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Abstract—In this work, the analysis and design of wideband
microstrip yagi and bi-yagi antenna arrays with photonic band gap
(PBG) is presented. By using the bi-yagi planar array, a high directive
gain and a high front-to-back ratio are achieved in comparison with
that of the single microstrip yagi structure. The current distribution,
return loss, radiation pattern, and input impedance are calculated. For
a single yagi, wide bandwidth up to 12.81% at 10.15 GHz is obtained.
However, a high directive gain is achieved with the bi-yagi. The PBG
structures force the antennas to have stop band at the higher end of the
operating band. In addition, it increases the front-to back (F/B) ratio.
The finite difference time domain (FDTD) with the perfect matched
(PML) and a numerical package based on the method of moment
(MOM) are used in the present analysis and design. A closed form
based on an approximate equivalent circuit is used to get approximate
dimensions of the PBG structures.

1. INTRODUCTION

During the last two decades, many literatures have been published for
the design and optimization of planar microstrip antenna arrays [1—
3].  In [1], multi-objective evolutionary algorithms (MOEAs) are
used to optimize the yagi-antenna parameters to get specific antenna
characteristics. A genetic algorithm is used in [2] for an optimum
design of an asymmetric V-dipole antenna, and it is a three-element
Yagi-Uda array. In addition, in [3] a modified two-element Yagi-Uda
antenna with tunable beams in the H-plane (including four significant
beams: forward backward, omni-directional, and bi-directional beams)
is presented.
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Recent papers have been presented [4, 5] for high gain yagi array
antennas. In [4], two different long range yagi-Uda UHF RFID tag
antennas have been designed and tested. The tag antenna size is
reduced by using T-matching method. In [5], the effect of platform
materials for high gain quasi-yagi planar antennas designed for mobile
platform integration at 60 GHz is presented. High-gain compact
stacked multilayered yagi antennas are proposed and demonstrated
at 5.8 GHz for local positioning systems (LPS) applications [6].

In the present work, analysis and design are carried out for
a wide band yagi and bi-yagi microstrip antenna arrays. The
ground plane of the array is etched to produce photonic band gap
(PBG) structures [7,8]. These PBG structures are used to eliminate
unrequired bandwidths at the higher end of the operating bandwidth
and to increase the F/B ratio. The finite difference time domain
(FDTD) with PLM [9-11] and a numerical package based on the
method of moment (MOM) are used in the present analysis and design.

2. ANTENNA ARRAY STRUCTURES

In the present work, Fig. 1 and Fig. 2 show four different array
structures which are the conventional microstrip yagi array, yagi with
PBG, bi-yagi, and bi-yagi with PBG. The conventional microstrip
yagi antenna array structure is shown in Fig. 1(a). It consists of
seven patches with a strip feeder. These elements are classified into
one rectangular driven element connected to the feeder, four square
directors of length equal 15mm, and two gap loaded reflectors. The
dimensions of this structure are: w; = 2mm, we = 24 mm, ws = 2mm,
wy = 18mm, wy = 26 mm, Ly = 2mm, Ly = 20mm, L3 = 15mm,
Lgy = Lgo = 4mm, Lgz = 3mm.

The antenna is designed on a double copper (Cu) clad board of
RT/duroid 5880 material (¢, = 2.2, tand = 0.0009 @ 10 GHz). The
thickness of the substrate (h) is 1.5mm. A low dielectric constant is
used to get a small center-to center spacing between elements. This
leads to decreasing the overall dimensions of the array. The feeder
connected to the driven element is a microstrip line of a 50 €2 which is
suitable to be connected to the coaxial cable, or it can be transformed
to a high impedance line through the use of a quarter-wave transformer.

A microstrip yagi array with PBG is obtained by etching 6-
rectangular holes in the ground planes of length equal to 14 mm and
width equal to 2mm. The periodic distance (d) between the holes is
taken equal to 6 mm (see Fig. 1(b)). The PBG structures are used to
reduce the cross polarized radiation leading to increasing the antenna
gain and directivity. In addition, the PBGs are used to eliminate the
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Figure 1. The top and side viwe of the yagi array. (a) The
conventional yagi array. (b) The yagi array with PGB.
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Figure 2. The top viwe of the bi-yagi array. (a) The conventional
yagi array. (b) The yagi array with PGB.

pass bands at the higher end of the designed operating bandwidth.
The bi-yagi array is shown in Fig. 2 in which one director is used
as a common director between the two arrays. The two arrays are
fed in phase to allow increase in gain and directivity. The distance
between the two yagi arrays is taken equal to wg = 36 mm. For the
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bi-yagi array with PBG, three groups of PBG rectangular holes are
etched in the ground plane. Each group consists of four rectangular
holes of length 14 mm and width of 2 mm.

3. NUMERICAL RESULTS AND DISCUSSIONS

In this section, two different techniques are used for the analysis of the
present structures. These techniques are the FDTD and a numerical
package based on the method of moment (MOM). In addition, an
approximate analytical formula based on an approximate equivalent
circuit of the structures is used to determine the dimensions of the
PBG [12]. The current distribution of the conventional yagi array is
shown in Fig. 3. When PBG is added to the yagi array, a high current
concentration is obtained on the driven, directors, and reflectors as
shown in Fig. 4.

Figure 5 shows the return loss of the structures given in Fig. 1.
The analysis is obtained using the FDTD and a numerical package
based on the MOM. The results obtained by the two techniques are in
good agreement. A wide bandwidth is obtained for the conventional
yagi array where the center frequency is 10.15 GHz with BW of 12.81%
at —10dB. In addition, there is another band at a center frequency of
11.85 of BW of 2.5%.

From Fig. 5, the use of PBG in the ground plane as discussed
in section 2 leads to decreasing the bandwidth. At —10dB, the BW
is equal to 8.61% with center frequency of 10.45 GHz. However, it
eliminates the passband at the higher end of the operating band as
shown in the figure. This is carried out by choosing suitable periodic
distance (d) between the rectangular PBG and the number of holes,
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Figure 3. The current distribution of the conventional yagi shown in
Fig. 1(a) at 11 GHz.
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Figure 4. The current distribu- Figure 5. The scattering param-
tion of the yagi with PBG shown eters of the conventional yagi and
in Fig. 1(b) at 11 GHz. yagi with PBG shown in Fig. 1.
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Figure 6. The radiation pattern Figure 7. The radiation pattern
of the conventional yagi shown in of the yagi with PBG shown in
Fig. 1(a) at 10.5 GHz. Fig. 1(b) at 10.5 GHz.

and one can force the structures to have a stop band at 11.8 GHz. This
is obtained using the following approximate formula:
6C
f o= 2 — (1)
T\/Eeff

where,
/Bd = 7T/2,

and fo is the center frequency of the stop-band; e.g is the effective
permittivity; and C is the speed of light in free space.
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Figures 6 and 7 show that the use of the PBG leads to increasing
the F/B ratio. The radiation pattern exhibits maximum radiation at
0° for the two cases in Fig. 6 and Fig. 7.

The input impedances of the yagi and yagi with PBG are shown
in Fig. 8 and Fig. 9 where their real parts are equal to 502 in the
operating frequency band, and its imaginary parts tends to be equal
to zero.

Figure 10 shows the current distribution of the bi-yagi array given
in Fig. 2(a). The two arrays are fed in phase which makes the current
distribution symmetrical on the two arrays. The return losses of the
bi-yagi and single yagi are shown in Fig. 11. The bi-yagi array exhibits
a triple band response at 10.00 GHz, 11.51 GHz, and 12.75 GHz with

1
|

,,,,,,,,,,,,,,,,,

T - j ] ] ] i i j
VT vag i I I i I I o | — vagi
= Yagi+PBG H e et e L PR RS i yagi+PBG |1
T R s
:
I I I I ) A j j

ffffffffffffffffffffffffffff

Imag. Zin (Ohm)

,,,,,,,,,,,,,

09 095 105 14 115 12 125 1.3 500 e 085 00 085 1 105 11 115 12 125 1.3
10
10 10
Frequency x Frequency x10

Figure 8. The real part of Zin Figure 9. The imaginary part of
of the conventiona yagi and yagi Zin of the conventiona yagi and
with PBG shown in Fig. 1. yagi with PBG shown in Fig. 1.
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Figure 10. The current distr- Figure 11. The scattering of
bution of the bi-yagi shown in the yagi and the bi-yagi shown in
Fig. 2(a) at 10.08 GHz. Fig. 1(a) and Fig. 2(a).
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bandwidths equal to 10.00%, 5.21%, and 1.18%, respectively. The
bandwidth of the first band of the bi-yagi is decreased compared with
that of the yagi. However, the bi-yagi radiation pattern becomes more
directive as shown in Fig. 12 than that of the yagi shown in Fig. 7.
Fig. 13 shows the radiation pattern of the bi-yagi at 11.85 GHz where
the direction of the maximum radiation is rotated at 70°.

The input impedance of the bi-yagi array is shown in Fig. 14 where
it is equal to 502 in the operating frequency band while its imaginary
part tends to be zero Ohm.
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Figure 12. The radiation
pattern of the bi-yagi shown in
Fig. 2(a) at 10.08 GHz.
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Figure 13. The radiation
pattern of the bi-yagi shown in
Fig. 2(a) at 11.85 GHz.
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Figure 14. The input impedance
of the bi-yagi shown in Fig. 2(a).

Figure 15. The current distr-
bution of the bi-yagi with PBG
shown in Fig. 2(b) at 10 GHz.
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The current distribution of the bi-yagi array with PBG is shown in
Fig. 15 in which the current is symmetrically distributed. The return
loss of the bi-yagi with PGB and that of only bi-yagi are shown in
Fig. 16. The bandwidth of the bi-yagi with PBG at —10dB is increased
compared with that of the first band of the bi-yagi array. In addition,
the third band of the bi-yagi array is eliminated for the bi-yagi with
PBG. This is because the PBG in the ground plane reduces the surface
current and the cross polarized radiation of the array.

Figure 17 shows the radiation pattern of the bi-yagi array with
PBG. This pattern becomes more directive than that of the yagi array
without PBG (see Fig. 12). The input impedance of this array is shown
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Figure 16. The scattering of the Figure 17. The radiation
the bi-yagi and bi-yagi with PBG  pattern of the bi-yagi with PBG
shown in Fig. 2. shown in Fig. 2(b) at 10 GHz.
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Figure 18. The input impedance of the bi-yagi with PBG shown in
Fig. 2(b).
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in Fig. 18. This impedance is almost real and equal to 502 over the
operating frequency band.

4. CONCLUSION

In this paper, the analysis and design of wideband microstrip yagi and
bi-yagi antenna arrays with photonic band gap (PBG) are studied. By
using the bi-yagi planar array, a high directive gain and with PBG a
high front-to-back ratio are achieved in comparison with that of the
single microstrip yagi structure. The current distribution, return loss,
radiation pattern, and input impedance are calculated. For a single
yagi, wide bandwidth up to 12.81% at 10.15 GHz is obtained. However,
a high directive gain is achieved with the bi-yagi. The PBG structures
force the antennas to have stop band at the higher end of the operating
band. In addition, it increases the front-to back (F/B) ratio. The
finite difference time domain (FDTD) with the perfect matched (PML)
and a numerical package based on the method of moment (MOM) are
used in the present analysis and design. A closed form based on an
approximate equivalent circuit is used to get approximate dimensions
of the PBG structures.
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