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In this paper, authors propose a new way of improving the gain-bandwidth performance of Multiband
Operational Antenna in Ultra Wide Band (UWB) frequency range with substrate structure modification Approach.
Annular ring arc is portion of the annular ring with specific length and sector angle that contributes to effective
aperture area of the antenna. Hence, such structure helps to improve gain-bandwidth performance of antenna.
Length, width, and angle of ring-arc was calculated mathematically based on effective aperture of antenna. The
proper placement of annular rings is another important factor discussed in this paper was found by
experimentation. The antenna design is completed within three iterations and finalized antenna was fabricated
and tested. Measurement results and simulation results of antenna agreed. The antenna frequency band ranges
from 2.1 GHz to 10.4 GHz with achieved size reduction. The antenna was fabricated on FR4 epoxy substrate with
0.8 mm thickness and dielectric constant of 4.4 and achieves acceptable return loss over the band of operation. The
Antenna suggested in the paper is showing good improvement in the antenna parameters such as Gain,
Bandwidth, Return loss etc. In this, Placement of arcs was determined by experimentation during simulation.
Multiple arcs can be introduced for multiple stop band frequencies.
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1. INTRODUCTION

The Ultra-wide band antennas offer high data rates, low
power consumption, and low cost [1]. As wireless portable
devices require antennas that operate in multiple
frequencies for different wireless protocols, the number of
operation bands and functions is increasing, which
presents challenges in antenna design. However, UWB
antennas can replace multiple narrow-band antennas,
effectively inside the product [2]. Some of the recent
applications of UWB are [3]: Precision locating and
tracking information for people, vehicles, and objects in
real-time, Wireless communication: UWB provides high
data rates, low power consumption and replaces multiple
narrow-band antennas with single antenna [4].

One of the most widely used standards for UWB
communication is IEEE 802.15.4a, which defines the
physical layer and medium access control layer and
data rate of up to 27 Mbps [5]. This standard provides a
data rate of up to 480 Mbps and a range of up to
10 meters, making it suitable for high-speed wireless
communication applications [6].
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With the increasing miniaturization and complexity of
electronic devices [7], UWB antennas with a smaller size
and weight can improve the portability and usability of
these devices [8]. The development of new UWB antenna
designs can improve the performance and usability of UWB
technology in various applications [9]. UWB antenna design
continues to evolve, antenna array designs, and meta-
surface antennas to improve antenna performance for
various applications [10].

2. RELATED WORKS
2.1 Basic Design Steps

UWB antenna design involves iterative process to
meet design targets and the steps are briefly stated as:

1. Requirement analysis: Requirement to the
specific needs of the application, such as the frequency
range, bandwidth, gain, radiation pattern, antenna size.

2. Selecting antenna type and structure: In this
paper, authors have targeted wider UWB frequency band
with consistent gain over the band of operation with
Omni-directional radiation pattern.
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3. Simulation: In this paper Authors have used Ansys
HF'SS to design and simulate the antenna structure.

4. Antenna fabrication and testing: Antenna was
fabricated using copper clad FR4 epoxy substrate with
0.8mm thickness. The test results are compared to the
simulation results to verify that the antenna meets the
desired requirements.

To characterize the UWB antenna fractional
bandwidth, which is given with following equation:

Fu—F,
TR

BW = x 100% (1)

The bandwidth ratio for antenna is defined as:

Bw =" .1 )
F
Here, Fg and FL are upper and lower frequencies
while Fc is the center frequency of the band.

2.2 Impact of Dielectric Constant

The dielectric constant of the substrate affects the
electrical length of the antenna. A higher value of
dielectric constant will result in a smaller physical size of
the antenna. Other factors such as substrate thickness,
conductor width, and ground plane size also need to be
considered to ensure the best possible performance.
Mathematically, relation between dielectric constant and
frequency can be expressed as [11]:

S_F_ 18¢
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Here, OF is variation in frequency, Fo is the center

frequency, S is variation in dielectric constant and & is
actual dielectric constant.

2.3 Techniques of Improving Performance of UWB
Antennas for Multiband Operations

Authors initiated work with stringent
requirements of higher bandwidth, stable gain, and
Omni-directional radiation pattern with size
reduction with following techniques:

1. Bandwidth Enhancement Techniques: uses
different feeding techniques and other techniques include
using parasitic elements, such as slots or stubs, or using
a fractal structure [12].

2.  Miniaturization Techniques: Reducing the size of

the antenna while maintaining its performance
characteristics [13].
3. Polarization Techniques: includes circular

polarization to provide better performance in multipath
environments, or using dual-polarized antennas [14].

These techniques can be used to achieve the desired
performance characteristics for a specific application. The
authors used combination of (A) and (B) techniques to
achieve design targets.

3. METHODS AND MATERIALS

J. NANO- ELECTRON. PHYS. 17, 02026 (2025)

3.1 Iteration 1: Antenna Design for Higher Gain

Initial design started with Circular patch design with
resonance frequency and Actual radius of circular patch
is calculated using,

a= : @
J{1+ " min (55)+1.7726 |}
_ 8.791x10°

F==z ®)

2
Friey

The effective antenna radius is calculated using,

a

Gopf = aJl + %[ln In (E) + 1.7726] (6)

Parameters and variables used in above equations are
listed below:

Table 1 — Antenna design variables

Variable Description
frr&r Resonant frequency, Dielectric constant
h,a Height of substrate, Patch radius
Aeff Effective patch radius

After circular patch modification are done with
concentric circular slot. The results of R1 and Rz variation
and antenna performance is given in Table 3.

Table 2 — Antenna dimensions for iterationl

Variable Value (mm)

R1, Ro, Lt, Lg, Ls, Ws 10,6,11.2,10.8,45,42

Authors designed the antenna on FR4 epoxy substrate
with thickness of 0.756 mm having dielectric constant of
4.4. Authors completed the first iteration with circular
micro strip-fed antenna. To obtain the desired ultra-
wideband the circular antenna was modified to ring
shaped antenna, as shown in Fig. 3. R: is the radius of
outer circle and Rz is the radius of inner circle in the ring
shape. Based on the Table 2 selected value of Rz is 6 mm.

o 15 30 (mm)

Fig. 1 — Structure of Iterationl antenna with variables indicated

02026-2




MULTIBAND OPERATIONAL ANTENNA IN ULTRA WIDE BAND (UWB)... J. NANO- ELECTRON. PHYS. 17, 02026 (2025)

Table 3 — Variation of R: and frequency bands observed o 5 °

R1=10 mm

R2 (mm) | Frequency bands (GHz)

below

0&1.5 (2.2-4.2)&(6.8-9.8), (2.2-4.2)&(6.8-9.8)

3& 6 (2.2-4.2) & (6.8-9.8), 2.3-9.8 continue band
7 Bad response

-5

NN p—
N \/\/
o -

‘ Fig. 4 — Structure of Iteration 2 front and back sides
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Fig. 2 — (a) Return loss for Iterationl antenna, (b) Radiation I5
pattern of Iterationl antenna 0
.5
3.2 Iteration 2: Improving the Antenna Bandwidth -10 \
15
To improve antenna performance, Iteration 2 modified 20 °'°dB(GainT°tal)
to semicircular shape with a notch by ND (notch depth) 25
and NW (notch width). The notch as shown in Fig. 3 is jg 120
characterized. Antenna dimensions are still same with. Vim 331

Antenna performances are shown in Fig.5 (a, b).
Observed maximum gain 5.6 dB.

b

Fig. 5 — (a) Return loss of Iteration 2 antenna, (b) Radiation
pattern of Iteration 2 antenna

Table 4 — Antenna performance change with NW

ND =2 mm

NW (mm) | Freq bands (GHz)

below

3 (5.9-12) continuous band

4 (2.3-4.3) and (5.7-10.25)

5&6 (2.1-4.3) and (5.9-9.3),(2.1-4.2)and (5.4-8.8)

Fig. 3 — Semicircular ground for Iteration 2 and slot into ground
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Table 5 — Antenna performance change based on ND

NW =4 mm

ND (mm) below Freq bands (GHz)

2 (2.3-10.5) continuous band
3 (2.3-9) continuous band

4 (2-6.7) and (7.8-9.3)

5 2.1-6.5

3.3 Iteration 3: Development of Annular Ring Arc
Method for Antenna Tuning

To optimize the antenna design further to obtain
wideband, defected ground structure was created with
two circular cutouts in the ground, as shown in Fig. 8.
This achieves bandwidth tunability and Dbetter Sii.
However, the design sacrificed gain due to this
modification. To improve the gain, one short circular stub
was added inside inner circle. Fig. 9 shows author’s
mathematical logic behind introduction of the arcs to the
structure of Iteration 2.

In addition, we also know that, below equation was
used to design arcs,

c

fare = %

Design variables from above equation can be
understood from Table 6.

(M

Table 6 — Mathematical variables in annular arc

Variable Description

farc Resonant frequency of the arc
A c Area of the arc, Speed of light in

vacuum/air
r Radius of arc

Eeff Effective dielectric constant of substrate
Waret, Warez | Width of Arcl, Width of Arc2
Ryres, O Radius of Arc3, Sector angle (arc angle)

Arcs were designed with lengths and angles to match
and improve the antenna performance where return loss
was more than — 10 dB. Considering the radii of arcs Arcl,
Arc2 and Arc3, their corresponding areas were calculated:

Arcl (inner circle)

Arc3 (inner circle)

Arc width [y

Arc2 (outer circle)

\ ’

MY ‘/rﬁ—— Sector Angle
\ /
DR

AR
N/

Fig. 6 — Introduction of arcs to the iteration2 structure
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Area(Arcl) = gWAzrcl ®)
Area(Arc2) =2 - (g W2.) 9)
Area(Arc3) = mR2, 3 (10)

Effective area of Iteration 3 can be calculated as:

Area(iteration3) = Area(iteration2) + Area(Arcl) +
Area(Arc2) + Area(Arc3) (11)

After multiple simulations and performance
evaluations of antenna the arc dimensions of all three
arcs and their corresponding antenna performance are
given in Table 7.

Table 7 — Arcl characterization when placed at opposite to feed

Arc annular | Sector angle | Resonant frequency
width (mm) ©) (GHz)
90 3.99
0-5 120 3.81
90 2.92
1 120 2.71
90 1.95
15 120 1.84

Table 8 — Arc2 characterization when placed at 90° to feed

Arc annular | Sector angle | Resonant frequency

width (mm) () (GHz)
0.5 90 5.11
1 90 4.41
1.5 90 3.68

Table 9 — Arc placement and antenna performance relation

Sector | Arc Resonant

Arc angle annular frequency fgtle_;lz)bands
() width (mm) | (GHz)

Arcl 180 1 2.39 2.1-3.2

Arez(left | )9, 1 4.15 3.8-4.4

side)

Are2 - (right | 1o, 1 415 3.8-4.4

side)

Arc3 360 Radius = 3 8.2 8-10

Tteration 3 performance remains unchanged until
final dimensions are achieved. The antenna dimensions
are reduced from 50mm x42mm x0.8mm to
41.5 mm x 31 mm X 0.8 mm. Reduction in surface area
achieved 1s 38.74% from the Iteration 1 and Iteration 2.
The designed antenna of Iteration 3 was fabricated and
tested. The fabricated antenna with its dimensions is
shown in Fig. 10.

4. RESULT AND ANALYSIS

UWB antenna performance improvement with annular
ring and placement of gaps in annular ring was presented in
paper [15] proves that placement of gaps in annular ring UWB
antenna can be used to tune the performance of antenna.

02026-4
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Proposed structure in this paper also started as annular
ring antenna, as discussed in previous sections. However,
during design it was found that arcs with specific sector
angle and annular widths can be used to tune the antenna
bandwidth and stable radiation characteristics.

/AN
N\

-10 \ . N

-20 o

vy

-30 4

Return loss (leration3) (dB)

——Return ioss (iteration3)
-35 T T T T T
2 4

6 8
Frequency (GHz)

Fig. 7 — Return loss of Iteration 3 antenna
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Fig. 8 — Return loss comparison for Iteration 1, 2 and Iteration 3
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results for Iteration 3
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Fig. 10 — Fabricated antenna structure
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Bararogiamazouna pobdouya anreHa B yasrrpamuporocmyrosomy (UWB) nianmasoui 3 migxomom g0
mogudikamii migKIagKu

H.I. Bxomanel2, C.H. ITaBap3

1 HauyioHanvHUll iHCMumym eieKkmpoHiKu ma iHgopMauliinux mexrnoso2ii, Ayparneabao, Inois
2 Kagpeopa eniekmporixu ma komn ' iomeproi inacenepii, Inowcenepruti koneoxe Canscieari, Konapeaow, Inois
3 Kagbeopa estekmporiku ma komn lomepHol inoicenepii, Inocenepruil konedc imeni casaxapnana Hepy, Aypaneabao, Indis

V 11i#t po6oTi aBTOPH MIPOTIOHYIOTH HOBUM IIIIX1JT JI0 MOKPAIIEHHS XapaKTePUCTUK KoeIIieHTa miACUIeHHS Ta
CMyTH TIPOITyCKAHHS Oararomiama3oHHOI pobodol anTeHum B ysbrparmuporxocmyroomy (UWB) mamasomi aa
paxyHOK MoaudiKarii CTPYKTYypH miakaankn. Jlyrosuit cermenT Kbl (annular ring arc) € 9aCTUHOI KLIBITA 3
IEBHOK JOBKAHOK TA CEKTOPHUM KyTOM, SKMU BILUIMBAae Ha e(EKTUBHY alepTypy aHTeHHW. Taka cTpykrypa
JT03BOJIsIE€ TIOJIIIIIUTH Y3TOMKEeHICTh CMyTrd IpPOIYCKAHHS 3 MiJCHJIeHHsSM aHTeHHW. JloBMHA, MMpUHA Ta KyT
Oyrd KUIbI OyJId BH3HAYEHI MATEMATHYHO, BUXOOIYN 3 PO3PAXyHKY edexTuBHOI ameprypu. Kpim Toro,
OIITMMAJIbHE PO3MIIIEHHS YT KUIbIA 0yJI0 BCTAHOBJIEHO €KCIIEPUMEHTAJIBHO TA PO3IJVISAIAETHCS SIK BAMKJIMBUN
daxrop y migBuineHHI MPoayKTUBHOCTL. [IpoeKTyBaHHS aHTeHU 3aBepIIeHO 3a TPHU ITepallii, INCJsA [YOro
BUTOTOBJIEHO (DISMYHUN 3pa30K Ta IPOBEINEHO BUIPOOYyBaHHs. Pe3yibTatv BUMIPIOBAHB Ta MOJEJIIOBAHHS
Y3romKyoThesa. AHTeHA IIpallioe B YaCTOTHOMY miamaadosi Big 2.1 g0 10.4 I'Ti, mpu 11b0My JOCATHYTO 3MEHIIIEHHS
poamipy KoHcTpykirii. J[Jiss BurorossieHHs BUKopHcTaHo minkgaanky FR4 3 tosmmuo0 0,8 MM 1 i€ IEKTPUYHOIO
HPOHHKHICTIO 4.4. AHTeHa IeMOHCTPye IIPUMHATHI 3HAYEHHS 3BOPOTHMX BTPAT y BCii poOoduiil cmyai.
3ampornoHoBaHa KOHCTPYKIlST JeMOHCTPYe 3HAYHe IIOKPAIeHHS I[IapaMeTpiB, TAKUX SK IIICAJIEHHS, CMyra
TIIPOITYCKAHHS TA 3BOPOTHI BTpaTh. Po3MireHHs ayr 0yJ10 BU3HAYEHO eKCIIePUMEHTAIBHO IIiJT Yac MOJIeJTIOBAHHS,
a 1 3a0e3meyeHHs KIJTbKOX YaCTOT CMYTH 3aracaHHs MOKHA JI0JIaTH KLIbKA JIyT.

Knrouogi ciosa: Yiasrpamuporocmyrosa (UWB) anrena, [IpoexryBanns anrenun, Kinbiesa ayra.
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