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A low cost dual band offset fed monopole microstrip antenna is proposed in this paper. The suggested
antenna is designed using an inexpensive 1.6 mm thick fr-4 substrate of relative permittivity 4.4. The de-
sign and analysis of the proposed antenna model have been performed using HFSS software. By inserting
a square slot loaded with an inverted metallic structure in the patch and the presence of a partial ground
plane, dual band operation with an extremely wide bandwidth for the higher band can be obtained. A com-
prehensive analysis of characteristics parameters (Si1, gain, radiation patterns) including distribution of
surface current of the suggested antenna is furnished in this paper. The prototype of the fabricated anten-
na has an attractive compact dimension of only 22 x 19 x 1.6 mm3. The reported measured bandwidths are
800M Hz (4.2-5.0 GHz) and 4200 MHz (8.0-12.2 GHz) for the lower and upper bands, respectively. The
measured peak gains across the two operating bands are 3.0 and 4.3 dBi, respectively. The measured re-
sults are well accepted and verify the simulated results and hence validates the appropriateness of the de-
sign concept. The proposed antenna covers the bandwidth requirements for INSAT (4.4-4.8 GHz) and mi-
crowave X-band (8-12 GHz) systems. The compact size, low cost, simple monopole configuration, dual band
resonance characteristics, wide bandwidth, good gain, and stable radiation patterns are the advantages of

the designed antenna.
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1. INTRODUCTION

In the last decade, a significant transformation has
been observed in the domain of wireless communication
systems. The endless increasing demand for data com-
munication and broadcasting services leads to the pro-
gressive growth of wireless communication systems. In
order to support rapidly growing multiple wireless
applications, antennas must be capable of resonating at
multiple frequencies. Accordingly, dual band/multi-
band/broadband antennas became an essential part of
many communication systems. The design challenge of
creating multi-resonance antennas opened a new win-
dow to the researchers working in this antenna tech-
nology domain. The design challenges set to the re-
searchers are the requirement of an antenna with com-
pact size, simple structure, easy fabrication, low cost,
low profile, enhanced operating bandwidth with dual
band/multiband operation. To be specific, in the sim-
plest form, dual-band antennas with broad impedance
bandwidths became popular since they allow operation
in multiple frequency bands, thus eliminating the need
for a separate antenna for each application. Recently,
researchers have proposed different techniques for the
design of dual band antennas with improved band-
widths [1-9] and bandwidth enhanced antennas [9-11]
to overcome narrow bandwidth problem of the micro-
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strip antenna. The design ideas include incorporation
of protruding stubs [1], rectangular projection strip [2],
stepped impedance structure [3], inverted-U-shaped
driven element [4], h-shaped stub [5], U-shaped slot
with a paired strips [6], U-shaped modified ground
plane [7], U-shaped DGS [8], ohm shaped DMS and
semi-circular DGS [9], open loop resonator [9], slotted
patch with modified ground plane [10, 11].

In this paper, A low cost dual band offset fed mono-
pole microstrip antenna is designed using fr-4 sub-
strate and presented. The suggested antenna success-
fully covers some design requirements of modern com-
munication systems such as miniaturized size, broad
bandwidth, dual band operation, etc. The proposed
antenna structure offers dual band operation with an
extremely wide bandwidth for the higher band due to
the insertion of a square slot loaded with an inverted
metallic structure in the patch with a partial ground
plane. The proposed antenna has an attractive compact
size of only 22 x 19 x 1.6 mm?. The reported measured
bandwidths are 800 MHz (4.2-5.0 GHz) and 4200 MHz
(8.0-12.2 GHz) for the lower and upper bands, respec-
tively. The designed antenna supports INSAT (4.4-
4.8 GHz) and microwave X-band (8-12 GHz) systems.

The results were presented at the International Conference on Innovative Research in Renewable Energy Technologies (IRRET-2021)
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2. ANTENNA DESIGN

The geometry of the proposed antenna is shown in
Fig. 1.The suggested antenna is designed using an in-
expensive 1.6 mm thick fr-4 substrate of relative per-
mittivity 4.4 and loss tangent 0.002. The proposed an-
tenna is formed by using the combinations of a modified
rectangular patch fed via an off-set microstrip line and
a partial rectangular ground plane. The structure of the
radiating patch is designed by incorporating an inverted
monitor shaped metallic structure loaded within a
square shaped slot (SSL). The structural parameters
are optimized through parametric analysis using HFSS
software. The suggested monopole antenna resonates at
dual band with enhanced operating bandwidth. The
overall dimension of the structure is very compact and
occupies a small physical footprint of only 22 x 19 mm?2.
The dimensional parameters of the proposed antenna as

labeled in Fig.1 are given as follows: W=22 mm,
L=19mm, Wi=12mm, Li=15mm, Wy=10mm,
Wr=3 mm, Lf=10 mm, Wo=7mm, Lz=7mm,

Ly,=1mm, Ls=1 mm. The step-wise design analysis of
the proposed antennas is discussed in the next section.

a b

Fig. 1 - The geometry of the designed antenna: (a) top view,
(b) bottom view (partial ground plane)

3. STEP WISE DESIGN ANALYSIS OF THE
PROPOSED ANTENNA

In this section, the step-wise design evolution of the
suggested antenna is presented and discussed. The
incorporated shape in the patch, off-set feeding and the
utilization of the partial ground plane play a key role in
obtaining the desired resonance and radiation charac-
teristics. Fig. 2 depicts the different design steps opted
to reach out the final proposed structure. The simulat-
ed reflection coefficient (Si1) characteristics for the
various design cases are shown in Fig. 3.
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Fig. 2 — Design steps of the proposed dual band antenna
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Fig. 3 — Simulated S1: parameters for different design steps

In case I, the antenna resonates at 5.8 GHz with a
reflection coefficient of — 20 dB, covering an operating
bandwidth from 5.68 GHz to 5.86 GHz. In case II, the
antenna shows multiband resonance (5.46-5.8 GHz,
7.2-7.45 GHz, 8.43-9.65 GHz, and 11.40-11.46 GHz) due
to change in feed position but the obtained operating
bands are not useful to cover the bandwidth require-
ments of the intended X (8-12 GHz) band applications.
In case III, the presence of a partial ground plane offers
two advantages, namely, it enhances the operating
bandwidth and shifts the resonant frequency to lower
resonance. The first operating band is obtained from
4.36 to 4.86 GHz, the second band covers 7.77 GHz to
9.31 GHz, and third operating band exists from 10 GHz
to 10.96 GHz for — 10 dB level of the reflection coeffi-
cient. So, to further enhance the operating bandwidth,
modification has been done in the radiating patch by
introducing a square slot [case IV]. In this case IV, the
antenna operates from 4.25 to 4.97 GHz, 7.83 to 9 GHz,
and 10 to 11.40 GHz for a — 10 dB reflection coefficient.
So, both for case IIT and IV, impedance matching prob-
lems are observed in the higher band to offer continu-
ous bandwidth in between lower operating frequency
and upper operating frequency. These design steps
(case I to IV) do not fulfill the objective of the proposed
work,i.e., to cover the whole microwave X band ranging
from 8 to 12 GHz. Finally, in case V (proposed), the
incorporation of an inverted monitor-shaped metallic
structure improved the resonance characteristics of the
antenna by offering much better impedance matching
and operating bandwidth. In case V, the antennas offer
a reflection coefficient of about — 30 dB at 4.36 GHz and
—41 dB at 10.30 GHz, respectively, for the dual band
operation. The lower operating band ranges from 4.27
to 4.93 GHz and the upper operating band extends
from 8 to 12 GHz covering the bandwidth requirements
of INSAT (4.4-4.8 GHz) and microwave X-band
(8-12 GHz) system. The surface current distributions of
the proposed antenna at dual band operations are
shown in Fig. 4. As shown in Fig. 4a, the surface cur-
rent is strongly present and circulating around the
modified parts (both square slot and metallic parts) of
the patch. For 11.5 GHz operation, the surface current
is much dense around the arms of the incorporated
inverted monitor-shaped metallic structure only for
which the resonances after 11 GHz are generated and
excited. This clears the working mechanism of the
proposed antenna.
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Fig. 4 — Surface current distributions at (a) 4.36 GHz and
(b) 11.5 GHz

4. RESULTS AND ANALYSIS

To validate the designed model and simulation re-
sults, the prototype of the antenna is fabricated using
an fr-4 substrate. The fabricated antenna model is
shown in Fig. 5. The S11 parameter of the antenna is
measured using Anritsu MS20038C VNA. The simula-
tion and measured reflection coefficient (S11) are de-
picted in Fig. 6. The simulated and measured results
demonstrate good agreement and confirm the validity
of the suggested antenna model. The measurement
results confirm dual band characteristics of the pro-
posed antenna with — 10dB impedance bandwidths of
800 MHz (4.2-56 GHz) and 4200 MHz (8-12.2 GHz) for
the lower and upper bands, respectively. The simulated
and measured gain variations are depicted in Fig. 7.
According to the measurement results, the maximum
peak gain of the antenna is recorded as 4.32 dBi at
12 GHz. The radiation pattern characteristics of the
proposed antenna are shown in Fig. 8. The antenna
offers bi-directional patterns at the E-plane and nearly
omni-directional patterns at the H-plane.
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Fig. 5 — Fabricated prototype of the proposed antenna

— Simulated

Measured

4 6 8 10 12

Frequency [GHz]

Fig. 6 —Comparison of simulated and measured reflection
coefficient (S11 in dB) characteristics

The performance of the proposed antenna is com-
pared with some other reported dual-band planar an-
tennas in terms of their sizes, the total area occupied,
and operating frequency bands. The analyzed results
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are presented in tabular form in Table 1. It is evident
from the comparison table that the proposed dual band
annntenna provides the maximum — 10 dB impedance
bandwidths at both the dual operating frequency
bands. It is also evident from the comparative dimen-
sion analysis that the proposed antenna occupies the
smallest area compared to other reported dual-band
antennas. So, the designed antenna offers superior
performance in terms of miniaturaization and band-
width enhancement compared to some other reported
dual-band antennas.
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Fig. 7 — Variations of simulated and measured gains of the
proposed antenna
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Fig. 8 - E and H plane radiation pattern characteristics at
(a) 4.36 GHz and (b) 10.30 GHz

5. COMPARATIVE STUDY WITH OTHER
REPORTED DUAL BAND ANTENNAS

Table 1 — Comparison with other reported antennas

R N s requency
bands (GHz)
[4] 100 x 60 6000 0??;352880,
[7] 25 x 20 500 i'.%%-%.%%’
Proposed 22 x 19 418 élg_-fzoé

03001-3



S. Das, B.K. PauL, M.EL. GHZAOUI ET AL.

6. CONCLUSIONS

This paper presents a compact printed antenna for
microwave X band and INSAT applications. The pro-
posed antenna is designed using a modified patch and
partial ground plane structure. The proposed antenna
shows dual band (4.2-5 GHz and 8-12.2 GHz) resonance
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KoMmmakTua moasiiiHa MIMPOKOCMYTroBa BifKpHUTa KPYyroBa HECHMETPUYHA JPYKOBAHA aHTEHA
3 MIJIHHHUM 3aBAHTAKEHHIM /A HogaTKie X-giamasony

S. Das!, B.K. Paul!, M.El. Ghzaoui?, S. Lakrit3, K. Chakraborty+

L Department of Electronics & Communication Engineering, IMPS College of Engineering and Technology,
Malda, West Bengal, India
2 Sidi Mohamed Ben Abdellah University, Faculty of Sciences, Fes, Morocco
3 Applied Mathematics and Information Systems Laboratory, EST of Nador, Mohammed First University,
Oujda, Morocco
4 Advanced Materials Research and Energy Application Laboratory, Department of Energy Engineering,
North-Eastern Hill University, Meghalaya, India

VY poboTi poariagaeTbesa MaJIOOIIKeTHA TOABIMHA HECHMETPUYHA MIKPOCMYTOBA AHTEHA 31 3MIIEHUM
sKUBJIEHHSIM. [IpomoHOBaHa aHTeHA pPO3POOJIEHA 3 BUKOPHCTAHHAM HEIOPOrol IIJKJIAIKA 3 MaTepiary
fr-4 ToBmmHO© 1,6 MM 1 BIAHOCHOW qleJIeKTPUYHOI0 MPOHUKHICTIO 4,4. IIpoekTyBaHHA Ta aHAI3 3AIIPOIIOHO-
BAHOI MOJIeJIl aHTeH! 0yJI0 BUKOHAHO 3 BUKOPUCTAHHSAM mporpamMuoro 3abesneuenns HFSS. Berasusmm me-
PEeBEpPHYTY MeTajeBy CTPYKTYPY B KBaJpaTHy IIIJIMHY Yy IaT4l 1 4aCTKOBO ii 3a3eMJIMBIIN, MOKHA OTPUMATH
JIBOJIaITa30HHY aHTEHY 3 HAJ3BUYAIHO BUCOKOIO IIPOIIyCKHOI 3[JaTHICTIO BEPXHBOI cMyTH. ¥ poOoTi mpescra-
BJICHUHM KOMILIEKCHHUHM aHAJI3 XapaKTepHUCTUYHHUX IapamerpiB (Si1, KoedillieHTa IIICUJICHHS, Tiarpamu
CIPSIMOBAHOCTI), BRJIIOYAIOYN POSIIOILJI IIOBEPXHEBOIO CTPYMY 3AIIPOIIOHOBaHOI aHTeHU. IIpoToTHIr BUrOTOB-
JIEHOI aHTEeHU Mae MPUBAOIMBI KOMIIAKTHI poamipu 22X19%1,6 mm3. OTpuMaHi CMyTry IPOITyCKAHHS CKJIAA-
otk 800 MT'x (4,2-5,0 I'Tir) Ta 4200 MTI'x (8,0-12,2 I'T'ir) BiAMOBIIHO /I HUSKHBOI 1 BEpXHBOI cMyT. Bumipsai
MIKOBI KOeIIIEHTH MACUJIeHHS B JBOX poboumx iiama3oHax craHoBiATh 3,0 Ta 4,3 nbi, sigmosigmo. Pe-
3yJIBTATA BUMIPIOBAHb € 3araJIbHONPUUHATAMY 1 Y3TOIKYIOTHCS 3 Pe3yJIbTATaAMHU MOJEJIIOBAHHS 1, OTIKE,
MATBEP/KYIOTH JIOMIIBHICTh KOHIIEMINl [U3aifHy. 3alpoloOHOBAHA aHTEHA 3aJI0BOJIBHSIE BUMOTAM JI0 CMYT
npomnyckauHa misa cucteM INSAT (4,4-4,8 I'Tm) ta mikpoxBmiaboBux X-miamasoHiB (8-12 I'T'm). KommaxTai
po3MipH, HU3bKa BAPTICTh, IIPOCTA HECHMETPUYHA KOHQIrypallis, JBOIIAIA30HHI Pe30HAHCHI XapaKTepuc-
THKH, IIXPOKA CMyra IIPOIyCKAHHSA, FAPHUN Koe(illieHT IiICHIeHHA Ta CcTAa0lIbHI JiarpaMu CIpAMOBAHOCTI

€ TIepeBaraMu po3po0JIeHOl AHTEHU.

Kmouori cinosa: Kommaxruuit, Hecumerpuuna anrena, J[Bomiamasouuwuii, [Ilupoxocmyrosumii, Beagporosi

JIOJTATKH.
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