Proceedings of The first International Conference on Nanoelectronics, Communications and Renewable Energy 2013 65
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Using PML as Absorbing Boundary Conditions
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Abstract — In this paper, a rectangular dielectric resonator
antenna (DRA) excited by microstripline is studied using the
finite-difference time-domain (FDTD).The perfectly matched
layer (PML) is used as absorbing boundary conditions (ABCs).
Numerical results for the return loss S1land bandwidth of the
DRA operating in TE111 mode are presented and compared with
those obtained by experiments. The effects of various parameters
on the characteristics of the DRA are studied.

Keywords;Dielectric resonator antennas (DRAs); FDTD
method; microstrip line; PML.

L INTRODUCTION

Since his first discovered by Long etal. [1] in 1983,
dielectric resonator antenna (DRA) has received i
attention in the last two decades, many theoreWga®and
experimental investigations have been reporte @ s of
various shapes such as cylindrical (or cylfgegat™ing) [1]-
[2], rectangular [3], hemispherical [4],qgtc.. \R&cent studies
have demonstrated their potential millimeter wave
applications [5]-[7]due to their advantages over
microstrip patch antennas such radiation efficiency,
absence of surface waves ower (ohmic) losses,
particularly at high ﬁequenc@ s can be easily excited
using coaxial probe [8 i&dstripline[9], and microstrip
slot[10].

The rectangul has some advantages over
cylindrical and ispherical DRAs. For example, by
choosing proﬁensions of rectangular DRA, the mode

can be avoided and, in addition, the
cy can be controlled [11]. The resonant
ctangular DRA can be the transverse electric
(TE) to My of its three dimensions, the lowest order mode
that is commonly used is the TE111 mode [12].

The FDTD method solves Maxwell’s time-dependent
curl equations directly in the time domain by converting
them into finite-difference equations. These are than solved
in a time matched sequence by alternately calculating the
electric and magnetic field in an interlaced spatial grid [13].
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The advantage of %}proach is the ability to
investigate basic struct s well as more elaborate DR

antenna structures whicl™#re analyzed with difficulty by
other previousl}»a methods.In this work, the FDTD

method is study rectangular DRA excited by
microstripli g perfectly matched layers (PML) as
absorbin, dary conditions (ABCs). To verify
calculati he numerical results are compared with results

rep ky the reference [14].
organization of the paper is as follow;the antenna’s

metry and the FDTD model are described in the section
.In section III, the numerical results are presented and
discussed. Finally, a conclusion is drawn in section I'V.

II.  ANTENNA ANALYSIS AND DESIGN

1. Antenna’sGeometry

Fig.1 illustrates the geometry of the antenna under
consideration. The antenna comprise of a rectangular
dielectric  resonator ~ with  dimensions axbxd =
11.9mmx22.5mmx5.55mm, and dielectric constant erd= 48.
The DR is excited by a 50-Q microstripline of width w =
3mm printed on a dielectric substrate of permittivityed= 4.28
and thickness h = 1.6 mm. The size of the ground plane is
40%40 mm?2.

2. FDTD Model

The DRA can be simulated using the FDTD method with
uniform Cartesian grid.The space steps used in the FDTD
simulation are Ax= 0.5 mm, Ay = 0.5 mm, Az = 0.4 mm. The
time step used is At = 0.719ps, which satisfies the courant
stability condition [15].The total size of the computational
domain is 110Ax x 110Ay x 33Az. The simulation is
performed for 5000 time steps to allow the input response
become approximately zero.

A simple source approximation is used to model the feed
of the microstripline[16]. A baseband Gaussian pulse of half-
width T = 20ps and time delay t0 = 6T is applied at the
source plane. The width of the pulse and the time delay are
chosen to suit the frequency bands of interest.

Berenger’s perfectly matched layer (PML) absorbing
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boundary conditions (ABCs) were used toterminate the
simulation space.The antenna under study is enclosed by
four PML side walls in the transverse direction, and two
PML side walls in the longitudinal direction, 6 layers are
used for each wall.

The PML can absorb propagation effectively by using
nonphysical lossy media adjacent to the outer-grid
boundaries backed by perfectly conducting walls. Based on
the splitting of each field component into two
subcomponents the electric loss ¢ and magnetic loss o* for a
PML medium are specified by the impedance-matching
condition [17].

o_o°
£ M (1)

Wheree and p are the permittivity and permeability of the
PML, respectively. After introducing electric and magnetic
losses, electromagnetic waves inside a PML medium will
attenuate rapidly. Explicit exponentially differenced field
updating  equations are used to replace the
conventionalFDTD algorithm.

Although the FDTD simulation is carried out in the time
domain, the frequency dependent parameters of the DRA
are of real interest. The return loss S;; of the antenna is
defined as

S,,(dB) =20 log(

H inc (f )
Where H,.rand H,, are, respectively, the rgf] agnetic
field and the incident magnetic field at th% port of the

DRA, and are frequency domain qughgties® The Fourier
transformations must be employed verting the time
domain field, obtained from t @) simulation, to the
frequency domain. 6

L NUMERIC LTS AND DISCUSSION

A. Validation of the

MATLAB was
problem in
applied to

t8 build the code, in order to solve the
the FDTD numerical technique was
the antenna configuration of Fig. 1. Fig.2
magnetic field at the terminate plane of this
check the validity of the computer code, the
s S11 (dB) was computed as a function of
frequency, and plotted together with the computed return
loss obtained from the FDTD analysis (using Mur’s ABC)
[14] and with the measured return loss [14] as illustrated in
Fig. 3. The results in term of resonant frequency and
bandwidth (|]S11|< -10 dB) of these three return losses are
compared in Table 1.
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Microstrip line

Figurel.Geometry of rectangular dielectric resonator
antenna (a) Side view, (b) Top view.

As can be seen from the Table 1, the results of FDTD with
PML adopted in this research and measured results of [14]
are in very good agreement, and our results achieves
lesserror, in term of resonant frequency and bandwidth, than
the simulation results given by [14].

B. Effect of the DRA’s permittivity

Fig. 4 presents the return losses of rectangular DRA for
different values of DRA’s permittivity (erd = 48, 52, 56, 60).
It is seen that increasing the dielectric constants of the DR
lowers its resonant frequency (see Fig. 5).

The bandwidths are calculated and plotted against
dielectric constant in Fig. 6. It is concluded that larger
bandwidth can be attained if lower dielectric constant
material is used for the DR.
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TABLEI. Simulation and Expenimental Resonant Frequencies and Bandwidths of Rectangular DRA.

Experimental [14] Simulation [14] Error Our simulation Error
Resonant Frequency 319 3202 0.012 3.193 0.003
(GHz)
Bandwidth (%) 7.21 6.23 -0.98 6.89 -0.32
o7 D. Effect of the microstrip line’s position
The reference [14] optimizes the position of the
aik excitation line, in the y direction, to obtain large width.
0.5¢ In this work we make the same thing but in x tion by
- 04l varying dx (distance between the leftextremigy of {fe antenna
2 and the center of the line in x direction) Iculating the
e 03e bandwidth. Fig. 9 shows the retur s for different
£ o2f distance dx, the resonant frequegcy e bandwidth are
2 ..l reported in the table 2. K .
3
e °'J TABLE2. Resonant Frequencies Qndths for Different Positions of
04F Em Line.
A dx (mm) 75 3 45
03 : : : . Resonant Frequegc 93188 3.198 3.193
0 1000 2000 3000 4000 5000
z (GHz)
Time steps

Figure 2. Total magnetic field at the terminate plan of the rectangular
DRA with a=11 9mm, b=22.5 mm, d=5.55mm, &= 48, and dx=3mm.
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Figure3. Retumn s\oqucncy of the rectangular DRA with
a=119mmyb mm, d=5.55mm, &~ 48. and dx=3mm.

C: E DRA’s ratios

Th tangular DRA offers practical advantages over
the spherical and cylindrical shapes, due to the flexibility in
choosing the aspect ratios. It has two independent shape
parameters as degrees of freedom to achieve pre-specified
resonant  frequency for given value of the
dielectricpermittivity. Fig.7 and Fig.8 show the resonant
frequency as function of ‘a/d” and ‘b/d’ respectively.
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Bandwid% 7.81 7.19 6.89

Fro le 2. it can be seen that the bandwidth can be
impgo\edeby shifting the excitation from the center of the
t in this case the reflections are increased.

Retur n Loss (dB)

Mo 3 31 32 33 34
Frequency (GHz)

Figure 4 Retumns losses vs. frequency of the rectangular DRAs for different
values of g4, with a=11 9mm_b=22.5 mm, d=5.55mm_ and dx=3mm.

I .CONCLUSION

A FDTD with PML’s ABCs model for analyzing a
rectangular DRA fed by a microstrip line has been presented
in this paper. It has been demonstrated that the model is
capable of generating very accurate numerical results. The
effects of different parameters electrics and geometrics of the
antenna on his characteristics are presented. Finally, the

position of the excitation line is studied and optimized for
large bandwidth
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Figure 5. Resonant frequency vs. permittivity of DRA with a=11.9mm,
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Figure 6. Bandwidth vs. permittivity of D
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Figure7. Resonant frequency against ratio ‘a/d” of DRA with b=22.5 mm,
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Figure 9. Returns losses vs. frequency of the rectangular DRA for different

=11.9mm, b=22.5

(1]

(2]

(3]

(4]
(5]
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position (dx) of the microstrip line, with a=11.9mm, b=22.5 mm,

d=5.55mm, and &,; =48.
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