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Abstract— Space-fed array comprising of E-shape or U-slot cut
rectangular microstrip antennas using the modified feed designs
are proposed for higher gain and wider bandwidth. Modified feed
optimally illuminates the edge space-fed elements to achieve a
maximum gain. Amongst the two space-fed array variations, 7 x 7
E-shape space-fed array, excited using the feed comprising of gap-
coupled and stacked E-shape patches provides bandwidth and gain
of 2.085 GHz (48.97%) and 18.5 dBi, respectively. The antenna
exhibits broadside radiation pattern across the complete
bandwidth. An experimental validation has been carried out for the
simulated results that show a close agreement.

Index Terms— Broadband High gain microstrip antenna, E-shape Microstrip
antenna, Spaced-fed microstrip antenna array, U-slot cut Rectangular
microstrip antenna.

I. INTRODUCTION
With numerous advantages like low profile and planar configuration, microstrip antenna (MSA)

finds maximum application in various types of wireless communication systems [1], [2]. For the given
operating frequency, important design parameters in MSA are, bandwidth (BW), radiation pattern,
polarization and gain. Wideband MSAs offering broadside radiation pattern requires polarization of
the radiated field to remain un-changed across the BW. While ensuring this condition, wider BW
MSA is designed either by using thicker substrate having lower dielectric constant, or by employing
multi-resonator gap-coupled and stacked variation, or modified shape of the radiating patch, or the
resonant slot cut designs, or MSA employing modified ground plane structures [3] — [14]. Of these,
the resonant slot method is preferred since it maintains a single patch configuration. The resonant slot
cut single patch wideband design offers antenna gain in the range of 5-8 dBi. To enhance the gain,
antenna aperture area needs to be increased. Simplest technique to achieve the gain enhancement in
addition to the BW, is the use of multi-layer gap-coupled and stacked configurations [15] — [18].
These configurations involve coaxially fed patch that is stacked with a gap-coupled configuration of
additional resonators, employing cavity-backed configuration. These multi-resonator designs yield
peak gain in the range of 12-13 dBi. Microstrip line series fed arrays employing non-uniform
amplitude distribution across the patches are reported in [19], [20]. With thinner substrates these
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designs have lower BW. Using edge fed series microstrip line, array of several rectangular patches is
discussed in [21]. The design is asymmetrical with respect to the positioning of the patch against the
feed position, and although it offers higher gain, the effects of variation in the radiation pattern and
gain against the frequencies are not presented. The gap-coupled design employing four rectangular
patches on thinner substrate is presented in [22]. It employs differential feeding, shorting post and
offers reflection coefficient (S11) BW of only 3%. While employing Reconfigurable Intelligent
Surfaces (RIS) and Artificial Magnetic Conductor (AMC) layers over the stacked gap-coupled
configurations using square patches, broadside gain of above 12 dBi is obtained [23]. However, this
design is complex in implementation since it involves parasitic patches in the multiple layers. While
using the concept of reflector dish antenna and further by replacing the reflecting dish with an array of
microstrip patches, microstrip reflectarrays are proposed [24], [25]. The detailed study for phase
compensations along the array elements for optimizing the BW is explained in [26], whereas designs
employing wideband E-shape patches in the reflectarray is presented in [27]. Although the microstrip
reflectarrays offer wider gain and BW, they have poor blockage efficiency, as the feed antenna is
present in the path of reflecting rays from the microstrip reflector patches. This drawback of
microstrip reflectarrays is removed by repositioning the feed patch so that the feed antenna does not
lie in the path of radiated energy from the array patches. This led to the design of space-fed arrays
[28]. Using this concept, space-fed arrays providing circular polarized [29], dual band [30] and
wideband dual polarized responses are reported. As the feed is positioned below the array elements,
blockage due to the feed is absent in the space-fed arrays. Hence it proves to be a better option against
the microstrip reflectarrays in terms of blockage efficiency. Although wideband space-fed array is
presented in [31], polarization of radiated field changes over the BW and the design requires dual feed
network. Using the concept of space-fed arrays and by employing main and sub-reflectors, gain of
above 20 dBi is achieved [32]. However, the requirement of a dual reflector increases the design
complexities. Space-fed arrays prove to be an optimum design to achieve a higher gain, but in the
reported literature, arrays that provide improvement in BW and gain supported by a linear polarized
radiation pattern are missing. The fed patch governs the BW in the array, whereas gain is the function
of effective illumination of the space-fed patches. Thus, there exists a research gap, which requires
space-fed array configuration to offer wideband linear polarized response supported with a higher
gain, while providing a less complicated design solution.

In this paper, the above research gap is addressed, and wideband high gain space-fed array designs
consisting of E-shape and U-slot cut rectangular MSA (RMSA), excited using the modified feed
designs, are proposed. The configurations proposed in this work are optimized using FR4 substrate (&
=4.3,h=1.6 mm, tan = 0.02) in 3 GHz frequency range. Initially, using the coaxially fed wideband
E-shape MSA, different order space-fed arrays like, 1 x 3, 3 x 1, plus shape array, 3 x 3,5 x5, and 7 X

7, are studied for the BW and gain improvement. In each design, a detailed study to understand the
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effects of progressive length variations amongst the space-fed array elements and the parametric
variations to study the effects of spacing of the space-fed array patches with respect to the coaxially
fed E-shape MSA is carried out. The optimum results are obtained in 7 x 7 space-fed array design. It
yields a simulated reflection coefficient (S11) < -10 dB BW of 1.17 GHz (30.26%) with a peak
broadside gain of above 15 dBi. The enhancement in the antenna gain is achieved by modifying the
feeding structure to illuminate the space-fed array elements uniformly. For this, gap-coupled stacked
design of E-shape patches was considered, which increases the beam-width of the feed antenna to
illuminate the edge space-fed elements. Using this feeding structure, optimum results are achieved in
7 X 7 space-fed array. It provides a simulated S;1 BW of 2.085 GHz (48.97%) with a peak broadside
gain of more than 18 dBi. Against the single patch fed design, gap-coupled stacked feed design yields
BW improvement by 18% with 3 dBi increase in the peak gain. Similar study is carried out for space-
fed array design employing U-slot cut RMSASs. The 7 x 7 space-fed array of U-slot cut RMSA excited
using coaxially fed U-slot cut RMSA achieves Si11 BW of 1.098 GHz (28.06%) with a peak broadside
gain greater than 15 dBi. The S;1 BW and gain observed in the 7 x 7 space-fed array design, while
employing the feed design of gap-coupled and stacked U-slot RMSAs, are 2.429 GHz (53.2%) and 15
dBi, respectively. Thus, amongst the two slot-cut variations, the space-fed array employing E-shape
MSAs yields maximum gain, while employing multi-resonator feed design.

For achieving the gain enhancement, array designs employing reflectarray or space-fed structure
are selected. In space-fed array, as the feed is placed below the array elements, the
blockage/obstruction for the radiated signal from array is absent and thus efficiency is improved.
While employing multiple reflectors or the patch layers, increment in the gain is obtained. But these
techniques are complex in design and implementation. The space-fed array designs offering wideband
linear polarized response are not reported. The proposed study presents a modified gap-coupled
design for the feed element that increases the feed antenna beam-width and thus helps in effective
illumination of the edge space-fed patches to achieve the maximum gain. The selection of wideband
E-shape patches and their gap-coupled variants adds to the S1; BW. Thus, by using the modified feed
design, wideband and higher gain space-fed antenna array is realized that offer linear polarized
response. The selection of modified feed as against the reported techniques of multiple
reflector/multiple patch layers yields a simple configuration from the fabrication perspective. These
are the technical novelties in the proposed designs as compared with the reported configurations. A
tabular comparison for the proposed antenna against the reported design is presented further. The
space-fed configurations proposed in this work are first optimized using IE3D simulations [33],
followed by the experimental validations. The experimentation is carried out inside the antenna lab
using instruments namely, vector network analyzer ZVH — 8, spectrum analyzer FSC 6, and signal

generator SMB 100A. A good agreement is observed between the simulated and measured results.
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Il. SPACE-FED ARRAY DESIGNS USING E-SHAPE PATCHES
The space-fed array consisting of E-shape MSAs excited using wideband coaxially fed E-shape

MSA is shown in Fig. 1(a — c). The fed and space-fed patches are fabricated on FR4 substrate. The
fed patch is suspended above the ground plane using an air gap of hy mm. Initially, fed E-shape patch
is optimized for the wideband response at the fundamental mode frequency of 3.711 GHz, as shown
in Fig. 1(b). As the BW optimization process for E-shape MSA is well described in the literature, it is
not presented here. For substrate thickness as h = 1.6, hy =5 mm, fed E-shape patch dimensions as, L
= 2.4, W = 2.6 cm, and pair of slot dimensions as, |s = 16, ws = 2 mm, simulated BW of 1.133 GHz
(29.56%) is obtained. Antenna offers broadside radiation pattern with a peak gain of more than 6 dBi.
In the feed antenna, E-plane is aligned along @ = 0° over the BW. The units of various antenna
dimensions and frequencies mentioned throughout the paper are in mm and GHz, respectively. The
space-fed patches are placed on top of the coaxially fed E-shape MSA at a distance ‘D’, which
realizes various array orders. In space-fed arrays, a far-field coupling exists between the coaxially fed
patch and the space-fed elements [28] — [30]. With this coupling, effective antenna aperture area
increases that yields gain enhancement. The elements present on space-fed layer are resonant
structures [28]. In space-fed patches, there exists a path length difference from the fed patch to the
space-fed patches placed exactly above, to the offset-placed patches, i.e., away from the center in the
space-fed layer [28]. Due to this path length difference, there exists a phase lag for the
electromagnetic energy re-radiated in the forward direction from the edge elements against that re-
radiated from the center elements, in the broadside direction. To compensate for this lag, progressive
tapering in patch lengths is implemented that creates a resonance frequency gradient over the space-
fed aperture to maintain same phase of the re-radiated signal from all the space-fed radiators [28]. On
these points, there exist a difference between FSS structures [36] — [39] against the space-fed designs.

In space-fed 1 x 3 and 3 x 1 arrays, a parametric study for the variation in length L, against L, is
carried out, and gain variation plots for the same are shown in Fig. 2(a). Through this study, effects of
length tapering on gain is assessed. In 1 x 3 space-fed array, patches are present along x-axis, whereas
in 3 x 1 array, space-fed patches are present along the y-axis. The length L, is the length of top central
patch in the space-fed layer, whereas adjoining patch is having a tapering in length as L;. The length
of top central E-shape patch is taken to be the same as that of the fed E-shape MSA. The tapering in
length depends on the order of the space-fed array. In E-shape MSA, wideband response is present
around slot cut patch TM1o mode frequency [34]. As pair of slots are parallel to the surface currents at
TM1o mode, they show minimal effect on the TM1o mode resonance frequency. Hence, to create the
TM1o mode frequency gradient, a gradual tapering in length is applied, i.e. L1 < L, to achieve the
increasing frequencies across the space-fed patches. Using this procedure, optimum length is chosen
for which the broadside gain is maximum. With the elements along y-axis, gain is found to be 1 dBi
more against the design with patches along the x-axis. In the fed E-shape patch, TMi mode is

dominant in the reflection coefficient bandwidth. At this mode, beam-width in the H-plane, i.e. along
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y-axis is slightly higher as compared to the beam-width along the x-axis, i.e. in the E-plane [1], [34].
Due to this, excitation of the edge elements along y-axis is better as compared with the edge elements

excitation along the x-axis. Because of this antenna gain is more for the space-fed elements along y-
axis.
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Fig. 1. Space-fed array of E-shape MSAs excited using wideband coaxially fed E-shape MSA, (a) side view, (b) fed E-shape
MSA and (c) top view of array

After the parametric iterations in length tapering in each order of the space-fed array, parametric
study for the increment in the spacing of space-fed layer (D) with respect to the fed patch layer is
carried out. An increase in D achieves an optimum illumination of the space-fed layer patches and

thus achieves a maximum gain in each array order, as shown in Fig. 2(b). In larger array order, higher
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value of D is needed that illuminates the space-fed patches optimally. The maximum gain is resulted
in 7 x 7 space-fed array design. The fed E-shape patch dimensions in this optimum space-fed array are
same as that given above. The antenna dimensions in the space-fed layer are, D = 263 mm, L, = 24,
W, =26, L, =225, L, =22, L3y =21.5 mm, and their results are shown in Fig. 3(a, b). The space-fed
array gives simulated and measured Si11 BW of 1.17 GHz (30.26%) and 1.172 GHz (30.47%),
respectively. The antenna offers broadside peak gain of more than 15 dBi. The radiation pattern
observed over the complete Si1 BW is in the broadside direction with a cross-polar component of
radiation lower than 15 dB as against the co-polar radiation level. As the TM1, mode is dominant over
the S;; BW in E-shape patch, cross-polar radiation level in E-plane is lower than 25 dB as compared

with the co-polar radiation level. The E-plane is directed along ® = 0° across the complete BW.
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Fig. 2. Variation in broadside gain against (a) parasitic length (in mm) tapering in space-fed layer, and (b) distance between
fed patch and space-fed layer patches for various array orders
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Fig. 3. 7 x 7 space-fed array excited using coaxially fed E-shape MSA, (a) S1: BW plots, (d) broadside gain variation,

While using single E-shape patch as the feed element, optimum illumination of the edge elements in
the space-fed layer as compared with the centrally located elements does not take place. To achieve
the optimum illumination of edge space-fed elements, feeding area needs to be increased. For this
gap-coupled stacked feed design is employed. This design achieves a wider beam-width in the
radiation pattern of the fed antenna as compared with a single patch feed element that achieves an
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effective patch illumination. This insight led to the design of stacked gap-coupled feed consisting of
E-shape patches exciting the space-fed array, as shown in Figs. 4(a, b) and 5. Initially gap-coupled
stacked design of E-shape MSA as the feed element is parametrically optimized for BW. For hy = h, =
4 mm and for the dimensions of gap-coupled stacked E-shape MSAs as shown in Fig. 4(c), modified
feed design offers simulated S;1 BW of 2.123 GHz (49.60%). This feed design excites various space-
fed arrays. Parametric study is carried out in each design for the progressive tapering in patch lengths
and the spacing between the feed layer and space-fed array layer, to achieve the gain enhancement.
The gain variation against the spacing between the space-fed and feed layer is shown in Fig. 4(c). An
optimum result in terms of broadside gain is achieved in 7 x 7 space-fed design as shown in Fig. 5.
For the various antenna dimensions in the 7 x 7 space-fed antenna as mentioned in the above text and
figures, and for D = 339 mm, results for the optimum space-fed configuration are provided in Fig.
6(a-e). The S11 BW observed in the simulation and measurement is 2.085 GHz (48.97%) and 2.061
GHz (49.27%), respectively. With the modified feed structure, the 7 x 7 space-fed array offers
broadside peak gain of larger than 18 dBi as shown in Fig. 6(b).
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Fig. 4. Space-fed E-shape MSA arrays; (a) side view and (b) modified feed design for space-fed array excited using gap-
coupled stacked E-shape MSAs, its (c) gain variations against variation in D for different space-fed array orders.
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As compared with a single patch feed design, stacked gap-coupled design exciting 7 x 7 array offers
18% BW increment with 3 dBi rise in the broadside gain. The radiation pattern over the complete BW
is in the broadside direction with cross-polar level less than 15 dB lower as against the co-polar
radiation level as shown in Fig. 6(c, d). The E-plane remains along ® = 0° across the BW. The
antenna response is simulated and measured using square ground plane of side length 45 cm. A SMA
feed connector was used to feed the antenna. The impedance BW is measured using ZVH — 8 as
shown in Fig. 6(e), and radiation pattern and broadside gain are measured using FSC 6 and SMB
100A. In gain measurement, three-antenna method is used. A reference wideband high gain Horn
antenna is used in the pattern and gain measurement, in which minimum far-field distance (d) is
maintained between the two antennas, as mentioned in Fig. 7. With reference to the higher frequency
of the BW, calculated far-field distance is large. Thus, to include the complete measurement setup in a
single frame, panoramic view of the setup is provided in Fig. 7. To highlight on the same more

clearly, separate photos for transmitter and receiver sections are also included in Fig. 7. The foam
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support was used in the measurement for the space-fed antenna. The foam has dielectric properties (&
= 1.06, tan 8 = 10°) similar to that of the air and thus it does not affect the space-fed antenna
characteristics. With reference to the central measuring desk, surrounding metallic objects are absent
that minimizes the electromagnetic signal reflections. The distance of surrounding wall with respect to
the central measurement desk is more than 15 times the wavelength, calculated at the lowest
frequency of the BW. All these details ensure minimum reflection environment for the measurement

of radiation pattern and the gain inside the laboratory.
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Fig. 6. Space-fed 7 x 7 array excited using gap-coupled stacked design of coaxially fed E-shape MSAs; (a) S11 BW plots, (b)
gain variation over the BW, radiation pattern at 4.3 GHz in (c) E and (d) H-planes, (e) S11 BW measurement setup.

To explain the effect of modified feed design on the excitation of space-fed array, average and vector
surface current distribution at the center frequency of Si; BW for the two feed variations of 7 x 7
space-fed array employing E-shape MSAs is shown in Figs. 8(a, b) and 9(a, b).
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Fig. 7. Broadside gain measurement setup for 7 x 7 spaced fed array of E-shape MSAs
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Fig. 8. Average and vector current distribution for 7 x 7 space-fed array excited using E-shape MSA, (a) top and (b) side

Views

With the multi-resonator feed, feeding area exciting the space-fed elements increases. This is
attributed to the wider beam-width in the gap-coupled stacked feed design. The gap-coupled stacked
feed design is not optimized as array design to provide directive radiation but is used to increase the
S11 BW and the beam-width so as to increase the feeding area. Thus, for the same maximum
amplitude scale shown in the two feeding arrangements, gap-coupled stacked feed design strengthens

the illumination of space-fed patches to increase the broadside gain.
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Fig. 9. Average and vector current distribution for 7 x 7 space-fed array excited using gap-coupled and stacked E-shape
MSAs, (a) top and (b) side views.

Similar space-fed array designs were investigated using U-slot cut RMSAs. The 7 x 7 space-fed
array of U-slot cut RMSA excited using coaxially fed U-slot cut RMSA achieves S;1 BW of 1.098
GHz (28.06%) with a peak broadside gain greater than 15 dBi. The S;; BW and gain observed in the 7
X 7 space-fed array design, while employing the feed design of gap-coupled and stacked U-slot
RMSAs, are 2.429 GHz (53.2%) and 15 dBi, respectively. In terms of broadside gain, tabular
comparison against the E-shape design is presented in Table I. Amongst the two slot-cut variations,

the space-fed array employing E-shape MSAs yields maximum gain, while employing multi-resonator

feed design.
TABLE |. SIMULATED GAIN FOR SPACE-FED ARRAY COMPRISING OF SLOT CUT RMSAS

Space-fed E-shape MSA Gap-coupled stacked E- U-slot cut RMSA  Gap-coupled stacked U-slot cut

Array _feed _ sha_pe fee_d _feed _ RM_SA fee_d
Gain (dBi) Gain (dBi) Gain (dBi) Gain (dBi)

1x3 111 12.9 10.7 115
3x1 12.1 13.1 11.9 12

Plus shape 13.17 13.7 12.9 133
3x3 14.5 15.9 14.6 14
5x5 16.2 17.6 16.3 14.8
X7 16.4 18.5 16.5 15.2

I1l. RESULTS DISCUSSION AND COMPARATIVE ANALYSIS
In the proposed work, wideband and high gain configurations of space-fed arrays employing E-

shape and U-slot cut RMSAs are presented. Various array configurations are studied and their
simulated results are summarized in Table I. With the use of modified multi-resonator feed in the
form of gap-coupled stacked patches, optimum illumination of space-fed patches is achieved in E-
shape patches, thus providing maximum gain of above 18 dBi in the 7 x 7 space-fed configuration.

The same is not realized while using U-slot cut RMSA. This is attributed to the orthogonal surface
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current variations at modified TMg,; mode. Both the configurations provide nearly the same BW, i.e.
around 30% while using a single coaxial feed patch and nearly 50% while using a gap-coupled
stacked patches as the feed. In terms of the gain and BW put together, 7 x 7 space-fed array
comprising of E-shape patches excited using gap-coupled and stacked configuration offers optimum
result. Thus, to present the novelty in the present space-fed array configuration, comparison of the
same against the reported wideband high gain designs is presented in Table Il. The comparison is
presented for the technique used for achieving the wideband and high gain configurations against the
realized BW and gain. Since the configurations compared are either multi-resonator gap-coupled and
stacked variations or the array configurations, antenna volume is not considered for the comparison
purpose, as the same is expected to be larger. The comparison stresses on the BW and gain achieved
in each design.

The gap-coupled RMSA discussed in [4] offers lower gain as the same is optimized on thinner and
lossy substrate. While considering the shorted gap-coupled mushroom shape structures along with
coaxial feed RMSA, BW and gain achieved in the design reported in [5] is lower than the proposed
configuration. The configuration discussed in [6] employs coaxially fed shorted patch with parasitic
strips and rectangular patches along four edges. Inspite of multiple resonators selected in this design,
BW obtained is only 20%. The modified rectangular shape MSA on thinner substrate [7] offers much
lower BW and gain against the proposed 7 x 7 space-fed array. Wideband multiple slots cut RMSA
discussed in [8] shows variation in broadside gain from its peak value over the BW whereas MSA
discussed in [9] offers much lower S;1 BW and gain. The wideband double U-slot cut RMSA
discussed in [10] yields large BW and gain on thinner substrate, but it employs differential feeding
and exhibit end-fire radiation pattern. The double U-slot cut RMSA discussed in [11] has a large patch
area for the given antenna volume. Modified ground plane designs discussed in [12] — [14] offers
large BW on thinner substrate, but they offer lower gain; attributed to a higher back-lobe radiation.
The cavity backed designs employing parasitic patches in multiple layers [15] — [18], offers lower
BW and gain together, against the proposed space-fed array configuration. The series fed non-uniform
amplitude array designs discussed in [19], [20], offers lower BW and gain against the proposed E-
shape space-fed array configuration. The series microstrip line fed MSAs discussed in [21] offers
lower BW and gain. The array design presented in [23] employs 2 x 2 feeding stacked patch layers in
addition to RIS and AMC layers. While employing these multiple layers in array design, BW and gain
offered by the configuration is lower. The space-fed array is better option against the reflectarrays
[24] — [26], as they remove the blockage efficiency. The reflect array configuration discussed in [27]
employs 121 array elements and offers more than 20 dBi of gain. However, antenna efficiency () is
only 36% in the design [27]. Also, it offers less than 10% of Si; BW. The space-fed design discussed
in [29] offers large gain, but the BW is lower than 5%. The dual band space-fed design discussed in
[30] has lower BW in the two operating bands. The dual feed dual polarized space-fed design

discussed in [31] offers higher gain but shows lower BW. The dual reflector space-fed design
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discussed in [32] has large gain but offers lower BW. The FSS structures are placed near the antenna
to provide the gain enhancement [36] — [39]. They provide the filtering action to enhance the antenna
characteristics. Against this Space-fed designs consist of resonator patches and through the far-field

coupling between the fed element and array elements, gain increment takes place.

TABLE Il. COMPARISON OF PROPOSED MSA AGAINST REPORTED WIDEBAND HIGH GAIN MSAS

MSA shown in Technique used Meas. BW Meas. Qain
(GHz, %) (dBi)

This work Space-fed array of E-shape MSAs 2.061, 49.27 18.5
Ref [4] Gap-coupling 341, 15.26 <0
Ref [5] Gap-coupled shorted patches 6.3, 40 10.5
Ref [6] Gap-coupling 490, 20.04 9.5
Ref [7] Modified patch shape 350, 6.8 7
Ref [8] Resonant slots 3,53.6 10.2
Ref [9] Resonant slot 0.08,9 7
Ref [10] Resonant slots 2.04, 68 10
Ref [11] Resonant slots 3.1,12 6.8
Ref [12] Modified ground plane 5.76, 99 3.66
Ref [13] Modified ground plane 0.556, 49.6 6.2
Ref [14] Modified ground plane 7.7,110 45
Ref [15] Stacked, gap-coupled with cavity backed design 0.9,42.2 10.8
Ref [16] Stacked, gap-coupled with cavity backed design 1.114,55.7 121
Ref [17] Stacked, gap-coupled with cavity backed design 0.95, 44 16.0
Ref [18] Stacked, gap-coupled with cavity backed design 1.664, 64 125
Ref [21] Microstrip line fed multiple patches 5% 12.6
Ref [22] Gap-coupled shorted patches 0.1,3.04 8.6
Ref [23] Stacked Gap-coupled with RIS and AMC layer 1.4,24.6 12.3
Ref [27] E-shape Reflect array, 121 elements, n = 36% 8.1% 23.7
Ref [29] Space-fed array — circular polarized response 0.067, 2.72 19.8
Ref [30] Dual band space fed array Band 1 - 0.05, 2.06 Band 1-14.7

Band 2-0.1,2.85 Band 2-15.0

Ref [31] Space-fed array — Dual feed, Dual polarized 0.621, 10.7 17.8
Ref [32] Dual reflector space-fed array 11,85 22.7

In contrast to the reported wideband high gain designs, proposed optimum design of E-shape MSA
space-fed arrays achieves BW > 50% with a peak gain of more than 18 dBi. None of the reported
configurations compared above achieves both the improvements together. To enhance the antenna
gain, aperture area should be increased [40]. In this work, while employing the multi-resonator gap-
coupled stacked design as the feed, beam-width of the fed antenna increases, which yields optimum
illumination of edge space-fed elements to increase the broadside gain. The dual reflector design does
achieve the effective illumination of patches. But in contrast to the same, proposed modified feed
design is simpler in fabrication. None of the reported work explains such a simple modified feed
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technique to obtain a higher peak gain. Therefore, modified feed design of space-fed arrays
employing wideband slot cut RMSAs that achieves increment in BW and gain together through the
optimum illumination of array elements, is the new contribution in the proposed study. Space-fed
arrays above 7 x 7 order were also investigated. For higher order designs, present gap-coupled stacked
feed does not offer gain improvement, attributed to in-ability to excite the edge elements. In higher
orders, further modifications in the feed design is essential. Hence the present study is restricted to 7 X

7 order in the space-fed array.

IV. CONCLUSIONS
The space-fed array designs of wideband E-shape MSAs and U-slot cut RMSA are proposed for

enhancement in the broadside gain. The gain and BW are increased by selecting the modified feed
design in the form of gap-coupled stacked slot cut patches. The modified feed design offers higher
beam-width in the radiation pattern, which achieves optimum illumination of edge space-fed array
elements to offer gain increment along with the BW. The E-shape design offers optimum results for
the BW and gain. The 7 x 7 space-fed array of E-shape patches excited using gap-coupled and stacked
configurations of E-shape MSAs achieves BW of ~ 50% with a broadside gain of larger than 18 dBi.
In comparison to the reported array designs, proposed configuration achieves improvement in the BW

and gain together, while considering simpler modified feed configurations.
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