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Abstract. This paper initially discusses lumped equivalent
models of narrowband (NB) antennas and then presents
a technique to enhance isolation between UWB and NB
antennas of the three antennas system. The proposed
models are able to yield similar S-parameter performance
as that of NB antennas at their resonant frequencies. Also,
a good match is observed at other frequencies between the
HFSS and AWR results. This paper reports an isolation
enhancement technique using microstrip lines. The pro-
posed approach enhances a minimum isolation of 11 dB at
respective resonant frequencies. This paper also reports
lumped equivalent models of dual band reject filters
(DBRF’s). Proposed geometry is fabricated and tested.
Experimental result shows an agreement between the sim-
ulated and measured results.
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1. Introduction

In recent times, for cognitive radio (CR) technology,
two-port planar integrated ultra wideband and frequency
switching NB antenna structures [1-5] are attractive be-
cause of low cost, easy operation, required less space and
compact nature. These structures adopt a UWB antenna for
spectrum monitoring and one frequency reconfigurable
narrowband antenna for communication. In these struc-
tures, switching is employed in the narrowband antennas to
attain various operating frequencies using a single antenna.
However, the reconfigurable mechanisms are having de-
fects like non-linear effects of switches, negative effects of
biasing circuitry, additional power requirements, and slow
tuning [6], [7]. Sometimes, they need extra biasing cir-
cuitry or motors to obtain proper antenna reconfiguration
[8]. Moreover, these systems are able to perform only one
communication operation at a time. So, to reduce these
constraints, we introduced the concept of multi-port inte-
grated UWB and NB antennas systems in [6]. As an initial
stage of exploring multi-port integrated UWB and NB

DOI: 10.13164/re.2018.0646

antennas systems only two NB antennas are integrated on
the UWB antenna substrate [9]. In this system, an UWB
antenna, accessible at the first port (P1), is used for spec-
trum sensing and the two NB antennas, accessible at the
remaining two ports (P2 and P3), are used for communica-
tion. This structure is able to perform a maximum of two
communication tasks simultaneously because of two NB
antennas. The proposed NB antennas are intended to per-
form communication without interfering Wi-Fi, Wi-MAX
and ITU 8 GHz bands in the UWB spectrum. These NB
antennas attain dual bands in each case. In particular, the
first narrowband antenna, linked at port 2 (P2), yields
6.5 GHz and 9 GHz bands while the second one, linked at
port 3 (P3), achieves 7.5 GHz and 9.5 GHz bands. Isolation
between the antennas is less than 19.5 dB over the com-
plete UWB.

This paper initially reports lumped equivalent models
of the NB antennas and then discusses a technique to en-
hance isolation between the UWB and NB antennas of the
three antennas system [9]. The novelty introduced in the
equivalent models is, designing lumped equivalent models
of NB antennas using a conventional approach. Though the
modeling of an antenna in its lumped equivalent model is
difficult, this paper introduces equivalent models of NB
antennas and DBRFs. The novelty introduced in the pro-
posed system is, enhancing isolation using microstrip lines
in a very closely spaced antennas system. In fact, enhanc-
ing isolation in a closely spaced antennas system is very
challenging.

2. Lumped Equivalent Models of NB
Antennas

It is well known that a microstrip antenna is also
a distributed parameter network. So, this is an attempt to
approximate the distributed model in terms of its lumped
equivalent. A lumped equivalent model for a microstrip
antenna can be derived from the conventional assumption
of microstrip elements in terms of resistance R, inductance
L, capacitance C and conductance G [10]. In antennas, any
conducting element is approximated as a series combina-
tion of R and L because it exhibits a resistance R and in-
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ductance L due to the conductivity. The resistance R repre-
sents conductor losses. In microstrip antennas, as the top
and bottom conducting layers are separated by a dielectric
material, a parallel combination of capacitance C and con-
ductance G is assumed in shunt. It is obvious that some
capacitance emerges when two conductors are separated by
a dielectric material and G is considered due to dielectric
loss. Sometimes, a bit of inductance is also considered
between the top and bottom layers to account fringing
fields and surface waves. The consideration of this induct-
ance results better accuracy in approximating the lumped
equivalent model. This section initially presents a conven-
tional approach of modeling a lumped equivalent model for
a basic patch antenna as shown in Fig. 1. However, the
radiating patch may be circular, trapezoidal, square or any
other shape without slots and notches. Then, it discusses
how the same approach is extended to the proposed NB
antennas.

As mentioned earlier, in antennas each conducting
element forms one series combination of R and L. So, in
the microstrip antenna, the three elements, i.e. microstrip
feed line, radiating patch and ground layer also form three
series combinations of R and L. However, the series com-
bination of R and L of ground layer is neglected due to
negligible current flow than the top conductor. In the an-
tenna, the top layer composes of two conducting elements
as feed line and radiating patch. So, they form two separate
parallel combinations of capacitance C and conductance G
in shunt as shown in Fig. 2(a). However, the parallel com-
bination of capacitance C and conductance G between the
feed line and ground layer is also neglected since they
constitute negligible C and G. So, the resistance and in-
ductance of the feed line and radiating patch are in series
and hence they are added. After considering all the as-
sumptions the final lumped equivalent model of the micro-
strip antenna is shown in Fig. 2(b).

In these models, the series combinations of R1, L1
and R2, L2 represent the lumped equivalent models of feed
line and radiating patch, respectively. The parallel combi-
nations of G1, C1 and G2, C2 represent the equivalent
models between the feed line, ground plane and the radi-
ating patch, ground plane, respectively. The resistance R3
is R1 + R2, and the inductance L3 is L1 + L2. The input
port is terminated by 50 Q while the rectangular patch is
terminated by the free space intrinsic impedance of 377 Q.

Microstrip
Feed Line

Patch

I h Substrate

Ground plane

Fig. 1. Basic microstrip antenna with a microstrip line feed.

Feed line Radiating patch
50Q RI Ll R2 72 377Q

50€2

(b

Fig. 2. Lumped equivalent model of a microstrip antenna
(a) before assumptions, and (b) after assumptions.

In this paper, the proposed NB antenna equivalent
models are simulated in AWR software. In each model, the
component (R, L, C and G) values are optimized in such
a way that the model S-parameters match with the antenna
S-parameters at its resonant frequencies. However, at re-
maining frequencies there may be a mismatch because in
the antenna the lumped component values (R, L, C and G)
vary along with frequency whereas in the equivalent model
the component values are fixed. So, at each and every
frequency the model component values must be optimized
to match with the antenna performance at those frequen-
cies. This concept is applicable to all the lumped equivalent
models. The models for UWB antennas are not studied
since they yield high range of mismatch in S-parameter
performance than narrowband antennas. Moreover, the
models for UWB antennas are very difficult due to com-
plex structures. As discussed in [9], in each NB antenna the
two elements rectangular slotted patch and stub are respon-
sible to yield upper and lower resonating bands, respec-
tively. The dual bands are generated due to two diverse
paths for currents after the feed line. So, in the lumped
equivalent models the two diverse paths lead to a parallel
combination after the feed line equivalent (series combina-
tion of R1 and L1) as shown in Fig. 3. The equivalent mod-
els for both the NB antennas are same since the structures
are similar. However, the component values vary from
antenna to antenna.

In this model, the series combinations of R1, L1 and
R4, L4 represent the equivalent lumped models of the feed
line and stub, respectively. The series combination of R3,

Fig. 3. Lumped equivalent model of the each NB antenna.
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L3 and C3 represents the rectangular slotted patch, where
C3 is the capacitance that emerges due to the rectangular
slot. The series combination of R2 and L2 serves as a small
feed line to the rectangular slotted patch. The capacitors C1
and C2 account the capacitances due to small gaps between
the feed, rectangular slotted patch and the stub, rectangular
slotted patch, respectively. The parallel combinations of
G1, L5, C5 and G2, L6, C6 represent the equivalent models
between the rectangular slotted patch, ground plane and the
stub, ground plane, respectively. The inductors L5 and L6
account some inductance due to fringing fields and surface
waves. Now, each model component values are carefully
optimized for matching. The simulated S-parameters of the
antennas and equivalent models are shown in Fig. 4.
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Fig. 4. Reflection coefficient plots, (a) the first NB antenna
and (b) the second NB antenna.

R1 L1 R2 L2 R3 L3 R4 L4 Cl
095 | 0.64 | 314 | 904 | 709 | 8.63 | 0.6 | 0.23 | 0.94
Q nH Q 1nH 5Q nH Q nH pF
C2 C3 Gl L5 C5 G2 L6 Co6
0.73 | 4.47 | 044 0.3 0.88 | 0.49 | 0.1 23
pF pF mO nH pF mO | 6nH pF

Tab. 1. Optimized values of the first NB antenna lumped
equivalent model.

R1 L1 R2 L2 R3 L3 R4 L4 Cl
1.75 | 022 | 201 20.8 | 18Q | 243 0.6 0.14 | 0.39
Q nH Q 3nH 7nH Q nH pF
C2 C3 Gl L5 CS5 G2 L6 C6

043 | 528 | 588 | 027 | 091 | 235 | 0.21 1.55
pF pF mO nH pF mO nH pF

Tab. 2. Optimized values of the second NB antenna equivalent
model.

From Fig. 4 it is evident that the equivalent models
are yielding similar performances as that of NB antennas at
resonant frequencies. The optimized values of each com-
ponent in each model are shown in Tab. 1 and 2.

3. Isolation Enhancement Using
Microstrip Lines

This section presents isolation enhancement using
simple microstrip lines. The usual ways of enhancing iso-
lation are, embedding different structures or slots between
the radiating elements without altering the other perfor-
mances. Various isolation enhancement techniques using
slots, strips, CSRR, DGS, EBG and metamaterial structures
are studied in [11-16]. However, isolation enhancement
using microstrip lines suits well for the proposed system
because of antennas placement and compact spacing be-
tween them. Moreover, other performances do not affect
much with the integration of strip lines. In this approach
four strip lines, in which a combination of two lines acts as
a dual band reject filter (DBRF), are integrated between the
radiating elements as shown in Fig. 5. They capture the
fields crossing from one antenna to other result in reduc-
tion of mutual coupling. The dimensions of these lines are
carefully optimized in the design software.

Figure 5 presents the DBRF structures along with the
modified antennas dimensions. The dimensions of existing
elements are slightly modified to get back the acceptable
UWB and same resonating bands, which were changed due
to the filters integration. The two strip lines between the
two radiating elements form one DBRF. So, the proposed
system consists of two DBRFs. The upper strip is respon-
sible to capture the fields around upper resonating band
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Fig.5. The proposed integrated system with isolation
enhancement structures.
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Fig. 6. Lumped equivalent model of each DBRF.
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Fig. 7. Fabricated prototype of the proposed structure.

resulting into one band rejection. The lower strip captures
the fields around lower resonating band resulting into an-
other band rejection. Lumped equivalent model of the dual
band reject filter is shown in Fig. 6.

In this model, the upper and lower strip line equiva-
lents also form a parallel combination. The series combi-
nations of R1, L1 and R2, L2 represent the lumped equiva-
lent models of the upper and lower strips, respectively. The
capacitors C1 and C4 represent capacitances between the
antenna element, upper strip and the antenna element,
lower strip, respectively. The capacitors C2 and C5 repre-
sent capacitances between the upper strip, antenna element
and the lower strip, antenna element. The capacitor C3
represents capacitance between the upper and lower strips
whilst the capacitor C6 represents capacitance between the
lower strip and ground plane. Since, the upper strip covers
a small ground plane the capacitance between them is ne-
glected. Fabricated prototype of the proposed system is
shown in Fig. 7.

Now, this section discusses performance analysis of
the proposed system in the two operative conditions as
mentioned in [9]. It also reports effects of isolation en-
hancement structures on the system performance.

3.1 Performance Analysis in the First
Operative Condition

In this case, the antennas at P1, P2 are excited and the
antenna at P3 is terminated by a 50 Q matched termination.
The UWB antenna operates in frequencies ranging from
2.64 GHz to 13.85 GHz as shown in Fig. 8.

From Fig. 8, it is obvious that the obtained band in-
cludes the UWB spectrum of 3.1 GHz to 10.6 GHz. Peak
gains of the proposed UWB antenna at various frequencies
are shown in Fig. 9.
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Fig. 8. Comparison of simulated and measured reflection
coefficients of the proposed UWB antenna.
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Fig. 9. Peak gain plot of the proposed UWB antenna.
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Fig. 10. 2-D radiation pattern of the proposed UWB antenna at
10.6 GHz.
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Fig. 11. Comparison of simulated and measured reflection
coefficients of the proposed first NB antenna.

As it appears from Fig. 9, the peak gains at higher
frequencies are reduced. This is mainly due to the attenua-
tion caused by the introduced isolation enhancement
structures. The maximum peak gain in the proposed struc-
ture is 5.42 dBi at 10.6 GHz whereas in the primary struc-
ture it is 5.58 dBi at 9.75 GHz. The angular behavior of
2-D radiation pattern at 10.6 GHz is shown in Fig. 10.

The first NB antenna present at P2 achieves 6.5 GHz
and 9 GHz bands with minimum return losses of 24.48 dB
at 6.5 GHz and 26.74 dB at 9 GHz as shown in Fig. 11.

The angular behavior of 2-D radiation patterns at the
resonant frequencies are shown in Fig. 12.
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Fig. 12. 2-D radiation patterns of the proposed NB antenna at
(a) 6.5 GHz and (b) 9 GHz.

Primary Proposed

Structure Structure
Peak Gain 6.5 GHz 3.03 2.04
(dBi) at 9 GHz 2.53 2.19

Tab. 3. Comparison of simulated peak gains between the
primary and proposed structures.

This antenna is achieving maximum gains of 2.04 dBi
and 2.19 dBi at 6.5 GHz and 9 GHz, respectively. Com-
parison of simulated peak gains between the primary and
proposed structures is shown in Tab. 3.

From Fig. 12 and Tab. 3 it is clear that with the intro-
duction of isolation enhancement structures gain is reduced
but the radiation patterns are not distorted. This is also due
to the DBRFs attenuation. The simulated and measured
transmission coefficient plots of the proposed structure are
shown in Fig. 13.

A clear comparison of simulated isolation between
the primary and the proposed structures is shown in Tab. 4.

From Fig. 13 and Tab.4 it is obvious that the
introduced microstrip lines are able to enhance a minimum
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— — —Primary structure simulated 1
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Fig. 13. Transmission coefficients between the UWB and the
first NB antennas.

Primary Proposed

Structure Structure
dB(S(1,2)) | 6.5 GHz —23.64 —35.81
at 9 GHz —20.28 —32.84

Tab. 4. Comparison of simulated isolation between the
primary and the proposed structures.

isolation of 12 dB at respective resonant frequencies. It is
also noted that each line is behaving like a BRF around the
resonant frequency and the two lines between the two radi-
ating elements form one DBRF.

3.2 Performance Analysis in the Second
Operative Condition

In this case, the antennas at P1, P3 are excited and the
antenna at P2 is terminated by a 50Q2 matched termination.
The UWB antenna operates in frequencies ranging from
2.68 GHz to 13.79 GHz as shown in Fig. 14.

The second NB antenna present at P3 achieves
7.5 GHz and 9.5 GHz bands with minimum return losses of
23.77 dB at 7.5 GHz and 18.21 dB at 9.5 GHz as shown in
Fig. 15.

The angular behavior of 2-D radiation patterns at the
resonant frequencies are shown in Fig. 16.
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Fig. 14. Comparison of simulated and measured reflection
coefficients of the proposed UWB antenna.
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Fig. 15. Comparison of simulated and measured reflection
coefficients of the proposed second NB antenna.
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Fig. 16. 2-D radiation patterns of the proposed NB antenna at
(a) 7.5 GHz and (b) 9.5 GHz.

This antenna is achieving maximum gains of 1.84 dBi
and 3.43 dBi at 7.5 GHz and 9.5 GHz, respectively. Com-
parison of simulated peak gains between the primary and
proposed structures is shown in Tab. 5.
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Fig. 17. Transmission coefficients between the UWB and the
second NB antennas.

Primary Proposed

Structure Structure
dB(S(1,3)) | 7.5 GHz -23.87 -35.17
at 9.5 GHz -20.77 -32.71

Primary Proposed

Structure Structure
Peak Gain 7.5 GHz 3.64 1.84
(dBi) at 9.5 GHz 32 3.43

Tab. 5. Comparison of simulated peak gains between the

primary and proposed structures.

Tab. 6. Comparison of simulated isolation between the pri-
mary and the proposed structures.

In this case, the gain at 7.5 GHz is reduced but inter-
estingly at 9.5 GHz it is enhanced. The simulated and
measured transmission coefficient plots of the proposed
structure are shown in Fig. 17.

A clear comparison of simulated isolation between
the primary and the proposed structures is shown in Tab. 6.

From Fig. 17 and Tab. 6 it is obvious that the intro-
duced strips are able to enhance a minimum isolation of
11 dB at respective resonant frequencies. It is also noted
that each strip is behaving like a BRF around the resonant
frequency and the two strips between two radiating ele-
ments form one DBRF. Experimental result shows an
agreement between the simulated and measured results.
However, there are variations that may be due to fabrica-
tion faults, connector and cable losses. Simulated surface
current distributions on the primary structure are shown in
Fig. 18.

Simulated surface current distribution on the
proposed structure is shown in Fig. 19.

It can observed from Fig. 19 that the upper strip of the
left DBRF is capable of decoupling the currents induced
into the second NB antenna at 9.5 GHz. This can be clearly
understood by comparing Fig. 18(b) and 19. A comparison
of isolation and edge to edge spacing between antennas of
the proposed system with the existing systems is shown in
Tab. 7. In the proposed system, the minimum edge to edge
spacing between the UWB and the first NB antennas is
1.9 mm and the UWB and the second NB antennas is
2.65 mm.

From Tab. 7, it is very clear that the proposed tech-
nique is able to enhance a minimum isolation of 11 dB at
respective resonant frequencies in a very closely spaced
antennas system.
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Fig. 18. Surface current distribution when only the UWB
antenna is excited at, (a) 7.5 GHz and (b) 9.5 GHz.
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Fig. 19. Surface current distribution when only the UWB
antenna is excited at 9.5 GHz.

Ref pimensions | P40 | Lnmprovement
[11] 100 mm x 50 mm ~13 mm 14 dB and 4 dB
[13] 54 mm x 45 mm 7 mm 10dB
[14] 63.5 mm x 40 mm 8.6 mm 16.5dB
[15] 78 mm x 60 mm 15 mm 10 dB
[16] 76.4 mm x 91 mm 10 mm 6 dB
P;;Sf;fld 30 mm x 30 mm lggm‘d >11dB

Tab. 7. Comparison of isolation and edge to edge spacing.

4. Conclusion

This paper initially presented NB antenna lumped
equivalent models. These models are exhibiting similar
performance as that of NB antennas at their resonant fre-
quencies. Moreover, at remaining frequencies also a good
match is observed between the HFSS and AWR results. In
this method, each equivalent model can have multiple
combinations of values. However, to find out one correct
combination, exact or approximate value of each compo-
nent needs to be calculated. This is done by applying and
solving the equations of distributed models. However, this
is very difficult. Then, this paper reported an isolation
enhancement technique using microstrip lines. In this ap-
proach, few microstrip lines are integrated between the
radiating elements to decouple the energy. It is observed
that each strip is behaving like a BRF. This method is ca-
pable of enhancing a minimum isolation of 11 dB at reso-
nant frequencies. It is also clear that with the introduction
of isolation enhancement structures gains are reduced but
the radiation patterns are not distorted. The advantage of
proposed technique is simple and yields better perfor-
mance. This system can be used in applications like 4G,

body area networks, wireless personal networks, and
wireless sensor networks due to compact and better
performance.
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