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Abstract A novel design of a Plate ZAGI Antenna with HIS reflector is proposed, analyzed, simulated and implemented
in this paper. In this Antenna instead of normal reflectors we use a high impedance surface reflector. It is made of continu-
ous metal that conducts dc current and eliminates ac current with a certain bandwidth. This new surface omits surface
waves and so, image currents are not phase reversed. Simulation and experimental results show a very considerable gain

increasing in proposed antenna against usual antenna.
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1. Introduction

Surface waves appear in many antennas. On a finite
ground plane, surface waves propagate until they reach an
edge or corner, where they can radiate into free space[1]. The
result is a kind of multi path interference or “speckle,” which
can be seen as ripples in the radiation pattern. Moreover, if
multiple antennas share the same ground plane, surface
currents can cause unwanted mutual coupling. By incorpo-
rating a high impedance surface (HIS) on a conducting sur-
face it is possible to alter its radio frequency electromagnetic
properties and suppress surface waves[2].

David Jefferies and Dan Handelsman[3], reported the
concept of the Zagi, an antenna made from slow wave
structures which has controlled coupling between the ele-
ments and which can be made significantly smaller than a
standard rod Yagi-Uda antenna. They suggested that the
slow wave elements could be made from zigzagged wires Or
a serrated plate elements that these elements are easy to
design, build, model and have useful performance. This class
of antenna exhibits smaller size, better Control of coupling
and f/b ratio in compare with another type.

In light of these applications, we present a novel antenna
that used HIS (High impedance surface) as a reflector instead
of general reflectors and our simulation result show that
some parameters such as gain, /b, etc of plate ZAGI antenna
are significantly improved. The validity of our simulation
result is completely demonstrated by experimental result.
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2. Antenna Structure and its
Operational Mechanism

2.1. High Impedance Surface (HIS)

A highly conductive flat surface has a very low surface
impedance, which would result a reflection coefficient R = -1
for incident wave on this surface. However, If the surface is
designed to have very high surface impedance, the reflection
coefficient R is equal to 1, which its property is similar to an
"artificial magnetic conductor"[4, 5]. For a surface with R =
1, for better radiation performance the horizontal wire an-
tennas should be laid near the surface. In this situation the
image current will be in phase with the antenna current, Fig.
1 (middle panel).
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Figure 1. Image current in conductive ground, HIS and complex sheet

HIS are periodic structures that fixed or printed on a
ground plane. The electromagnetic waves can propagate
along their surface for some frequency ranges. These struc-
tures exhibit a frequency band gap similar to a band reject
filter. In the gap, these composite materials act as homoge-
neous surfaces with high impedance. HIS belong to the class
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of Electromagnetic Band-Gap (EBG) structures. In antenna
domain HIS act as a good ground plane or reflector and will
improve antenna parameters such as gain, directivity and
return loss. HIS have been initially introduced[4] In order to
suppress surface waves in antenna applications (fig. 2). Fig 3
shows geometry and a piece of implemented HIS for pro-
posed antenna. A 42.3%20.2cm fiberglass copper plate with
thickness 2mm is used as HIS reflector. A matrix includes 12
rows and 25 columns of 15mmx15mm copper pieces with
thickness 2mm is mounted to top surface. The gap between
these pieces is about 2mm on each side. For creating a
complete resonant circuit, before mounting in center of each
copper piece some asymmetric holes with 4mm diameter at
top side and 2mm on back side is drilled and filled of solder.

In this method, handy implementing errors are reduced in
compare with method used in[5].

Figure 2. Structures cantered with patch antenna and surrounding with
HIS
2 mm
15 mm
15 mm
(a) (b)
Figure 3. (a) Top view of the high-impedance surface, showing a lattice

of metal plates, (b) A piece of implemented HIS reflector

2.2. ZAGI

A new class of antenna based on "slow-wave" structure
called Zagi (Fig. 4)

The antenna elements are formed from regularly bent
wires; in this simple case you see just zigzags, but many
other regularly bent structures are possible.

Figure 4. Zagi structure

In a "slow-wave structure", the speed of waves along the
length of the structure is less than the speed of electromag-
netic waves in free space.

Therefore, at a given frequency fthe wavelength (A) along
the axes is less than the free space wavelength c/f.

To make a slow wave structure, it is necessary to increase
L, C or both. Periodically bending the wires does increase L

and C both and in this case the velocity reduces by a factor
roughly equal to the total wire length divided by the total
element length. So, these slow wave structures have in-
creased inductance L and capacitance C per unit length.
When two elements are brought close together, the coupling
capacitance and mutual inductance (between the elements)
are also increased.

The adjustable parameters in parasitic antenna design
process are the relative sizes of the driver and parasitic ele-
ments, the inter-element spacing, and the wire diameter. The
resulting properties that we desire to adjust are the resonant
frequency, gain, bandwidth and the f/b ratio.

With the Zagi, we have additional adjustable parameters
in design process: the number of serrations, the size of ser-
rations, and the base angle of the basic triangles and the
relative orientation of the serrations (relative to each other on
the elements). These parameters give better control over the
coupling and the consequent properties.

There is no limitation for using rectangles or other regu-
larly repeating shapes instead of saw tooth or serrated tri-
angular in antenna elements. All of these should work nicely
in slowing down the wave propagated along the wires and
may well be superior to the ones discussed herein. Periodi-
cally loaded wires have great advantages over pseudo-fractal
or randomly bent wires, in this situation the transmission line
parameters do not fluctuate along the elements. We can
achieve periodic perturbation with side stubs instead of
bending wires. This method gives us many adjustable pa-
rameters in comparison with general method.

This new concept in antenna design takes advantage of
slow wave propagation in order to create antennas with in-
creased coupling relative to rod elements and has the ability
to change the coupling regard to design needs.

Using this method has many advantages such as improv-
ing f/b, size and bandwidth of antenna and the cost of that is a
minor increase in complexity.

Due to the ability to vary the coupling between elements
by varying their shapes, we have the ability to design ideal
elements for any given purpose.

[95mm

/f\ 125mm

(b)

Figure 5. (a) Antenna model and its dimensions, (b) Implemented antenna
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The overall length of antenna is about 405mm; the lengths
of diagonal stubs are 95 mm, angle between diagonal stubs
and central stubs is 45 degree, length of central gap is 20 mm,
central stubs are 125mm and right stubs are 55mm. All lines
have 5 mm wide. Frequency range for antennas is 300 to
2400 MHz. fig 5 shows antenna geometry and prepared
antenna.

3. Material and Method

For comparing using HIS instead of ordinary reflector in
Zagi antenna a general plate zagi antenna is prepared and
tested with and without HIS reflector.

For validating result and comparisons both antenna di-
mensions, implemented procedures, simulation software and
test conditions are similar. Radiation pattern is considered as
main factor to compare these antennas. The simulation
software is 4nec2 v5.6.10. Simulation frequencies choose
600MHz, 800 MHz and 2GHz for illustrating antenna im-
provement in all frequencies. In sweep simulations the Band
width chooses 300MHz to 2400MHz. In the mean time SWR
as a sub factor in simulation process is calculated and com-
pared in two antennas.

4. Result

4.1. Simulation Result
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Figure 6. (a) Simulation result of Plate ZAGI antenna without HIS, (b)
with HIS, F= 600MHz.
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The simulation results for 600MHz is shown in fig 6.

The total gain in ordinary reflector is about -9dB that in-
crease to 9.88 dB in HIS. This improvement is very consid-
erable. In the mean time the H and E plane in proposed an-
tenna is very similar to ideal form. The vertical and hori-
zontal gain in antenna with HIS completely decreases to zero
in edge between lobes (for example [135° 150°] for hori-
zontal and [45° 60'] for vertical gain) but this situation is very
poor in antenna with ordinary reflector. These results are
completely approved in 800MHz and 2GHz.

Tot-gain [dBi]
Morm-glice : -11 dBi
800 hthz 20

Horizontal plane

105 0. o e

2258 AR
Tat-gain 11 < dBi< -11
Hor-gain aop G2 < dBi< 11
Wer-gain 232 < dBi< -1

Theta= 0 Max qain Phi: 0

Tot-gain [dBi]
Morm-&ll : 10.3 dBi
800 Mhz 120

Tat-gain

Har-gain 22 ¢ dBi< 103

“Wer-gain . 22 ¢ dBi< 103

Theta= 0 25 7m0 9 Max gain Phi: 0
(b)

Figure 7. (a) Simulation result of Plate ZAGI antenna without HIS, (b)
with HIS, F= 800MHz

The simulation results for §00MHz is shown in fig 7. The
total gain in ordinary reflector is -11dB that increase to 10.3
dB in HIS. This increase is about 200% and very terrific. The
vertical and horizontal gain similar to 600MHz completely
decreases to zero in edge between lobes. The difference
between minimum and maximum gain in proposed antenna
is 32.3dB (-22<gain <10.3) but in general antenna this dif-
ference is about 21dB.

The simulation results for 2000MHz is shown in fig 8. The
total gain in ordinary reflector is -11dB that increase to 8.48
dB in HIS. All results are similar to 600MHz and 800MHz
and show the better performance of proposed antenna in
compare with antenna without HIS.
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Figure 8.
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(a) Simulation result of Plate ZAGI antenna without HIS, (b)

with HIS, F= 2000MHz
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As a sub factor SWR in two antennas is calculated and the
result shows in fig. 9. SWR for proposed antenna in all fre-
quencies except a narrow band between 770MHz to
1030MHz is less than ordinary antenna and improved. This
result shows that using HIS as a reflector improved some of
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Figure 9. SWR simulation result

antenna parameters not only the gain.

4.2. Experimental Result

For validating simulation result the proposed antenna
similar to simulation model prepared and tested. The result

shows in fig 10.
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Figure 10. Experimental result of Plate ZAGI antenna with HIS, (a) F=
600MHz, (b) F=800MHz, (c) F=2000MHz

The results for 600MHz is shown in fig 10 (a). The total
gain in proposed antenna is 6.13dB. This gain show a de-
crease about 3.7dB in compare with simulation result. Re-
gard to prepare problems and experimental limitations, es-
pecially in high frequencies, this decrease is usual. The H
and E plane in proposed antenna is very similar to simulation
result. These results are completely approved in fig 10(b)
800MHz and fig 10(c) 2GHz. But gain decrease in these
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frequencies in compare with simulation result is more ob-
vious. In 2000 MHz these decrease is about 6dB but antenna
gain steel very better than ordinary reflector antenna.

5. Conclusions

A high impedance surface (HIS) reflector has been pro-
posed for plate ZAGI antenna. It is demonstrated that HIS
reflector improve performance of plate ZAGI antenna. This
reflector causes to better gain, efficiency, SWR, etc in
compare with ordinary antenna. In the mean time HIS correct
the ripples of pattern. Good radiation patterns and acceptable
maximum gain are obtained over whole of bandwidth. At last
the proposed antenna prepared and experimental result con-
firm simulation result with an approximately good accuracy.
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