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ABSTRACT: Based on dielectric filling, a microstrip grid antenna with six grids is designed in this paper. The broadband characteristics
are achieved by increasing the thickness of substrate. An N-type penetrating coaxial port is adopted to feed the antenna for realizing high
power capacity. Firstly, the influence of the grid parameters variation on the reflection coefficient was analyzed through the simulation
model. Then, the structure of the antenna was optimized. Secondly, a prototype of the antenna was fabricated according to the optimized
results. The measured results of the fabricated antenna show that the impedance bandwidth of the designed microstrip grid antenna can
reach (taking |S11| < −10 dB as the reference) 24.3% ranging from 2.22GHz to 2.83GHz. The power capacity of the antenna in the
2.5GHz can reach 229Watts according to the measured result of power capacity. Therefore, the designed antenna can be effectively
applied in the field of high power irradiation test and high power interference performance test of electronic equipment.

1. INTRODUCTION

Grid array antenna (GAA) is a planar array antenna, which
is composed of multiple metal rings [1]. This type of an-

tenna was firstly proposed as frequency-swept antenna in the
sixties of the twentieth century [2, 3]. With the development
of antenna technique, the traditional metal rod is replaced by
microstrip lines. Then, microstrip lines are adopted to design
grid array antenna. Microstrip grid array antenna (MGAA) has
many characteristics such as simple structure, low profile, con-
venient feeding, high gain, beam concentration, low side lobe,
linear polarization, and other radiation characteristics. Thus,
MGAA becomes an ideal alternative to replace microstrip an-
tenna. Meanwhile, a lot of research on the radiation character-
istics, grid form, and feeding mode of microstrip grid antennas
has been carried out.
Due to the narrow band characteristic of microstrip lines, the

input impedance of the antenna near its resonance point is sen-
sitive to changes. Thus the impedance bandwidth of microstrip
grid antenna is usually narrow [4, 5]. The prototype grid array
with 7 radiating grids proposed by Assimonis et al. has a sim-
ulated impedance bandwidth of less than 3%. The impedance
bandwidth of the microstrip grid array antenna with 13 radiat-
ing elements designed by Chen et al. [5] is about of 4.5%. So
it is a meaningful work to design a broadband microstrip grid
array antenna. In order to solve the problem of narrow band of
microstrip grid array antennas, some methods have been pro-
posed to increase the impedance bandwidth of microstrip grid
array antennas [6–8]. The impedance bandwidth of MGAA
can also be effectively improved by using ground resistance
loading or adopting a multilayer structure [9, 10]. The multi-
resonant structure or meandering current technology can also
effectively improve the impedance matching for wideband per-
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formance [11, 12]. However, the antenna structure will become
more complex using the above methods.
In this paper, a broadband MGAA based on dielectric filling

is designed. The proposed antenna adopts a rectangular grid as
its radiating unit. An N-type penetrating coaxial port is used
to feed the antenna. Wideband characteristics are realized by
adopting a thicker substrate. The characteristic of wideband
and high power capacity are obtained simultaneously. A pro-
totype of the antenna was fabricated to demonstrate the effec-
tiveness of the proposed design. The measured results show
that the impedance bandwidth of the designed antenna in this
paper is (|S11| < −10 dB), reaching 24.3% ranging from 2220
to 2835MHz. Meanwhile, the simulated impedance bandwidth
is about 21.1% which ranges from 2230 to 2755MHz. The
measured result of power capacity shows that the fabricated an-
tenna can withstand the power of 229Watts. Thus, the designed
antenna can be effectively used in the field of high-power mi-
crowave radiation at 2.4GHz frequency band.

2. STRUCTURE OF THE GRID ANTENNA
The structure of the designed microstrip grid array is shown
in Fig. 1(a). In this figure, the red part represents the metal,
and the light part is the substrate. The substrate is made of mi-
crowave material with the relative permittivity of ε = 4.4. A
50-Ω coaxial feeding port is adopted to excite the antenna for
the simulation. The total size of the antenna is Lx × Ly × h.
For the designed grid array antenna, it is composed of six

rectangular grids. The grids are divided into four rows. The
first row and third row are composed of one rectangular grid,
respectively. The second and fourth rows are composed of two
grids, respectively. For simplicity, the dimensions of the six
rectangular grids are set as the same. The parameters of the
grid are d1 × d2.
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FIGURE 1. The structure of the microstrip grid antenna and the fabricated photograph of the designed antenna, (a) antenna structure, (b) photograph
of the fabricated antenna.

(a) (b)

FIGURE 2. The influence of grid size on reflection coefficient of the antenna, (a) effect of the parameter d1 of grid and (b) effect of the parameter d2
of grid.

According to the radiation principle of a grid antenna, the in-
stantaneous phase of surface current is in-phase for the grids in
the Y -axis direction. Thus, the main radiation characteristics
of antenna are determined by the strip line in Y -axis direction.
The rest strip lines of the grids along X-axis direction can be
regarded as transmission lines. They play the role of transmis-
sion energy and impedance matching at the same time. Dif-
ferent from traditional grid antenna, although the feeding point
of the designed antenna is set at its center, dividing unidirec-
tional radiation characteristic can be obtained. This antenna is
penetrating fed by using a coaxial feeding port with 50-Ω char-
acteristic impedance. The inner conductor of coaxial feeding
port is connected to the grid that passes through the ground and
substrate, andmeanwhile the outer conductor of coaxial feeding
port is connected to the ground. For the accuracy of simulation
result, the size of N-type connector is adopted as the sizes of
the coaxial feeding port for the simulations.

3. PERFORMANCE AND PARAMETER ANALYSIS
For the designed microstrip grid antenna, its structure is mainly
determined by the height of the grid (d1), the length (d2) of the

grid, the width (w) of strip line, and the thickness (h) of the sub-
strate. The parameter d1 of the grid in Y direction determines
the working frequency band of the antenna, and the parameter
d2 of the grid in the X direction represents the characteristic
impedance of the microstrip transmission line. The character-
istic impedance of the coaxial feeding port is 50-Ω. Thus, the
impedance matching between microstrip transmission line and
50-Ω coaxial feeding determines the impedance bandwidth of
the antenna. Then, the parameter analysis is carried out for ob-
taining the great impedance matching.
The influence of grid size on reflection coefficient of the an-

tenna is firstly analyzed. Fig. 2 shows the influence of grid size
on the reflection coefficient of antenna. As can be seen from
Fig. 2, the designed antenna has a wide impedance bandwidth
when |S11| < −10 dB is used as the reference. The simulated
impedance bandwidth is about 21.1% which ranges from 2230
to 2755MHz. The dimensions variation of grid mainly deter-
mines the impedancematching. It has a little effect on thework-
ing frequency band.
The influence of parameter d1 on the reflection coefficient

is given in Fig. 2(a). It can be seen from Fig. 2(a) that the
impedance matching can be effectively improved by increas-
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FIGURE 3. The influence of substrate thickness variation and the grid width variation on the reflection coefficient of antenna, (a) effect of substrate
thickness h and (b) effect of grid width w.

2.7 GHz2.5 GHz2.3 GHz

FIGURE 4. The simulated 3D-dimensional radiation patterns of the proposed antenna at the different frequencies.

ing the parameter d1. The operating frequency band of the
antenna will move to the lower frequency band when param-
eter d1 is increasing. Fig. 2(b) shows the effect of parame-
ter d2 on the reflection coefficient of the antenna. Similarly,
the operating frequency band of the antenna will move to the
lower frequency band when parameter d2 is increasing. But
the impedance matching has a little improvement compared to
that of the parameter d1. It means that parameter d2 mainly
changes the frequency band position. Therefore, the operating
frequency band of antenna can be flexibly changed by adjusting
the parameters of grid.
Figure 3 shows the influence of substrate thickness varia-

tion and grid width variation on reflection coefficient of an-
tenna. As can be seen in Fig. 3(a), the variation of thickness h
mainly affects the impedance matching performance of the an-
tenna at the high frequency band. But it has little effect on the
impedance matching of lower frequency band. As can be seen
from Fig. 3(b), the grid width also mainly affects the impedance
matching performance of the antenna in the high frequency
band. The impedance matching of 2.5GHz can be effectively
improved by increasing the width of the strip line. The influ-
ence of grid width variation is also very small. The impedance
matching at the lower frequency band has little improvement by
changing the strip line width. Therefore, the wideband charac-
teristic can be obtained by adjusting the thickness of the sub-

strate and the width of the grid simultaneous for improving the
impedance matching of the antenna in the high frequency band.
Figure 4 shows the 3D-dimensional radiation patterns of the

proposed antenna at different frequencies. As can be seen from
Fig. 4, the antenna has a very wide beamwidth at 2.3GHz.
Along with the increase of the operating frequency, and the
beamwidth of the antenna becomes narrow at 2.5GHz. The
gain is increased. At the same time, the main radiation di-
rection of the antenna has a little shift to the Y -axis. This
is mainly caused by the asymmetry of the antenna structure.
The beam shift can be reduced by increasing the sizes of the
floor. With the further increase of the operating frequency,
and the main radiation direction of the antenna basically points
to the Z-direction at 2.7GHz. The side lobes of the antenna
are raised, and the antenna gain is decreased. Although the
designed microstrip grid antenna has a wide impedance band-
width, the main radiation direction of the antenna has a little
change along with the change of the working frequency. The
beamwidth of radiation patterns will also be changed alongwith
the change of the working frequency. Thus, it is necessary to
optimize the parameters and radiation direction of antenna si-
multaneously according to the actual requirements, especially
the radiation characteristics of the antenna. The simulated gain
the proposed antenna in the z-axis direction is given in Fig. 5.
It is noticed that the gain of the proposed antenna fluctuates
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FIGURE 5. The simulated gain the proposed antenna in the z-axis di-
rection.

from 5 to 10.6 dBi within the operating frequency ranging from
2300 to 2835MHz. unidirectional radiation characteristic with
a relatively stable gain can be obtained.
For the designed antenna, its radiation characteristic is

mainly determined by the size of to the grid size. Thus, the
sizes of the ground are fixed in the optimization process.
The ground size is set as 145 × 155mm2 in the optimization
process. After the analysis of grid antenna parameters, the
grid parameters of the designed antenna are selected as follows
after optimization: d1 = 34.5mm, d2 = 61mm. The thickness
of the substrate is h = 10mm, and the width of microstrip line
is w = 8mm.

4. MEASUREMENT RESULTS
In order to demonstrate the effectiveness of the proposed de-
sign, a prototype of the antenna was fabricated according to the
simulated results. A photograph of the fabricated antenna is
shown in Fig. 1(b). The total sizes of the proposed antenna are
145 × 155 × 11mm3. A 50-Ω N-type connector is adopted
to feed the antenna for measurement. The impedance band-
width of the fabricated antenna is obtained by using an Agilent
E8363B performance network analyzer. The radiation patterns
of the fabricated antenna are obtained using the antenna mea-
surement system.

FIGURE 6. Comparison of the simulated and measured reflection coef-
ficients of the proposed antenna.

Figure 6 shows the simulated and measured reflection coef-
ficients of the designed antenna. As shown in this figure, the
measured results are in decent agreement with the simulated
ones. Taking |S11| < −10 dB as the reference, the impedance
bandwidth of the designed antenna is about 24.3% ranging from
2220MHz to 2835MHz. The measured result of reflection co-
efficients reflects that the designed antenna has the characteris-
tic of wide frequency.
Figure 7 shows the radiation patterns of the microstrip grid

antenna at different frequencies. As shown in Fig. 7, the black
line represents the radiation characteristics at the XZ-plane,
and the red line represents the radiation characteristics at the
Y Z-plane. As can be seen from Fig. 7, the designed antenna
has wide beam radiation characteristics. The main radiation di-
rection of the antenna has a little shift along with the changing
of working frequency. It is mainly caused by the asymmetry of
the antenna structure. Within the operating frequency band, the
measured F/B ratio is better than 10 dB. Good unidirectional ra-
diation characteristics are obtained. Furthermore, the designed
antenna has a simple feeding network with an integrated struc-
ture. Thus, the gain of antenna can be easily improved by in-
creasing the number of grids. It does not require an additional
feeding network design for the antenna. The complexity of the
antenna is much less than that of the traditional microstrip array
antenna.
The antenna designed in this paper is mainly used for the

radiation of high-power microwave, so high power capacity
is needed. The power capacity must be measured for high
power applications. The schematic diagram for measurement
of power capacity is given in Fig. 8. As shown in Fig. 8, the
power amplifier is connected to the coupler through a high
power attenuator, and the designed antenna is connected to the
output of the coupler. The measurement principle of power ca-
pacity is that the output high-power microwave generated by
the power amplifier is transmitted to the designed antenna for
free space radiation after passing through the attenuator attenu-
ation and coupler. Because the coupler is integrated inside the
power amplifier, the results of forward monitoring and reflec-
tion monitoring are displayed on the front panel of the power
amplifier. Then, the real setup consists of a power amplifier and
an antenna which is needed to be measured. Thus, the antenna
set at outside is given in Fig. 9(a). A photograph of the front
panel of the power amplifier is given in Fig. 9(b) for obtaining
the results of forward monitoring and reflection monitoring.
The high-power microwave can be adjusted by changing the

higher power attenuator. The forward monitoring of coupler is
used to couple some output power for determining the output
high microwave power. The reflection monitoring of coupler
is used to monitor the reflected power for checking the work-
ing state of the designed antenna. When the output power ex-
ceeds the power capacity of the fabricated antenna, the reflected
power will change abnormally. Then, the power capacity of the
fabricated antenna can be determined according to the moni-
tored reflected power.
For safe taking, the measurement of power capacity for the

fabricated antenna is carried out at the outdoor. Fig. 9(a) gives
a measurement photograph. As shown in Fig. 9(a), the antenna
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(a) (b) (c)

FIGURE 7. The normalized radiation patterns of the designed antenna inXZ-plane and Y Z-plane at (a) 2.3GHz, (b) 2.5GHz and (c) 2.7GHz.

FIGURE 8. Schematic diagram of antenna power capacity measure-
ment.

is placed on the top of tree. The radiation direction of antenna
is set towards the upper half of space. The carrier frequency of
the high-power microwave is selected at 2.5GHz.
The monitored results of forward power (i.e., the power fed

into the fabricated antenna) and reflected power (i.e., the power
reflected from the antenna) are given in Fig. 9(b). Accord-
ing to the monitored results, the power fed into the antenna is
229Watts (53.6 dBm), while the reflected power is 18.6Watts
(42.7 dBm). The reflection coefficient of the antenna is about
−10.9 dB in this high-power exciting condition. The antenna
is in the normal working state, and the reflected power re-
mains unchanged. It means that the antenna can work normally
when the feeding power is 229Watts with high radiation effi-
ciency. The proposed antenna has a power capacity of more
than 200watts. Then, this antenna is mainly used in the field of
high power irradiation test and high power interference perfor-
mance test of electronic equipment.

(a) (b)

FIGURE 9. Photograph of power capacity measurement and results, (a)
the antenna set at the top of tree for power capacity measurement, (b)
the monitored forward and reflected power.

5. CONCLUSIONS
In this paper, a broadband microstrip grid array antenna based
on dielectric filling is proposed and studied. According to
the simulated results obtained from the optimized design, an
antenna prototype is fabricated, and an N-type connector is
adopted to excite the antenna for measurement. The measure-
ment results show that the designed microstrip grid antenna has
a wide impedance bandwidth of 24.3% ranging from 2220MHz
to 2835MHz. The measured power capacity of the antenna at
the 2.5GHz frequency point can reach 229Watts. Wideband
and high power capacity make the designed microstrip grid an-
tenna be applied in the field of high-power microwave radia-
tion.
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