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ABSTRACT: A slot array placed on the face of a cavity realized in
substrate-integrated waveguide technology is presented. Guidelines to

design similar antennas are provided. The design has been done with the
help of commercial software. The result is a low-cost, directive array

antenna with a single feeding microstrip-line. VC 2011 Wiley Periodicals,

Inc. Microwave Opt Technol Lett 53:2105–2108, 2011; View this article

online at wileyonlinelibrary.com. DOI 10.1002/mop.26165
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1. INTRODUCTION

In the last years, the demand for low cost and high performance

wireless communication systems has increased significantly. As

a result, there is a growing need for antennas that allow efficient

transmission and reception of information signals. In particular,

printed slot array antennas are very convenient because of their

attractive characteristics such as high directivity, conformability,

easy integration with planar circuits, and simple feeding struc-

ture and low cost. These slot arrays have been widely studied

[1–6].

In this article, a cavity-backed slot array based on the studies

of Paoloni [2] is proposed. One of the most interesting features

of the new design is the simplicity of the array feeding, which

is implemented with a single microstrip-line coupled to the cav-

ity through a slot in its backside. Ideally, there is a resonant

monomode stationary wave in the cavity. In principle, the illu-

mination of the array aperture can be designed by properly plac-

ing the radiating slots on the upper cavity wall, when known the

field distribution within the cavity. In fact, with the application

of this technique, one of the major issues in array antenna

design (i.e., the routing of the beamforming network) is conven-

iently circumvented. For the present array, a uniform illumina-

tion is achieved by locating the slots at points, where the elec-

tric field has equal phase and maximum magnitude.

The cavity is made using the innovative substrate-integrated

waveguide (SIW) technique, which was originally proposed for

constructing conventional waveguides using printed-circuit tech-

nology [7, 8]. The use of SIW technique and the aperture

coupled feeding line allow a full photolithographic manufactur-

ing process. The principal aim of this work is to demonstrate

the feasibility of the slot array in SIW technology with a planar

feed. The lateral walls of the SIW cavity consist of linear arrays

of metallic posts that short circuit upper and lower faces of the

cavity. Besides, some other posts are strategically inserted in the

cavity to filter unwanted resonant modes.

2. ANTENNA DESCRIPTION AND DESIGN

A slot array printed on the upper face of a rectangular resonant

cavity is proposed. A schematic view of the antenna structure is

shown in Figure 1. The array may have N � M equal radiating

slots with dimensions Lrad � Wrad. The distances between slot

centers along x and y axes are, respectively, dx and dy. For the

antenna to have proper directive radiation, the radiating slots

must be fed in phase. Hence, they must be placed in alternate

points of maximum electric field. The dimensions of the cavity

are a � b � d; these dimensions determine the resonance fre-

quencies of the modes within the cavity. The cavity is filled

with a dielectric (the upper substrate) of permittivity erc and loss

tangent (tan d)c. As said before, lateral walls are made with

SIW technique, the distance between consecutive posts is pp,

and the posts diameter is dp. The via holes’ distance and diame-

ter are designed according to Ref. 8. If lengths a, b, and d are

measured between posts centers, the effective dimensions of the

cavity to calculate resonant frequencies are aeff � beff � deff.

The effective lengths can be calculated as

aeff ¼ a� d2
p

.
0:95pp

	 

and a similar equation for deff. This

approximation is valid for pp < k0
ffiffiffiffiffi
erc
p

=2 and pp < 4dp [9].

Starting dimensions for the radiating slots are Lrad ¼ kg/2 and

Wrad ¼ Lrad/5, where kg ¼
ffiffiffi
2
p

k0

� ffiffiffiffiffiffiffiffiffiffiffiffiffi
erc þ 1
p

.

The energy coupling to the cavity is achieved by means of a

slot etched on the cavity face opposite to the slots array (middle

face). The middle face is also the ground plane of the micro-

strip-line that feeds the whole antenna. The substrate of this

microstrip-line (the lower substrate) has thickness g, relative

permittivity er‘ and loss tangent (tan d)‘. The size of the cou-

pling slot is Lac � Wac. These two dimensions are calculated in

the same way as Lrad and Wrad, but nowkg ¼
ffiffiffi
2
p

k0

� ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
erc þ er‘
p

.

In our prototype the width of the microstrip-line, W, is designed

for a characteristic impedance of 50 X, but other impedance val-

ues are possible. Apart from its simplicity, the main advantage

of this excitation is that both the antenna and the feeding struc-

ture can be fully implemented in planar technology.

Only those modes that generate surface electric current per-

pendicular to the coupling slot will resonate in the cavity [1].

To achieve good coupling between the feeding microstrip-line

and the cavity, the former is finished with an open-circuit stub

of length Lstub beyond the coupling slot. The coupling is

improved by shifting the line along the y axis a distance dline off

the slot center [10].

A metallic backplane can be placed at a distance h below the

microstrip-line to prevent back radiation. This distance may be

Figure 1 Antenna structure
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used to finely match the whole antenna. A good preliminary choice

for this distance is a quarter free-space wavelength [11, 12].

As already mentioned, the principal aim of this work is to

demonstrate the feasibility of the slot array in SIW technology

with a planar feed. A working frequency of 10 GHz is chosen

as a good example of possible services that could incorporate

this kind of antennas. The upper substrate is Rogers RO3003 of

thickness 1.52 mm. The low permittivity is to help radiation.

The lower substrate is Rogers RO3010 of thickness 0.64 mm,

more convenient for the feeding microstrip-line. The electrical

properties of both substrates are shown in Table 1. The SIW

cavity has been designed, so that the mode TE5,0,8 resonates at

10 GHz. In our case, the election of the mode was determined

by the maximum prototype size; the mode order depends on the

number of alternate field maxima that can be allocated in the

antenna length. However, in common applications, the number

of elements in the array is determined by the specified directiv-

ity, which gives the mode order. Additional metallic posts are

introduced to filter the mode TE7,0,6, which is the closest

unwanted mode. These posts should be placed in those points,

where the electric field associated with the desired mode is null

and that of the closest unwanted mode is as high as possible.

When the radiation slots are introduced, the resonance of the

desired mode shifts to lower frequencies, an expected effect

observed during simulations. The more electric current lines the

slots are cut off, the bigger shift of the resonance to lower fre-

quencies. Therefore, once the slots have been drawn on the cav-

ity, the dimensions of the entire system must be readjusted for

the desired frequency of operation. Finally, a fine tuning of the

most sensitive dimensions, which are mainly Lstub and dline, is

carried out with the help of Agilent ADS software to improve

the antenna performance. The optimization criterion was trading

best matching at central frequency for wider frequency band. Ta-

ble 1 summarizes the substrate characteristics and dimensions of

our particular design. Figure 2 shows a picture of the built and

measured prototype. It is worth noting that, for technological rea-

sons, the posts defining the cavity do not satisfy the condition pp

< 4dp. However, the effects of the actual post diameter dp have

been implicitly considered, because the antenna dimensions have

been optimized using a full-wave model of the SIW cavity.

3. RESULTS

Simulated and measured return losses of the designed antenna

are compared in Figure 3. Simulations were done with the help

of Agilent ADS software. The simulated |S11| is lower than �10

dB in a range of 220 MHz, which at 10 GHz means a band-

width of 2.2%. To make up for this (possible but not necessary)

drawback, better matching at 10 GHz has been traded for an

increased bandwidth, as mentioned above. Taking into account

TABLE 1 Characteristics and Dimensions of the Prototype
Antenna

Array parameters (N � �M ¼ 4 � � 4)

dx ¼ 9.60 mm dy ¼ 15.35 mm

Lrad ¼ 7.52 mm Wrad ¼1.88 mm

Cavity parameters

Substrate RO3003 Resonant mode: TE5,0,8

erc ¼ 3 a ¼ 76.77 mm

tan dc ¼ 0.0013 d ¼ 76.77 mm

b ¼ 1.52 mm pp ¼ 1 mm

dp ¼ 0.1 mm

Feeding and coupling parameters
Substrate RO3010 Line Slot

er‘l ¼ 10.2 W ¼ 0.58 mm Lac ¼ 7.42 mm

tan d‘l ¼ 0.0023 Lstub ¼ 0.6 mm Wac ¼1.28 mm

g ¼ 0.64 mm dline ¼ 1 mm h ¼ 7.5 mm

Figure 2 (a) Picture of the built and measured prototype, which

includes a metallic backplane to prevent back radiation. (b) Detail of a

slot and some of the via holes. [Color figure can be viewed in the online

issue, which is available at wileyonlinelibrary.com]

Figure 3 Absolute value of the input reflection coefficient of the antenna
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the modeling limitations, a good agreement has been obtained

between measured and simulated results. A shift of about 30

MHz (frequency error of 0.3%) is observed in the lower cut-off

frequency. The discrepancies between measured and simulated

results can be attributed to the existence of undesired resonant

modes in the cavity, which in practice are not completely can-

celed by the metallic posts.

The use of the metallic backplane to prevent back radiation

could raise a spurious mode in the partially loaded parallel-plate

waveguide thus formed. At high frequency, which is the case of

our antenna, the mode is independent of the separation h þ g
[13]. In our case h ¼ 7.5 mm, whereas g ¼ 0.64 mm, and then,

we can consider that the antenna feeding circuit behaves as if

the backplane was not present. Of course, the surface wave in

the microstrip substrate could still propagate along the dielec-

tric–air interface. That mode would be the fundamental trans-

verse magnetic (TM) mode, which has a zero cut-off frequency.

There are two possibilities to excite that mode. The first option

is coupling from the quasi-TEM mode in the microstrip-line.

According to Ref. 14, the frequency, at which significant cou-

pling occurs between the quasi-TEM mode and the lowest order

surface wave mode, can be calculated in our substrate to be

42.2 GHz, far beyond the operating frequency. The second

option is that the coupling slot excites the TM mode. In this

case, although the magnetic field in the coupling slot is transver-

sal, the longitudinal electric field in the slot is short circuited by

the surrounding metallic plane, that is, the coupling slot does

not favor the development of the fundamental TM mode.

Figures 4–6 show simulated and measured radiation patterns

in E and H planes (planes y–z and x–z, respectively, in Fig. 1)

at three different frequencies. There is a fair agreement between

simulated and measured results, with the only exception of the

crosspolar level. Although the simulated crosspolar level is almost

zero, the corresponding measured level is not negligible, presum-

ably due to imperfections in manufacturing, radiation from the

side walls of the cavity, and the existence of undesired resonant

modes in the cavity. The pure modal distribution obtained in sim-

ulation is probably not achieved in the actual cavity. Other than

this, the patterns are consistent with what could be expected of a

4 � 4 array. Uniform illumination of the array elements is not

perfectly achieved in every element of the array; this is the price

paid for the absence of a feeding network.

Figure 4 Simulated and measured radiation patterns at 9.9 GHz. (a) E

plane. (b) H plane

Figure 5 Simulated and measured radiation patterns at 10.0 GHz. (a)

E plane. (b) H plane
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The measured antenna gain, which amounts up to 13 dB at

10 GHz, is compared to the simulated value in Figure 7. Theo-

retical prediction of the directivity of a 4 � 4 array with uni-

form illumination and separation between elements 9.6 and

15.35 mm, respectively, is about 15.2 dB at 10 GHz. If the ele-

ment directivity is about 2.1 dB and the expected efficiency

(due to RO30XX losses) at 10 GHz is estimated to be �4 dB,

the gain would be near 13 dB. This value confirms that only a

negligible fraction of the antenna input power is not coupled

from the input line to the cavity.

The gain level, together with the overall good agreement

between simulation results and measurements observed so far, is

considered as a successful assessment of the proposed antenna

concept as well as its theoretical modeling.

4. CONCLUSIONS

A slot array etched on the upper face of a SIW cavity has been

demonstrated to be a convenient antenna solution for wireless

applications. The cavity is fed by a microstrip-line aperture

coupled by means of a slot etched in the opposite face of the

cavity. The simplicity of the feeding line is largely worth the

effort of designing the cavity and the slot locations. The antenna

thickness is 0.33 � k0, backplane included, and can be entirely

manufactured with conventional low-cost printed-circuit technol-

ogy. The antenna performance in terms of matching, bandwidth,

and radiation patterns is comparable to that of more complicated

designs, the only drawback being its relatively narrow frequency

bandwidth.
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Figure 6 Simulated and measured radiation patterns at 10.12 GHz. (a)

E plane. (b) H plane

Figure 7 Simulated and measured gain
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