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H MRTD simulation of dual frequency miniature patch antenna
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Abstract: A novel MEMS dual- band patch antenna is designed using slot- loaded and short circuited size reduction
techniques. By controlling the short- plane width, f 10 and f30, two resonant frequencies, can be significantly re-
duced and the frequency radio (f'30/f10) is tunable in the range 1.7~ 2. 3. The Haar-Wavelet Based multiresolu-
tion time domain (H-MRTD) is used for modeling and analyzing the antenna for the first time. In addition, the
mathematical formulae are extended to an inhomogenous media. Numerical simulation results are compared to those
achieved using the cnventional 3D finitedifference time domain ( FDTD) method and measured. It has been
demonstrated that, with this technique, space discretization with only a few cells per wavelength gives accurate re-
sults, leading to a reduction of both memory requirements and computation time.
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reducing the size of the patch, which is important in

1 Introductionl many commercial and military applicaions. It has been
shown that the resonant frequency of a microstrip an-

Recently, patch antenna research has focused on tenna can be significantly reduced by introducing a

short- circuited plane or a partly short-circuited plane
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where the electric field of the resonant mode is ze

rol™ ¥, or a shortpin near the feed probe!™.

Using
two stacked short- circuited patches, dual frequency op
eration has been obtained"’. However, the use of a
stacked geometry leads to increases in the thickness
and complexity of the patch. In this paper, we demorr
strate that by short-circuiting the zero potential plane of
a slotted patch excited with a dominant mode (TMo),
the resonant frequencies, f 10 and /30, of the two oper
ating modes can be approximately halved and can even
be significantly reduced by decreasing the shorted
plane width. This indicdes that a large reduction in
anterma size can be obtained by using the proposed de
sign, as compared to that of a regular slotloaded
pat ch.

The finite difference time-domain ( FDTD )
method'? is widely used for solving problems related to
electromagnetism. However, there still exist many re
strictive factors, such as memory shortage and CPU
time, etc. we first adopted the method of the Haar
Wavelet Based Multiresolution Time Domain ( H-
MRTD)! " with compactly supported scaling function
for afull three- dimensional (3-D) wave to Yee’ s stag
gered cell to analyze and simulate the dual frequency
microstrip antenna. The major advantage of the MRTD
algorithms is their capability to develop real-time time
and space adaptive grids through the efficient thredr
olding of the wavelet coefficients. Using this teclr
nique, space discretization with only a few cells per
wavelength gives accurate results, leading to a reduc
tion of both memory requirement and computation time.
Associated with practical model, a uniaxial perfedly
matched layer ( UPML) absorbing boundary condr

19 \was developed, a three dimensional formular

tions
tion of the disarete difference equations arising from the
Maxwell’ s system is first extended to an inhomogenous
medium, it is applied to the analysis of dual-frequency

miniature patch anterna.

2 Duakfrequency slot-loaded patch an-

tenna

2.1 Design of dotloaded patch antenna

The layout of the slotloaded patch antenna de-
signed in this paper is shown in Fig. 1. A single slot
with dimensions L X W is cut in a rectangular patch
with dimensions @ X b with a short circuited plane of
width placed at its other side. The parameters of the
anterna are a= 38 mm, b= 25 mm, L= 36 mm, W=
I mm, d= 2mm, h= 3 mm, r= 1 mm, respectively.
Owing to being compatible with standard IC technolo-
gy, and prone lo integraion with other components,
silion wafer ( €= 11.7) was selected as a layer of mi-
crosirip substrate. Between the ground plate and the
wafer there is a layer of foan ( & = 1.07), which
could suppress surface wave induced in the wafer sub-
strate, as a result, the efficiency and the bandwidth of

the antenna were increased, and the radiation pattern

improved.
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Fig. 1 Geometry of duatband slot loaded micwsirip antenna

2.2 Measured results

The parameters of the slot antenna are selected as
above mentioned. The measurements carried out on an
Agilent 8720C vector network analyzer. It is then found
that, by controlling the shorted plane width, both the
TM 10 and TM 30 modes are strongly perturbed. Fig. 2
shows typical resulis of the measured return loss for the
cases with s/a= 1, 0. 25, and 0. 1. Regarding the
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results shown in Fig. 2, it can be seen that the per
turbed TM10 and TM30 modes are excited with good
impedance matching. However, when s/a < 0. 1,
there no feed point can be found for exciting the two
frequencies with good impedance matching. This indr
cates that there are limitations to the present dual-band
design. It can be seen that the obtained frequency ratio
(f30/f10) of the two frequencies for present design
varies in the range 1. 7~ 2. 3. On the other hand, for
the case s/a= 0.1, shown i Fig. 2, the frequency
f10occurring at 1. 562 GHz is ~ 0. 31 times that (5.
038 GHz) for a regular half wavelength patch with the
same patch size. In other words, the size of the de
signed anterna in this paper is much smaller than regur

lar halfFwavelength patch antenna.

Loss ./ dB

f/GHz

Fig. 2 Measured return loss for different shoited plane widths

3 3D H-MRTD algorithm

3.1 Numerical formulations of the 3D H MRTD

method
Maxwell’ s curl equations in an isotropic medium:
VX E= — lla—H
ot
vx H= eaa—lf+ OE, (1)

where € is permittivity, B is permeability, O is electric
conductivity. Each field component is expanded into

scaling functions:

®l(s)= Fs/ bs=u), (2)

and wavelets:

bu(s)= b(s/ bs— u), (3)

P(s)=1,s€(0, 1)
where,
®(s)= 0, otherelse.

and ¢(s)= P(2s)— P(2s-1).
Expansion and testing is performed for each spatial co-
ordinate s= {x, v, z} with corresponding discretization
indices u= {k, [, m}, aswell as for time with rectan-
gular pulse h,(t). In compad notaions, the x-dired-
ed electric field component in the staggered Yee’ s grid
of size X, A, /x is represented as

Ex(x, Y, Z, t) = Z Z Z:l +n]52, l,m

Wm € n
* Gova(x)M(y) Culz) ha( ), (4)
where x= kv, y= I, z= mle, t= nk.

The summation over &1¢ includes eight terms
stemming from all the permutations of scaling functions
and wavelets:

U= [ PPP, GPY PYP RbD, PP dRp PP i)
The representation of the other field components is eas
ily derived through permutation of the indices and fol-
lows the same rule as for standard FDTD scheme. In-
serting the above expressions into the difference equa-
tions and performing a Galerkin test procedure' " leads
to the following expressions for the electric field within
each cell {k, I, m}:

gne oy ENC A

3 Eioo — 0 Fiw = P
o - SHB HWC - TR e
N - x - 1 Eioo (-
(5)

wheref{ 0, 1, 2, 3} denotes, respectively, {u, u+ 1/2,
u— 1/2, u+ 1}for each u= {k, [, m, n}. Informula
(5), there are three different F, values within one
time step, this brings about inconvenience for program
design. In order to avoid the shortcoming, we can

adopt approximation as follows:
i = %['&Eﬁo%é i E?élﬂ . (6
Similar expressions are obtained for the other field com-

ponents.
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3.2 Absorbing boundary condition

The field computation domain must be limited in
size because the computer can not store an unlimited
amount of data. The computation domain must be large
enough to enclose the structure of interest. In this pa
per, we adopted uniaxial perfedly matched layer
(UPML) absorbing boundary conditions. Consider one
dimension wave equaion propagated along + z direc

tion:
0 10/, ¢
[az_ vat] - vE_O’ (7)
where d = 0/€ v is the phase velocity in the cor
cerned volume. Because the conductivity O is projected

in computation domain, it will result in numeric dis

persion if we use directly discrete approximation for for

’

mula (7), Let E(z,t)= E(z,1)e °', then
0 10|w_
o vat] B=0, (8)

its finite difference form is

Bl = Bl e DY) Ene i),

e
(9)

The difference fom of formula (7) is

Eﬁl(n) = e_ZO,NEfc_I(n)“‘
AN B i), (10

where b(i) = J‘a—%%d)(x + 11— 1/2)dx are the
MRTD coefficients.

The UPML material parameters are chosen to be

%=, y,2)= O for the inner computation region. The

maximum value of O at the end of the UPML region is
chosen to be Opx= 1/( 1507 A JE) , where A is the
cell dimension perpendicular to the UPML interface to
the regular region. The UPML region is backed by a
perfect electric conductor wall implemented using the

mirror principle.
4 Computed results

In miadovave circuit analysis, Gauss impulse is

generally selected as an excitation for smoothness in
time doman and easy spectrum width setting. The
width of Gauss pulse is T = 18 ps, Assume that the
time delay 0= 37= %4 ps, The response value of the
frequency domain can be calculated by Fourier trans
forming the time domain value.

The circle wave losses of the antenna computed
are shown in Fig. 3 and Fig. 4 for s/a= 1 and s/ a=
0. 25, respectively. The computed curves based com-
putation domain 100 X 120%x 60 and &= A= 0. 15
mm, %= 0.015 mm. From Fig. 3 and Fig. 4, we can
find the computed results by using FDTD method, and
H-MRTD method are in good agreement with measured
results. The drifis between them ensured value and the
computed value by using FDID and H MRI'D are about
2% and 2. 5% in fine grid, respectively. The length of
the novel patch antenna is less than 1/7 wavelength,
the efficiency this novel antenna arrive at 70%. The
charaderistic parameters such as effedive dielectric
constant, the characteristic impedance in spedrum do-

main could be worked out by Fourier transform.

Fig.3 Computed return loss for s/ a= 1

These simulations were performed by XFDI'D, the
information about dual-frequency antenna simulations is
shown in Tab. 1. We can find when using different
space cell sizes, there will be different simulation re-
sults. For FDTD method, Although time step selected

satisfied the CourantFriedriclr Levy ( CFL)
[13]

ondi-
tion' ', the accuracy of the simulation results appears

diverse when we adopt fine grid and coarse-grid, re-
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Fig.4  Computed return loss for s/ a= 0.25

spectively, it makes clear the numeric errors arrive at
12% in coarse-grid case for FDI'D method. It manr
fests not only time step but also the size of space steps
affect greatly the numeric errors of FDTD method. If
the space steps change more and more larger, its mr
meric precision can not be assured. For H-MRTD
method, becawse of the capability of the MRTD algo
rithms to develop realtime time and space adaptive
grids through the efficient thresholding of the wavelet
coefficients. Space discretization with only a few cells
per wavelength gives accurate results, the influence of
the space steps is smaller than FDI'D method, but
there are larger numeric errors compared with FDTD
method in fine grid case. Although the time step of
FDID method is nearly 3 times that of H-MRTD
method, The CPU time is quite approximation. This
fact is proved to be a serious drawback that the addition
of wavelets does not improve significantly the numeric
accuracy of the FDID scheme. It is a hot and higr

lighted now to study how to improve the numeric accur
racy of the HMRTD method.

Tab.1 Information on the duat frequency antenna

No. of Yeé s cell  Condiions FDTD HMRTD
N 0.0915ns 0.031 5ns
100x 120% 60 Error(%) 29 £3.5%
CPU time(s) 5 300 s 5340 s
N 0.1385ns  0.089 5 ns
20% 24x 12 Error( %) 2% *4.5%
CPU time(s) 3 900 2 000
N — 0.1ns
5% 6x 3 Error( %) — £5.7%
CPU time(s) — 1 000

5 Conclusion

A dualfrequency miniature patch antenna is pre-
sented in this paper, it perfoms excellently and espe-
cially in minigurization. H- MRTD method was used to
model the structure of the antenna. The algorithm of
the method is real-time time and space adaptive grids
through the efficient thresholding of the wavelet weffi-
cients. Thus, space discretization with only a few cells
per wavelength gives accurate results, leading to a re-
duction of both memory requirement and computation
time. The fact that there is a good agreement between
the H-MRTD computed values and the measured results
or FOI'D computed values manifests that the 3D H-
MRTD method is more efficient than the conventional
FDI'D method. But yet, there still exist some prob-
lems, such as the accuracy of numeric simulation and
the far field radiation patterns at the two operating fre-
quencies et al, which need to be solved, They will be

discussed in our future papers.
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