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Meander Strip Resonators
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ABSTRACT: A novel design of a dumbbell shape quad elliptical slotted (DSQES) antenna for directive ultra-wideband (UWB) integrated
with WCDMA, WLAN, and mid-band of 5G applications is presented. Initially, a circular patch is designed by inserting four elliptical
slots in radiator with a rectangular slotted ground plane. To realize ultra-wide impedance bandwidth, three symmetrical stepped rectangu-
lar slots are inserted in ground below a stepped-quarter-wave-transformer feed line. The proposed antenna achieves fractional bandwidth
(FBW) 0of 104% (S11 < —10dB) which covers UWB frequency range of 5.4-17.3 GHz at resonant frequencies 5.8/7.4/10.3/12/15.7 GHz.
Further, a ground structure is customized by loading two asymmetrical meander strip resonators (MSRs), which provides extra lower
frequency bands 2.1 GHz (1.96-2.21 GHz) and 3.5 GHz (3.22-4.07 GHz) for WCDMA, WLAN, and 5G mid-band applications, re-
spectively. Furthermore, the measured gain and half-power-beam-width (HPBW) are 1.7-6.4 dBi and 75°-20° in 5.4-17.3 GHz UWB,
respectively. The optimized dimension of proposed antenna is 30 x 30 mm? which is simulated on Computer Simulation Technology
(CST) electromagnetic simulator using an FR-4 substrate of thickness 1.6 mm and dielectric constant 4.3. The simulated structure is
computed by ADS simulator, and simulated results are validated with measured ones.

1. INTRODUCTION

n the present scenario there is always the need for direc-

tive ultra-wideband antennas which are also attuned for Blue-
tooth, Wi-Max, WCDMA, WLAN, and 5G applications at
lower frequency. Due to the compact size and low cost, such
types of antennas are easy to integrate and more versatile with
modern wireless equipment [1]. Without affecting the direc-
tional UWB characteristics, the major challenges in the design
of these antennas with multiband applications are impedance
matching, electromagnetic interference, stable radiation char-
acteristics, and compact size [2—6].

From the literature, most of the researchers focus on the de-
sign of directional UWB antenna with defected ground struc-
ture to achieve ultra-wideband, moderate gain, and directiv-
ity [7-10]. Meena et al. designed elliptical and circular ring
having defected ground structure directional UWB antennas for
microwave imaging, radar systems, C & X band applications
with good directional characteristics and size 40 x 40 mm?,
but reported antennas are limited to UWB only [11-15]. Fur-
ther, the design of multiband antennas was proposed with size
160 x 160mm? and operating frequency in the range of 5—
5.5GHz, but applications of the proposed antennas are for
lower wireless band only without covering UWB [16-20].

Further in [21-23], a circular ring having triangular and arc-
shaped antenna was proposed for UWB along with WLAN and
Bluetooth applications, and a rectangular strip is loaded for cov-
ering GSM band. Aravinda et al. [24] reported a dual-band
antenna for GSM/UMTS/LTE with UWB, but its dimensions
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are 65 x 30mm? due to large size which is difficult to use in
portable devices. Daghari et al. [25] and Kapoor et al. [26] pre-
sented a wideband antenna for 5G wireless applications by in-
troducing elliptical antenna element and defected ground struc-
ture, but it has low fractional bandwidth around 50% and size
constraint 92 x 88 mm?. Furthermore, Srivastava et al. [27],
and Sohi and Kaur [28] presented an O-shaped multiband an-
tenna design and a dual-port microstrip-fed semi-circular patch
antenna with Koch curve fractals, respectively. These antennas
cover UWB of 5.24-10.75 GHz with Bluetooth and WLAN, but
they have low fractional bandwidths of 68% and 77%, respec-
tively. Suvarna et al. [29] and Ken and Yang [30] proposed
a tri-band miniaturized antenna using fractal defected ground
structure and a tri-mode hybrid antenna. However, these an-
tennas cover C/X, Ku-band and GPS/WLAN/Wi-Max system
but does not cover UWB. Further, Patel and Makwana [31] and
Kumar et al. [32] presented multiband and miniaturized anten-
nas for GPS, IRNSS, Sub-6 GHz 5G, WLAN, Wi-Max, C-band,
and X-band applications, but it also does not cover UWB.

In view of the above literature, it is clear that most of re-
searchers focused on the design of either directional UWB an-
tenna or multiband antenna which does not cover UWB or inte-
gration of UWB with multiband wireless communication appli-
cations. It also has limitation of large antenna size and low frac-
tional bandwidth. It is always challenging to integrate multi-
bands due to the coupling between different elements present
in patch as well as ground plane, and another limitation of a
multiband antenna is its narrow bandwidth and poor impedance
matching. These limitations can be overcome by introducing
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FIGURE 1. Proposed configuration of antenna with all dimensions.

slots in patch antenna and ground plane as well as integrating
strip resonators in partial ground plane.

Therefore, motivation of this article is to design a directional
UWRB antenna integrated with multiband. In this article, a novel
design of a circular radiator having a quad elliptical dumbbell
shaped slot antenna is designed for directional UWB. Further,
the integration of multiband can be achieved by adding two
asymmetrical meander strip resonators (MSRs) of rectangular
shape on the top corner of rectangle partial ground plane. The
proposed design achieves 104% fractional bandwidth (FBW);
gain ranges from 2.3 to 6.4 dBi; and HPBW moves between 75°
and 20° in UWB of 5.4-17.30 GHz along with additional wire-
less bands of 1.96-2.21 GHz, 3.22-4.07 GHz for WCDMA,
WLAN, and mid band of 5G applications. This structure sup-
ports UWB applications along with integration of wireless ser-
vices to make this antenna more versatile. Due to highly direc-
tional characteristics it can also be used for microwave tumour
detection. Further, antenna parameters such as bandwidth,
gain, fractional bandwidth, half power beamwidth, and dimen-
sions are compared with previously reported antennas [10-
15,17,21-24,26,27,29-31, 36] in available literature. The op-
timized dimensions is simulated, fabricated, and validated by
experimental results.

The work is presented in five sections. Section 2 elaborates
the proposed configuration of antenna, design method of the
proposed antenna, parametric analysis, and equivalent model.
In Section 3, measured results and discussions are reported.
Section 4 represents antenna application and comparative anal-
ysis. Finally, conclusions are reported in Section 5.

2. PROPOSED CONFIGURATION OF ANTENNA, DE-
SIGNING METHOD AND PARAMETRIC ANALYSIS

2.1. Proposed Configuration

The proposed structure of UWB antenna with all the dimen-
sions is as given in Fig. 1. It is etched on a low cost FR-
4 substrate having thickness ~ = 1.5 mm, relative permittiv-
ity e, = 4.3, and loss tangent of 0.02. The antenna consists
of a circular patch having radius R, and four equal elliptical

slots have been inserted in patch. It has a partial rectangle-
shaped ground plane integrated with two asymmetrical mean-
der strip resonators and three symmetrical rectangular stepped
slots, which are inserted below 50 ohm feed line. These slots
are integrated with a stepped quarter wave transformer for good
impedance matching.

Three symmetrical slots are introduced in the ground plane
which is equally separated to achieve UWB impedance match-
ing. Optimized separation and width of each slot are g; and
my, respectively. Optimized length for slot-1 is mq, for slot-2
is my, and for slot-3 is m3. To design an easy configuration,
two asymmetrical meander strip resonators are placed on the
top edge of ground plane and along the y-axis (vertically up-
wards). The separation between strip-1 and strip-2 is g having
equal height above the ground plane for both the strips. The
width and length of the substrate are given by W and L, re-
spectively. The dimensions of the proposed antenna configura-
tion are 30 mm x 30 mm (1.1, x 1.1),); the lowest resonating
frequency is 5.8 GHz; and free space wavelength is given by
Ao). Optimized parameters of the proposed antenna structure
are given in Table 1, and subsequently the antenna is simulated
on EM simulator (CST-Microwave Studio).

TABLE 1. Optimized parameters of the proposed antenna configura-
tion.

Parameter Value in mm Parameter Value in mm
L=W 30 Lf; 6.6
R 10 Wi, 2.4
L1 = L4 20 Wfl =e=mj3=r 2
L,=1L, 1.5 b=c=mp 4
L3 =a=m 6 d= ms 1
Ls 2.5 my 0.8
L¢ 11 g1 0.2
Lg=Lf; 3 2 0.5
L 9.6

Design stages of the proposed antenna involve four stages as
shown in Fig. 2. Antenna 1 is designed by inserting four ellip-
tical shape slots with length of major axis @ = 6 mm and minor
axis b = 4mm in a circular patch having outer radius R, inner
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FIGURE 2. Design stages for the proposed antenna.
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FIGURE 3. (a) Return loss vs. frequency plot for different antenna configurations (1-3). (b) Gain (dBi) vs. frequency plot for different antenna
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FIGURE 4. Input impedance vs. frequency plot for proposed antenna
configuration.

radius 7, and partial ground plane with optimized dimensions
W (width) and L, (length) without any meander strips. It is
excited by a 50 {2 microstrip line, and its lowest resonant fre-
quency is 3.6 GHz. It also covers UWB (5.7-17.5 GHz) with
four resonating frequencies 7.5/10.9/13.5/16.4 GHz.

It can be seen from Fig. 3(a) that Antenna 1 offers the lowest
frequency at 3.6 GHz along with UWB due to circular patch.
However, in order to meet the objective to design a UWB an-
tenna with multiband applications further, resonating strips are
added to the ground plane.

55

More resonance at lower frequency can be excited by adding
two more strips with the ground plane in which both strips
are capacitive meander strip resonator. The size of strips and
their positioning are adjusted in such a manner that there is
no coupling between them, and desired resonance frequency is
achieved at the same time. Impedance bandwidth of these strips
can be tuned independently. A meander strip resonator could
be added to the upper left edge of the ground plane as shown
in Antenna 2 of Fig. 2. An extra resonance at a frequency of
2.25 GHz is generated with this strip-1 resonator. Further, one
more folded strip-2 resonator is added at a separation of g; as
shown in Antenna 3 of Fig. 2. It gives rise to the proposed an-
tenna structure as shown in Fig. 2 [Antenna 3]. This proposed
antenna gives resonating frequencies at 2.1 GHz, 3.5 GHz, and
UWB from 5.4 to 17.3 GHz.

Plots for return loss (|.S11| dB) and gain vs. frequency plots
for different configurations of antennas (Antennas 1-3) are as
shown in Figs. 3(a) and 3(b), respectively. The comparative
analysis of bandwidth, fractional bandwidth, and gain variation
is given in Table 2.

The resonant modes of antenna are investigated by plotting
real and imaginary parts of input impedance vs. frequency curve
as shown in Fig. 4. From the plot of input impedance it can be
observed that the real part of input impedance (resistance) has
a value 50 (2, and imaginary part (reactance) has a very small
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TABLE 2. Comparative analysis of gain, bandwidth and applications of the proposed antenna configurations.

Ant Stri R t Bandwidth | Fractional Gain
c m‘; e‘;‘::i r ;‘;’t B es:“az‘GHZ) (-10 dB) | Bandwidth | Variation | Applications
onfiguratio esonato equency GHz (%) (dBi)
Only Mid Band of
UWB 3.6 3.2-39 19.71 5G
Antenna 1 aqtenna 0.9-6.7 Applications
without
strip 7.5/10.9/13.5/16.4 5.7-17.5 101 UWB
resonator
Ant | 2.25 2.12-2.42 13.2 Bluetooth
& ot Mid Band of
Antenna 2 N 3.4 3.10-4.04 26.3 1.7-6.8 5G
resonator . .
1 Applications
6.3/8.3/9.7/15/16.5 | 5.75-17.9 102 UWB
Ant | 2.1 1.96-2.21 12 WCDMA
Antenna 3 ;esrglia Mid Band of
(Proposed p 3.5 3.22-4.0 21.6 1.4-6.4 5G
resonator ..
Antenna) 1 &2 Applications
5.8/7.4/10.3/12/15.7 | 5.4-17.3 104 UWB
value nearly equal to zero. The resonant modes are at 2.1, 3.5, The impedance of each parallel resonance circuit representing
5.8,7.4,10.3, 12, and 15.7 GHz, respectively. five frequencies is as given in Equations (4)—(8)
Further, to validate the proposed antenna structure, an equiv-
alent circuit model is developed by ADS simulator as shown in Z1 = Rg1 + jwLg + o 4
Fig. 5(a). The input port is excited through a 50 {2 RF connec- JWtgl
tor. In the equivalent model, the microstrip feed inductance and ) 1
static capacitance of antenna are represented by L and C, re- Zy = Rgo + jwlys + jwCyo ®)
spectively. Inductance and capacitance due to circular patch are
R - , 1
represented by par.allel Lp-Cp. The pgrallel Lgp-Cgp tun.ed Z3 = Rgs+ jwLgs + (6)
cell represents the inductance and capacitance due to quad ellip- JwCy3
tical dumbbell shaped (QEDS) slotted patch, whose values de- 1
pend upon the length of major-axis ‘a’ and minor-axis ‘b’ slots Zy = Rgq + jwlgs + ol @)
in the designed antenna. The coupling capacitor C;,, at input JWgd
represents the coupling between defected ground and slotted ] 1
circular radiator. Further, the developed circuit model is sim- Zs = Rgs + jwlgs + jwClys ®)
plified as shown in Fig. 5(b). The impedance of circular QEDS
circular slotted patch is represented by series combination of The total impedance can be expressed as
Zp and Zgp. The impedance due to two meander line loaded 7 7
s ¢ =Z1+Zo+Z3+Zy+ Z, 9
strip resonators (MSRs) is represented by Zysg. The output . uwe ! 2 . 3 4 g ©)
port is terminated with 50 load for impedance matching by The impedance due to meander strip 1 and 2 resonators can be
input. assumed as:
The impedance for quad elliptical dumbbell shaped slots can ' 1
be expressed as [12,33]: Zmsrl = Rs1+ jwls + - c (10)
Jwls1
Zor = j LTI 1 Zuske = Raz + jwLas + (11)
slot = Jw Zk:l k— ﬁzkzl e (1) msr2 = Hoz + jwlo + 75
. o Z =7 V4 12
where n(= 4) is the number of elliptical dumbbell shaped slots. MR Mski F ZMsra (12)
The impedance for circular patch is given by [12,33]. Zyws and Zysgr represent discontinuities present in ground
plane while the total impedance is given by Zrrgg
Z, = - oo T JwL, (2) ZrreQ = Zuws + Zmsr + 50 13)
Jwlp
The impedance due to rectangle defected ground structure can
The impedance due to circular patch and quad elliptical slots in be expressed as:
patch can be written from Equations (1) & (2)
Z = jwlL + _r (14)
Zparcn = Zsiot + Zyp 3) RDGSI = JWLRDGS1 jwCRDGSI
56 WWwWw.jpier.org
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FIGURE 5. (a) Electrical equivalent model for DSQES antenna; (b) Simplified equivalent model.

Zrpgs2 = jwLrpagsz + (15)

JwCRrpaGs2

(16)

Equivalent impedance of patch (Zparcu) and RDGS (Zrpgs)
from Equations (3) & (16) is given by Zp,

Zroast || Zroas2

ZRDGS

(Zpatcn) - (Zrpes)
(Zpatcn) + (Zroas)

Z = (17)

The total impedance from Equations (13) & (17) is given by

(Z1) - (Zrreq)

ZTotal = 18
Total ( ZL) + ( ZFREQ) ( )
The impedance of feed is given by
Lteed = . (19)
feed — jw Cf

The total impedance from Equations (18) & (19) is given by

b
JwC'y

ZT = (ZTotal + (20)

57

Therefore, the impedance of the whole equivalent circuit is
given by

(21) - Goom

ZEq = ijf + I (21)
(Z1) + Goomy
Input reflection coefficient of the circuit is given by
(Zgq) — 50
Sii=5——+ 22
n= 2 50 (22)

2.2. Design Method of the Proposed Antenna

The proposed antenna is designed in following steps:

Step 1: In the first step, radius R of circular patch is calcu-
lated with the help of Equations (23) and (24) for the confirma-
tion of estimated lowest resonant frequency as given by [37].

92 x 10Y
R= —+—— 23
Frdear) )
e = L; 2 (24)

Step 2: Four elliptical shaped slots are inserted in the circular
patch, and major and minor axes of ellipse are calculated by
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FIGURE 6. Surface current distribution plot of the proposed antenna at different resonating frequencies (a) 2.1 GHz, (b) 3.5 GHz.

Equation (25)

2 2
S
a b2
where ‘a’ and ‘b’ are the lengths of major axis and minor axis
besides x and y directions, and optimized value a = 6 mm and
b =4 mm.

Step 3: In the third step, the length of meander strip resonator
is calculated by the help of Equation (26), and the length of the
nth A\,/4 meander strip resonator is calculated from correspond-
ing resonant frequency (f,,). The total length L., of meander
strip resonator depends on two factors, resonant frequency f;,
and effective dielectric constant €,y of the substrate as given
by [36].

(25)

Lyon = n=1,23.. (26)

c
4frnv/ (Eep)
where )\, and c are the guided wavelength and speed of light,
respectively. Ly, = denotes the total length of the nth me-
ander strip resonator, and resonating frequency depends upon
Lyon.

In step 1, a patch antenna of circular shape is designed by
keeping lower value of resonant frequency (f,.) as 5.8 GHz.
The approximate values of patch radius R, obtained from cal-
culation and simulation, are 9.8 mm and 10 mm, respectively,
which are very close to each other. It can be observed that the
first resonance is obtained at 2.1 GHz with MSR-2 as reflected
through surface current plot shown in Figs. 6(a) and 6(b). It
can also be observed that the current length is equal to quarter
of the guided wavelength (A,). To calculate the total length of
MSR-2 the formula as given in Equation (27) is used.

Ly52:L4+L5+L6+L7+L8%)\9/4 27)

Using the parameters as given in Table 1, the length of MSR-
2 (Lys2) is 38 mm. From Equation (24), the value of e,y is
2.65. The value of the first resonant frequency f,1 obtained
from calculation is 1.81 GHz, and from simulation it is 2.1 GHz
which are approximately equal. Further, MSR-1 is accountable
for the second resonant frequency fo, and its length can be
calculated by the help of Equation (28)

Lysl :Ll +L2+L3 N)\g/ll (28)

58

As given in Table 1, L1 = 27.5mm. Hence, the calculated
value of second resonant frequency is fro = 2.72 GHz. How-
ever, the value of the 2nd resonant frequency obtained after
simulation is 3.5 GHz, which is very close to designed value.
Therefore, the procedure used in designing the proposed an-
tenna structure is also validated by applying full-wave simula-
tion method. The proposed antenna configuration of antenna is
matched to the theoretical prospective.

2.3. Parametric Analysis

To realize the effect of resonance parameters on the perfor-
mance of antenna, a parametric investigation is carried out. The
effect of circular patch radius R, inner radius r, length of ma-
jor axis ‘a’, length of minor axis ‘b’ of elliptical slots, length
Lys1 of MSR-1 and L, of MSR-2 are sufficient for the op-
timization of antenna impedance characteristics which can be
observed from Fig. 7. The variation of radius R affects first
resonating band and UWB band. Fig. 7(a) shows the effect of
variation of radius R on return loss. On varying the value of
R from 9 mm to 11 mm, a shift of 0.1 GHz towards lower side
is observed in f,.;, whereas 0.1 GHz shift in advance side is
observed in higher cutoff frequency. The optimized value of
R is obtained as 10 mm, which covers all required operating
frequencies. The variation of inner radius r mostly affects the
first and last resonating frequencies of UWB as shown in Fig.
7(b). As r is varied from 1 mm to 3 mm the first resonating
frequency of UWB is shifted to higher side, and an optimized
value of » = 2mm is chosen to achieve the desired result. In
the next step, the variation of major axis length ‘e’ and mi-
nor axis length ‘b’ has been done. The major axis length ‘a’
is varied from 5 to 7mm and minor axis length ‘0’ from 3 to
Smm. A small shift in resonating frequency can be observed
due to this variation, and an optimized value of ‘e’ = 6 mm
and ‘> = 4 mm is selected for the proposed antenna effect of
variation as shown in Fig. 7(c). Further, Fig. 7(d) shows the ef-
fect of variation of length of MSR-1. It is clear from the figure
that when L, changes from 26.5 to 28.5 mm, other parame-
ters are stable, and due to this variation, the second resonating
frequency f,o changes from 3.48 to 3.52 GHz while the first
resonating frequency and UWB remain unchanged as shown in
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TABLE 3. Variation of the second resonant frequency f,2 with the length of MSR-1.

f,2 (GHz)
L; (mm Lysi(mm . —r .
3 (mm) ysi(mm) Design Equation (6) Simulated Value
5 26.5 2.83 3.48
6 27.5 2.72 3.50
7 28.5 2.63 3.52
@ o ® o
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FIGURE 7. Return loss (dB) variation of proposed antenna (a) when radius R changes; (b) when inner radius r changes; (c) major axis length ‘a’ and
minor axis length ‘0> changes; (d) meander strip length L, changes; (e) meander strip length L1 changes.

Fig. 7(d). The optimized length of L,s; = 27.5mm is pre-
ferred to cover mid-band of 5G applications. In Table 3, differ-
ent values of the second resonant frequency fo with variation
in Ly are given from simulated and calculated results. It can
be observed that the calculated values of frequency f,o are in
accordance with simulated ones.

Further, the effect of variation of the length of MSR-2 is as
given in Fig. 7(e). By keeping other parameters fixed when
length Lys, is varied from 37 mm to 39 mm, the first resonat-

59

ing frequency fr; changes from 2.12 GHz to 2.08 GHz while
the second resonating frequency and UWB of antenna remain
unchanged. It can be observed that the variation in fr; along
with UWB depends upon length Lyss.

In order to operate in WCDMA band, optimized length
Lyss = 38 mm is chosen. From Table 4 it can be observed
that the first resonant frequency fr; varies with Lyssy. Further,
it can also be observed that the simulated value of fry is in
accordance with calculated value.
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TABLE 4. Variation of the first resonant frequency f-1 with the length of MSR-2.

f.1(GHz)
Lg (mm) Lys2(mm) Design Equation (5) Simulated Value
3 37 2 2.12
3 38 1.81 2.10
2 39 2.70 2.08

@ ®) o
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Frequency(GHz)

Frequency (GHz)

FIGURE 9. (a) Simulated are measured return loss (S11) dB plot for proposed antenna. (b) Simulated and measured gain vs. frequency plot.

It can be concluded from parametric variation that separate
tuning of meander strip resonators does not affect UWB char-
acteristics and has independent resonating frequency.

3. RESULTS AND DISCUSSIONS

The fabrication of the proposed antenna structure has been done
on an FR-4 substrate with the help of caddo-71 prototype ma-
chine. The return loss was measured by using an ENA se-
ries vector network analyzer (VNA) with the setup as shown
in Fig. 8.

The variation of measured and simulated return losses of fab-
ricated and designed antenna is shown in Fig. 9(a). A good
agreement has been observed between simulated and measured
results. Slight variations can occur due to some constraint dur-
ing fabrication, uncertainties present in dielectric material, dif-
ferent substrate thicknesses and effects due to soldering. The
proposed designed antenna resonates at 2.1, 3.5, 5.8, 7.4, 10.3,

60

12, 15.7 GHz frequencies. It also covers two separate lower fre-
quency communication bands 2100 MHz (1.96-2.21 GHz) and
3500 MHz (3.22—4 GHz) along with UWB (5.4-17.3 GHz), and
the respective fractional bandwidths are 12, 21.6, and 104%.
Further, the measured gain and directivity of proposed antenna
are obtained through broadband horn antenna (as reference an-
tenna). Furthermore, the measured gain/directivity versus fre-
quency variation is shown in Fig. 9(b). The directivity of an-
tenna is varied between 1.4 and 7 dBi in the entire frequency
band of 1.96-17.3 GHz. It can be observed that the maxi-
mum directivity is obtained at 15.7 GHz resonating frequency.
Furthermore, the gains for MSR-1 band, MSR-2 band, and
UWB have been measured and found to be 1.40-1.72 dBi, 1.8—
2.3dBi, and 3-6.4 dBi, respectively. It is also found that the
gain discrepancy is less than £0.5dBi. The measured peak
gains are obtained and compared with previously reported an-
tennas as mentioned in Table 5.
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TABLE 5. Conductivity and dielectric property of breast model.

Material Conductivity (¢) (S/m) Relative Permittivity (&,)
Skin 1.1 37
Tumour 4 50
(©
300
270
240

f: (UWB 0} HPBW
Band) eessssssss Simulated
o )
gi g(s)o 1;0 s @ |casured
10.3 130° 30°
12 170° 28°
15.7 110° 20°

FIGURE 10. Simulated and measured radiation pattern of the proposed antenna configuration at different resonating frequencies: (a) 2.1 GHz, (b)
3.5GHz, (¢) 5.8 GHz, (d) 7.4 GHz, (e) 10.3 GHz, () 12 GHz, (g) 15.7 GHz, and 6 = 90° in z-y plane, (h) HPBW variation with (.

FIGURE 11. 3D simulated radiation pattern of proposed antenna: (a) 2.1 GHz, (b) 3.5 GHz, (c) 7.4 GHz, respectively.

The simulated and measured radiation patterns of the pro-
posed antenna are shown in Fig. 10 for different resonating fre-
quencies 2.1,3.5,5.8,7.4,12,and 15.7 GHz at § = 90° and z-y
plane. It can be observed from Fig. 10 that a good agreement

is obtained between simulated and measured radiation patterns
with minor disparity. The designed antenna gives an omni-
directional radiation pattern at lower resonant frequencies of
2.1 and 3.5 GHz. However, almost directional characteristics
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TABLE 6. Comparative performance analysis of the proposed antenna with previously reported antennas.

Application
Reported Alétit;zna Antenna Operating | Fractional PGe;;E I;H:EZ:] ppfor
Antennas [mmi] Response | BW (GHz) | BW (%) (dBi) between (°) oplc:;?lt;ng
[10] 30x30 | Single Band 4-18 127 9.3 52°-30° UWB
[11] 50x50 | Single Band 3.4-10 98 NA 47°-30° UWB
[12] 50x50 | Single Band | 4.1-11.5 95 8.4 49°-22° UWB
[13] 32x32 | Single Band | 9.7-14.5 39 10.7 35°-26° Wideband
[14] 42x50 | Single Band | 2.4-10.4 125 6.5 105°-50° UWB
[15] 40x40 | Single Band | 4.4-10.6 82 9.1 44°-29° UWB
2.43-2.67 9 1.75 NA Wi-Max
[17] 24x30 | Triple Band | 3.37-3.58 6 1.9 NA Wi-Max
5.1-5.65 10 1.9 NA WLAN
2.4-2.52 2 1.6 NA WLAN
[21] 12x20 | Dual Band
3.2-10.6 107 4 NA UWB
2] 35x24 | Dual Band 2.4-2.48 3 1.8 NA Bluetooth
3.1-10.6 109 3.8 NA UWB
4.93-5.8 16 1.5 NA Wi-Max
23] 40x40 | Multi Band 5.9-6.7 13 2.4 NA C-Band
9.28-10.2 9 4 NA X-Band
3.0-12 120 5 NA UWB
[24] 50%65 Dual Band 1.92-2.17 12 NA NA UMTS
3.0-11.0 114 NA NA UWB
[26] 23x23 | Single band | 3.20-5.34 50 2.76 NA 5G devices
2.05-3.05 39 1.5 NA Bluetooth
[27] 60x50 | Triple Band | 3.65-3.92 7 2.8 NA WLAN
5.24-10.75 68 8.03 NA UWB
6.22-6.44 3.46 3.07 NA C
[29] 12x14 | Triple Band | 8.92-9.05 1.44 4.78 NA X
12.92-13.20 2.14 7.73 NA Ku
1.56-1.62 3.7 -0.8 NA GPS
[30] 30x30 | Quad Band 2.30-2.51 8.7 1.0 NA WLAN
3.40-3.77 10 1.7 NA Wi-Max
5.05-6.15 19 3.7 NA Sub-6 GHz
1.55-1.59 2.5 3.49 NA GPS
[31] 80x80 | Quad Band 2.43-2.52 3.6 6.49 NA IRNSS
3.44-3.54 2.8 4.93 NA Sub-6 GHz
5.23-5.32 1.7 4.46 NA WLAN
2-2.2 9 1.6 NA WCDMA
. 2.34-2.47 6 2.7 NA Bluetooth
(361 | 3030 | Multi Band 75760575 3 24 NA Wi-Max
4-18 127 4.4 NA UWB
1.96-2.21 12 1.73 117° WCDMA
Proposed . Mid-band
30 x 30 | Multi-band | 3.22-4.0 21.6 2.3 147° of 5G
Antenna applications
5.4-17.3 104 6.4 20°-75° UWB

is obtained as compared with previous reported antennas [10—
15,17,21-24,26,27,29-31, 36].

The corresponding 3-D radiation patterns are shown in
Fig. 11. It is observed that the omnidirectional radiation

are obtained at resonant frequencies of 5.8, 7.4, 10.3, 12, and
15.7 GHz in the UWB of 5.4-17.3 GHz. Further, half power
beamwidth (HPBW) moves from x-axis ® = 25° to ® = 170°
in z-y plane. Therefore, least HPBW from 75° to 20° degrees

62 WWwWw.jpier.org



Progress In Electromagnetics Research C, Vol. 141, 53-65, 2024

PIER C

Phantom under Test

\//
Switching & Signal

Conditioning
Circuit

Antenna
Svstem

—_— -

Rotatory
Table

Stepper
Motor

]

VNA

FIGURE 12. UWB-MI setup for microwave tumour detection.
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FIGURE 13. Experimental setup: (a) Breast model and antenna, (b) front view of simulated SAR distribution, (c) side view of simulated SAR

distribution.

patterns are obtained for 2.1 GHz and 3.5 GHz frequency;
it is also analogous with Figs. 10(a), 10(b). Therefore, the
maximum radiation intensity in particular directions can be
observed at 3.5 GHz and 7.4 GHz resonant frequencies, and it
is established by Figs. 11(b) and 11(c), respectively.

4. APPLICATION OF PROPOSED ANTENNA IN MI-
CROWAVE TUMOUR DETECTION

In current scenario, UWB-MI is widely used because of non-
ionizing signals used as compared to traditional mammogra-
phy techniques. It works on the principle of distinguishing di-
electric properties of normal breast/tumour cell. The dielectric
properties of tumour cells are higher than normal breast tissue
as tumour cell scatters higher microwave signals [34]. Using
UWB-MI technique, microwave pulses are transmitted by an-
tenna towards targeted object, and scattered pulses are received
from different directions. As can be seen in Fig. 12, UWB an-
tenna is connected to vector network analyser (VNA) [35]. An
antenna system can be used to get scattered signal and process
through switching and signal conditioning circuit. Therefore,
antenna can be used as a sensor, and through coupling liquid
the penetration of signal can be increased. Hence, the proposed
directional UWB antenna can be used to detect high resolution
image and deep penetration into natural tissues.
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Experimental setup for proposed antenna is shown in Fig. 13.
In the proposed setup, a breast model is designed with dielec-
tric properties as given in Table 5, where ¢ is the conductiv-
ity, and e, is the relative permittivity as given by [38]. The
model consists of a hemisphere of 50 mm radius in 2 mm layer
of skin tissue. A spherical tumour of 5 mm radius is used for
analysis. The centre of antenna is placed at origin, and the dis-
tance between breast model and antenna is 10 mm. Figs. 13(b)
and 13(c) show the simulated Specific Absorption Rate (SAR)
distribution on breast model. From the simulation results, it can
be observed that a significant amount of energy is absorbed by
tumour, but little power is deposited in skin tissue due to its low
conductivity.

5. CONCLUSIONS

In the proposed work, a dumbbell shape quad elliptical
slotted directional UWB antenna integrated with meander
strip resonators strips is designed, fabricated, and tested
experimentally. To recognize multiband characteristics, two
meander-strip-resonators are loaded on ground plane for
WCDMA and mid-band of 5G applications without trou-
bling directional UWB features. The measured impedance
bandwidth of designed UWB antenna is 5.4—17.3 GHz with
104% FBW with two additional lower bands 1.96-2.21 GHz
and 3.22-4.07GHz. The designed antenna operates into
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seven resonant modes of 2.1/3.5/5.8/7.4/10.3/12/15.4 GHz by
adding/inserting slotted structure approach. Also, mathemati-
cal validation of designed antenna is carried out with electrical
equivalent circuit to discuss directional UWB phenomenon
using ADS simulator. Further, HPBW and gain of designed
antenna are attained between 70°-20° and 1.7-6.4 dBi, re-
spectively. The main lobes of designed antenna are more
directional with high gain characteristics. Hence, it is suitable
for microwave tumour detection as demonstrated. Further-
more, antenna size, FBW, HPBW, and gain characteristics
of designed antenna are compared with reported literature as
given in Table 6.
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