that the side-lobe level is approximately 17 dB below the

main peak. Also, the cross-polar field of the transmitarray

in the bore sight is below 19 dB, which is the same as the

feed cross-polar level of 19 dB. Simulated and measured

peak gain versus frequency is shown in Fig. 16. This figure

shows that the measured 1 dB gain bandwidth achieved by

this transmitarray antenna is 0.55 GHz (5.7% of the center

frequency). The measured gain is approximately 1 dB below

the gain obtained in simulation. The discrepancy could be due

to the prototype construction: misalignment of the layers, an air

gap between the layers, phase center misalignment, feed horn

manufacturing tolerances, and manufacturing tolerances of the

array. Also shown in Fig. 16 is the variation of the transmitarray

antenna efficiency.

From Fig. 16 and the calculated results shown in Table IV,

the maximum measured aperture efficiency of the transmitarray

antenna at center frequency is 41%, corresponding to 3.9 dB

Fig. 15. Measured and simulated E-plane radiation pattern of the 20 20 el-

ements of the transmitarray antenna at a center frequency of 9.7 GHz.

Fig. 16. Measured and simulated gain and efficiency of the 20 20 elements

of the transmitarray antenna.

TABLE IV

CALCULATED CONSTITUENTS OF APERTURE EFFICIENCY

TABLE V

COMPARISON OF MEASURED AND SIMULATED TRANSMITARRAY ANTENNA

RESULTS

in gain reduction when compared with the transmitarray direc-

tivity. At 9.7 GHz, a loss of 1.6 dB is associated with the feed

horn taper and spillover efficiency [16]. Transmission loss, in-

cluding the slots, UC-PBG, and the substrate material loss, re-

duces the power by 0.4 dB. Other factors such as polarization

efficiency, phase error efficiency, and the fact that infinite pe-

riodicity was assumed (effect of the edge elements) for phase

variation could be the reason for the reduction of the gain by

1.8 dB.

The overall measured and simulated results of the transmi-

tarray antenna are compared in Table V.
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IV. CONCLUSION

A novel thin transmitarray antenna based on slot elements

and configured in the LS approach is presented. The unit cell

comprises two dielectric layers with annular ring slots on the

outer layers and a UC-PBG element in the inner layer that act

as an additional resonator and coupler. The UC-PBG imple-

mented in this design is simple to fabricate because it does not

involve a separate dielectric layer or any via holes. The two-lay-

ered unit cell is compact, having an overall thickness of

at a frequency of 9.7 GHz, and provides 360 of phase range.

The transmitarray antenna of such a unit cell provides 5.7%

of 1 dB gain bandwidth and has 38% of efficiency. By in-

creasing the number of the layers in the unit cell design, one

can easily increase the bandwidth of the transmitarray. Because

the unit cell element has complete symmetry, the polarization of

the transmitarray antenna is specified by the polarization of the

feed antenna.
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