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ABSTRACT: The shorted microstrip line fed design of an E-shape microstrip antenna loaded with a printed rectangular loop resonator
is presented for wideband response on a thinner substrate. Wideband response is attributed to the optimum inter-spacing between the
TM, /2,0 resonant mode of shorted microstrip line feed, with respect to TM1o and modified TMo2 modes on rectangular patch and TM2
mode on the printed rectangular loop. The design on a substrate of thickness 0.046)\, achieves bandwidth of 227 MHz (23.56%) with
a peak broadside gain of 7.1 dBi. The selection of microstrip line feed achieves wideband response on thinner substrate and harmonic
rejection to the higher band frequencies. A methodology to design similar antennas as per specific wireless application is presented that
yields similar result. An experimental verification has been carried out in the proposed design, which shows close agreement with the

simulation.

1. INTRODUCTION

icrostrip antenna (MSA) finds wide applications in wire-

less communication, attributed to its low profile and pla-
nar configuration [1-3]. It was previously believed that MSAs
were narrow bandwidth (BW) designs; however, numerous
methods have been devised in recent decades to attain a wider
BW. The simplest method of all is the use of a thicker sub-
strate in combination with capacitive proximity feeding [4].
This method is very useful for antenna designs having the sub-
strate of thickness greater than 0.08\,. Multi-resonator gap-
coupling method is another widely considered design, in which
parasitic resonators slightly different in frequency are coupled
to the fed patch [5-8]. The BW and gain in MSAs are increased
by employing patches in the planar and stacked layers, while
a cavity-backed configuration is considered [9, 10]. The multi-
resonator configuration is simpler in design and fabrication, but
it increases the antenna volume. A gap-coupled design of the
shorted microstrip line feed with a regular shape MSA is re-
ported that offers BW improvement with a marginal increment
in the antenna size [11, 12]. But in the reported papers, details
for designing a shorted microstrip line feed are not discussed.
A modified shape of the radiating patch is also used to increase
the MSA BW [13, 14]. While maintaining the single patch de-
sign, MSA BW is increased by employing a resonant slot [ 15—
19]. While the suitable modifications in the ground plane are
considered, wideband response using conventional or slot cut
MSAs has been realized [20-24]. Slot cut MSA and modified
ground plane designs are optimum methods since they provide
single patch solution. But in these designs, either the antenna
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thickness is large (> 0.06\,) or back-lobe radiation reduces the
antenna gain. In addition, these methods do not provide har-
monic frequency rejection for the input radio frequency (RF)
signal.

In this paper, the design of a shorted microstrip line fed E-
shape MSA loaded with a printed resonant rectangular loop
is proposed. The use of shorted microstrip line feeding helps
in achieving a wideband response on lower substrate thickness
and provides a harmonic frequency rejection using an E-shape
patch. The use of a printed rectangular loop achieves a BW
increment without the addition of parasitic resonator around
the E-shape MSA. The limits of wideband response in E-shape
MSA on thinner substrate are explained at the outset of this
work. Shorted microstrip line feed design is used to provide
a wider BW on a thinner substrate. On the overall substrate
thickness of 0.046)\, and adapting a three-layer air suspended
configuration employing glass epoxy substrate (¢, = 4.3,
h = 0.16 cm), first the design of a rectangular microstrip an-
tenna (RMSA) fed using a shorted microstrip line is studied.
The antenna yields reflection coefficient (S71) < —10dB BW
of 173 MHz (18.47%) with a peak broadside antenna gain of
7.2 dBi. A raise inthe BW is achieved by loading the MSA with
two parallel rectangular slots on the edge of the patch, resulting
in an E-shape MSA. This design for the same substrate thick-
ness achieves S1; BW of 198 MHz (20.93%). Further incre-
ment in the BW is obtained by loading the E-shape patch with
a printed rectangular resonator loop. The resonator is added
below the patch on the other side of substrate, thereby main-
taining the same E-shape patch size. This gap-coupled E-shape
MSA excited using shorted microstrip line feed achieves S1;
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FIGURE 1. (a) (b) Shorted microstrip line fed E-shape MSA loaded with printed rectangular resonator, (c) smith chart for decreasing substrate

thickness for E-shape MSA, (antenna dimensions in cm).

BW of 227 MHz (23.56%) with broadside peak gain of 7.1 dBi.
Throughout the S;; BW, the antenna exhibits broadside radi-
ation pattern. Thus, the proposed gap-coupled E-shape MSA
attains S1; BW of nearly 24% on a thinner substrate (0.046 ),
offering a maximum gain of more than 7 dBi. In addition, it pro-
vides rejection to harmonic frequencies of higher order modes
in the E-shape patch. Considering all these design features to-
gether, the proposed design offers improved and optimum re-
sult. Thus, the technological innovation in this study is a design
of a wideband E-shape MSA with a thinner substrate that of-
fers harmonic rejection. A thorough tabular comparison anal-
ysis is covered later in the text to emphasize this. Finally, a
formula for the resonant length at different patch modes in the
optimal design is offered, along with a following process to cre-
ate a comparable configuration around the particular frequency
band that yields the same result. MSAs proposed in this paper
are first simulated using CST software [26], followed by the
experimental verifications, which shows a close agreement.

2. SHORTED MICROSTRIP LINE FED E-SHAPE MSA

The design of a shorted microstrip line fed E-shape MSA loaded
with a printed rectangular loop resonator placed below the patch
and on other side of the substrate is displayed in Figs. 1(a), (b).
A three-layer air suspended structure is taken into considera-
tion, with two FR4 layers separated by an air gap that is i, cm
in thickness. Initially the parametric variation is carried out to
study the impedance response of coaxially fed E-shape MSA
with dimensions L. = 12, W = 14, [y = 6.6, y; = 1.95,
ws = 0.5 cm, against decreasing substrate thickness. The E-
shape MSA offers optimum BW with a formation of loop within
VSWR = 2 circle for h, = 1.8cm. The optimization proce-
dure for E-shape patch is not described here as it is available in
detail in the literature [25]. As seen in Fig. 1(c), the loop pro-
duced with the coaxial feed at point ‘A’ is not optimal inside
the VSWR = 2 circle, when h, decreases. This shifting in loop
position is attributed to the increase in capacitive impedance of-
fered by the pair of slots in E-shape MSA [25]. Thus, wideband

82

response cannot be achieved in coaxial fed MSA on a thinner
substrate.

To achieve the it, position of the feed needs to be shifted from
the patch. A proximity feed, a method of non-contact feeding,
can be employed. However, this also limits the BW on a thinner
substrate. Another option is aperture coupling, but it is complex
to design. Hence, the design of a shorted microstrip line feed-
ing the MSA is considered. In this, the coaxial feed is present
on the shorted microstrip line, as mentioned in Figs. 1(a), (b),
i.e., at point ‘B’. To assess the effects of shorted microstrip line
exciting the patch, parametric variations are carried out using
RMSA first, and Figs. 2(a)—(f) show the resonance frequency
plots, Smith chart, and peripheral current distributions for it.
As noted from Fig. 2(d), surface currents on shorted microstrip
line feed shows one half wavelength variation over its vertical
length, or quarter wavelength variation over half of the length.
With this, the resonant mode is referred to as TM; /5 ¢ [30]. The
first index refers to the variation along shorted length, which is
the larger dimension of the feed line. As the variation is quarter
wavelength in nature, modal index % is considered. The second
index is for variation along the orthogonal dimension in shorted
microstrip line. As line width is very small, this variation is ab-
sent, and thus the corresponding modal index is 0.

At TM19 mode in RMSA, currents show half wavelength
variation as given in Fig. 2(e). The increase in shorted length
Iy reduces the frequency of TM; /5 o mode and tunes it with re-
spect to the frequency of TM; mode, as given in Fig. 2(a). The
gap-coupling between co-axially fed shorted microstrip line
and rectangular patch results in a loop in the Smith chart. The
horizontal length (1) of shorted microstrip line feed is smaller
than the vertical length. It was noted in the parametric study
that variation in this length primarily affects loop size and its
position in the smith chart as represented in Fig. 2(b), and the
frequency of TM; /5 o mode. The variation in gap between the
microstrip line and RMSA alters the mutual coupling between
the two resonators and thus affects the input impedance at them
as shown in Fig. 2(c). Thus, by optimizing the shorted mi-
crostrip line feed parameters, maximum S1; BW is obtained,
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FIGURE 2. (a) Resonance plots for the variation in shorted microstrip line vertical length ‘/’, feeding the RMSA, (b) smith chart for variation in
shorted microstrip line horizontal length, (c) resonance frequency plots for air gap variation between microstrip line and patch, and (d)—(f) peripheral
current distribution at identified resonant modes for the design of shorted microstrip line feeding the RMSA .

and antenna parameters in the same are L = 12, W = 14,
h =0.16, hy, = 10,1y = 4.1, ws = 0.6, 1;, = 0.4cm. The
simulated and experimental S7; BWs are 173 MHz (18.47%)
and 171 MHz (18.3%), respectively as given in Fig. 3(a).

With a peak gain of more than 7 dBi, the MSA produces a
broadside radiation pattern throughout the S;; BW. The E-
plane of radiation is aligned along ® = 0°. The next resonant
mode in rectangular patch is TM2 as shown in Fig. 2(f). The
increment in BW is achieved by adjusting this frequency ac-
cording to TM; /3 o mode of microstrip line and TM1 mode in
RMSA. This is achieved by employing a pair of slots in RMSA,
thus realizing the E-shape MSA as specified in Fig. 1(a). The
optimization procedure for wideband E-shape MSA is well de-
scribed in the literature [25] and hence not presented here. By
optimizing a pair of slot parameters, wideband response in E-
shape MSA is obtained, and results for them for slot parameters,
as ls = 4.6, ys = 1.95, ws = 0.5cm, are shown in Fig. 3(a).
Simulated and experimental S7; BWs are 198 MHz (20.93%)
and 205MHz (21.54%), respectively. The antenna accom-
plishes broadside radiation pattern across the S1; BW with the
E-plane of radiation aligned along ® = 0°. The cross-polar
level of radiation is lower by 15 dB as compared with the co-
polar level of radiation. The maximum antenna gain is greater
than 7dBi. Thus, as compared with RMSA, E-shape design
offers BW increment by 3%. To increase the BW further, ad-
ditional resonators need to be added in the configuration. This
can be realized by gap-coupling parasitic patches around the fed
patch [27-29] or by embedding additional resonant slots inside
the E-shape MSA. The addition of parasitic patches boosts the
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antenna size. While employing additional slots, variations in
the impedance at different resonant modes inside the E-shape
patch increase which does not yield impedance matching for
the wideband response. Therefore, instead of these two meth-
ods, printed rectangular loop resonator was added outside the
boundaries of E-shape MSA as displayed in Figs. 1(a), (b).
The printed resonator loop lies below the E-shape MSA and
hence does not increase the patch size. The coupling of elec-
tromagnetic energy from the patch to the loop excites the reso-
nant mode to achieve an increment in the MSA BW. Resonance
curve plots and surface current distribution for this extra mode
excitation are displayed in Figs. 3(b)—(e) and 4(a), (b), which
are the results of parametric analysis for the modification in
printed resonator loop dimensions.

As recognized from the surface current distributions, first
two modes correspond to TM; /5 o and TM1o mode in shorted
microstrip line feed and rectangular patch, respectively. The
third mode is due to the modified TMy mode as the surface
currents are circulating around the slot length, thus, showing
two half wavelength variation along slot cut RMSA width. At
the fourth mode, currents exhibit two half wavelength variation
along printed rectangular resonator length. With this distribu-
tion, this mode is referred to as TMyg,. In Fig. 3(e), back view
of the configuration is shown so as to provide the surface cur-
rent distribution on the rectangular loop. As the surface cur-
rents are circulating around horizontal and vertical lengths of
rectangular loop, both the dimensions, L. and L, affect its res-
onance frequency. The variations in them tune TMyg,, mode
frequency with reference to TM1g, TMg2, and TM; /3 o mode
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FIGURE 3. (a) S11 BW and gain plots, for shorted microstrip line fed RMSA and E-shape MSA, (b)—(e) peripheral surface current distribution at the
observed resonant modes for microstrip line fed E-shape MSA loaded with printed rectangular loop resonator.
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FIGURE 4. (a) (b) Resonance curve plots for the variation in printed rectangular resonator loop parameters for microstrip line fed E-shape MSA
loaded with printed rectangular loop.
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FIGURE 5. (a) S11 BW and gain plots, (b) fabricated antenna and (c) S11 BW measurement setup for microstrip line fed E-shape MSA loaded with
printed rectangular resonator loop.

frequencies of shorted microstrip line and E-shape MSA. An sition of the loop (P..) with respect to E-shape MSA. For the ori-
optimum inter-spacing between them yields wider BW. While entation of the printed loop shown in Fig. 1(a), when the printed
optimizing BW, another important design parameter is the po- loop is placed below a pair of slots in E-shape MSA, the loop in
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the Smith chart due to it or corresponding resonant peak in the
resonance frequency plot is missing. For the loop position be-
low the slots, maximum field point on the patch coincides with
the minimum field point on the rectangular loop, because the
coupling between them is poor, hence the loop is not observed.
The coupling is present when the loop is placed on other side
of the pair of slots, as maximum of resonant field points on
loop and E-shape MSA coincides. Thus, while using this para-
metric study, wideband response in shorted microstrip line fed
E-shape MSA loaded with printed rectangular loop resonator
is obtained, and antenna parameters in the optimum design are
L=12,W =14, h = 0.16, h, = 1.0, I = 4.1, wy = 0.6,
lh=04,1s=4.6,ys =195, ws = 0.5, L, = 5.1, L1 = 2.25,
w, = 1.0, g. = 0.4cm. For the ground plane dimensions as
20 x 20cm, results for the optimum design are displayed in
Figs. 5, 6, and 7(a). The antenna offers simulated and measured
S11 BWs 0f 227 MHz (23.56%) and 233 MHz (24.3%), respec-
tively. This is notably a higher value obtained on a thinner sub-
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strate. As the resonator rectangular loop is present beneath the
patch, it is not visible in the fabricated antenna mentioned in
Figs. 5(b), (c). The radiation pattern across the S1; BW is in
the broadside direction with cross polar level below 15dB in
contrast to the co-polar level of radiation. The E-plane is along
® = 0°, over the complete BW. Antenna offers peak broadside
gain of greater than 7 dBi.

The radiation pattern and gain measurements were conducted
inside an antenna laboratory. In the measurements, wideband
and high gain Horn antenna was used as the reference. A far-
field distance is calculated with respect to the higher frequency
of S11 BW, and it is maintained between two antennas. The
three-antenna method is used for broadside gain measurement.
Another feature of microstrip line feed is the harmonic suppres-
sion. The simulated S1; plots for microstrip line fed E-shape
MSA with a rectangular loop against the coaxially fed E-shape
MSA are provided in Fig. 7(b). As noted in Fig. 7(b), the se-
lection of shorted feed line provides a suppression in the higher
frequency components.

3. DESIGN METHODOLOGY FOR SHORTED Mi-
CROSTRIP LINE FED E-SHAPE MSA LOADED WITH
RECTANGULAR LOOP RESONATOR

An optimum BW in shorted microstrip line fed E-shape MSA
loaded with a rectangular resonator loop is because of the opti-
mum spacing among the TM; /5 o mode of shorted line, TM
and TMy2 modes of rectangular patch, and TMyp, mode on
printed rectangular loop resonator. In this section, initially the
resonant length formulation at each of these modes is proposed.
To derive each of the formulation, peripheral current distribu-
tion at each mode is analyzed based on which, formulation is
realized. Peripheral currents at TM; /5 o mode vary by a quarter
wavelength along the shorted length, and Equation (1) provides
the resonant length at the same. Equation (2) is used to find
the frequency. For the shorted line parameters as h = 0.16,
he = 1.0,1y = 4.1, wy = 0.6, I, = 0.4cm, frequency
calculated using (2) is 812 MHz that agrees closely with the
simulated frequency of 804 MHz. The configuration of the mi-
crostrip line-fed E-shape MSA paired with the rectangular loop
resonator shows this simulated frequency. The equations men-
tioned in this section provide frequency in GHz and antenna
size in cm.

Leizo = 1y+2 (1.85hy) (1)
f120 = 30/4L6120 Ere (2)

The resonant length at TM ;9 mode in E-shape MSA is formu-
lated with Equation (3). In E-shape patch, a pair of rectangular
slots are parallel to the TM1¢ modal currents, and thus TM;
mode frequency of equivalent RMSA marginally differs from
the TM;( mode frequency observed in E-shape MSA [25]. The
frequency is calculated using Equation (4). The effective di-
electric constant (g,..) in three-layer air suspended configura-
tion is computed using Equation (5). For the antenna dimen-
sionsas L = 12, W = 14, h = 0.16, h, = 1.0cm and
using FR4 substrate, calculated frequency is 956 MHz, which
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matches closely with simulated frequency of 946 MHz.

Leto = L +2(0.9h) 3)
flO = 30/2L610 Ere (4)
2
2
e Er(2htha) )

2he,+hae2

In E-shape patch, a pair of rectangular slots perturb the pe-
ripheral current directions at TMy, mode. The effective patch
width of TMy2 mode is calculated using Equation (6), and
the frequency is calculated with Equation (7). The frequency
calculated using (7) is 1034 MHz, which is quite close to the
1025 MHz simulated frequency.

Weoz = W + 2(1.3hy) +4l, (1.31,/L) 6)
fOQes = 30/W602 Ere (7)

Surface currents in the rectangular resonator loop exhibit two
half wavelength variation across the whole loop length at
TMsyo, mode. In this effective resonant length (loq,-) is real-
ized by taking average of two lengths, /; and [, as shown in
Fig. 8(a) and provided in Equation (8). The frequency is de-
termined using Equation (9). The ¢, for the rectangular loop
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mode is calculated using Equation (10).

l2or = 2Lc+4L1+g.—3w, (3
f02es = 3O/VVeOQ Ere (9)
Er1 = ET+ET6/2 (10)

One side of the rectangular loop has a ground plane with an
air dielectric, while the other side has an FR4 substrate with an
E-shaped patch. The fringing fields arising from rectangular
loop resides between the loop and E-shape MSA, which sees
effective dielectric constant as that of substrate. However, as
Fig. 8(b) illustrates, there is an equal contribution of fringing
fields that either go through the substrate and then through the
air and substrate to the ground plane, or they pass through the air
and ground plane. With this air-substrate-air interface, the later
part sees effective permittivity as that of suspended dielectric
in the air in the three-layer configuration. Therefore, rectangu-
lar loop sees two effective dielectric constants on the two sides.
Therefore, the average value of two dielectric constants is con-
sidered for the effective dielectric constant calculation as men-
tioned in Equation (10). For the antenna dimensions present
in the optimum configuration, computed modal frequency of
TMsq,- is 1054 MHz, which is close to the simulated frequency
of 1060 MHz.

Using the proposed formulation, the methodology to design
shorted microstrip line fed E-shape MSA loaded with printed
rectangular loop is presented. The design begins with a men-
tion of band start frequency of the BW *f,;’. In the design
methodology, above resonant length formulations and various
resonant mode frequency and patch dimension relations present
in the above optimum design have been utilized. The TM;
mode frequency of E-shape MSA is computed using (11). The
total substrate thickness is evaluated using Equations (12) and
(13). As the design employs three-layer suspended configura-
tion, the total substrate thickness involves air gap thickness and
FR4 substrate thickness. Since the air gap thickness is unknown
to begin with, the value of ¢,.. is not available. Since the total
substrate thickness mentioned in (13) is the same as the sub-
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strate thickness used in the above optimum design, ¢,.. is taken
as 1.223. From the calculated value of h;, the value of h,, is se-
lected that is an integer number or practically realizable value.
Using it and for FR4 substrate, ¢,.. and operating wavelength at
TM;¢ mode are recalculated by using Equations (5) and (12),
respectively. The patch length and width in E-shape patch are
calculated using Equations (14) and (15).

Jio = L113fs (11)
Agio = 30/ fiov/Ere (12)
he = 0.046Ag10 (13)
L = (30/2f10+/€re) —1.8Ry (14)
W — 1.1667L (15)

The TM, /5 o mode frequency of the shorted microstrip line
bears a frequency relation f159 = 0.946 f,; with respect to band
start frequency of BW. Using this and Equations (16) and (17),
shorted microstrip line width [ is calculated. The width of mi-
crostrip line wy and its horizontal length [}, are calculated as
0.150¢ and 0.11¢, respectively.

lsf = 30/4f120\/5re (16)
Iy = ls;—2(1.85h;) (17)

The modified TMy2 mode frequency in the microstrip line fed
design of E-shape MSA bears a frequency relation fyo, =
1.206 f ¢, with respect to the band start frequency of BW. Using
this and Equation (18), modified patch width (W,g2) that in-
cludes the effects of a pair of slots is calculated. Further, using
Equation (19), slot length ‘I’ is obtained. This equation is real-
ized by rearranging the terms on two sides of the Equation (6).
The separation between the pair of slots () and slot width (w)
are calculated as 0.4243! and 0.10871, respectively.

Weso2 = 30/ fozer/Ere (18)
ls = /L (Wes0a—W — 2.6h;) /5.2 (19)

The TMs, mode frequency on the printed rectangular loop
bears a frequency relation fog, = 1.2435 f; with respect to the
band start frequency of the BW. Using this and Equation (20),
effective resonant length (I,9¢0) is determined. The £,. men-
tioned in Equation (20) is the average of ¢, for three layer sus-
pended dielectric substrate and the dielectric constant of FR4
substrate, as mentioned in Equation (10). For the effective res-
onant length mentioned in (8), printed loop dimensions like
L., L1, g. and w, are present. To simplify the calculation,
relations between various loop dimensions as L, = 2.266L,
ge = 0.1778L; and w. = 0.444L, are used. Using this, Equa-
tion (8) is simplified, and further terms on the two sides of the
same are rearranged to evaluate loop dimension L, as men-
tioned in Equation (21). Using above relations, all other printed
loop dimensions are calculated. The center of the loop is placed
at distance P. = 0.192L, on other side of the pair of slots and
below the patch. Lastly, an air gap between the shorted mi-
crostrip line feed and E-shape MSA (g) is maintained equal to
0.833h,.

lroo = 30/ faorv/Er1 (20)
Ly = lyao/7.3768 @1
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Using the above design methodology, shorted microstrip line
fed E-shape MSA loaded with a printed rectangular loop is de-
signed for f;; = 1000 MHz, and various antenna parameters
for this design calculated using above procedure are . = 9.9,
W = 115, h = 0.16, hy = 0.8, 1l = 2.95, wy = 0.4,
lh = 03,1l = 38, ys = 16, ws = 04, L, = 4.4,
L, =2.0,w. =0.9, g. =0.3, g = 0.9cm. The antenna S,
BWs observed in the simulation and measurement is 283 MHz
(24.32%) and 291 MHz (24.86%), respectively. The antenna
offers broadside peak gain larger than 7.0 dBi. The start fre-
quency of S1; BW in the simulation is found to be 1022 MHz,
which is close to the desired frequency selected. This validates
the design methodology. Using the above design methodology,
for some of the antenna parameters, non-integer values are ob-
tained. While they are designed practically, those values are
rounded off to the nearest integer or practically realizable value.
Due to this, the variation in expected results is observed. There-
fore, in some of the redesigned configuration, minor parametric
optimization is needed to arrive at the final optimum configura-
tion. Thus, using the proposed design methodology, wideband
E-shape MSA on a thinner substrate can be designed around the
specific band start frequency of S1; BW, which can be as per
given wireless application.

4. RESULTS AND COMPARATIVE ANALYSIS

The design of microstrip line fed E-shape MSA loaded with
printed rectangular loop resonator offers maximum BW and
gain amongst the proposed designs. Therefore, to present
the novelty in the present study, its comparison to the re-
ported wideband configurations, realized using multi-resonator
gap-coupled stacked designs, modified shapes of the radiating
patch, resonant slot cut antennas or modified ground plane con-
figuration, is presented in Table 1. The comparative study is
presented on points namely, measured S1; BW and peak gain,
against antenna volume, i.e., patch size and substrate thickness.
The reported designs are optimized in different frequency bands
and substrate thickness. Thus, to compare them against the pro-
posed design, antenna patch area and substrate thickness are
normalized with respect to the wavelength ()\.) at the center
frequency of S1; BW.

The wideband gap-coupled design discussed in [5] offers
much larger gain, but patch size is larger due to the offset
patches present in the design. The gap-coupled sector and arc
shape design discussed in [6] offers lower gain. The wide-
band design presented in [7] employs multiple parasitic shorted
patches, whereas gap-coupled configuration presented in [8] in
15000 MHz frequency band, requires a thicker substrate. The
multi-resonator design discussed in [9, 10] offers higher gain
and BW, but it uses patches in gap-coupled and stacked layer
and also employs a cavity-backed configuration. Due to this
antenna thickness is more. The wideband designs discussed
in [11,12] employ shorted microstrip line feeding. The an-
tenna discussed in [11] offers equivalent antenna gain on a sim-
ilar substrate thickness to the proposed design. But the pro-
posed design offers higher BW. Also, in [11, 12], details about
resonant mode excited in shorted microstrip line feeding and
design guidelines for the wideband antenna are not provided.
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TABLE 1. Comparison for proposed wideband MSA against reported MSAs.

MSA shown in | Measured BW (MHz, %) | Peak Gain (dBi) | Area(Ap/A2) | Substrate thickness (hi/\.)

Fig. 1 233,243 7.1 0.241 0.046
Ref. [5] 1200, 12.3 12 7.595 0.105
Ref. [6] —, 6.3 <0dBi 2.22 0.068
Ref. [7] 810, 13.8 5.0 0.973 0.067
Ref. [8] 6300, 40 10 1.027 0.113
Ref. [9] 1680, 64.12 12.45 0.356 0.105
Ref. [10] 1114, 55.7 12.3 1.073 0.155
Ref. [11] 660, 11.5 7.07 1.491 0.042
Ref. [12] 21,1 < 0dBi 0.3435 0.018
Ref. [13] 350, 6.8 7.0 0.201 0.04
Ref. [14] 600, 6.1 7.0 0.632 0.02
Ref. [15] 470, 44.9 10 0.343 0.08
Ref. [16] 408, 24.82 7.2 0.209 0.076
Ref. [17] 3000, 53.6 10.2 0.429 0.124
Ref. [18] 3100, 12 6.8 > 6 0.144
Ref. [19] 2040, 68 10 0.33 0.023
Ref. [20] 7700, 110 4.5 0.533 0.06
Ref. [21] 1960, 30.1 8.0 0.855 0.054
Ref. [22] 168, 12.88 1.8 0.42 0.013
Ref. [23] 351,39.1 6.0 0.143 0.065
Ref. [24] 240, 26.4 6.0 0.14 0.042
Ref. [27] 1500, 27.3 6.4 0.456 0.061
Ref. [28] 1440, 26.2 8.5 0.811 0.115
Ref. [29] 835,58.12 8.8 0.234 0.125
Ref. [31] 969, 69.84 9 0.322 0.13
Ref. [32] 130, 13.89 7.6 0.225 0.039

A thinner substrate modified patch shape designs discussed
in [13, 14] does offer equivalent antenna gain, but they have
lower S71; BW than the proposed design. The initial reported
wideband designs employing U-slot or a pair of rectangular
slots [15, 16] offer higher BW than the proposed configuration.
However, antenna volume is higher. The multiple slots cut an-
tenna discussed in [17] requires a thicker substrate. The dou-
ble U-slot cut antenna discussed in [18] requires larger antenna
volume, whereas thinner substrate double U-slot cut wideband
rectangular patch presented in [19] employs differential feed-
ing. The wideband designs discussed in [20,21] employ mul-
tiple patches as well as modified ground plane structure. They
do offer higher BW, but for the work reported, details about
antenna functioning in terms resonant modes of the antenna
cavity are not presented. Also, the overall design is complex
against the proposed configuration. The bow-tie shape ground
plane designs discussed in [22-24] offer lower peak and av-
erage gain, due to the unwanted radiation taking place in the
back-lobe. The wideband designs discussed in [27-29] em-
ploy parasitic patches around the fed patch. With this they of-
fer higher BW but require thicker antenna substrate. For the
multi-resonator design presented in [27], antenna gain is lower
than the proposed configuration. The wideband E-shape de-

88

sign discussed in [31] requires higher patch size as it employs
parasitic C-shape patches. Also it is optimized on a thicker sub-
strate against the proposed thinner substrate microstrip line fed
MSA. The wideband E-shape MSA discussed in [32], on nearly
the same substrate thickness and patch area, has 10% lower
S11 BW than the proposed design. This is due to the use of
shorted microstrip line feed in the proposed design compared
to the coaxial feed employed in [32].

In the reported wideband slot cut antennas offering broadside
radiation characteristics, a thicker substrate is needed. Against
this, the proposed design employs shorted microstrip line feed-
ing that helps in achieving the wideband response in E-shape
patch on a thinner substrate (< 0.05),). Increment in the BW
of E-shape patch is further achieved by employing a printed
rectangular loop resonator as parasitic element that is kept be-
low the patch. This parasitic patch arrangement ensures no
further increase in the antenna size. Also, the microstrip line
feeding provides harmonic frequency suppression at higher fre-
quencies as shown from the S;; plots. The modified ground
plane profile is not employed in the proposed configuration,
thus limiting the decrement in gain arising from the back-lobe
radiation. Thus, the proposed work does not just put forward
another wideband E-shape design, but presents a systematic
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study that helps in reducing the substrate thickness and achieves
wider BW without using additional coupled resonators. Also in
the tabular comparison above, it is shown that how proposed
work shows improvement in the results compared to earlier
reported wideband E-shape MSA on thicker and thinner sub-
strates. Therefore, a wideband design of slot cut MSA while
employing microstrip line feeding on thinner substrate is the
new technical contribution in the proposed work.

5. CONCLUSIONS

Wideband design of shorted microstrip line fed E-shape MSA
loaded with a printed rectangular loop resonator is presented
on electrically thinner substrate. In 900 MHz frequency spec-
trum, MSA provides a BW of 24% with a peak broadside gain
of more than 7 dBi on substrate thickness of 0.046),. Com-
pared to the reported designs, proposed configurations provide
improved BW and gain results, on a thinner substrate while of-
fering broadside radiation characteristics. The use of microstrip
line feed also achieves harmonic suppression in the higher fre-
quency band. The design methodology is proposed for thinner
substrate slot cut antenna that helps in designing a similar con-
figuration in different frequency bands as per specific wireless
application.
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