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Abstract—Three-dimensional (3-D) finite-difference time-do-
main (FDTD) simulation of a planar broadband Ka-band (25–35
GHz) antipodal linearly-tapered slot antenna (ALTSA) and
the experimental measurements are presented. The Berenger
perfectly matched layer (PML) absorbing boundary condition
is used for the FDTD computation. A printed ALTSA has been
realized by using the RT/Duroid PCB substrate. Good agreement
between simulation and measurement were achieved.

Index Terms—ALSTA, antipodal linearly-tapered slot, FDTD,
Ka-band antenna.

I. INTRODUCTION

T HE broadband and high-gain natures of tapered slot an-
tennas (TSAs) have been reported for years. Due to its

coplanar structure, the TSA is easily integrated with microwave
integrated circuits. In [1], some parameters that affect the perfor-
mance of the TSA, such as the thickness of the substrates and the
profile of the tapered slot, were presented by Yngvessonet al.
R. Janaswamy and D. H. Schaubert [2] proposed a good-stepped
approximation to analyze the TSA with exponential taper pro-
files, which are the general cases of TSAs. Nevertheless, the
conventional feeding technologies applied in TSAs including
CPW-to-slot transition, coax-to-slot transition, or even finline
feeds, all face on difficulty of impedance matching. To sur-
mount the impedance matching difficulty, TSA of antipodal ge-
ometry was introduced [3]. The antipodal linearly-tapered slot
antenna (ALTSA) reported in [4], [5] describes the development
and performance of a balanced antipodal Vivaldi antenna. It can
produce an ultrawide bandwidth element for circuit integration.
One of the advantages of the antipodal geometry is that no stubs
are need on the PCB to achieve impedance matching.

For the design simulation of TSAs, rigorous numerical
modeling of the complete planar ALTSA structure has yet to
be studied. In this paper, 3-D finite-difference time-domain
(FDTD) method was employed to simulate the complete struc-
ture of a planar Ka-band ALTSA. A printed ALTSA has been
realized by using the RT/Duroid PCB substrate. Numerical
results and measured data are compared.
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Fig. 1. Geometry of an ALTSA and photograph of realized Ka-band printed
ALTSAs on a RT/Duroid substrate.

II. ALTSA GEOMETRY DESCRIPTION

The geometry and photograph of realized Ka-band (25–35
GHz) planar printed ALTSAs is shown in Fig. 1. The top met-
allization of the ALTSA starts from a feeding microstrip line
and gradually flared with an angle. The bottom metallization
consists of a ground plane of the feeding microstrip and is also
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Fig. 2. Computed surface current distribution on the metal plates of a printed
Ka-band ALTSA at 30 GHz.

flared to the symmetrical side of the top metallization with the
same angle . The arcs with radius on the top and bottom
metallization are tunable to make the microstrip line smoothly
connected to the tapered-slot antenna section without discon-
tinuities. It can render broadband impedance matching. As for
the arcs with radius on the bottom metallization, they can be
arbitrarily chosen to make the feeding section changed from un-
balanced to balanced structure. The feed structure is essentially
a broadband balun. Referring to the empirical design rules in
[6], [7], the structure parameters are listed as follows.

• PCB Substrate: RT/Duroid 5880 (0.508 mm thickness,
, tan ).

• Antenna length: mm (about at 30 GHz).
• Flare angle: .
• Feeding microstrip line : length mm,

width mm.
• Radii of the arcs: mm, mm.

Note that and are tunable to make the microstrip line
smoothly connected to the ALTSA without any discontinuities.

Fig. 3. VSWR of a printed Ka-band ALTSA antenna: FDTD simulation and
measurement.

Fig. 4. Computed 3-DE andE radiation patterns of a printed Ka-band
ALTSA at 30 GHz.

III. 3-D FDTD SIMULATION RESULTS ANDMEASUREMENT

In order to ensure the accuracy of the computed results,
here the FDTD cell resolution is small than 1/20 wave-
length at the highest frequency (35 GHz). The computation
volume is ( ) cells with the cell size

mm and mm.
The Berenger perfectly matched layer (PML) absorbing

boundary condition is used for the FDTD computation [8].
Here the PML-ABC layer adopts ten cells. To obtain multiple
frequencies with only one FDTD run, a Gaussian pulse is
selected by specifying thedirection excitation source within
the coordinates ( ) of the source location at
time step as follows:

(1)
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Fig. 5. Co- and cross-polarization 2-D radiation patterns of a printed
Ka-band ALTSA at 30 GHz: FDTD simulation and measurement
(directivity = 14:6 dB).

The pulse has the maximum value at when
( is the velocity of the pulse in the substrate medium). Its
Fourier transform is still of Gaussian shape. The parameter

is determined from the pulse width (chosen to be
approximately ) defined to be the width between the two
symmetric points which have 5% ( ) of the maximum
value of the pulse [9]. is set to be equal to unity.

Through time-domain to frequency-domain transformation,
we can obtain the surface current distribution on the metal plates
of the antenna. This distribution can obtain directly from the tan-
gential magnetic fields in spectral-domain. By using the near-
field data obtained in a single FDTD run, the near-to-far-field
transformation is used to calculate the complete far-field re-
sponse or the radiation pattern of an antenna.

Fig. 2. shows the computed surface current distribution on
the metal plates of a printed Ka-band ALTSA at 30 GHz. It
can be observed that the surface current is mainly distributed
along the inner side of the plates. The computed and measured

VSWR are shown in Fig. 3. The VSWR is approximately lower
than 1.5 from 27 to 32 GHz due to broadband characteristics.
Fig. 4. shows computed 3-D and radiation patterns of
the ALTSA at 30 GHz. Fig. 5 shows the computed and measured
H-plane and E-plane antenna patterns of the ALTSA at 30 GHz.
Satisfactory agreement is observed in the main-beam region.
The antenna directivity of the ALTSA is about 14.5 dBi, which
agrees well with that from FDTD simulation.

IV. CONCLUSION

This paper presents 3-D FDTD design simulation of the com-
plete structure and experimental measurements of a Ka-band
planar printed microstrip-fed ALTSA. The Berenger PML-ABC
is used for FDTD computation. An ALTSA is fabricated on a
RT/Duroid substrate. Good agreement between numerical and
measured results on input return loss and antenna directivity
has been achieved. The input VSWR of the realized ALTSA is
lower than 1.5 (27 GHz 32 GHz) and the antenna directivity
is about 14.5 dBi at 30 GHz. The developed ALTSA could be a
good choice for the antennas used in the Ka-band LMDS (local
multipoint distributed systems).
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