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Abstract: A dual-frequency aperiodic planar scanning array with
diversified  radiation  elements  is  proposed.  The  proposed  ele-
ment  consists  of  an elliptic  patch and two parasitic  rectangular
patches, which can work both at 5.28−5.33 GHz with difference
radiation beam and 5.78−5.83 GHz with sum radiation beam. A
four equivalent magnetic currents model has been established to
explain  the  radiation  principle  of  the  proposed  element.  Com-
pared to the beamwidth of the sum beam, the 3 dB beamwidth
of  the  difference  beam is  broadened about  30% and the  radia-
tion gain of  the sum beam is obviously improved about 48%.  A
64-element aperiodic array with diversified radiation elements is
constructed. The array can scan at a wide angle of ±70° with no
grating  lobes  at  difference  radiation  mode  and  can  scan  in  the
range of ±60° with high gain at sum radiation mode.

Keywords: aperiodic array, diversified radiation, high gain, wide
beamwidth, magnetic current, wide-angle scan.
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 1. Introduction
Nowadays,  wireless  communication  systems  tend  to
move towards high capacity, wide coverage, high connec-
tivity  and  low  energy  consumption  [1].  To  meet  these
requirements,  wireless  communication  system  frontend
antennas need to be functionally diversified. For example,
some 5G application scenarios require a single antenna to
operate  on  more  frequency  bands  [2–6],  more  polariza-
tion [7], more pattern shapes [8–9], at the same aperture,
which  increases  the  complexity  of  different  feed  ports
and  networks.  Therefore,  an  antenna  with  multi-bands
and a shared feed port can reduce the cost of the commu-
nication  system and be  easier  to  be  integrated  into  radio
frequency (RF) circuits. Compared with broadband anten-
nas  [10–11],  multi-bands  antennas  can  achieve  different
polarizations [12–14], different radiation patterns [15], or
different stopbands [16] in different operating bands. Ref-

erences [17] and [18] give some typical methods for dual-
band antenna design, but the design of multi-band anten-
nas  still  faces  technical  difficulties  such  as  multi-feed,
complex  structure,  high  profile  and  so  on.  On  the  other
hand, antennas with wide beamwidth have great potential
to  broaden the  scanning angle  of  phased arrays  [19–25],
and  antennas  with  high  radiation  gain  can  increase  the
channel  capacity  of  wireless  communication  systems
[26–30].

Therefore, it is necessary to design a dual-band diversi-
fied antenna with a wide radiation beamwidth in one fre-
quency  band  and  high  radiation  gain  in  the  other  fre-
quency band. The diversified radiation patterns can make
it have a wider range of applications.

This paper provides a dual-band element with diversi-
fied  radiation  patterns  for  diverse  wireless  communica-
tion systems. The radiation patterns of the two operating
frequency bands have different salient features. In the low
frequency band, the radiation beamwidth can reach more
than  98°,  and  in  the  high  frequency  band,  the  radiation
gain can reach to 7.19 dB. In addition, a 64-element ape-
riodic array with above proposed elements is designed. In
the low frequency band, the array scans at a wide angle of
±70°  with  no  grating  lobes  at  difference  radiation  mode
and in the high frequency band, it can scan in the range of
±60° with high gain at sum radiation mode.

 2. Element design and analysis

 2.1    Element structure

h

The  proposed  element  printed  on  a  dielectric  substrate
with  a  relative  dielectric  constant  of  6.6  and  a  thickness
of , is shown in Fig. 1. According to the requirements of
diversified radiation patterns, the models of central radia-
tion patch and lateral parasitic patch are established.
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(a) Three-dimensional view

(b) Top view
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Fig. 1    Structure of the antenna
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An elliptic patch with a major radius of  and a minor
radius  of  is  in  the  center.  Two  rectangular  parasitic
patches are on both sides with a length of  and a width
of .  Two  metallized  vias  with  a  diameter  of  are
placed  separately  at  specific  positions  in  the  two rectan-
gular patches to connect the patches and the ground. Two
gaps are formed between the elliptic patch and the rectan-
gular  patches on both sides.  To obtain a  better  matching
effect, we feed at a position  deviating from the center
of the elliptic patch.

W = 3 mm R = 6.3 mm L = 6 mm
Rh = 5.5 mm Rv = 9 mm Ga = 50 mm d = 0.2 mm
Gb = 50 mm Fx = 1.6 mm h = 0.8 mm

The  initial  parameter  values  are  set  according  to  the
operating  wavelength,  and  then  the  parameters  are
adjusted  through  optimization.  These  specific  geometri-
cal  parameters  are , , ,

, , , ,
, , Vx=7.8 mm, .

 2.2    Radiation principle

Fig.  2(a)  shows  the  surface  electric  field  distribution  of
the  proposed antenna at  5.3  GHz.  The electric  fields  are
mainly  concentrated  on  the  gaps  between  the  elliptic
patch and the rectangular patches as well as the two outer
edges of the rectangular patches in x direction.

 

(b) Electric field intensity@5.8 GHz
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Fig. 2    Electric field distribution of the antenna
 

Similarly, Fig. 2(b) shows the surface electric field dis-
tribution  of  the  proposed  antenna  operating  at  5.8  GHz.
Different  from Fig.  2(a),  the  directions  of  the  electric
fields  in  the  outer  sides  of  the  rectangular  patches  are
reversed.

The radiation principle of the proposed antenna can be
explained  by  a  four  equivalent  magnetic  currents  model
(FEMCM)  array.  From Fig.  2,  the  four  equivalent  mag-
netic currents are mainly generated by the position of the
gaps  and  outer  edges  where  the  electric  field  is  concen-
trated. The individual magnetic current can be controlled
by changing the size of the elliptic patch, the size of the
rectangular patch,  and the gap between the elliptic patch
and the rectangular patch.

Fig. 3(a) shows the FEMCM when the antenna operat-
ing at 5.3 GHz. It should be noticed that the directions of
the equivalent magnetic currents in the gaps between the
elliptic  patch  and  the  parasitic  rectangular  patches  are
opposite to that of the two outer of the parasitic rectangu-
lar patches. In this case, it is named difference beam and
its radiation pattern can be calculated by expression [31]
below:
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F1 = −B1 cos(khcosθ)+A1 cos(khcosθ)ej 2π
λ

d1 sinθcosφ+

A1 cos(khcosθ)ej 2π
λ

(d1+d2) sinθcosφ−
B1 cos(khcosθ)ej 2π

λ
(d1+d2+d3) sinθcosφ, (1)

F2 = B2 cos(khcosθ)+A2 cos(khcosθ)ej 2π
λ

d1 sinθcosφ+

A2 cos(khcosθ)ej 2π
λ

(d1+d2) sinθcosφ+

B2 cos(khcosθ)ej 2π
λ

(d1+d2+d3) sinθcosφ (2)

F1 F2 A1 B1

Ic1 Ir1

A1 B1 k
h

d1 d2 d3

where  and  are  radiation  patterns.  and 
respectively  represent  the  amplitudes  of  the  equivalent
magnetic currents and  shown in Fig. 3(a). By com-
paring the color distribution of the electric field intensity
in Fig. 2(a), the amplitude ratio of the magnetic current at
the  corresponding  position  can  be  obtained.  As  can  be
seen from Fig. 2(a),  is about twice as large as .  is
the  wave  number  in  a  dielectric  substrate.  is  the  dis-
tance  between  the  magnetic  currents  and  the  ground,
which  is  the  thickness  of  the  dielectric  substrate.  As
shown in Fig. 3(a), ,  and  represent the distances
between the magnetic currents. Fig. 3(c) shows the calcu-
lated radiation pattern of the proposed antenna working at
5.3  GHz.  The  calculated  beamwidth  of  the  proposed
antenna is about 116°.

A2 B2

Ic2 Ir2

A2 B2

Similarly, Fig. 3(b) shows the FEMCM when the pro-
posed antenna operating at 5.8 GHz. Since the directions
of  the  equivalent  magnetic  currents  in  the  gaps  between
the elliptic patch and the parasitic rectangular patches are
the same as ones from the two outer sides of the rectangu-
lar  patches,  it  is  named  sum  beam.  Its  radiation  pattern
can be calculated by expression (2), where  and  rep-
resent the amplitudes of the equivalent magnetic currents

 and  shown in Fig. 3(b), respectively. According to
the  color  distribution  of  the  electric  field  intensity  in
Fig.  2(b),  it  is  obtained  that  is  much  larger  than .
Fig.  3(d)  shows  the  calculated  radiation  pattern  of  the
proposed antenna which has high radiation gain with nar-
row  beamwidth.  It  should  be  illustrated  that  the  main
polarizations  of  the  proposed  antenna  working  in  both
operating bands are horizontal-polarized.

From  the  above  analysis,  it  can  be  seen  that  the  pro-
posed  antenna  has  diversified  radiation  patterns,  which
can  achieve  wide  beam  radiation  in  the  low  frequency
band and high gain radiation in the high frequency band.
Fig. 3(c) and Fig. 3(d) also show the simulated radiation
patterns of the proposed element, from which, the calcu-
lated  results  are  highly  consistent  with  the  simulation  in
the range of 3 dB beamwidth. In Fig. 3(d) there are some
deviations  in  the  end  fire  direction,  because  the  ground
plane is infinite in theory, and it is finite in simulation.

 

d1=λ/4 d2=λ/2 d3=λ/4
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(a) Difference beam model

(b) Sum beam model
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Fig. 3    Four magnetic currents models and radiation patterns
 

 2.3    Working performance

|S 11| ⩽ −10 dB

Fig.  4(a)  shows  the  measured  photograph  of  the  pro-
posed antenna. The measured reflection coefficient of the
proposed  element  is  shown  in Fig.  4(b).  The  proposed
antenna  has  two  operating  frequency  bands  of  5.28−
5.38 GHz and 5.78−5.83 GHz with the reflection coeffi-
cient .
 
 

(a) Measured photograph

(b) Measured reflection coefficient
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Fig. 4    Measured photograph and results
 

As can be seen from Fig. 4, there are some differences
between the measurement results of reflection coefficient
and  the  simulation  results,  which  are  mainly  due  to  the
dielectric  constant  error  of  the  substrate,  manufacturing
errors  and  measurement  errors.  Generally  speaking,  the
measured results of high band are in good agreement with
the simulation results,  while the measured results  of low
band are slightly offset.

Fig. 5 shows the measured radiation patterns of the pro-
posed  element  in  the  xoz  plane  and  a  comparison  of  the
radiation patterns between sum beam and difference beam.
 
 

(a) Radiation pattern@5.3 GHz

(b) Radiation pattern@5.8 GHz

(c) Comparison results
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(a) Radiation pattern@5.3 GHz

(b) Radiation pattern@5.8 GHz

(c) Comparison results
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Fig. 5    Radiation patterns and comparison results
 

From Fig. 5, in the lower band, the proposed element has
a 3 dB beamwidth of 98° and a radiation gain of 3.3 dB. In
the higher band, the proposed element has a high radiation
gain of 7.19 dB and 3 dB beamwidth of 75°. The proposed
element  can  achieve  diversified  radiation  patterns.  Firstly,
when  the  proposed  element  works  in  the  lower  frequency
band,  the  3  dB  beamwidth  is  expanded  about  30%.  Se-
condly, when the proposed element works in the higher fre-
quency  band,  the  gain  of  the  proposed  antenna  increases
about 48%. As a result, the proposed element has dual-band
and multifunctional radiation characteristics.

 3. Array design and analysis

0.5λ
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λ

[−0.2λ,0.2λ]

The  aperiodic  array  structure  with  horizontal  spacing
larger than  is shown in blue circles in Fig. 6(a). The
periodic array is uniformly arranged at  spacing in y-
axis  and  spacing  in x-axis  as  shown  in  red  squares,
where  is the wavelength of 5.8 GHz. Then, the positions
of  the  initial  columns  and  the  final  columns  are  changed
inward to maintain the total  array aperture.  After that,  the
internal elements can change their positions in the range of

. Finally, a genetic algorithm is used to opti-
mize  these  positions,  in  order  to  achieve  low  grate  lobe
levels of the aperiodic array in the scanning range.
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Fig. 6    Aperiodic array and periodic array
 

The  optimized  positions  of  the  aperiodic  array  are
shown in the blue circles in Fig.  6(a).  The scanning pat-
terns in the xoz plane are shown in Fig. 6(b) and Fig. 6(c).

θ = −70◦

4πA/λ2

A

The results show that the proposed aperiodic array can
scan  its  main  lobes  from −70°  to  +70°  with  the  grate
lobes  below −11.5  dB  at  difference  radiation  mode  in
Fig. 6(b). The main lobe gain is 21.3 dB at broadside, and
the  main  lobe  gain  decreases  6.5  dB  at .  In
Fig. 6(c), the proposed array can scan its main lobes from
−60° to +60° with the grate lobes below −11.7 dB at sum
radiation mode. The main lobe gain is 25.5 dB at broad-
side, which is almost the full aperture gain , where

 is the array aperture. It should be pointed that the scan-
ning gain of sum mode is significantly higher than that of
difference  mode,  because  the  element  of  sum  mode  has
higher radiation gain.  The difference mode scan angle is
larger,  because  the  beam  width  of  the  difference  mode
element is wider.

 4. Conclusions
In  this  paper,  a  dual-band  microstrip  patch  element  and
an  aperiodic  planar  array  with  wide-angle  scanning  and
high gain are proposed. Based on the principle of electro-
magnetic  superposition,  a  FEMCM  is  presented  to  ana-
lyze  the  element.  The  proposed  multifunctional  element
works  in  different  frequency  bands  with  different  radia-
tion  patterns,  which  can  be  applied  to  multifunctional
communication  systems.  The  proposed  aperiodic  planar
array  also  provides  an  option  possibility  for  macro  base
stations.
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