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Ka-Band Dual-Frequency Single-Slot Antenna Based
on Substrate Integrated Waveguide

Wan Jiang, Kama Huang, and Changjun Liu

Abstract—This letter presents a novel dual-frequency single-slot
antenna in Ka-band based on a substrate integrated waveguide
(SIW). From the view of an SIW resonator, the single-slot cuts
currents of the TE;y; and TE; (> mode in two frequencies, respec-
tively, which leads to a dual-frequency performance. In addition,
the difference between two resonance frequencies may be tuned
by varying the length of the SIW, which changes the resonant fre-
quencies of the two modes. Three antennas operating from 25.3 to
30.7 GHz with gain greater than 6 dBi are designed and fabricated.
Simulated and measured results of the antennas are presented as
well. The results show that the proposed antennas achieve stable
tunable dual-frequency performance, which may be applied to a
Ka-band communication system.

Index Terms—Dual-frequency, single-slot antenna, substrate
integrated waveguide (SIW) resonator.

I. INTRODUCTION

OWADAYS, the millimeter-wave range wireless commu-
N nication systems draw great attention in the industry and
academia [1]-[5]. With the increasing demand in the mobile
communication and the radar systems, compact and multiband
antennas have great applications in such areas. Apart from that,
the small wavelength in the millimeter-wave range enables small
antenna dimensions, which make antennas being integrated in
different circuits. Slot antennas are one of the most brilliant can-
didates in applications of the wireless communication and radar
systems due to their low profile, good radiation efficiency, and
simple structure [6]—[8]. To obtain the dual-frequency property
into slot antennas, much research has been performed during the
last decades [9]-[12]. The research has successfully realized the
dual-frequency property with slots or complicated active com-
ponents. The applications in the mobile communication and
radar systems require more compact dual-frequency antennas.
Substrate integrated waveguide (SIW) structures have the ad-
vantages of low loss, easy integration, and high power capacity
[13], [14]. With lower energy leakage and profile than microstrip
lines and rectangular waveguides (RWGs), SIW structures have
a promising application in the millimeter-wave range and the
terahertz frequency. Moreover, it also has substantive applica-
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Fig. 1. Basic structure and parameters of the SIW.

tions in slot antennas within the millimeter-wave range, espe-
cially in the Ka-band frequency range.

In this letter, we demonstrate a novel technique to design
dual-frequency single-slot antennas based on an SIW structure.
The proposed dual-frequency single-slot antennas consist of an
SIW structure, which can be regarded as a resonator, a slot, and a
transition. Considering the first two modes (TE;¢; and TE;g2)
in the SIW resonator, the slot cuts currents of both modes to
radiate energy into the free space, which has a good performance
on two resonance frequencies. In the Ka-band, i.e., the frequency
range between 26.5 and 40 GHz, two frequency bands have
possible applications in mobile communication networks, Ka-
band satellite-on-the-move communication terminal and fifth
generation wireless communications in the future [15]-[17].

II. THEORY AND DESIGN
A. SIW Resonator Analysis

As shown in Fig. 1, a conventional SIW structure has a di-
electric substrate separating two metal plates, which are shorted
by two rows of metallic via holes. The performance of the STW
structure is similar to the conventional RWG, which replaces the
vertical metal walls by metallic via holes. To avoid the energy
leakage from adjacent two vias, the rule p/d < 0.25 should be
satisfied [13], where d is the diameter of vias, p is the distance
between each via, and A, is the wavelength in the substrate. Ac-
cording to the parameters of the SIW structure, we can get the
equivalent width a.qy, and length [, of the conventional RWG
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TABLE I
SIW STRUCTURE PARAMETERS AND CALCULATED RESONANT FREQUENCIES

SIW width (a) 4.41 mm SIW length (/) 11.23 mm
Via diameter (d) 0.5 mm Via distance (p) 0.7 mm
Equivalent width 4.02 mm Equivalent length 10.82 mm

((lequ) (lequ)
Resonance frequency 26.91 GHz Resonance frequency 31.35 GHz
fi (TE101) f2 (TE102)
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Fig. 2. Proposed dual-frequency single-slot antenna A.

[14]. Besides, the resonance frequency of the SIW resonator is

2
f(TEm(]q 2\/?\/ Cl (lq) (1)
r equ equ

where ¢ is the speed of the light and ¢, is the dielectric constant
of the substrate. The resonance frequencies of TE;y; and TE; 2
modes of the SIW resonator are obtained from (1). The resonator
is performed in the Rogers RT/Duroid 5880 with the substrate
thickness of 0.254 mm and dielectric constant of 2.2.

Based on the theoretical calculation, the parameters of the
SIW resonator and the resonance frequencies fi; and f, of the
TE;¢; and TE;y, modes are depicted in Table I, where a is
the distance between two rows of metallic via holes, i.e., the
width of the SIW resonator, and [ is the length of the SIW
resonator. Besides, the length of the SIW resonator affects the
resonant frequencies of two modes according to (1). It may be
applied to adjusting the resonant frequencies and their difference
of the proposed antenna. The theoretical calculation is the basis
of the dual-frequency antenna design.

B. Antenna Design

Based on the theoretical calculation of the resonance fre-
quencies of TEy; and TE;p2 modes of the SIW resonator, the
proposed dual-frequency single-slot antenna A is presented in
Fig. 2. Normally, for a dielectric-filled guide, the slot length can
be approximated by L = A,/+/2(e, 4+ 1) [18], where A, is the
wavelength at the resonance frequency of the slot. However, the
slot length L of the proposed antenna should be chosen properly
in the design to ensure that currents of both modes are disturbed
at the same time. From the view of an SIW resonator, the length
L should be calculated from the guided wavelength of f5. The
L is a little bit greater than the half-wavelength of f; to make
sure the slot cuts the currents of two resonance frequencies.
Besides, a tapered microstrip line transition is applied in the
antenna A design due to its wide bandwidth, as shown in Fig. 2.
The dimension of the transition is set to be: Wieeq = 0.76 mm,

Ji (TE o) o

/2 (TEi2)

Fig. 3.  Electric field distribution of the proposed antenna A of two modes on
two resonance frequencies.
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Fig. 4. Simulated comparison of input reflection coefficients (|S11|) of
antenna A.

L; = 2.28 mm, and W; = 1.32 mm, while the dimension of the
slotis L = 5.66 mm = 61,/10 = A, /2 (A, is the guided wave-
length of f5), l = 11.2 mm, and L. = 5.37 mm. Fig. 3 shows
the electric fields of the proposed antenna A of f; and f5 (TE;o;
and TE; (). There are strong electric fields around the slot at
two frequencies of TE;(; and TE;(2 modes, which create the
radiation of the microwave energy. Compared with a pure SIW
resonator, it can be seen that the electric field distribution of
TE 91 and TE;32 modes match well. It should be noticed that
the electric field distribution of TE;(; mode is far from the input
port of the SIW structure due to the input transition, which may
affect f1 (TEjo1) of the proposed dual-frequency single-slot
antenna. Fig. 4 presents the simulated comparison of input re-
flection coefficients (]S11]) of antenna A, which has resonances
at 25.8 and 31.5 GHz.

Furthermore, the resonance frequencies and the frequency
differences may be adjusted by changing the length, i.e., the
equivalent length [.,, of the SIW structure. According to (1),
the resonance frequencies of TE;p; and TE;(, modes are af-
fected by varying the SIW structure length, which makes the
frequencies of the antenna adjustable. To verify the frequency
adjustable property, two more antennas, antennas A; and A,, are
proposed, and their detailed dimensions are shown in Table II.
The width of slots W = 0.3 mm. Combined with the variation
of the length of the SIW structure, optimization of the slot di-
mensions, with the dimensions shown in Table II, means that
the antenna resonance frequencies are adjustable. Fig. 5 shows
the simulated input reflection coefficients (|.S11|) of proposed
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TABLE II
DIMENSIONS OF DUAL-FREQUENCY ANTENNAS A, A1, AND As

Parameters Dielectric Substrate: RT/Duriod 5880 (A = 0.254 mm)
Symbol Value (mm)
Antenna A Antenna A; Antenna Ao
Slot length L 5.66 5.99 5.92
SIW length I 11.2 10.19 9.43
Slot location L. 5.37 5.27 5.2
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Fig. 5. Input reflection coefficients of antennas A, A1, and Ag, which shows
the possibility for frequency adjustment.

N
=)
L

Radiation Pattern (dB)

—=—31.5 GHz CO-P
—e— 31.5 GHz CROSS-P
—4—25.8 GHz CO-P

—v— 25.8 GHz CROSS-P

o
S
]

Fal

T
-100 -50 0 50 100
Angle (deg)

Fig. 6. Radiation pattern at 25.8 and 31.5 GHz of antenna A.

antennas A, A;, and A,. The three antennas resonate in the
frequency range from 25.8 to 31.5 GHz.

However, the frequencies may be only tuned in a narrow
range due to the limitation of the two modes of the resonator.
Moreover, this dual-frequency property can only be realized in
an SIW structure with a small length owing to the rapid attenu-
ation of higher modes in the waveguide. As the consequence of
it, only the first two modes can be utilized in this mechanism to
realize a dual-frequency single-slot antenna.

The simulated and theoretical calculated results of antenna A
agree well at fo. However, the mismatch of the first resonance
frequency may be caused by the influence of the input transition,
which was not taken into account in the theoretical calculation
as explained in the first paragraph of this part. Fig. 6 shows
the radiation pattern including both copolarization and cross

Antenna A

Antenna A,

Fig. 7. Fabricated antennas: (a) the proposed dual-band antenna A, (b) and
(c) the dual-band antennas A; and Az with shifted SIW length for frequency
adjustment.
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Fig. 8. Measured and simulated input reflection coefficients of antenna A.

polarization of two resonance frequencies of antenna A. The
gain of each resonance frequency is 6.3 and 6.9 dBi, respectively.
Due to the similar radiation property among antennas A, A1, and
Ay, only the radiation pattern of antenna A is presented.

III. ANTENNA FABRICATION AND MEASUREMENTS

The proposed antennas shown in Fig. 7 were fabricated and
measured for verification using Rogers RT/Duroid 5880 sub-
strate with thickness of 0.254 mm and permittivity of 2.2.
Antennas A, A1, and Ay are designed to present the frequency
adjustment property. The S-parameters were measured with an
Agilent network analyzer E8363C. The comparison between
simulated and measured S-parameters of antenna A are de-
picted in Fig. 8. A reasonable agreement has been achieved
between measurement and simulation. The frequency shift be-
tween simulated and measured results is owing to the fabrication
tolerance and dielectric constant of the substrate. As shown in
Fig. 9, the fabricated antennas A, A;, and As resonate from
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Fig. 9. Measured input reflection coefficients of antennas A, Ay, and As.
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Fig. 10. Measured radiation pattern of antenna A of 25.3 GHz.
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Fig. 11. Measured radiation pattern of antenna A of 30.76 GHz.

25.3 to 30.7 GHz, which shows the possibility of the frequency
differences adjustment. Figs. 10 and 11 depict the simulated and
measured radiation patterns of the antenna A with gain greater
than 6 dBi on both frequency points.

IV. CONCLUSION

A detailed analysis of a novel Ka-band dual-frequency single-
slot antenna based on an SIW structure is demonstrated in this
letter. The proposed design starts from the view of the SIW

resonator to obtain the performance of dual frequency in the
single-slot antenna. The single slot disturbs the current distri-
butions of TE 3; and TE;¢> modes at the same time, then
radiates the energy. The proposed antennas resonate within the
frequency range from 25.3 to 30.7 GHz with gain greater than
6 dBi according to the measured results. Moreover, the fre-
quency differences may be adjusted by changing the length of
the SIW structure. Realizing the dual-frequency characteristic in
a single-slot antenna has a bright future in antenna minimization
in millimeter-wave range.
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