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ABSTRACT In this work, a dielectric resonator antenna (DRA) is miniaturized by using Artificial Magnetic
conductor (AMC) surface without disturbing other important parameters. The design has three main features:
(i) simple micro-strip line feeding, (ii) use of parasitic metallic strip to achieve impedance matching, and
(iii) use of AMC surface for design miniaturization. The miniaturization is performed for dielectric resonator
antenna at 3.5 GHz. Without changing the basic characteristic of the antenna such as gain, resonance
frequency and efficiency, the size of the antenna was reduced by 85%. The AMC surface and DRA both are
positioned on the FR4 substrate. The AMC surface consists of small patches of copper. DRA is mounted on
the AMC surface, which significantly reduces the overall DRA volume. Nine AMC patches were introduced
with a small gap between them. AMC patches were shorted with the ground metal with the help of small
metallic vias. For an overall performance analysis, the design was fabricated, and measured results were
taken. The fabricated design covers a bandwidth of 180 MHz for −10 dB reference value of the reflection
coefficient, which is mainly used for 5G wireless application. The design has 14.2% impedance bandwidth.
Based on the analysis made for the proposed design, it is found that this simple technique highly reduces
the DR volume (85%) and ground surface (15.5%) while maintaining the overall performance of the square
DRA.

INDEX TERMS Dielectric resonator antenna, artificial magnetic conductor, LTE, antenna miniaturization,
metallic vias.

I. INTRODUCTION
For different wireless communication systems, the DRA
volume is the major challenge. Provision of multiple and
flexible features by communication systems must be accom-
panied by an adjustable DR front end. RF front end with
an enlarged DRA volume makes it very difficult for the
front end to be embedded into communication devices. Thus,
the research community in the antenna design domain has
always been motivated to develop newer designs and tech-
niques for antenna miniaturization. In any communication
system, front end occupies the key space and antenna is the
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integral part of the front end. After the introduction of semi-
conductor devices, there is an enormous decrease in the size
of communication devices, but there is still a lot of work to
be done on the reduction of the size occupied by RF front end
and antenna.

The size reduction of antenna is not as simple as the
design of the rest of the communication system because
antenna design is governed by certain laws from Physics [1],
[2]. Special techniques must be adopted to miniaturize the
antenna size. Direct reduction in the antenna size without tak-
ing the support of some specific techniques can degrade the
return loss, gain, and efficiencies and can shift the required
resonance frequency. Thus, maintaining all the features and
reducing the antenna size is very challenging.
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Different approaches and mechanisms can be incorporated
to miniaturize the antennas. In [3], magnetic and dielec-
tric components have been used to miniaturize antenna
size. In [4] a mixture of magneto dielectric is utilized to
reduce the antenna size. Using Electromagnetic Band gap
can also be helpful in miniaturizing overall antenna size. The
above-mentioned techniques are primarily used to miniatur-
ize Microstrip Patch Antennas (MSA), which are of the same
metallic nature.

During the last three decades, dielectric resonator antennas
(DRAs) have highly attracted the attention of antenna design-
ers. DRAs exhibit different features, which otherwise do not
exist in MSA. The DRAs are three dimensional antennas
with high radiation efficiency, compact size, low conductor
losses, versatility in shapes and feeding mechanism [5].
These antennas are highly dependent on overall DR size
and permittivity of the materials. A DRA made with low
permittivity will have wide impedance bandwidth but will
occupy large volume. Similarly, a DRA with higher relative
permittivity will have smaller volume but will exhibit narrow
impedance bandwidth [5].

For DRA miniaturization, very few techniques have been
proposed in the literature. One mechanism is sticking high
and low permittivity DRs together. In this technique, two
DRAs with high and low values of permittivity correspond-
ingly are sticked together to enhance the impedance band-
width [6]. In [6], the size of the DR is not reduced but only
bandwidth is enhanced, and the overall complexity of the
design is increased. Another technique is sticking perfect
electric conductor to the walls of the DR [7], [8]. In this case,
some portion of the overall volume of the DR is reduced but
at the same time radiation pattern is disturbed and gain is
degraded because of the metallic nature of the PEC. Analyz-
ing all the available techniques, it is concluded that we need
to introduce some novel techniques which could reduce the
complexity of the design, size of the DR and ground plane
for the same impedance bandwidth and resonance frequency
without degrading the overall performance.

Artificial magnetic conductor (AMC) surface has been in
use for several applications. The unique characteristics of
the AMC surface enhance the performance of the microwave
devices. In most cases, AMC surface has been used for
different applications jointly with microstrip patch antennas.
Both these structures are metallic in nature and hence, can
be integrated rather easily for a specific application. In [9],
performance of the dual band planer microstrip antenna has
been presented. The design is made up of the combinations
of the common clothing and band gap substrates. The com-
bination of these two structures reduced the absorption rate
of the human body to 10 dB. A gain enhancement of 3 dBi
was also observed. A good performance was witnessed when
bent on human body. In [10], AMC surface has been used
as an independent radiator for body area network. In [11],
AMC surface has been used to improve the transmission
enhancement between two antennas. Simulated andmeasured
results show that by using AMC surface, mutual coupling

has been largely improved between the two antennas. AMC
surface can also be used to enhance the gain and bandwidth
of the design. This application is specifically for micro strip
patch antenna, which has low gain and narrow bandwidth.
In [12], a lossy substrate is used which operates at 5GHz. This
lossy substrate causes significant reduction in gain. By utiliz-
ing an array arrangement of 3 × 2, the gain of the system
has been enhanced. RFID detection and improvement in the
performance of the antenna can be achieved by using AMC
surface array. Utilizing AMC surface beneath the RFID tag
mainly enhances the performance of the RFIG tag in terms
of reading distance of the tag, as reported in [13]. The wave
reflected from the tag and AMC surface has constructive
interference. Hence, the net received signal is stronger, which
improves the distance for sensing the tag. AMC surface can
widely be used for medical body area network. As discussed
in [14], the AMC surface has been used with the antenna
prototype on the arm of the user, which largely improves the
reflection coefficient and impedance matching. AMC surface
can be used for frequency re-configurability. This can be done
by shifting the reflection phase of the AMC surface. Re-
configurability throughAMC surface is not the same as we do
through active switches. In AMC surface, re-configurability
is achieved by handling the AMC surface itself rather than
handling themain radiator, which very often disturbs the radi-
ation pattern, gain and efficiency in specific high impedance
surface (HIS) active region. If we deploy active or passive
switches, the re-configurability can be achieved in wide range
of frequencies and also can be used for beam steering [15]–
[17] and [10], [18], [19].

Dielectric resonators are semiconductor devices with dif-
ferent dielectric constant. Despite of having too many appli-
cations, there are only a few examples reported in the litera-
ture, which may prove the use of AMC surface with DR for
different applications. Using AMC surface with a structure
whose characteristics are very different is typically challeng-
ing and not explored before. The novelty of the design is to
integrate both these independent resonant structures for the
first time into a single resonance frequency structure for the
size reduction of the overall design. To achieve this goal,
a number of design and optimization techniques have been
utilized.

In this work, AMC surface has been used to miniaturize
the DRA at 3.5 GHz for 5Gwireless application. This concept
can be eventually extended to other wireless applications. The
size of the DR and ground surface was miniaturized by 85%
and 15.5% respectively while preserving the overall perfor-
mances such as gain, efficiencies, bandwidth and resonance
frequency. AMC structure consists of a number of small
High Impedance Surface Unit Cell (HIS-UC) as presented in
[20], [21]. After design of the single unit cell, the number is
gradually increased to optimize its effect on the size of the DR
and ground plane. The proposed design is significant in many
ways. It has simple feeding technique with a better value of
impedance matching, stable radiation pattern and more than
85%miniaturization is attained with a high value of gain. The
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FIGURE 1. 3-D view of proposed antenna design: a) Without AMC and b)
With AMC.

rest of the paper is organized as follows: Section II presents
the proposed design analysis, Section III presents parametric
analysis, Section IV gives details of simulated and measured
results and Section V concludes the paper.

A. PROPOSED DESIGN ANALYSIS
Initially a DR of dimensions a, b, c with relative permittivity,
εr = 10 is calculated for 3.5 GHz resonance frequency [5].
The different dimensions of DRA after using (1) were found
to be a = 24mm, b = 22mm and c = 12mm.

The DR is positioned on FR4 substrate, which has a
thickness of 1.6mm, relative permittivity (εr) = 4.4 and
0.002 tangent loss and an area of 60 × 60 mm2. As given
in Fig. 1, the DR is fed with a simple microstrip line of 3mm
with 50� characteristic impedance. The feedline has a small
gap of 0.1mm with AMC surface. A small metallic patch
of 5.22 mm height is sticked to the wall of the DR, which
improves the impedance matching and highly increases the
value of reflection coefficient in terms of dB. Although there
is no separate rigorous mathematical model available for
DRA however we can take support of the following dielectric
waveguide model (DWM) [5] to get the initial design of the
un-miniaturized DRA.

TEy1δ1 : fr =
C

2π
√
∈r

√
K 2
x + K 2

y + K 2
z

Kx =
π

a
; Kz =

π

c

Ky tan
(
Ky
b
2

)
=

√
(∈r −1)

(
K 2
0 − K

2
y

)
, (1)

where, c is the speed of light, fr is the resonance frequency
and Kx, Ky, Kz are the wave numbers in the x, y, z directions.
The three dimensions of the DR are a, b and c. The resonance
frequency of the DRA calculated by using Equation 1for the

FIGURE 2. a) Side view b) Front view.

FIGURE 3. Artificial Magnetic Conductor design diagram.

given dimensions is 3.479 GHz which is then optimized to
3.5GHz (refer to [8]).

After calculating the DR dimensions, the next step is to
optimize the AMC patch for the mentioned resonance fre-
quency (3.5 GHz). To calculate the AMC patch area for the
3.5 GHz resonance frequency, Equation 2 is used.

fr =
1

2π
√
LC

(2)

As shown in Fig. 3, L is the inductance and C is capacitance
of AMC surface. L and C for the AMC patch are calculated
by Equation 3 and Equation 4, as given in [22]:

C =
Wε0(1+ ∈r )

π
cosh−1(

w+ g
g

) (3)

L = 2× 10−7h[ln(
2h
r
)+ 0.5(

2r
h
)−−0.75](4) (4)

where,

w = 0.18λ3.5ghz
g = 0.01λ3.5ghz
r = 0.005λ3.5ghz

As shown in Fig. 3, the thickness ‘h’ of the substrate is
1.6mm, the gap ‘g’ between two patches is 1.5mm, the radius
‘r’ of the via is 0.404mm. The calculated resonance frequency
for AMC surface is 3.5 GHz. With the above calculation,
the area of the patch V×U is found to be 15.17× 15.17mm2.
Fig. 1(a) and Fig. 1(b) show the complete geometry of the
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FIGURE 4. Phase reflection diagram.

FIGURE 5. The effect of unit cell size on AMC unit cell reflection phase.

DRA without AMC and with AMC, whereas Fig. 2 (a) and
Fig. 2 (b) describe the side and front view of the design.

After optimizing the AMC patch area, the number of
patches were then increased to optimize the DRA minia-
turization. It is observed that maximum miniaturization is
attained at 3 × 3 arrangement of patches, which reduces the
volume of DR by 85% and area of the ground surface by
15.5%.

Phase reflection of HIS Unit cell as shown in Fig. 4 is
very important for the overall design [16]. It shows the idea
of the Unit cell design for the specific resonance frequency.
Zero crossings of the phase reflection show that unit cell is
specifically working at the resonance frequency. From Fig. 4,
it is also clear that zero crossing of the unit cell for this design
is at 3.5 GHz.

II. PARAMETRIC STUDY
Parametric study generalizes the effect of different param-
eters on the simulated results. The parametric studies were
conducted for the effect of unit cell area on the phase reflec-
tion, effect of DR location on the AMC surface, effect of
strip height attached to the wall of the DR, effect of the gap
between the two AMC unit cells and effect of the number of
AMC unit cells on the overall simulated results.

FIGURE 6. (a) Positions of DR on AMC surface and its effect on simulated
results. (b) Positions of DR on AMC surface and its effect on simulated
results.

A. EFFECT OF PATCH AREA
Fig. 5 shows the effect of patch area of the AMC unit cell
on phase reflection. It is observed that when the patch area
is increased, the resonance frequency for 0◦ reflection phase
shifts to lower frequencies. Furthermore, the slope of the
curve becomes steeper near the resonance frequency, which
indicates a narrow bandwidth operations behavior of the
AMC surface. Thus, a larger patch area leads to a larger
capacitance C. This inversely affects the resonance frequency
and shifts it to the lower frequencies.

B. EFFECT OF CHANGING THE POSITION OF DR ON
REFLECTION COEFFICIENT
Fig. 6 a) shows the location of the DR at different positions.
P1 (below center) antenna resonates at 3.5 GHz. By placing
DR at position P2 (at center) the resonance at frequency shifts
to 4.3 GHz. By placing the DR at position P3 (above center)
the design resonates at 3.4 GHz. This shows that location of
the DR along with other parameters also affect the resonance
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FIGURE 7. Simulated return loss (S11) showing the effect of stacked strip.

FIGURE 8. The effect of gap between unit cells on (S11) reflection
coefficient.

frequency. P1 is the final selected position, which gives us the
required 3.5 GHz resonance frequency.

C. EFFECT OF CHANGING THE HEIGHT OF THE STICKED
MICROSTRIP LINE
Fig. 7 shows the parametric analysis of varying the height
of the microstrip feed line extended along the wall of DR
for better impedance matching. The sticked microstrip is
an extended feedline, which helps in coupling the energy
into DR. This coupling of energy improves the impedance
matching and maximizes the value of reflection coefficient.
Simulated results show that by varying the length of the strip
line, the impedance matching of the resonance frequency
improves. Fig. 7 shows the reflection coefficient for different
lengths of strip line. As the sticked patch height is increased
the impedance matching is improved and maximum match-
ing is achieved at 5.22mm. A better impedance matching
is achieved at the strip length of 5.22mm with a reflection
coefficient of −35 dB.

III. EFFECT OF GAP BETWEEN AMC UNIT CELS ON
REFLECTION COEFFICIENT
Analysis of AMC surface is investigated by varying the gap
between unit cells, which are connected to the ground through

FIGURE 9. The effect of increasing or decreasing number of unit cells on
resonance frequency.

small metallic vias. The results of the parametric analysis
are depicted in the Fig. 8. While studying the effect of the
gap between the patches, other parameters such as substrate
permittivity, substrate thickness and vias radius and position
remain unchanged. The gap between unit cells is varied from
1.5mm to 4.5mm.

Fig. 8 shows the simulated reflection coefficient (S11) of
AMC surface with the different gap size. It is observed that
when the gap is increased, the capacitance between metallic
patches decreases and resonance frequency shifts towards the
lower frequency and vice-versa. The analysis also shows that
the patch area plays an important role in determining the
resonance frequency.

A. EFFECT OF NUMBER OF AMC UNIT CELLS ON THE
REFLECTION COEFFICIENT
Fig. 9 shows the simulated reflection coefficient (S11) of
AMC surface with increasing or decreasing the number of
array of unit cells. It is observed that when the number of
unit cells on AMC surface is 2 × 2, the antenna resonates at
3.2 GHzwith bandwidth of 120MHz, which is not the desired
frequency. By increasing the number of rows and columns
to 3 × 3, the design resonates at 3.5 GHz with a bandwidth
of 200 MHz. By further increasing the rows and columns
to 4 × 4, the resonance frequency shifts to 4 GHz with an
increase in the bandwidth. This shift of resonance frequency
is observed because of changing values of the series equiva-
lent capacitance.With the increase in the number of unit cells,
there is a decrease in the series equivalent capacitance, which
shifts the resonance frequency to higher range as given in
Equation 2. In addition, the bandwidth is increased at higher
frequencies because of the degrading quality factor as any
change in the capacitances inversely affects the quality fac-
tor. Finally, a better impedance matching, desired bandwidth
and miniaturization is achieved with 3 × 3 array of AMC
surface.
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FIGURE 10. (a) X-Z plan E-field distribution inside DRA before
miniaturization, (b) after miniaturization without AMC surface and (c)
after miniaturization with AMC surface.

B. SIMULATED AND MEASURED RESULTS DISCUSSION
In this section, E-field distribution and operating modes
inside the DR, reflection coefficient, gain and radiation pat-
tern are discussed in detail.

For the simulated results validation, the design was fabri-
cated. Fig. 10 provides presentation of the E-field distribution
and operating modes inside the DR. Fig 10(a) shows that
before miniaturization, the dominant mode inside the DR is
TEy1δ1. Fig 10 (b) shows that direct miniaturization without
the support of AMC surface changes the current distribution
and the E-field inside the DR generates a higher order mode

FIGURE 11. Simulated value of reflection coefficients.

(
TEy131

)
. Based on image theory, the operating mode inside

DR is now
(
TEy131

)
. Fig. 10(c) shows that when miniatur-

ized DR is accompanied by the AMC surface, the initial
field distribution and operating mode both are restored inside
the DR which helps in achieving the initial resonance fre-
quency. Fig. 11 shows the simulated reflection coefficients
with and without AMC surface. Initially, the design with an
un-miniaturized size operates at 3.5GHz. The antenna dimen-
sions have an inverse relationship with the resonance fre-
quency. Hence, when the antenna dimensions were reduced
without being accompanied by the AMC surface, the res-
onance frequency jumped to the higher value with wide
impedance bandwidth and low impedance matching. After
adding AMC surface to the design, antenna restored its res-
onance frequency with much better impedance matching of
−35dB. Also, a 30% reduction in the bandwidth and a slight
shift in the resonance frequency is observed. This happens
mainly due to the changing values of the capacitanceswith the
addition of AMC surface. Besides, AMC is an independent
resonant structure with a narrow bandwidth response. Gener-
ally, all metallic resonant structures have narrow bandwidth
responses with good quality factor and impedance matching
values. Reduction in the bandwidth will always be observed
whenever we will use a DR of low permittivity, but radiation
pattern will be stable with good value of impedance matching
and gain. In case of DR of low permittivity, which has rela-
tively narrow impedance, the bandwidth is hardly affected by
AMC surface. In case of micro strip patch antennas, AMC
surface enhances the overall bandwidth. Fig. 12 shows that
without AMC surface, the prototype has a wider response at
3.5GHz. When AMC surface is introduced with the combi-
nation of the DR, the bandwidth is reduced. The measured
reflection coefficient is slightly shifted towards higher fre-
quencies because of fabrication inaccuracies. However, over
all simulated and measured values are in close agreement.
Table 2 summarizes the effect of AMC surface on the band-
width of different structures.

Table 1 summarizes the overall performance of the design,
including simulated and measured efficiencies, reflection
coefficients and bandwidth. Even though there is slight dif-
ference between the simulated and measured gains, reflection
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FIGURE 12. Simulated and measured Reflection coefficient without AMC
at 3.576GHz and with AMC at 3.5GHz and 3.57GHz respectively.

TABLE 1. Performance summary of the design.

coefficients and bandwidth with and without AMC surface
nevertheless, the overall values are good enough for real time
application. In Table 1, it is shown that there is a decrease in
the efficiencies of the design. This decrease occurs because of
the metallic nature of the AMC surface and the patch sticked
to the wall of the DR. As both these two materials are con-
ductors and their responses are highly frequency dependent.
At high frequencies, more conductor losses are witnessed.
Thus, a reduction in the overall efficiency of the design is
observed. The final values of the efficiencies of the design
after fabrication of the prototype are good enough for a real
time use.

Table 1 also shows a reduction in the bandwidth of the
design after the addition of the AMC surface. This reduction
is because of the reduction in the equivalent series capac-
itance which increases the quality factor and reduces the
bandwidth. Phase angle diagram of HIS surface also confirm
the narrowing of the bandwidth with the addition of the AMC
surface.

Fig. 13 shows the radiation pattern of the simulated and
measured E-field and H-field. From the figure, it is clear that
both E-field and H-field are broad side, and their radiation
is focused towards 0◦. The radiation pattern is stable with
6.87 dBi simulated and 6.64 dBi measured values of the gain.
Table 1 also shows that there is slight difference between
simulated and measured bandwidth. Simulated bandwidth
is 200MHz while measured band is slightly narrow, which

TABLE 2. Performance summary of the design.

TABLE 3. Dimension table before and after miniaturization.

FIGURE 13. Simulated and measured radiation pattern (a) E-field on the
left side and (b) H-field on the right side.

is 180 MHz. Fig. 14 shows the top and bottom view of
the fabricated prototype. Fig. 15 shows the simulated and
measured values of the gain in dBi at the operating frequency.
For the whole operating bandwidth, the value of gain is stable.
Moreover, simulated and measured values of the gain are in
close agreement. Achieving this much high value of gain is
an additional positive aspect of our proposed work.

Fig. 16 shows the simulated and measured values of the
efficiencies. Measuring radiation efficiency is a post process-
ing step after calculating Directivity and Gain in the anechoic
chamber. Hence, the overall efficiency was measured relying
on the software in the anechoic chamber. Radiation efficiency
with simulated and measured values are good enough and
stable. Due to metallic nature of the AMC surface, the value
of efficiency is slightly less than the target value. In case of
DR the minimum efficiency should be 0.90. In the proposed
work, efficiency of the design is 0.87. Measured efficiency
closely matches the simulated value. A minimum reduction
is noticed which is due to the inaccuracies in fabrication and
measurements.

Different techniques have been proposed to reduce the
size of the Dielectric Resonator Antenna. Table 4 shows the
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TABLE 4. Comparison of the proposed work with some published work.

FIGURE 14. Fabricated design (a) top view (b) bottom view.

comparison of the similar work proposed in the literature for
the size miniaturization of the Dielectric Resonator. In [27] a
reduced size DRA composed of substrate of relative permit-
tivity 10 is presented. The overall volume is 0.18λ×0.18λ×
0.14λ and the height of the DR is 0.14λ. The overall design
has complex nature with 16.3% bandwidth and 5.3 dBi gain.
Similarly, in [28], a stacked DRA with 0.017λ × 0.017λ ×
0.012λ volume is presented. The overall volume is bulky with
low gain and complex design. In [29] a multiband DRA with
0.16λ × 0.17λ × 0.10λ and 0.10λ height is presented. The
impedance bandwidths for both the designs are 2.7% and 30%
respectively with 4.3dBi gain. The design is very bulky and
complex. In [30] R-DRAwith tunnel has been presented. The
DRA is relatively smaller with 0.11λ height of the DR. But
the design is still complex with a good value of gain. In [31]
R-DRAwith an overall volume of 0.22λ×0.13λ×0.19λ and
height of 0.19λ is presented. The design is complex with 23%

FIGURE 15. Simulated and measured gain of the prototype.

impedance bandwidth and 5dBi gain. In [32] a filtering DRA
with wideband response is discussed. The overall volume is
0.36λ × 0.56λ × 0.07λ with 0.07λ height of the DR. The
overall design is very complex with a good value of gain.

From Table 4, it is clear that the designs reported
in [27]–[32] have achieved some miniaturization for DR but
the final volume and height of the prototypes are still too
large. The only exception is the design reported in [28], which
has smaller electrical size as compared to the proposed work.
The reason is using the DR of very high permittivity. If made
with the DR of same permittivity the electrical size would
have been far bigger than the proposed work. In the overall
volume of the DR, one important aspect is the height of the
DR as it then poses the issue of adjusting the prototype into
the communication system. A second major issue that lowers
the effectiveness of the above-mentioned works is the design
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FIGURE 16. Simulated and measured efficiencies of the prototype.

complexity. A complex model is very difficult to fabricate,
and inaccuracies in the design can lead to deviations from the
simulated results. Moreover, the technique used for the DR
miniaturization is reported by reducing the overall volume but
the height of the DR, which is an important factor, remains the
same. Also, the performance of the mentioned prototypes is
hardly maintained. As a result, the final prototype has either
disturbed radiation pattern or poor impedance matching with
low values of the reflection co-efficient. In comparison to
these designs, our proposed design offers several benefits.
It has a very simple design structure with simple rectangular
DR and micro strip patch feedline. To the best of our knowl-
edge, the AMC surface has been used for the first time to
reduce the volume of the DR and ground. The combination
of AMC surface with DR has generated some very interesting
results. The radiation pattern is much stable with a very good
value of gain. The impedance bandwidth is slightly reduced
because of the narrow bandwidth response of the AMC sur-
face, but the value of the reflection coefficient is largely
improved with very good matching values. Thus, the overall
size of the DR is reduced by 85% with more than 50%
reduction in the height of the DR. Moreover, the available
bandwidth is good enough to support the targeted wireless
applications.

IV. CONCLUSION
In this work, miniaturization of Dielectric Resonator Antenna
with the help of AMC unit cell is presented. Previously, this
technique was only applied to microstrip Patch Antennas.
In this work, the proposed scheme is successfully applied to
DR, which has different properties compared to microstrip
patch antenna. The DRA is positioned on the 3× 3 arrange-
ment of theAMCunit cells. Simulated results are recorded for
all the observations, which show that after applyingAMC sur-
face to the design, a significant reduction of 85% in the size
of the DR is attained. The simulated design of the prototype is
fabricated. Measured results are taken with the help of Vector

Network Analyser (VNA) and anechoic chamber. Simulated
and measured results reveal a good agreement, which shows
the good performance and accuracy of the design.
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