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ABSTRACT A wide-band phased array antenna with wide-angle scanning capability for mobile commu-
nication system is proposed in this article. An air cavity is properly embedded into the substrate under each
array element. This method is very simple and can efficiently enhance wide-angle scanning performance
by improving the wide-angle scanning impedance matching (WAIM) and realizing the beam-width of
elements in the array. Besides, the operating bandwidth is also extended with the proposed approach. The
wide-angle scanning capability is analyzed and verified by both the linear array antennas (on large ground
planes in detail) and the planar array. Two 1×8 linear arrays and one 8×8 planar array are demonstrated,
which achieve the beam scanning of around ±60◦ with a realized gain reduction under 3.5 dB in the wide
operating bandwidth (37.4%). Furthermore, the beam in the E-plane can scan over ±70◦ with a realized
gain reduction under less than 3 dB. Two linear array prototypes with wide-angle scanning capacity in two
planes are fabricated and characterized, yielding good performance within overall operational bandwidth.
The measured results align very well with the simulated. The proposed wideband phased array with large
scanning coverage is a promising candidate for 5G mobile communications.

INDEX TERMS Mobile communication, phased arrays, vehicle antennas, beamforming, scanning antennas.

I. INTRODUCTION

WITH the rapid development of electronic technology,
phased array antennas have been applied not only in

the defense and military fields, but also in civil fields, such as
radar, satellite communications, astronomy and meteorology,
air traffic, earth detection, space exploration, remote sensing
mapping, driverless, and biomedicine, especially 5G commu-
nications [1]–[2]. The multi-domain requirements of phased
array antennas have led to increasingly higher performance
requirements for phased array antennas, such as multifunc-
tion, low cost, and fast and flexible changes in beams,
especially wider beam scanning coverage. Therefore, the
issue of wide-angle scanning of phased array antennas has
become a hotspot and main topic for global researchers and
scholars.
There are many methods have been applied to achieve

more excellent phased array antennas with large-angle

scanning capability [3]–[18]. Firstly, extending the element
pattern of the array is a useful method to improve the scan-
ning coverage of phased arrays [3]–[8]. The methods such
as the metal-cavity [3], special structures and metal via [4],
using metal walls [5], designing the tapered slot [6], and
proposing a resonant microstrip meander line [7] are applied
to extend the radiation element pattern. Secondly, pattern-
reconfigurable technology is an effective measure for phased
arrays with large scanning coverage improvement [9]–[11].
Thirdly, the mutual coupling among the elements in the
array plays a pivotal role to achieve large-angle scanning
capability in linear or planar arrays [12]–[15]. Mutual cou-
pling among array elements varies with array scanning
angles, which changes the impedance of each array ele-
ment at different scan angles. Some techniques are applied
to enhance the WAIM of array antennas such as: adding the
dielectric sheet above the arrays [12], using a multilayer
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dielectric as the ground plane [13], loading a dielectric
layer with metal patches upon waveguides [14], and imple-
menting split-ring resonators (SRRs) in front of the dipole
array [15]. Besides, some combined techniques are intro-
duced to enlarge the scanning coverage of phased array
antennas, such as combining mechanical and electrical scan-
ning technology [16], multi-plane array technology [17],
hemispherical lens technology [18], and so on. For tightly
coupled techniques [19], [20] are also applied to achieve the
wide-angle scanning capability in a wide band. However, the
tightly coupling technology is not suitable for 5G commu-
nication systems, because the coupling of the element in the
array is very strong. Although the decoupling network [21]
is applied to improve its coupling characteristics, it is dif-
ficult to satisfy the requirement of the 5G communication
system. Besides, some other methods have been presented
to provide some useful research direction, although, the
scanning capability has some limitation. Graded-index meta-
surface (GIMS) lens are applied to instead the shift phaser
to realize beam scanning capability [22]. The phase gra-
dient meta-surface is designed to extend the scanning
coverage [23]. A 1-bit reconfigurable reflectarray technol-
ogy is presented to realize wide-angle scanning capability
in [24]. Although, the above methods can realize scanning
ability of the phased array, some other issues such as com-
plex structure, scanning accuracy of the beam, efficiency,
gain fluctuation should be solved.
In this work, a novel and efficient approach will be intro-

duced to enhance the beam scanning coverage with low
gain reduction and the impedance bandwidth of a phased
array antenna, where a mixed dielectric substrate with
an air-cavity structure is applied. The proposed array is
suitable for the mobile communication system because
of low profile. The novelties in this article are mainly
presented:
(a) A new approach is presented to improve WAIM,

which is different from the above references, and
adjust the height of the air-cavity in the substrate to
realize WAIM.

(b) The proposed approach can not only improve WAIM,
but also realize the broad the element beam-width in
the array. And the 3-dB beam-width is up to more
than 140◦ in the E-plane and 120◦ in the H-plane in
the array, respectively.

(c) Besides, the bandwidth of the antenna can be broad-
ened as well by the proposed approach.

(d) The low-profile phased array with large scanning
coverage is designed and applied in the mobile
communication system.

This work is mainly introduced from the following
aspects: the antenna design and the performance of the
phased array will be introduced and studied in Section II. The
proposed novel and simple approach to achieve large-angle
scanning capability will also be explained. The scanning
capability of linear arrays will be analyzed in Section III. The
scanning performance of a planar array will be investigated

FIGURE 1. Proposed antenna element: (a) 3D view; (b) plan view; (c) side view.

TABLE 1. Detailed parameters of the element.

FIGURE 2. Antenna design process: (a) Ant.1, (b) Ant. 2, (c) the proposed antenna.

in Section IV. Finally, the conclusion of this article will
be given.

II. DESIGN PRINCIPLE AND METHODOLOGY ANALYSIS
A. ANTENNA ELEMENT GEOMETRY AND DESIGN
Fig. 1 (a) shows the three-dimensional view of the element
which has a compact structure. It mainly consists of three
parts: a radiating patch on a thin substrate (with a relative
dielectric constant of 3.55, and the thickness of 1.524mm),
a substrate with air-cavity (which is the poly-tetra propylene
with a relative dielectric constant of 2.2), and a ground plane.
The proposed element is excited by the coaxial probe. The
key design parameters and stack diagram of the proposed
antenna element are given in Fig. 1 (a) and (c). The key
parameters of the structure, optimized by simulation, are
reported in Table 1.
As two key factors for designing phased arrays with the

large-angle scanning capability, the inter-distance of elements
in the array should enough small, and the antenna element
should radiate wide beam in the array. Therefore, Fig. 2
explains how to realize a patch antenna with a compact
structure and wideband. Figure 3 shows the simulated return
loss of three antennas. From Fig. 2 and Fig. 3, Ant. 1 is
a general patch antenna (with a homogeneous and solid sub-
strate) that exhibits a narrow bandwidth. To extend the work
band of the antenna, an air layer is added to the structure.
The bandwidth is broadened but the size is extended. Hence,
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FIGURE 3. Simulated reflection coefficients of three types of antennas.

FIGURE 4. Geometry of the linear array antennas.

a substrate with an air cavity and a Rogers RO4003C sub-
strate are applied to expound the above-mentioned problem,
as given in Fig. 2(c). The work band reported in Fig. 3,
is from 3.1 GHz to 4.7 GHz (about 41%). The proposed
antenna not only broadens the bandwidth and reduces the
antenna size, but also improves the WAIM which will be
explained in the following part.

B. METHODOLOGY ANALYSIS OF THIS WORK
Based on the proposed antenna element, linear array antennas
in the H-plane and E-plane will be designed and analyzed
in this section. Fig. 4 describes two linear arrays with eight
cavity-substrate antenna elements, respectively. The size of
rectangle ground is 350 × 100 mm2, which is large enough to
reduce the influence of the ground size on the beam scanning
capability. And it is conducive to studying the planar array
scanning performance later. The distance adjacent elements
in the array (d) is 35 mm.

As described earlier, the proposed structure with air-cavity
substrates can improve the operating bandwidth as well as
improving the impedance matching of the array elements at
large coverage. As shown in Fig. 5, the active S-parameters
with different air-cavity height (Ha) are given. We select
the center element (E4) in the H- and E-plane linear arrays
to explain the influence. For the H-plane array, the active

FIGURE 5. Simulated active |S11| of the center element in the H- and E-plane arrays
with the variation of Ha .

|S11| becomes worse and worse as the height of the air-
cavity decreases, and the operating frequency band moves
to lower frequencies when the antenna beam directs at broad-
side direction. Conversely, when the main beam directs at
60 degrees, the active |S11| first improves and then worsens
with the variation of the height. For the E-plane array, the
tendency is similar to those of the H-plane array at broad-
side direction and 60 degrees with different the air-cavity
height. We can find that the air cavity plays a pivotal role
in improving the wide-angle scanning impedance though it
is not the best for the impedance at broadside direction.
Therefore, the air cavity height is an important parameter
for the proposed array with large beam-scanning coverage.
In addition, the air-cavity edge length (La) will also impact
the array scanning performance. However, it is found that if
La is large than Lp, the influence of La is very limited and
can be negligible.
Moreover, the E-field distributions in two linear arrays

are given to explain the effect on the radiating mechanism
by the proposed approach, as shown in Fig. 6 and Fig. 7.
By comparing the two types of E-field distributions, it is
observed that the E-field distributions of two array antennas
are very regular and similar when the main beams are at
broadside direction. Eight antenna elements uniformly pro-
duce fundamental mode. Therefore, the sum of the E-field
vector in the array is up to the strongest. However, when
the beam of the array directs to a large angle, the E-field
distribution of the array with Ant. 1 causes active impedance
mismatch of the respective antenna element, so that the oper-
ating mode of some elements is different, and even some
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FIGURE 6. E-field distribution of the H-plane array with Ant. 1 and the proposed
antenna as array elements: (a) and (c) are Ant. 1 at 0◦ and 60◦ , respectively; (b) and
(d) are the proposed antenna at 0◦ and 60◦ , respectively.

other operating modes are produced, as shown in Fig. 6(c).
Hence, the sum of the electric field vector in the array leads
to weakening. Oppositely, the sum of the electric vector in
the array is up to the strongest whatever the beam scans at
0 or 60 degrees because of the substrate with the air-cavity
improving WAIM of the array. The operating mode of every
element in the array is the same as reported in Fig. 6(d).
Similarly, the E-field distribution in the E-plane array is

reported in Fig. 7. The proposed approach has also an effect
on WAIM when the beam scans to the large coverage. The
operating mode of every element in the array is the same,
and the sum of the E-field vector is up to the strongest, as
reported in Fig. 7(d). Therefore, this approach’s mechanism
for wide-angle impedance improvement is validated in both
arrays, thereby achieving a large-angle scanning capability
in the wide-bandwidth linear array.
The active wide-angle scanning impedance has been

improved by the proposed approach. Another key factor is
the proposed approach can make every element in the array
produce a wide radiation pattern. It is a demonstration that
the array radiation patterns are determined by the production
of array factor and the array element radiation patterns [25].
Therefore, to realize large-angle scanning capability, not
only the active impedance performance of the array must be
enhanced, but also every element’s pattern in the array should
be broad. The simulated and measured radiation patterns of

FIGURE 7. E-field distribution of the E-plane arrays with Ant. 1 and the proposed
antenna as array elements: (a) and (c) are Ant. 1 at 0◦ and 60◦ , respectively; (b) and
(d) are the proposed antenna at 0◦ and 60◦ , respectively.

the antenna elements in two linear arrays are shown in Fig. 8.
In the H-plane linear array, simulation and experiment have
good consistency. And they are wide-beam radiation pat-
terns. It is the same as the E-plane array. The simulated
results, in general, align with the measured results but there
is a different shake curve in the E4, since the coupling in the
array has an effect on it. However, it is also a wide-beam
radiation pattern.
To highlight the proposed simple and effective measures

to enhance the wide-angle scanning coverage, Ant. 1 and
Ant. 2 (see Fig. 2) are used to form linear array anten-
nas which are similar to the proposed array antenna. The
three arrays have the same ground size, element number,
and inter-element spacing. The gain of three array anten-
nas with varying scanning angles is shown in Fig. 9. We
can clearly see that the scanning coverage with high gain
of the proposed array antenna is much larger than that of
the other two arrays in both H- and E-plane linear arrays
within their respective operating bands. The beam of the
array could scan to ±60◦ and ±70◦ with a realized gain
reduction under 3dB in the wide bandwidth in the H-plane
linear array and in the E-plane linear array, respectively. The
realized gain of the proposed array at different frequencies
and scanning angles is reported in Fig. 10. In the H-plane
linear array as shown in Fig. 10(a), the realized gain first
increases and then decreases with the scan angle increasing,
and especially decreases steeply when the beam scans to
more than 50◦ in the high-frequency band. In the H-plane
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FIGURE 8. Radiation patterns of the proposed antenna in the H- and E-plane linear
arrays at 3.8 GHz.

FIGURE 9. Wide-angle scanning capability of three type array antennas with a gain
reduction under less than 3dB in their respective bandwidths: (a) H-plane linear array
and (b) E-plane linear array.

FIGURE 10. Realized gain with varying scanning angles in different operating
frequencies in (a) H-plane linear array and (b) E-plane linear array.

linear array as given in Fig. 10(b), the change of the realized
gain with varying scanning angles is relatively small, which
is mainly due to the wider radiation patterns. But the gain

FIGURE 11. Simulated active |S11| of the elements at different beam directions.

has some fluctuations in the scanning coverage, which is
mainly because of the mutual coupling in the array. We can
also see these fluctuations from the element pattern in the
array in Fig. 8.
Therefore, the proposed approach can improve the WAIM

and give the broad beam-width of the array elements,
simultaneously. Besides, the proposed approach can also be
applied and realize the large-angle scanning characteristics
through the verification of two linear arrays, which will
further be explained in Section IV.

III. SCANNING CAPABILITY OF THE ARRAY ANTENNAS
A. H-PLANE LINEAR ARRAY
The 1 × 8 H-plane linear array is presented and analyzed
in Fig. 4 (a). The simulated active |S11| of elements in the
array at different scanning angles are reported in Fig. 11.
It is observed that the active |S11| is better than −10 dB
within the frequency band when the beam directs at the
scanning coverage of ±40◦, while it is lower than −6dB
when the beam scans up to 60◦. Although there is some
different variation of the active |S11| between E1 and E4,
the active |S11| of all the antenna elements is still better
than −6dB in the work band. Besides, the mutual coupling
between the adjacent elements is less than −13 dB, while
the mutual coupling in the array with Ant. 1 is just less than
−10.5 dB. Therefore, the WAIM is mainly improved by the
proposed approach, also gives slight enhancement of isola-
tion. The simulated steering beams in the H-plane array are
reported in Fig. 12. We still select the low (3.3 GHz), middle
(3.8 GHz) and high (4.3 GHz) frequencies to elaborate the
scanning characteristics of this array. We can find that when
the scanning angle is less than 40 degrees, the realized gain
of the array is almost the same, and the variation with scan-
ning angles is relatively small. When the scanning angle is
more than 50◦, the gain drops a little faster. In addition, the
best and worst sidelobes of the scanning beam are −13.5dB
and −4.9dB in all the band, respectively. The detailed real-
ized gain with the variation of scanning angles is shown in
Fig. 10 (a).
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FIGURE 12. Simulated scanning radiation patterns of the H-plane linear array
antenna in the bandwidth.

B. E-PLANE LINEAR ARRAY
The simulated active |S11| of the elements in the E-plane
linear array [see Fig. 4 (b)] at different scanning angles are
given in Fig. 13. It is observed that the active |S11| is better
than −10dB within the bandwidth when scanning coverage
of the array is from 0◦ to 20◦, and it is lower than −6dB
when scanning from 0◦ to 70◦. The mutual coupling in this
array is similar to the one in the H-plane array. It is less
than −12.5 dB, while the array with Ant.1 is better than
−10.8 dB. The simulated radiation patterns in the array at
3.3 GHz, 3.8 GHz, and 4.3 GHz are reported in Fig. 14.
It is observed that the realized gain in the low-frequency
band firstly decreases and then increases with the scanning
angles increasing, and the peak gain is at about 60◦. The
realized gain in the middle-frequency band is similar to the
one in the low-frequency band. The realized gain in the high-
frequency band firstly decreases and then increases with the
scanning angles increasing from 0◦ to 65◦. The detailed
realized gain at different scanning angles and frequencies is
given in Fig. 10 (b). The sidelobe of the beam directing to

FIGURE 13. Simulated active |S11| of the elements at different beam directions.

different angles in the whole frequency band is better than
−10dB when the scanning angle is up to 60◦. However, the
worst sidelobe is −7.0dB in all the working band.

C. MEASUREMENT
The array design based on the proposed approach is validated
by fabricating two 1 × 8 linear array antennas, depicted
in Fig. 15. The antennas are fabricated according to the
previous design requirements. Eight phased shifts and one
1-to-8 power driver are used to excite each element by pro-
viding the same amplitude and different phases, as given
in Fig. 15(c). A SATIMO near-field measurement system
is employed to text the radiation patterns of the array as
shown in Fig. 15(d). We still choose two typical antenna ele-
ments (one in the center and one at the end of the array)
for measurement and verification. The measured return loss
of two arrays (H-plane and E-plane arrays) are given in
Fig. 16. From the figure, the measured results are very sim-
ilar to the simulated results, especially in the H-plane linear
array. For H-plane linear array, the impedance bandwidth
(≤ −10dB) is a wide frequency band (37.4%) and from
3.15 to 4.6 GHz. For the E-plane linear array, the impedance
bandwidth (≤ −10dB) is also a wide frequency band (39.0%)
and from 3.1 to 4.6 GHz. Hence, we select three frequencies
of the operating band to analyze the detailed scanning capa-
bility of the array. Also, the simulated and measured mutual
coupling between the adjacent elements in the two arrays
also is shown in Fig. 16. The measurements are very sim-
ilar to the simulations. The mutual coupling is lower than
−13 dB and −12.5 dB in the H- and E-plane arrays in
the proposed work band, respectively. The proposed mutual
coupling is a little high in the low-frequency band because
of the closed inter-distance between elements which is about
0.37λl at 3.2 GHz.

To clearly analyze the simulated and measured results and
demonstrate the arrays’ scanning characteristics, the detailed
comparison is shown in Fig. 17. The measurements align
very well with the simulations, especially for the main-lobe,
regardless of the scanning beam at any direction. Similarly,
the radiation patterns of the E-plane linear array, which are
scanned to the broadside and −66◦, are depicted in Fig. 18.
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FIGURE 14. Simulated scanning radiation patterns of the E-plane linear array
antenna in the bandwidth.

Indeed, we can observe that the simulated and measured
patterns are very similar. However, there is a little differ-
ence between the simulated and measured sidelobe. This is
because each excited port has a little different amplitude,
and the test scenario would affect the measured results. The
measured radiation patterns of the H-plane array with the
variation of scanning angles are shown in Fig. 19 (a-c).
At 3.3GHz, the measured realized gain varies from 11 to
13.3dBi at the scanning coverage of ±66◦, and the gain
reduces less than 3dB. The sidelobes of the radiation beam
become smaller as the scan angle increases. At 3.8GHz, the
measured realized gain varies from 11.9 to 14.65dBi at the
scanning coverage of ±66◦, and the gain reduction is less
than 3dB. At 4.3GHz, the measured realized gain varies from
11.5 to 14.2dBi at beam direction variation from −58◦ to
58◦, and the gain reduction is less than 3dB. Additionally, the

FIGURE 15. Prototype of two arrays and detailed illustration for measurement.

FIGURE 16. Simulated and measured reflection coefficients of the proposed array
antennas.

FIGURE 17. Simulated and measured scanning radiation patterns of the H-plane
linear array antenna at 3.8GHz.

measured cross-polarized component remains 20 dB below
the co-polarized component when the array scans to any
directions. The radiation patterns at the other frequencies
show similar agreement and were omitted for brevity. The
best sidelobe of the scanning beam is −15.5dB and the worst
sidelobe is −7.3dB in all the bandwidth.
The measured scanning patterns of the E-plane array are

depicted in Fig. 19 (d-f). At 3.3GHz, the measured real-
ized gain varies from 10.6 to 12.3dBi at the scan angle
from −70◦ to 70◦, and the gain fluctuation is less than
2dB. At 3.8GHz, the measured realized gain varies from
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FIGURE 18. Simulated and measured scanning radiation patterns of the E-plane
linear array antenna at 3.8GHz.

FIGURE 19. Measured scanning patterns of the two arrays.

12.2 to 12.7dBi at the scan angle from −70◦ to 70◦, and
the gain fluctuation is less than 1dB. At 4.3GHz, the mea-
sured realized gain varies from 10.2 to 12.8dBi at the scan
angle from −75◦ to 75◦, and the gain fluctuation is less than
3dB. Additionally, the measured cross-polarized situation is
similar to one of the H-plane array. The radiation patterns

FIGURE 20. Configuration of the planar array antenna.

at the other frequencies also show similar agreement and
were omitted for brevity. The best sidelobe of the scanning
beam is −13.0dB and the worst sidelobe is −4.8dB in the
whole frequency band. However, for the most scanning pat-
terns in the whole frequency band, the sidelobe is less than
−10dB, except for some high frequencies (over 4.2GHz).
Therefore, the proposed linear array can realize the gain
reduction under 3dB in the scanning coverage of ±70◦ in
proposed operating band.
The excellent wide-angle scanning capability has been

verified in the H- and E-plane linear array antennas in a wide
frequency band with the proposed approach. It improves the
WAIM and also achieves broad beam-width of the array
elements. Hence, it is very promising to enhance large-angle
scanning capability of the planar array with this approach.

IV. WIDE-ANGLE SCANNING PLANAR PHASED ARRAY
To demonstrate the effect of the proposed approach for the
planar array, an 8 × 8 planar phased array is designed as
given in Fig. 20. The proposed planar array layout is com-
pletely in line with the requirements of the linear array in the
above sections: the same antenna element, the same element
spacing, and the same structure. Therefore, the conclusion
from the linear array would be verified in the planar array
of this section.
In Fig. 21, the planar array using the same elements and

requirements is presented. To evaluate the overall array scan-
ning performance, the realized gain at different scanning
angles in the operating frequency band is given and studied
in this section. In the H-plane (yoz-plane), we can see that
the realized gain drops slowly when the beam scans from 0◦
to 40◦, but declines more when scanning to 40◦, as given in
Fig. 21(a). The simulated scanning patterns in the H-plane
at three different frequencies (3.3 GHz, 3.8 GHz, 4.3 GHz)
are presented in Fig. 21 (b-d). It is observed that the real-
ized gain in the low-frequency band barely changes with
the scanning angles increasing. However, the realized gain
in the middle-part of the operating band drops more with
larger scanning angles but the variation is less than 3dB. And
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FIGURE 21. Wide-angle scanning performance of the planar array antenna.

the realized gain in the high-frequency band drops less than
3.5 dB. The array sidelobes increase with larger scanning
angles. The worst sidelobe level is −4.8dB, where the beam
is at high-frequency at 60◦. In the D-plane (diagonal plane),
we can find that the realized gain hardly changes with the
increase of the scanning angle, and only drop a little when the
beam scans to 60◦, as given in Fig. 21(e). In the D-plane,
the scanning beam at three typical frequencies (3.3 GHz,
3.8 GHz, 4.3 GHz) are given in Fig. 21 (f-h). The scanning
coverage. of the beam is ±60◦ with a realized gain reduc-
tion under 3dB. The sidelobe level in D-plane is very low
and below −20dB in the whole band. In the E-plane (xoz-
plane), the scanning coverage with a realized gain reduction
under 3dB is significantly larger than that of the other two
planes, and is consistent with the conclusion obtained by
the E-plane linear array. As depicted in Fig. 21(i), the real-
ized gain increases firstly when the beam scans from 0◦
to 40◦, then decreases when the beam scans from 40◦ to
70◦. The above phenomenon is similar to the one in the
E-plane linear array, which can confirm that the feasibility
of the planar array characteristics can be deduced from the
linear array characteristics. The simulated scanning beam at
three typical frequencies (3.3 GHz, 3.8 GHz, 4.3 GHz) in the
E-plane are presented in Fig. 21 (j-l). The scanning coverage
of the beam is ±70◦ with a realized gain reduction under
3dB. The sidelobe of the scanning beam in the whole band

is less than −10dB when the scanning coverage is ±60◦.
From the above analysis, a wide band planar phased array is
studied and realized to scan from −60◦ to +60◦ with a real-
ized gain reduction under 3.5dB in two-dimensional space
in the wide operating band. More specifically, the antenna in
the E-plane can scan to ±70◦.

V. CONCLUSION
The proposed work presents a wide-band phased array
antenna with large scanning coverage for the mobile com-
munication system. One simple and efficacious approach,
which is mix-substrate with air-cavity is applied to enhance
the scanning coverage and bandwidth of the phased array.
Firstly, the wide-angle scanning impedance matching could
be improved, especially the one at the large scanning angle,
which is adjusted by the height of the air-cavity. Besides,
the proposed approach is also good radiate wide patterns for
every element in the array, which is a key factor to enhance
scanning capability. Subsequently, the operating frequency
band is extended by the proposed compact structure. By
analysis of the active reflection coefficient at large scanning
coverage and comparison with common patch antenna in the
E-filed, and analysis of the radiation patterns of the elements
in the array, the proposed approach is verified to enhance
the scanning capacity of the array in detail. Two 1×8 linear
arrays and one 8×8 planar array are demonstrated, which
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achieve the large scanning coverage of around ±60◦ but
a realized gain reduction under 3.5 dB in the band from
3.15 to 4.6 GHz (37.4%). Furthermore, the beam in the
E-plane can scan more than ±70◦ with a realized gain reduc-
tion under 3 dB. Two linear array prototypes for wide-angle
scanning capacity in the H- and E-plane are fabricated and
characterized, yielding good performance with overall oper-
ational bandwidth. The wide band phased array with large
scanning coverage can be realized by the proposed approach
and applied in mobile communication system.
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