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Chapter

Ultra Wide Band Antenna with
Defected Ground Plane and
Microstrip Line Fed for
Wi-Fi/Wi-Max/DCS/5G/Satellite
Communications
Ashish Singh, Krishnananda Shet and Durga Prasad

Abstract

In this chapter, ultra wide band angular ring antenna has been proposed for
wireless applications. It has been observed that antenna resonate from 2.9 to
13.1 GHz which has 10.2 GHz bandwidth. Further, it is observed that antenna has
nearly omni-directional radiation pattern for E and H-plane at 3.5, 5.8, and 8.5 GHz.
The theoretical analysis of the proposed has been done using circuit theory analysis.
It was also found using simulation that antenna has good input and output response
of 0.2 ns. Proposed antenna measured, simulated, and theoretical results matches
for antenna characteristics, i.e., reflection coefficient and radiation pattern. Band-
width of antenna lies between 2.9 and 13.1 GHz, so this antenna is suitable for
Wi-Fi, Wi-Max, digital communication system (DCS), satellite communication,
and 5G applications.

Keywords: ultra wide band (UWB), angular ring, finite ground plane, microstrip
line fed, circuit theory

1. Introduction

Wireless communication systems are highly desired in various fields of security
systems, Wi-Fi, Wi-Max, and mobile communication. These applications have spe-
cial common devices, i.e., an antenna for efficient transmission and reception
information. Presently, antennas are equipped in all communication devices and
these devices are size and volume constrains. This leads to reduction of size for
antenna in existing communication device. All communication devices have patch
antennas for transmission and reception of signals. Scientists and researchers are
investigating on these antennas since 1972 for reduction in size and increase in
bandwidth. To achieve this, numbers of patch antenna designs and techniques were
proposed. It was found by researchers that angular ring patch antenna is an efficient
antenna which gives both size reduction and increased bandwidth.

Angular ring patch antenna was first reported in year 1985, by IJ Bahal for
biomedical application. Thereafter, only few research have been reported on these
antennas such as, theory and experiment on the annular-ring microstrip antenna,
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shared aperture microstrip patch antenna array for L and S-Bands, analysis of a
gap-coupled stacked annular-ring microstrip antenna, compact stacked circularly
polarized annular-ring microstrip antenna for GPS applications, annular-ring
microstrip patch antenna with finite ground plane for ultra-wideband applications,
compact concentric annular-ring patch antenna for triple-frequency operation,
comparison of several novel annular-ring microstrip patch antennas for circular
polarization, analysis of two-concentric annular-ring microstrip antenna, and
broadband circularly polarized annular-ring microstrip antenna [1–10]. All above
reported papers has some limitations such as complicated geometry, lacks theoret-
ical analysis for defected ground with microstrip line feed, circuit diagram at Radio
frequency were not proposed for designed antenna and theoretical, simulated and
experimental results were not compared.

In this chapter, ultra-wideband microstrip patch antenna is proposed for Wi-Fi,
Wi-Max, DCS, and 5G applications. Partial ground plane with microstrip line fed
techniques is used to achieve UWB band for various wireless applications. Detail
descriptions of proposed antenna design are discussed in next section.

2. Geometrical consideration

The microstrip line fed angular ring patch antenna with rectangular ground is
shown in Figure 1 and the antenna is fabricated on FR4 substrate and its top and
bottom view is shown in Figure 2. The proposed antenna has been designed on FR4

substrate of height “h” and overall dimension of designed geometry is
12� 14� 1:57ð Þmm3. The proposed strip line fed angular ring antenna comprises
of ground plane of dimension WG � LGð Þ, and strip line of dimension WL � LLð Þ:
Further, antenna is excited via SMA connector fed via strip line. The design speci-
fication of complete antenna design is given in Table 1. Fabricated antenna picture

Figure 1.
Radiating structure for proposed antenna.
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is shown in Figure 2(b). It can be observed from figure that antenna is very
compact in size and can be utilized for compact communication devices.

3. Theoretical investigations

The resonating frequency of angular ring [11] is given as

f ¼ χnm

2πp
ffiffiffiffi

ϵr
p , (1)

where c is the velocity of light in free space, χnm ¼ knmp, knm is for the resonant
TMnm modes.

The inner and outer radii of angular ring are given as pe ¼ p� xe � xð Þ=2 and
qe ¼ q� xe � xð Þ=2, respectively. The pe, qe, and xe are the effective increase in
length of inner, outer, and path width, respectively.

The angular ring patch antenna can be represented in circuit diagram as combi-
nation of inductance, capacitance and conductance, as shown in Figure 3. The
values of inductance L, capacitance C, and conductance G are calculated as.

L ¼ μh

πk2 n,m½ �
Jn k1eð ÞG0

n k1pe
� �

�Gn k1eð ÞJ0n k1pe
� �� �

, (2)

Figure 2.
Designed antenna (a) top view (b) fabricated antenna on FR4.

FR-4 lossy, εr 4.4

Radius of angular ring inner, p 3.5 mm

Radius of angular ring outer, q 8.5 mm

Circular path, x 5.0 mm

Strip line length, LL 5.0 mm

Strip line width, WL 3.5 mm

Ground plane width, WG 2.5 mm

Ground plane length, LG 12 mm

Height of the substrate, h 1.57 mm

Table 1.
Design specification of angular ring antenna.
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C ¼ μϵ0ϵr

Lk21
, (3)

G ¼ 1

R
¼ Re

π

h

Ep

Ez

� �2

g p, pð Þ þ Eq

Ec

� �2

g q, qð Þ � 2EpEq

Ez
y p, qð Þ

( )" #

, (4)

where n,m½ � ¼ 1
2k21

k21qe � 1
� ��

Jn k1qe
� �

Y 0
n k1pe
� �

� Yn k1qe
� �

J0n k1pe
� �	 


�
4

π2k21pe
k21q

2
e

�

-1)], y(p,q) is mutual admittance for angular ring between inner and

outer radii, g(p,p) is conductance across inner periphery of angular ring, g(q,q) is
conductance across outer periphery of angular ring, Ep is the radiation field around
inner periphery of angular ring, Eq is the radiation field at outer periphery of
angular ring, Ez is the radiation field considered due to ground plane.

Input impedance for the angular ring is given as,

Zan ¼
1

Gþ jωCþ 1=jωL
, (5)

Angular ring is connected to strip line; the strip line can be represented into RF
circuit as combination of Ls, Cs, and Z0. The RF circuit of the strip line angular patch
antenna is shown in Figure 4, where Ls and Cs are inductance and capacitance of
strip [12, 13].

Ls ¼ 100h 4
ffiffiffiffiffiffiffiffiffiffiffiffiffi

WS=h
p

� 4:21
� �

, nH (6)

Cs ¼ W s 9:5εr þ 1:25ð ÞW s=hþ 5:2εr þ 7:0f g, pF (7)

Figure 3.
RF circuit representation of angular ring.

Figure 4.
RF circuit diagram for strip line.
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The resonating frequency of the strip line is given as

f ¼ c=2Lse
ffiffiffiffiffi

εre
p

, (8)

The ground plane patch is represented as RF circuit combination of Resistance
RG, inductance LGG, and capacitance CG. The RF circuit representation of the
ground plane is shown in Figure 5, RG, CG, LGG can be calculated as [12, 13].

CG ¼ LGWGε0εe

2LG
cos 2 π

LG

� �

, (9)

RG ¼ Q

ω2
rCG

, (10)

LGG ¼ 1

CGω
2
r

, (11)

Quality factor,Q ¼ c
ffiffiffiffi

εe
p

4fh
: (12)

εe is the effective permittivity of the medium.
Further, there will be strong electromagnetic field between top patch (i.e.,

angular ring and strip line) and ground plane (rectangular patch). Due to which
inductance and capacitance are developed between them and its RF circuit repre-
sentation is shown in Figure 6. Thereafter, on excitation of antenna the impedance
is also developed between top and bottom patch [12–14] and represented as,

Zee ¼ 1=
1

jωLee
þ jωCee


 �

(13)

Lee ¼
Lg � Lan

Lg þ Lan
þ Lgan, (14)

Figure 5.
RF circuit representation for ground plane.

Figure 6.
RF circuit diagram of electromagnetically coupled between ground plane and radiating patch.
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Cee ¼
Cg þ Can

� �

� Cgan

Cg þ Can þ Cgan
(15)

Lee and Cee are the equivalent inductance and capacitance developed because of
electromagnetic coupling.

Lan and Can are electromagnetically developed mutual inductance and capaci-
tance for angular ring.

Lgan ¼
k2gc Lg þ Lan

� �

þ k4gc Lg þ Lan

� �2 þ 4k4gc 1� k2gc

� �

LgLan

h i1=2

2 1� k2gc

� � , (16)

Cgan ¼
� Cg þ Can

� �

þ Can þ Cg

� �2 þ 1� 1=k2gc

� �

CanCg

h i1=2

2
, (17)

kgc ¼
1

ffiffiffiffiffiffiffiffiffiffiffiffiffi

Q gQgg

q , (18)

Qg ¼ RG

ffiffiffiffiffiffiffiffiffi

CG

LGG

s

, (19)

Q gg ¼ Ran

ffiffiffiffiffiffi

Can

Lan

q

, Q g and Q gg are quality factor for both the resonators, Ran

impedance of microstrip.
The input impedance of strip line feed angular ring with defected ground

plane and its RF circuit representation is shown in Figure 7 and is calculated using
Eqs. (2)–(19)

Zin ¼
1

1
ZG

þ 1
Zs
þ 1

Zan
þ 1

Zee

(20)

Using Eq. (20) the input impedance of proposed has been used to calculate
reflection coefficient (RC), return loss (RL) and voltage standing wave ratio
(VSWR) can be calculated as,

Reflection Coefficient Γ ¼ Z � Zin

Z þ Zin
, (21)

Figure 7.
The equivalent RF circuit diagram of microstrip angular patch antenna.
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where Z is the input impedance of the microstrip fed (50 Ω).

VSWR ¼ 1þ Γj j
1� Γj j , (22)

Return loss ðRLÞ ¼ 20 log Γj j (23)

Using Eqs. (21)–(23) the theoretical plots for RL, VSWR, and RC with respect to
frequency (GHz) can be plotted. In this chapter, theoretical plot for RC with respect
to frequency (GHz) is plotted.

4. Result and discussion

The comparison between simulated [14], measured, and theoretical results is
shown in Figure 8(a). It is observed from the figure that these three results are in
approximately close with each other. Further, the bandwidth of theoretical, mea-
sured and simulated results is 10.63, 10.6, and 10.2 GHz, respectively. Bandwidth of
antenna lies between 2.9 and 13.1 GHz, these bands are suitable for Wi-Max, Wi-Fi,

Figure 8.
(a) Comparative results of proposed antenna; (b) measured result on VNA.

Figure 9.
Input and output response for the excited proposed antenna.
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digital communication system, satellite communication, and 5G applications. Mea-
sured result picture on Vector Network Analyzer (VNA) of proposed antenna is
shown in Figure 8(b).

From Figure 9, it is observed that maximum input amplitude of the antenna is
1 sqrt W at 0.1 ns time interval, whereas maximum output amplitude is 0.34 sqrt W
at a response time of 0.38 ns with phase reversal. The output response is not smooth
because angular ring structure with rectangular ground plane.

Figure 10.
Radiation pattern for H-plane (a) anechoic chambers with antennas; (b) 3.5 GHz, (c) 5.8 GHz, and
(d) 8.5 GHz.

Figure 11.
Radiation pattern for E-plane (a) 3.5 GHz, (b) 5.8 GHz, and (c) 8.5 GHz.
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Radiation pattern of the proposed antenna are shown in Figures 10 and 11 for E
and H-plane, respectively. Figure 10(a) shows the radiation pattern measurement
setup, proposed antenna under test is kept 200 cm apart from the horn antenna.
Figure 10(b) and (c) are measured and simulated radiation pattern at 3.5 and
5.8 GHz, respectively. Measured and simulated radiation pattern are in close agree-
ment in both cases and omni-directional patterns are observed. Figure 10(d) shows
radiation pattern at center frequency. Major and minor lobes have been observed of
same beam width for measured, theoretical, and simulated antenna at center fre-
quency 8.5 GHz for H-plane. Figure 11(a)–(c) shows the radiation pattern for E-
plane at 3.5, 5.8, and 8.5 GHz, respectively. Antenna shows nearly omni-directional
radiation pattern at 3.5 and 5.8 GHz; whereas at 8.5 GHz, it is partially eight shaped.
Electric field intensity is more toward 180° for E-plane and antenna 3 dB beam
width is 87.4°. Slightly mismatch is observed in radiation pattern results because of
partially open anechoic chambers and fabrication defects. It has omni-directional
pattern so this antenna can be utilized for mobile communication.

Figures 12–14 show the surface current distribution of proposed antenna at
center frequency for 90 and 0° phase, respectively. Further, from Figure 12, the

Figure 12.
Current distribution at 90° phase.

Figure 13.
Current distributions at center frequency at 0° phase.
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maximum surface current of 86.4766 A/m is observed at the outer perimeter of
angular ring near the edges of strip line and surface current is evenly distributed
along length of antenna at 90° phase. Whereas, the surface current at 0° phase is not
evenly distributed along the length of antenna and more surface current observed
near feed as shown in Figure 13.

Figure 14 shows the gain and directivity of the antenna in dBi. It is observed that
maximum gain of 2.75 dBi is achieved at 10.2 GHz; whereas, average gain of
antenna is 2.1 dBi. Further, the directivity of the antenna at 10.2 GHz is maximum,
i.e., 4.1 dBi and average directivity is 2.98 dBi.

The maximum radiation efficiency is achieved �1.5 dB (70.79%) at 10.2 GHz
frequency as observed in Figure 15 and total radiation efficiency of proposed
antenna at 10.2 GHz is found to be (�2.2 dB) 60.25%. This is because the loss occurs
due to skin effect and conduction loss in antenna device.

Figure 14.
Gain and directivity of proposed antenna.

Figure 15.
Radiation efficiency of proposed antenna.
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5. Conclusion

From the above theoretical analysis, it is found that angular ring patch antenna
can be utilized for UWB antenna. Further was observed that antenna cover fre-
quency band between 2.9 and 13.1 GHz which has 125% bandwidth. From the
results, it was also observed that antenna has good radiation characteristics and
input and output response. Antenna has the gain and efficiency of 2.2 dBi and
70.79%. Simulated, measured, and theoretical results are matching for radiation
pattern and reflection coefficient. Further, this antenna is suitable for digital com-
munication system, satellite communication, and 5G applications.
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