
input port reflection S11 at center design frequency f0. In experi-

ment, one circuit was fabricated, the results showed good agree-

ment with simulated results.
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ABSTRACT: A new technique for designing wideband substrate inte-
grated waveguide (SIW) cavity-backed antenna is presented in this arti-

cle. The antenna element is composed of a spiral-shaped patch and an
SIW cavity fed by a coaxial probe. It takes advantage of a dual-
resonance observed in the proposed spiral-shaped patch structure to

enhance its bandwidth. A 2 3 1 array is designed to increase the

antenna gain. To demonstrate the validity of the bandwidth enhancement
technique, prototypes of the proposed antenna element and array for
X-band applications are fabricated and measured. The measure 10-dB

return loss bandwidth of the antenna element is 11.2% (10.306–
11.531 GHz) while that of the array is 12.5% (10.292–11.66 GHz).
VC 2015 Wiley Periodicals, Inc. Microwave Opt Technol Lett 57:332–

337, 2015; View this article online at wileyonlinelibrary.com. DOI

10.1002/mop.28844

Key words: substrate integrated waveguide; spiral-shaped patch, wide-
band; dual-resonance

1. INTRODUCTION

Waveguide-fed slot antennas have been extensively investigated

and widely applied for communication and radar systems owing

to their attractive features of high directivity, high power han-

dling, low cross-polarization levels, and accurate control capa-

bility of the radiation patterns [1].

In recent years, antennas with light weight, low cost, high

performance, and high integration have gained increasing atten-

tion. In spite of all their advantages, traditional waveguide-fed

slot antennas are costly, heavy, and bulky. To eliminate the

aforementioned drawbacks, substrate integrated waveguide

(SIW) was suggested as an alternative technology to facilitate

the low-cost implementation of waveguide-like structure com-

patible with existing planar processing techniques such as

printed circuit board (PCB) or low-temperature cofired ceramic

[2]. During the past decades, SIW has experienced unprece-

dented development for its significant advantages, namely, low

loss, low cost, low profile, high Q-factor, high power-handling

capability, easiness of integration, and improved electromagnetic

compatibility/electromagnetic interference shielding with self-

consistent electromagnetic shielding [3]. However, antennas

based on SIW suffer from limited bandwidths usually around

3% or less because of their low profile and dielectric filling

effect [4].

Recently, various techniques have been proposed to enhance

the bandwidth. A T-type folded SIW structure was proposed to

design a 4 3 4 slot array antenna with a broadened bandwidth

of 8.8% [5]. An SIW slot array with center-fed technique dem-

onstrated a measured bandwidth of 9.8% [6]. Minkowski fractal

geometry was proposed to design an SIW slot array with an

enhanced bandwidth up to 12.1% [7]. An SIW slotted narrow-

wall fed cavity antennas was designed for millimeter-wave, in

which the inductive window along with the inductive via behav-

ing as a T-shape network enhanced the bandwidth to about 13%

[8]. A millimeter wave cavity-backed patch antenna and array

based on TE210 mode SIW were proposed, where the coupling

between the adjacent TE210 mode of SIW cavity and TM10

mode of the patch antenna improved the bandwidth of the single

element to 15.6% and that of a 4 3 4 array to 8.7% [9].

Different from the aforementioned methods [5–9], an SIW

cavity-backed spiral-shaped patch antenna and a 2 3 1 array are

presented in this article. The antenna element is formed by etch-

ing a spiral slot on the upper metal layer of the traditional SIW

cavity. Together with the spiral slot, the inner spiral-shaped

patch structure demonstrates wideband performance with dual

resonation.

This article is organized as follows. In Section 2, the antenna

element as well as a 2 3 1 array is introduced, wherein the

operation mechanism of the antenna element is explored. Para-

metric study is performed to verify the dual-resonance behavior

of the antenna element in Section 3. Prototypes of the proposed
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antenna element and 2 3 1 array at X-band are fabricated to

experimentally validate the analysis and concepts with their

simulated and experimental results shown in Section 4, and

some conclusion will be drawn in the end.

2. ANTENNA DESIGN

The geometric structure of the antenna element is illustrated in

Figure 1. The antenna is simulated and optimized with the aid

of ANSYS HFSS. The used substrates for the proposed element

and array are F4B with a relative dielectric constant of 2.55 and

a thickness of 1.50 mm. As can be seen from Figure 1, the pre-

sented antenna element is formed by etching a spiral-shaped slot

on the upper metal layer of the traditional SIW cavity which is

excited by a coaxial probe. The spiral-shaped slot without the

SIW cavity is similar to that introduced in [10]. The dimensions

and operating mechanism are quite different, where the travel-

ling surface currents propagating along the curved slot are

applied for achieving wideband circularly polarized radiation in

[10]. However, with the loading of the low profile SIW cavity

in our design, the electric field fails to establish across the

spiral-shaped slot owing to the width of the spiral-shaped slot is

so large compared with the thickness of the SIW cavity. The

radiation is principally contributed by the inner spiral-shaped

patch; while the impedance matching is improved by the tapered

spiral-shaped slot.

The propagation constant and the radiation loss of SIW are

determined by parameters WSIW, Dv, and Pv, which denote the

width of the SIW, the diameter and the period of vias, respec-

tively. Owing to the similar propagation characteristics between

SIW and rectangular waveguide, SIW can be equivalent to a

dielectric-filled rectangular waveguide with a width of arwg and

the same height of h [11]. It is desirable to design the SIW reso-

nating between the cutoff frequencies of TE10 and TE20 modes

which can be calculated by the equations in [11,12].

The spiral-shaped slot in Figure 1 is formed by two exponen-

tial curves L1 (A to B) and L2 (D to C) terminated with a semi-

circular arc L3 (B to C). The curves L1 and L2 are determined

by the following equations in Cartesian coordinates:

Figure 1 Geometry of the proposed antenna element (Wsub 5 22,

Lsub 5 40, WSIW 5 16.2, Pv 5 1.8, Dv 5 1, Xs 5 10.5, Lf 5 8.5, Xf 5 12,

Df 5 1.27, A1 5 6.6, A2 5 6.4, R1 5 0.01, R2 5 20.15, u1 5 270, u2 5 400,

all values are in millimetres except that u1, u2 are in degree and R1, R2

are dimensionless). (a) Top view and (b) bottom view. [Color figure can

be viewed in the online issue, which is available at wileyonlinelibrary.

com]

Figure 2 Simulated S11 of the proposed antenna element and the elec-

tric field distribution of the resonances. [Color figure can be viewed in

the online issue, which is available at wileyonlinelibrary.com]

Figure 3 Geometry of the proposed 2 3 1 array (Wsub 5 40,

Lsub 5 59.2, Wsiw 5 16.2, Pv 5 1.8, Dv 5 1, L1 5 23, L2 5 10.5, Xs 5 11,

Wt 5 14, Lt 5 6, Wms 5 4.34, Lms 5 5, all values are in millimetres). (a)

top view and (b) bottom view. [Color figure can be viewed in the online

issue, which is available at wileyonlinelibrary.com]

Figure 4 Effect of A1 on S11 and gain. [Color figure can be viewed in

the online issue, which is available at wileyonlinelibrary.com]
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Li :

x5Ai eRiucosðuÞ

y5Ai eRiusinðuÞ

z50

with u 5 ½0; ui�; i 5 1; 2 ð2Þ

8>><
>>:

Where Ai is the initial radius of the ith exponential curve

with respect to the origin of Cartesian coordinates shown in Fig-

ure 1; Ri and ui are the growing rate and the stop angle of the

ith exponential curve, respectively.

The operation of the proposed antenna element mainly rests

on the radiation from the inner spiral-shaped patch. Dual

resonances can be observed from the simulated reflection coeffi-

cient represented in Figure 2. To understand the operating prin-

ciple, the insets of Figure 2 depict the electric field distributions

over the upper aperture at resonant frequencies of 10.48 and

11.313 GHz, which determine the radiation performance of the

proposed element. At 10.48 GHz, the electric field is maximum

at the two ends of the spiral-shaped patch and minimum approx-

imately in the center, which is similar to that of a microstrip

patch antenna resonating at mode TM10 in the relative

Figure 5 Effect of A2 on S11 and gain. [Color figure can be viewed in

the online issue, which is available at wileyonlinelibrary.com]

Figure 6 Effect of R1 on S11 and gain. [Color figure can be viewed in

the online issue, which is available at wileyonlinelibrary.com]

Figure 7 Effect of R2 on S11 and gain. [Color figure can be viewed in

the online issue, which is available at wileyonlinelibrary.com]

Figure 8 Photograph of the fabricated prototypes. (a) the antenna ele-

ment and (b) the 2 3 1 array. [Color figure can be viewed in the online

issue, which is available at wileyonlinelibrary.com]

Figure 9 Simulated and measured S11 of the antenna element
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coordinates system shown in the left inset, likewise, the electric

field at 11.313 GHz reveals a TM01 mode as shown in the right

inset.

To increase the gain, A 2 3 1 array are designed. As shown

in Figure 3, the proposed 2 3 1 array is composed of two ele-

ments placed side by side, a Y-junction power divider based on

SIW [13], and a microstrip-to-SIW transition. The transition is

used to transform the quasi-TEM mode of the microstrip line

into the TE10 mode in SIW structure [14].

3. PARAMETRIC STUDY OF THE ANTENNA ELEMENT

As shown in Figures 4–7, the antenna’s impedance matching

characteristics is significantly affected by the spiral slot while

the resonate frequencies and the gain are mainly determined by

the inner spiral-shaped patch.

3.1. Effects of Initial Radius A1 and A2

Figures 4 and 5 display the simulated reflection coefficient and

gain with different A1 and A2. The spiral-shaped patch remains

unchanged while the spiral slot is enlarged with the increase of

A1. Therefore, impedance matching and bandwidth can be

improved by varying A1 whereas the gain is insensitive to A1

variation. However, the size of the spiral patch becomes larger

as A2 increases, therefore, both the two resonant frequencies and

the peak gain shift downward.

3.2. Effects of Growing Rate R1 and R2

The influences of R1 and R2 on the reflection coefficient and

gain are depicted in Figures 6 and 7, respectively. As R1

increases, the lower resonate frequency remains the same owing

to the fact that the spiral-shaped patch keeps unchanged while

the higher resonate frequency shifts upward with the enlarged

spiral slot. The size of the spiral patch becomes larger with the

increase of R2, therefore, both the two resonant frequencies and

the peak gain shift downwards. However, the two resonant fre-

quencies begin to separate from each other by further increasing

R2 from 20.15 to 20.14.

Figure 10 Simulated and measured S11 of the 2 3 1 array

Figure 11 Simulated and measured normalized radiation patterns of the antenna element. (a) xz-plane at 10.5 GHz; (b) yz-plane at 10.5 GHz; (c) xz-

plane at 11 GHz; and (d) yz-plane at 11 GHz. [Color figure can be viewed in the online issue, which is available at wileyonlinelibrary.com]
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4. RESULTS AND DISCUSSION

To demonstrate the validity of the presented design strategy, as

shown in Figure 8, prototypes of the element and the 2 3 1

array were fabricated and measured. Simulated and measured

results are given in Figures 9–14. Reasonable agreement

between them could be observed.

4.1. S-parameter
The reflection coefficients were measured by Agilent E8363B vector

network analyzer. Figure 9 shows that the simulated and measured

impedance bandwidth (S11 < 210 dB) of the antenna element are

11.3% (10.292–11.522 GHz) and 11.2% (10.306–11.531 GHz),

respectively. The simulated impedance bandwidth (S11 < 210 dB)

of the 2 3 1 array is 11.7% (10.292–11.571 GHz) while

Figure 12 Simulated and measured normalized radiation patterns of the 2 3 1 array. (a) xz-plane at 10.5 GHz; (b) yz-plane at 10.5 GHz; (c) xz-plane

at 11 GHz; and (d) yz-plane at 11 GHz. [Color figure can be viewed in the online issue, which is available at wileyonlinelibrary.com]

Figure 13 Simulated and measured gain at broadside of the antenna

element Figure 14 Simulated and measured gain at broadside of the 2 3 1 array
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the measured is 12.5% (10.292–11.66 GHz) as presented in

Figure 10.

4.2. Radiation Pattern
The radiation patterns were measured in an anechoic chamber.

Figures 11 and 12 show the simulated and measured normalized

radiation patterns of the antenna element and the 2 3 1 array in

both xz- and yz-plane at 10.5 and 11 GHz, respectively. As can

be seen from Figures 11 and 12, both the element and the 2 3

1 array exhibit unidirectional patterns.

4.3. Antenna Gain
The simulated and measured gain at broadside of the antenna

element and the 2 3 1 array are illustrated in Figures 13 and

14, respectively. The measure gain of the element ranges from 6

to 8 dBi whereas that of the 2 3 1 array is about 8–10 dBi over

the impedance bandwidth. The discrepancies between the simu-

lated and measured results may be caused by the fabrication

error and measurement system setup.

5. CONCLUSION

A new method to enhance the impedance bandwidth of an SIW-

based antenna is proposed and investigated in this article. The

technique consists in exciting two different modes of a spiral-

shaped patch structure. The parametric study has been performed

to verify the dual-resonance behavior of the antenna. The fabri-

cated prototypes exhibit good impedance bandwidth of 11.2 and

12.5% for the antenna element and 2 3 1 array, respectively.

The proposed antenna has the advantages of wideband, low cost,

and good integration ability, which makes it a suitable candidate

for X-band applications using a standard PCB process.
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ABSTRACT: Neural network based estimation of resonant frequency
and bandwidth of compact unilateral coplanar waveguide (CPW)-fed flag
shaped printed monopole antennas is presented. The proposed antennas

are similar to CPW-fed antenna; however, by replacing unilateral CPW
feed instead of CPW feed, compactness of about 48.615 percent is

achieved. These are designed on an inexpensive FR4-epoxy substrate with
dielectric constant of 4.4 and thickness of 1.6 mm. Resonant frequencies
and bandwidths of the flag shaped antennas with different dimensions are

computed using method of moment electromagnetic solver IE3D 15.10
and they have been given as training and test data for the proposed multi-

layered perceptron feed forward neural network with Levenberg–Mar-
quardt training algorithm to estimate the resonant frequency and
bandwidth of the proposed antennas. The estimated values of resonant fre-

quency and bandwidth with average percentage of error are 1.275 and
0.325, respectively. For verification, the proposed antenna is fabricated

and measured with resonant frequency 5.78 GHz and bandwidth of
1.0 GHz for HiperLAN/2 and IEEE802.11a applications. It has impedance
bandwidth from 5.0 to 6.0 GHz for return loss lower than 210 dB and

good omnidirectional radiation performance over entire frequency range,
with a compact size of 11.07 3 27.5 3 1.6 mm3. Various features such
as compactness, simple geometry, and low cost, uniplanar structure make

the antennas suitable for modern wireless communication systems. This
approach replaces the use of very complicated analysis. VC 2015 Wiley

Periodicals, Inc. Microwave Opt Technol Lett 57:337–342, 2015; View

this article online at wileyonlinelibrary.com. DOI 10.1002/mop.28838

Key words: 5-GHz WLAN; ANN; antenna; compact; monopole; HIPER-

LAN/2; Levenberg–Marquardt algorithm; IEEE802. 11a; unilateral;
uniplanar
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