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ABSTRACT When amagnetic current antenna is parallel to a metal ground, it can produce a nearly 180◦ 3dB
beamwidth in the E plane, which can achieve a wide-angle scanning range in the E plane. But the bandwidth
of an equivalent magnetic current antenna is usually narrow. Therefore, we propose a self-complementary
tightly-coupled dipole array (SC-TCDA) to achieve a wide-band magnetic current antenna, which has a
wide-angle scanning range. A reflective cavity is added below the SC-TCDA. And a wide-angle impedance
matching (WAIM) layer is added on the SC-TCDA. For an infinite array, the SC-TCDA can work over
the band of 1.85-6.05 GHz (VSWRs<2.5) at the broadside, scan to ±80◦ in the E plane over the band of
2.2-5.95 GHz (VSWRs<2.5),±40◦ in the H plane over the band of 1.9-6 GHz (VSWRs<2.5), and±70◦ in
the D plane over the band of 1.85-6.15 GHz (VSWRs<2.5). The efficiencies in different planes are greater
than 80% for an infinite array. The profile of the proposed SC-TCDA is only 0.14 wavelengths at 2.2 GHz.
An SC-TCDA with 16 × 16 elements is fabricated and measured. The measured and simulated results are
in good agreement.

INDEX TERMS Wide-band magnetic current antenna, tightly coupled dipole array, self-complementary,
wide-angle impedance matching.

I. INTRODUCTION
There is a great demandfor phased arrays at present in the
military and civilian areas, especially for the wide-band and
wide-angle scanning phased arrays. If the phased arrays want
to scan to a large angle, the antenna elements need a wide 3dB
beamwidth. An ideal magnetic current above a perfect electri-
cal conductor (PEC) plane can achieve a 180◦-wide uniform
radiation pattern in the E plane [1]. In [2], a microstrip mag-
netic dipole Yagi array antenna was proposed, which real-
ized endfire radiation and vertical polarization over the band
of 4.85-5.5 GHz. In Ref. [3], a patchmagnetic current antenna
was proposed, which can achieve a 180◦ 3dB beamwidth over
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a narrow band, and the phased array achieved a scan range of
±77◦ over the band of 5.73-5.97 GHz. Although the above
equivalent magnetic current antenna can realize wide-angle
scanning in the E plane, the bandwidth is relatively narrow.
Another antenna that can be equivalent to magnetic current
antenna is the slot antenna [4], [5]. The slot region can be
replaced by a magnetic current above a PEC ground plane
[4]. In Ref. [6], a slot array with an ideal feeding network
was used to achieve a wide-band and wide-angle scanning.
And the calculated results show that the slot array can achieve
a bandwidth of 40% when scanning to 70◦ in the E plane.
In Ref. [7], a dielectric lens was loaded above the connected
slot array antenna, which achieved a 3:1 bandwidth and about
±30◦ scanning range. In Ref. [8], artificial dielectric super-
strates were loaded above the slot array, which achieved a
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2.2:1 bandwidth and a 50◦ scanning in all azimuth planes,
but the number of the artificial dielectric superstrate layers
reached 13 layers. In Ref. [9], the slot array with artificial
dielectric superstrates achieved±50◦ scanning in all azimuth
planes with a 5:1 bandwidth, but the number of the artificial
dielectric superstrate layers reached 11 layers.

Here, a self-complementary tightly-coupled dipole array
(SC-TCDA) is proposed, which can scan to ±80◦ in the
E plane. Usually, the bandwidth of a TCDA is increased
by using capacitive coupling between the dipole antennas
[10]–[12]. The self-complementary antenna element of the
TCDA can be equivalent to the slot antenna loaded with an
inductor [6]. Then, a wide 3dB beamwidth can be obtained
in the E plane, which is very advantageous for large angle
scanning. Although the 3dB beamwidth of the antenna ele-
ment is very wide, the impedance matching of the array
will become seriously bad when it scans to a large angle.
Therefore, a WAIM layer is needed to be loaded over the
antenna to achieve a good impedance matching [8], [9], [13].
Finally, an SC-TCDA with one dielectric layer is proposed.
For an infinite array, the proposed SC-TCDA can work over
a band of 1.85-6.05 GHz with VSWRs less than 2.5 at the
broadside, scan to ±80◦ in the E plane with VSWRs less
than 2.5 over the band of 2.2-5.95 GHz, ±40◦ in the H plane
with VSWRs less than 2.5 over the band of 1.9-6 GHz, and
±70◦ in the D plane with VSWRs less than 2.5 over the
band of 1.85-6.15 GHz. The efficiencies in different planes
are greater than 80% for an infinite array. The profile of the
proposed SC-TCDA is only 0.14 wavelengths at 2.2 GHz.
At last, an SC-TCDAwith 16× 16 elements is fabricated and
measured. The measured and simulated results are in good
agreement. Section II provides the analysis and design of the
SC-TCDA. Section III shows the simulated and measured
results. Finally, a brief conclusion is drawn in Section IV.

II. SELF-COMPLEMENTARY TCDA
A. ANTENNA STRUCTURE
The proposed SC-TCDA is shown in Fig. 1. The parts
marked with gray color are the perfect metal conductors.
The parts marked with light blue color are the dielectric
substrates. The parts marked with red color are the discrete
ports. In order to analyze the SC-TCDA, a 4 × 4 TCDA
without the feeding network and the WAIM layer is shown
in Fig. 1(a). The coupling capacitances at the end of dipoles
in Fig. 1(a) are interdigital capacitances, which can increase
the bandwidth [10]–[12]. Fig. 1(b) is the self-complementary
of Fig. 1(a) [14], which is without the feeding network and the
WAIM layer. The array in Fig. 1(b) can be equivalent to the
slot antennas loaded with inductors [6]. But in Fig. 1(b),
the polarization of the array is changed. The direction of
electric field in Fig. 1(a) is horizontal, but the direction of
the electric field in Fig. 1(b) is vertical.

According to the theoretical model and simulation results
in [6], the slot array has wide-band and wide-angle char-
acteristics. However, the theoretical model is without the
feeding network. The scanning angle is less than 80◦ and the

FIGURE 1. (a) A 4 × 4 TCDA without the feeding network and the WAIM
layer. (b) A 4 × 4 SC-TCDA without the feeding network and the WAIM
layer. (c) The SC-TCDA element with the feeding network but without the
WAIM layer. (d) The SC-TCDA element with the feeding network and the
WAIM layer.

bandwidth is less than 2:1. According to the proposed TCDA
structure and wide-angle matching layer, an array with ±80◦

scanning in the E plane in 2.2-5.95 GHz is proposed, which
is shown in Figs. 1(c) and (d). The SC-TCDA element with
the feeding network but without the WAIM layer is shown in
Fig. 1(c). The bottom structure of the SC-TCDA is the metal
reflecting cavity. If the metal cavity is changed to a planar
reflector, the VSWRs will change a little. But, the patterns
will get worse. The feed part of the SC-TCDA is a sector
structure, and the coaxial line passes through the side metal
wall. The SC-TCDA element with the feeding network and
the WAIM layer is shown in Fig. 1(d). The WAIM layer at
the upper surface of the SC-TCDA can improve the scanning
angle [13]. TheWAIM layer has only one-layer PCB,which is
composed of the upper and lower metal layers. The proposed
SC-TCDA has only two layers of dielectric substrates. The
final size of the antenna element is 20.2 mm × 20.2 mm ×
18.8 mm.

Figs. 2(a) and (b) are the equivalent models of Figs. 1(a)
and (b), respectively. C in Fig. 2(a) is the series capacitance
of the TCDA, and L in Fig. 2(b) is the parallel inductance of
the SC-TCDA.

To relate the impedance values of the two complimentary
surfaces, the Babinet’s principle is used, which is
(from Chapter 6 in [15])

ZWZS = Z2
m/4 (1)

where Zw is the impedance of the TCDA, Zs is the
impedance of the SC-TCDA, and Zm is the intrinsic
impedance of the medium (for free space, Zm = 377 �).
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FIGURE 2. (a) An equivalent model of Fig. 1(a). (b) An equivalent model
of Fig. 1(b).

FIGURE 3. The electric field and magnetic field distributions of a 1 ×∞
array of the SC-TCDA of Fig. 1(d) in the x direction. (a) The electric field
distributions at 2.5 GHz. (b) The electric field distributions at 5 GHz.
(c) The magnetic field distributions at 2.5 GHz. (d) The magnetic field
distributions at 5 GHz.

From Babinet’s principle, the relationship between the
capacitance (C) and the inductance (L) is

ZWZS =
(

1
jωC

)
(jωL) =

L
C
= Z2

m/4 (2)

B. EQUIVALENT MAGNETIC CURRENT CHARACTERISTICS
In order to analyze the equivalent magnetic current character-
istics of the SC-TCDA shown in Fig. 1(d), the electric field
and magnetic field are simulated by CST, which are shown
in Fig. 3. The simulated model in Fig. 3 is a 1 ×∞ array of
the SC-TCDA of Fig. 1(d) in the x direction, which has an
infinite PEC ground plane. Figs. 3(a) and (c) are the electric
field and the magnetic field distributions of the SC-TCDA
at 2.5 GHz, respectively. Figs. 3(b) and (d) are the electric
field and the magnetic field distributions of the SC-TCDA at
5 GHz, respectively. In Figs. 3(a) and (b), the directions of
the electric fields on the right side are upward, the directions
of the electric fields on the upper side are leftward, and the
directions of the electric fields on the left side are downward.

FIGURE 4. The comparison of the detailed patterns of the antenna
element with and without a WAIM layer.

However, the directions of the electric fields inside the metal
cavity are opposite to the directions of the external electric
fields. The magnetic field distributions of the SC-TCDA of
Fig. 1(d) are shown in Figs. 3(c) and (d). It can be seen that the
directions of the magnetic fields inside the metal cavity are
inward. However, the directions of themagnetic fields outside
the metal cavity are outward. So the directions of magnetic
fields are opposite inside and outside the metal cavity.

Based on the above analysis, the electric field andmagnetic
field distributions above the slot can be equivalent to the
outward magnetic current, and the electric field and magnetic
field distributions under the slot can be equivalent to the
inward magnetic current. Therefore, the SC-TCDA can be
equivalent to two magnetic currents above and below the slot
PEC plane. The above conclusions are consistent with those
in Ref. [4]. Since the equivalent magnetic current under the
slot is surrounded by the metal cavity, the electric fields and
magnetic fields in the cavity cannot be radiated to the outside.
Therefore, the SC-TCDA can be equivalent to a magnetic
current above the slot.

The patterns of the SC-TCDA element in Fig. 1(d) for an
infinite array at 2.5 GHz, 3.5 GHz, 4.5 GHz, and 5.5 GHz
in the E plane are shown in Fig. 4. The E plane of the
SC-TCDA is the yz plane in Fig. 1(d). It can be seen that the
3dB beamwidth in the E plane at different frequencies are
very wide. Especially at 2.5 GHz, the 3dB beamwidth in the
E plane can reach 180◦. Therefore, the 3dB beamwidths of
the SC-TCDA in the E plane are close to that of the ideal
magnetic current, which is parallel to the infinite ground
plane. The 3-dB beamwidths at high frequencies are not very
good, which is mainly due to the influence of the WAIM
layer. If the antenna element is without a WAIM layer, the
3-dB beamwidth can reach 180◦ at low frequencies and the
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FIGURE 5. The VSWRs with and without the WAIM layer. (a) At the
broadside. (b) 80◦ scanning in the E plane. (c) 40◦ scanning in the H
plane. (d) 70◦ scanning in the D plane.

5-dB beamwidth also can reach 180◦ at high frequencies. The
comparison of the detailed patterns of the antenna element
with and without aWAIM layer is shown in Fig. 4. Moreover,
the wide beamwidth of the SC-TCDA in the E plane is very
helpful for the wide-angle scanning in the E plane.

C. WAIM LAYER ANALYSIS
Because the input impedances will change greatly when scan-
ning at a large angle, it is necessary to add a WAIM layer to
get a better impedance matching and increase the scanning
angle [13]. Then, a single-layer WAIM layer with bilateral
metal layers is added to the SC-TCDA, which is shown
in Fig. 5(a). The VSWRs of the SC-TCDA with and without
the WAIM layer at different scanning angles are compared
in Fig. 5. At the broadside, the maximum VSWR without
the WAIM layer is changed from 2 to 7 in 2.2-5.95 GHz
in Fig. 5(a). In Fig. 5(b), we can find that the VSWR of the
SC-TCDA without the WAIM layer at 80◦ in the E plane is
much better than that of the SC-TCDA without the WAIM
layer at the broadside. This is mainly due to the variation of
radiation impedance when scanning in the E plane [16], [17].
In the H plane, themaximumVSWRwithout theWAIM layer
is changed from 2.5 to 7 in 2.2-5.95 GHz in Fig. 5(c). In the
D plane, the maximum VSWR without the WAIM layer is
changed from 2.5 to 5 in 2.2-5.95 GHz in Fig. 5(d). We can
see that the VSWRs become better when the SC-TCDA is
loaded with the WAIM layer in 2.2-5.95 GHz in different
planes. Therefore, the WAIM layer can increase the scanning
bandwidth of the SC-TCDA.

III. SIMULATED AND MEASURED RESULTS
A. SIMULATED ANTENNA EFFICIENCIES
The simulated antenna efficiencies in different planes for an
infinite array are shown Fig. 6. The two PCB layers of the
SC-TCDA are the F4B, which have a relative permittivity

FIGURE 6. Simulated efficiencies in different planes for an infinite array.

of 2.2 and a dielectric loss tangent of 0.003 with very
low losses. We can see that the efficiencies exceed 80% in
2.2-5.95 GHz. Therefore, the proposed SC-TCDA has high
efficiencies in different planes.

B. SIMULATED ACTIVE VSWRs
In Figs. 7(a), (b), and (c), the simulated active VSWRs of the
proposed SC-TCDA for an infinite array are shown. The scan-
ning range is from −88◦ to 88◦ in 1.5-6.5 GHz. In order to
clearly see the scanning characteristics, the curves of VSWRs
of 2, 2.5, and 3 are marked in Fig. 7.

At broadside, we can see that the VSWRs are less than
2.5 in 1.85-6.05 GHz. In the E plane, the VSWRs are
less than 2.5 in 2.2-5.95 GHz when the scanning range is
from −80◦ to 80◦. In the H plane, the VSWRs are less
than 2.5 when the scanning range is from −40◦ to 40◦ in
1.9-6 GHz. In the D plane, the VSWRs are less than 2.5 in
1.85-6.15 GHz when the scanning range is from −70◦ to
70◦. When the active VSWRs are less than 2.5, the maxi-
mum scanning angles of the proposed SC-TCDA are ±80◦,
±40◦, and ±70◦ in Figs. 7(a), (b), and (c), respectively. And
there is no scanning blindness in the E, H, and D planes.
Although the phased array in [9] can achieve 50◦ scanning
in the H plane, there are 11 dielectric substrate layers above
the array. In [8], the phased array can achieve 50◦ scanning
in the H plane, but 13 dielectric substrate layers are loaded
above the array. It can be seen that they used many layers
of dielectric blocks to increase the scanning angle in the H
plane. So, it is hard to match the impedance in the H plane
in [6]–[9]. However, in this paper, only a dielectric substrate
layer of the WAIM layer is loaded, which can reduce the
design complexity of theWAIM layer and achieve±80◦ scan-
ning in the E plane. Therefore, the proposed SC-TCDA has
a wide-band impedance matching and wide-angle scanning
characteristics.

C. MEASURED RESULTS
To verify the proposed SC-TCDA, an array shown in Fig. 8(a)
is fabricated, which has 16 × 16 elements. The experi-
mental setup includes coaxial lines, power dividers, time
delay lines, and an antenna turntable, which are shown
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FIGURE 7. (a) The simulated active VSWRs in the E plane. (b) The
simulated active VSWRs in the H plane. (c) The simulated active VSWRs in
the D plane.

in Fig. 8(b). The size of the proposed SC-TCDA is 324mm×
324 mm × 18.8 mm. A group of time delay lines are needed
to be changed when another scanning angle of the array is
measured.

FIGURE 8. (a) The proposed array. (b) The measured environment.

FIGURE 9. The measured plan. (a) E and H planes. (b) D plane.

The measured elements in a 16× 16 array are marked with
red, blue, and green colors in Fig. 9. Because there are only
19 8-in-1 combiners with the same amplitudes and phases,
only the 8 × N ports of the array can be measured. The
measured 8 × 16 elements with red color and blue color in
the E and H planes are shown in Fig. 9(a), respectively. The
measured 8 × 16 elements with green color in the D plane
are shown in Fig. 9(b). When the arrays with 8 × N ports are
measured, the other antenna elements with white colors are
loaded with 50 � matching loads.
The details on how the array is measured with the time

delay lines are as follows. Firstly, according to the scanning
angle, such as broadside, ±60◦ in the E plane, ±80◦ in the
E plane, ±40◦ in the H plane, ±60◦ in the D plane, and
±70◦ in the D plane, corresponding six groups of different
coaxial delay lines should be prepared. Each group of time
delay lines has 16 coaxial lines with different time delays.
If the 80◦ in the E plane is measured, the E plane of the array
needs to be parallel to the ground. Then, antenna elements
1-8 in Fig. 9(a) are connected with an 8-in-1 combiner by
8 coaxial lines of the same amplitudes and phases. Then the
output of the 8-in-1 combiner is connected with the first time
delay coaxial line. Similarly, antenna elements 121-128 in
Fig. 9(a) are connected with another 8-in-1 combiner by
8 coaxial lines of the same amplitude and phase. And the
output of the 8-in-1 combiner is connected with the sixteenth
time delay coaxial line. If the 40◦ in the H plane is measured,
Fig. 9(a) needs to be rotated 90◦ to the right. Then, antenna
elements 185-192 in Fig. 9(a) are connected with an 8-in-1
combiner. Similarly, antenna elements 129-136 in Fig. 9(a)
are connected with another 8-in-1 combiner. If the 70◦ in the
D plane is measured, Fig. 9(a) needs to be rotated 45◦ to
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FIGURE 10. The patterns of the middle antenna element at different
frequencies in the E plane.

FIGURE 11. The patterns of the middle antenna element at different
frequencies in the H plane.

the right. And the E plane of the array is 45◦ to the ground
plane. Then, antenna elements 1-8 in Fig. 9(b) are con-
nected with an 8-in-1 combiner. Similarly, antenna elements
121-128 in Fig. 9(b) are connected with another 8-in-1
combiner. When other scanning angles are measured, only
16 coaxial time delay lines need to be replaced.

The patterns of the middle element in the 16 × 16 array
are simulated and measured in the E and H planes when
other elements are loaded with 50 � matching loads. The
patterns at 2.5 GHz, 3.5 GHz, 4.5 GHz, and 5.5 GHz in the E
and H planes are shown in Fig. 10 and Fig. 11, respectively.
As shown in Fig. 10, the patterns of the middle element in the
E plane at different frequencies have a wide 3dB beamwidth.

FIGURE 12. The simulated and measured normalized patterns in the E
plane at 0◦, ±60◦, and ±80◦ scanning.

FIGURE 13. The simulated and measured normalized patterns in the H
plane at 0◦ and ±40◦.

In Fig. 11, the patterns of the middle element in the H plane
have a narrow 3dB beamwidth, because the pattern of the
slot antenna is identical in shape to that of the dipole antenna
except that the E- and H-fields are interchanged [18]. The
wider the 3dB beamwith of the antenna element, the larger
the scanning angle. We can see that the SC-TCDA has a
wide-band and wide-angle scanning characteristics in the E
plane.

Figs. 12, 13, and 14 are the patterns of the proposed
SC-TCDA in different planes. The gains in Figs. 12-14 are
divided by the maximum simulated gain at the broadside.
In the E plane, the patterns of the proposed SC-TCDA at
the scanning angles of 0◦, ±60◦, and ±80◦ are measured.
As shown in Fig. 12, when the array is scanned at 80◦ in the
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FIGURE 14. The simulated and measured normalized patterns in the D
plane at 0◦, ±60◦, and ±70◦.

E plane, the directions of the main beams can reach 65◦ and
74◦ at 2.5 GHz and 5.5 GHz, respectively. In the H plane,
the patterns of the array at the scanning angles of 0◦ and
±40◦ are measured.We can see that the directions of the main
beams can point at 40◦ in Fig. 13. In the D plane, the patterns
of the array at the scanning angles of 0◦,±60◦, and±70◦ are
measured. As shown in Fig. 14, when the array is scanned at
70◦ in the D plane, the directions of the main beams can reach
57◦ and 66◦ at 2.5 GHz and 5.5 GHz, respectively.
We can see that the maximum scanning angles of the

proposed array can reach 74◦, 40◦, and 66◦ when scanning
to 80◦, 40◦, and 70◦ at 5.5 GHz in the E, H, and D planes,
respectively. But at 2.5 GHz, the maximum scanning angles
of the proposed array only can reach 65◦ and 57◦ when
scanning to 80◦ and 70◦ in the E and D planes, respectively.
The reason is that the maximum scanning angle is affected
by the pattern of antenna element and array factor. The main
beams of the isotropic point source array with any element
distances at different frequencies can be accurately pointed
to the scanning angles. When the distance between the point
source antennas becomes smaller, the beamwidth of the array
factor will be wider. Therefore, the maximum scanning angle
is affected by the pattern of antenna element and the size of
the array. If the size of the array is 64× 64, the beam direction
of the array at 2.5 GHz will close to the scanning angle. The
patterns of a 32 × 32 array and a 64 × 64 array at 2.5 GHz
and 5.5 GHz are shown in Fig. 15 when scanning to 80◦ in
the E plane. Therefore, as the size of the array increases,
the directions of the main beams at 2.5 GHz and 5.5 GHz
are closer to 80◦.
The measured maximum realized gains at different angles

are shown in Fig. 16. The blue solid line is the ideal aperture
gain of the 8 × 16 array at the broadside. The blue gain
curve with short dots represents the measured realized gain
of the 8 × 16 array at the broadside. The gain curve with

FIGURE 15. Normalized patterns of a 32 × 32 array and a 64 × 64 array in
the E plane when scanning at 80◦ at different frequencies.

FIGURE 16. The co-polarization and cross-polarization of the proposed
array.

FIGURE 17. The simulated and measured radiation efficiencies of
a 16 × 8 array at different scanning angles.

triangle marks represents the measured realized gain of the
8 × 16 array when scanning at 80◦ in the E plane. The
gain curve with dot marks represents the measured realized
gain of the 8 × 16 array when scanning at 40◦ in the H
plane. The gain curve with square marks represents the mea-
sured gain of the 8 × 16 array when scanning at 70◦ in the
D plane. The figure shows that the gains of the array grad-
ually increase with frequencies and decrease with scanning
angles.

The simulated and measured radiation efficiencies of
a 16 × 8 array at different scanning angles are shown
in Fig. 17. The simulated radiation efficiencies at different
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FIGURE 18. Normalized cross polarizations at different scanning angles.

TABLE 1. Comparison between the proposed work and other works.

scanning angles are marked with solid lines. The measured
radiation efficiencies at the broadside are marked with short
dot lines. Themeasured radiation efficiencies at the broadside
are obtained by dividing the measured gain by the aperture
directivity, which is more than 75%. We can see that the
simulated efficiencies are more than 65% in the band of
2.2-5.95 GHz at different scanning angles. Therefore, the
proposed SC-TCDA has high efficiencies in different planes.

The measured normalized cross polarizations at different
scanning angles in different planes are shown in Fig. 18.
The cross polarization level is based on the Ludwig’s third
definition [19]. It can be seen that the normalized cross
polarizations are below−20 dBwhen scanning at 0◦, 60◦, and
80◦ in the E plane. The normalized cross polarizations are less
than−14 dB at the scanning angle of 40◦ in the H plane. The
cross polarizations are poor at the scanning angles of 60◦ and
70◦ in the D plane. The cross-polarizations of the theoretical
values at the scanning angles of 60◦ and 70◦ in the D plane are
9.5 dB and 6 dB, respectively [20]. Because the SC-TCDA is
the single- polarization array, the cross polarizations of the
SC-TCDA in the D plane are close to the theoretical values at
different scanning angles.

Table 1 shows the comparison between the proposed
work and other relevant works. In Table 1, LW, THK and
POL represent the length and width of the antenna element,
the thickness of the array and the polarization of the array,
respectively. We can see that the proposed SC-TCDA has
a wide-band, a wide-scanning angle, a low profile, and one
WAIM layer. The proposed array can work over the band
of 2.2-5.95 GHz (VSWRs<2.5) and can scan to ±80◦ in the
E plane. According to the results, this proposed array is very
attractive.

IV. CONCLUSION
In order to achieve a larger scanning angle, an antenna unit
with a wide 3dB beamwidth is needed. Because the elec-
tric current antenna has a narrow 3dB beamwidth in the
E plane, it is difficult to achieve a large scanning angle in the
E plane. But the magnetic current antenna has a wide 3dB
beamwidth, which is close to 180◦ in the E plane. Therefore,
the magnetic current array is helpful to achieve a large scan-
ning angle in the E plane. In this paper, a novel broadband
self-complementary tightly-coupled dipole array is proposed
to achieve a wide-band and wide-angle magnetic current
antenna, which can scan to±80◦ in the E plane. The antenna
structure, the equivalent magnetic current characteristics and
the WAIM layer are analyzed. The electric field and the mag-
netic field distributions of the SC-TCDA are also analyzed.
The 3dB beamwidths of the SC-TCDA are close to 180◦ in
the E plane in a wide band. When the VSWRs are less than
2.5, the SC-TCDA can scan to ±80◦, ±40◦, and ±70◦ in the
E, H, and D planes, respectively. At last, an SC-TCDA with
16 × 16 elements is fabricated and measured. The mea-
sured and simulated results are in good agreement. Therefore,
a wide-band and wide-angle phased array is achieved by
using the SC-TCDA.
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