
This work is licensed under a Creative Commons Attribution 4.0 License. For more information, see https://creativecommons.org/licenses/by/4.0/

This article has been accepted for publication in a future issue of this journal, but has not been fully edited. Content may change prior to final publication. Citation information: DOI

10.1109/ACCESS.2020.3034887, IEEE Access

Date of submission 1 Oct. 2020

Digital Object Identifier ...

Common-Aperture Sub-6 GHz and
Millimeter-wave 5G Antenna System

MUHAMMAD IKRAM1, (Student Member, IEEE), NGHIA NGUYEN-TRONG1, (Member, IEEE),

and AMIN ABBOSH1,(Senior Member, IEEE)
1
School of Information Technology and Electrical Engineering, The University of Queensland (UQ), Brisbane, 4072 Australia.

Corresponding author: Muhammad Ikram (e-mail: m.ikram@uq.edu.au).

ABSTRACT The realization of a common-aperture (or shared-aperture) 5G antenna system is proposed

for compact and integrated wireless devices. As a combination of a dipole and tapered slots, an integrated

antenna design, which operates at multi-bands, i.e. sub-6 GHz at 3.6 GHz and mm-wave at 28 GHz, is

validated. The antenna design procedure starts with a dipole operating at 3.6 GHz, which is fed by a modified

balun consisting of a tapered slot and a microstrip line. Here, the tapered slot has a dual feature, i.e., it is

used to excite the dipole at 3.6 GHz and works as a tapered slot antenna at 28 GHz. Only a single feeder is

optimized and used for both structures making the design unique and provides an extremely large frequency

ratio. Moreover, the dipole’s arms are utilized as an antenna footprint for two tapered slot mm-wave arrays,

making the dipole dual-functional. The tapered slot antenna and the mm-wave arrays are optimized in a way

that the main beams point at different directions. By this configuration, the design is able to cover an angle

of 120o of space in θ−direction. As a proof of concept, a prototype is fabricated on Rogers RO-5880 with

an overall size of 75 × 25 × 0.254 mm3. The simulated and measured results confirm the validity of the

proposed concept.

INDEX TERMS Antenna array, dipole antenna, microwaves, mm-waves, tapered slot, 5G.

I. INTRODUCTION

E
XISTING sub-6 GHz wireless communication tech-

nologies, i.e. 4G and WiFi, are congested and only allow

limited bandwidth and thus, are able to support only limited

data rates [1]. To enhance the data rates and improve the

system capacity, the next generation of technology, which

is known as 5G, must be deployed with a new mechanism

of spectrum allocation that allows wider bandwidth [2]. The

international telecommunication union (ITU) and Federal

communication commission (FCC) have proposed mm-wave

band with at least 500 MHz bandwidth for 5G applications

[3]. Hence, the integration and compatibility of the existing

technology (sub-6 GHz) with the new one (mm-wave) is

indispensable.

The mm-wave technology needs high gain antennas to

compensate for high path loss. Since the gain is inversely

proportional to the width of a radiation beam, high-gain

antennas yield narrow beamwidth. Thus, beam scanning is

required to improve space coverage. Although the incorpo-

ration of phased arrays can achieve beam scanning, they

are typically narrow-band, expensive, complicated due to the

usage of phase shifters, and require more space to install

in modern wireless terminals [4]–[6]. Consequently, multi-

port antennas, which allow multiple directive beams point-

ing specific direction to cover large area of space, provide

an alternative solution to phased arrays [7]–[9]. To excite

those multi-port antennas, discrete switches based frond-end

module can be used instead of phase shifters or other beam

switching mechanisms such as Butler matrix [7].

Achieving multi-standard operations with a compact an-

tenna structure is an elusive challenge [10]. According to

this requirement, several sophisticated designs have been

presented at sub-6 GHz and mm-wave bands [11]–[16].

Although all of them were able to cover sub-6 GHz and

mm-wave bands, they provide a single fixed beam at mm-

wave bands. Some recent reported shared-aperture designs

were able to scan the beam at mm-wave bands by either

utilizing phase shifter [17] or leaky wave antenna concept

[18]. Nevertheless, leaky wave antennas are typically unable

to provide multi-beams at single frequency. Moreover, mul-

tiple beams at mm-wave band were also achieved utilizing

a dual-functional slot concept via multiple-input multiple-

out (MIMO) configurations [19], [20]. However, [19] had

bi-directional radiation patterns and [20] was not a shared-

VOLUME 4, 2016 1



This work is licensed under a Creative Commons Attribution 4.0 License. For more information, see https://creativecommons.org/licenses/by/4.0/

This article has been accepted for publication in a future issue of this journal, but has not been fully edited. Content may change prior to final publication. Citation information: DOI

10.1109/ACCESS.2020.3034887, IEEE Access

M. Ikram et al.: Common-Aperture Sub-6 GHz and Millimeter-wave 5G Antenna System

Dipole

Feed Slot
Tapered Slot

(a) (b) (c) (d)

Feed Stub

wdgsLd

d1

wslot

Lsub

Wsub

FIGURE 1. Design evolution of a dipole: (a) excited via rectangular slot, (b) excited via tapered slot, (c) tapered slot with modified feeding, and (d) modified feeding

with stub.

aperture antenna which increased the overall size. In short,

new promising antenna structures should still be explored to

match the requirements of the integrated wireless communi-

cation system.

In this work, an integrated antenna system is proposed for

sub-6 GHz and mm-wave applications. The key element of

the design is a dipole antenna, which has dual-feature. Firstly,

it works as a conventional dipole operating at 3.6 GHz and

fed from a tapered slot. This tapered slot also operates as an

end-fire high gain antenna at mm-wave band. Thus, it also

has a dual-feature, i.e., used as a feeding component for the

dipole at sub-6 GHz and as an antenna at mm-wave band.

This feature of the structure provides an extremely large

operating frequency ratio, which makes the design unique.

The utilization of a single shared feed is also presented in

[21] for a slot and printed inverted-F antenna to achieve

a compact multi-bands antenna. However, it only covers

4G bands with very small frequency ratio of about 2.1.

Secondly in the proposed design, the dipole is also used as

an antenna footprint for two mm-wave tapered slot arrays.

The proposed design can operate at several bands (1.9 GHz,

3.6 GHz, 5.2 GHz, and 28 GHz) and provides three high gain

directive beams at 28 GHz, which covers 120o of the free

space in θ-direction. In summary, by incorporating the multi-

functionality of different structures, the proposed antenna can

achieve multi-band operation and large space coverage using

a compact footprint.

II. DESIGN EVOLUTION

For the ultimate aim of achieving a common-aperture (or

shared-aperture) antenna structure with larger space coverage

at mm-wave band, a new design approach is proposed. The

entire antenna design is a combination of a dipole, tapered

slot, and rectangular slot antennas. This section will explain

the design evolution, starting from the sub-6 GHz antenna

configuration, followed by the incorporation of mm-wave

antenna. Based on this, a design guideline is provided at the

end.

In order to validate the proposed design approach, Rogers

RO-5880 substrate, which is an efficient material at both

microwave and mm-wave bands, is chosen. The length of the

substrate is kept Lsub = 25 mm, while the width is set to

Wsub = 75 mm, which matches the dimensions of modern

mobile terminals to prove the proposed concept. However,

the proposed concept and dimensions of the designs can

be tailored to any specific application/configuration, such as

mobile terminals, tablets, access points, and WLAN. The

substrate has dielectric constant (ǫr) = 2.2, loss tangent

(tan δ) = 0.0009 at 10 GHz, and thickness (t) = 0.254 mm.

A. SUB-6 GHZ ANTENNA CONFIGURATION

First, a modified printed dipole fed by a rectangular slot is

considered (Figure 1(a)). The dipole dimension is selected

to operate at 3.6 GHz band. The total length of the dipole

is 75 mm (about one λ long, λ is a free space wavelength

at 3.6 GHz) considering a mobile device width dimension.

To excite the dipole, an integrated balun, which consists of

a tapered 50 Ω L-shaped feeding structure and a rectangular

slot, is implemented. This is a classical method to excite a

printed dipole as shown in [22], [23]. The length of the slot

is chosen as a quarter-wavelength.

Since the dipole will be modified to achieve common-

aperture configuration, a parametric study is first conducted

to understand and confirm the behaviour of critical param-

eters. It is noted that the two arms of the dipole will be

utilized to integrate two mm-wave antennas, which will be

shown in the next section. It is verified that the width (wd)

and the spacing (gs) do not have a significant effect on the

performance (not shown here for brevity), while the Ld can

tune the resonance (see Figure 2).

The rectangular slot is then modified to a tapered slot as

shown in Figure 1(b). Here, the antenna can be still viewed

as a dipole, excited by a tapered slot [24], which provides

an extra degree of freedom in improving the impedance

matching and enhancing the bandwidth at 3.6 GHz. In-

terestingly, this tapered slot can also operate as a Vivaldi

antenna at mm-wave frequency band with high gain. By

doing so, an extremely large frequency ratio is achieved.

Although the wideband operations were achieved by using

a dipole and slot antennas in [24], it was not an integrated

antenna design and covered only microwave band, while the

proposed design has the capabilities to cover several bands

at microwave and mm-wave bands. The initial parameters

(Lslot, wslot, and dslot) are formulated based on the procedure

demonstrated in [20]. The performance of the dipole when

excited with the original rectangular slot and the tapered slot

is compared in Figure 3(a). The tapered slot provides larger

−6-dB impedance matching bandwidth of about 150 MHz.

Furthermore, the simulations have also been carried out to

analyze critical parameters (width (wslot) and diameter (dslot)

of the circular stub) of the tapered slot. Figs. 3(b) and (c)

shows the reflection coefficients for different values of wslot

and dslot. It can be observed that decreasing wslot or increasing

dslot lowers the resonance frequency as the overall antenna
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FIGURE 2. The simulated |S11| for different values of Ld.

size increases.

Next, the feeding structure of the dipole is modified and

relocated to the edge of the tapered slot as shown in Fig-

ure 1(c). The objective here is to use the tapered slot as

an end-fire high-gain antenna at mm-wave band (details are

given in Section II.B). Therefore, the feeding structure should

be placed at the edge of the tapered slot and terminated with a

circular stub for wideband matching [20]. However, this feed-

ing structure significantly affects the impedance matching at

3.6 GHz as shown in Figure 3(d) (red dot-dashed curve).

This problem is solved by incorporating a stub along with

the feeding as shown in Figure 1(d). This stub is actually de-

signed as a low pass filter (LPF) using the stepped-impedance

technique [25], [26]. As a LPF, at low frequency, the stub

acts as impedance matching circuit while it does not affect

the performance at mm-wave band. Figure 3(d) shows the

improved impedance matching at 3.6 GHz band after adding

the LPF (blue solid curve). It can be seen that the dipole

resonates at 3.8 GHz with a −6-dB impedance bandwidth

of about 1 GHz from 3.4 to 4.4 GHz. The performance of

the stub as a filter at sub-6 GHz and mm-wave bands is also

shown in Figure 4.

B. COMPLETE COMMON-APERTURE SUB-6 GHZ AND

MM-WAVE ANTENNA SYSTEM

The main goal is to design a multi-beam antenna structure op-

erating at 28 GHz by using the footprint of sub-6 GHz dipole

antenna. Hence, the overall antenna footprint remains the

same. This feature of the proposed work makes it a promising

candidate for modern compact multi-band wireless devices,

i.e. handheld devices.

The mm-wave antenna starts by considering the design

discussed in Section II.A (Figure 1(d)). Since, the width (wd)

does not alter the performance of the dipole significantly, it

is increased from 3 mm to 9 mm (see Figure 5(a)) to accom-

modate two mm-wave arrays. With this structure, multiple

beams pointing at different locations in the end-fire direction

(a) (b)

Tapered slot
Rectangular slot

With Stub
Without Stub

(c) (d)

2.84 mm

4.41 mm

5.99 mm

2.6 mm

3.0 mm

3.4 mm

FIGURE 3. The simulated |S11| for (a) rectangular and tapered slot, for

different values of (b) wslot (c) dslot, and for (d) modified feed with and without

stub.

P1 P2

S11

S12 S11

S12

FIGURE 4. The simulated performance of a stub (working as a LPF) at

sub-6 GHz and mm-wave bands.

via multi-port antenna structure will be designed. First, the

parameters of the main tapered slot and its feeding structure

are fine-tuned to improve the performance at both frequency

bands. Here, d1 and d2 are the most critical parameters for the

impedance matching bandwidth at mm-wave band. However,

these parameters do not significantly affect the performance

of the dipole. Therefore, by appropriately choosing the value

of these parameters, satisfactory performance of the dipole

antenna at 3.6 GHz band and the tapered slot at mm-wave

band can be achieved. The simulated performance of the

optimized design (d1 = 3.2 mm and d2 = 2.5 mm) is shown

in Figure 5. The design works as a dipole antenna at 3.6 GHz

with peak realized gain of 4 dBi and as a tapered slot antenna

at 28 GHz with a peak realized gain of 8 dBi.

Next, two mm-wave tapered slot arrays (Ant. 2 and Ant. 3)

are placed over the dipole arms (see Figure 6). The funda-

mental element of each mm-wave array is also the tapered

slot. Each array is tilted by ±25o along y-axis to provide

large space coverage as a multi-beam antenna system. The

design procedure is the same as the main tapered slot. While

the lengths are kept smaller due to limited space of dipole

arms, with the two elements in each array, the gain of each

tilted array is comparable to the main broadside slot. The 2D
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FIGURE 5. The design showing performance of the dipole and tapered slot

antennas at sub-6 GHz and mm-wave bands. (a) The geometry and (b) the

simulated reflection coefficients and 3D radiation patterns in terms of realized

gain.

normalized radiation patterns in terms of peak realized gain

of the main tapered slot antenna (Ant. 1) and two mm-wave

arrays (Ant. 2 and Ant. 3) are shown in Figure 7. It can be

seen that it covers an angle of 120o in θ-direction with the

maximum and minimum peak realized gains of 8 dBi and

6 dBi, respectively.

The feeding structure of the mm-wave tapered slot arrays

is designed based on a tapered T-junction power divider (PD)

as shown in Fig 6. The PD consists of two 100-Ω (output

ports of PD), which directly excites the tapered slots, and a

50-Ω, which is used on the input side of the PD, transmission

lines. Both power dividers are rotated by ±25o in order

to excite the tilted tapered slot arrays (Ant. 2 and Ant. 3).

Due to the presence of Ant. 2 and Ant. 3, the performances

of the dipole at 3.6 GHz and the tapered slot at 28 GHz

slightly change due to the change in dipole arm’s shape and

the coupling effect of these slots. Thus, the whole design

is slightly fine-tuned to achieve satisfactory performance

(shown in Section III). The final optimized parameters are

given in the caption of Figure 6.

At this stage, we achieve a compact common-aperture

antenna system operates at 5G mm-wave and sub-6 GHz

bands. In fact, the proposed geometry is open for additional

bands at sub-6 GHz although it is not the main target of the

paper. As an example for demonstration purpose, the 1.9 GHz

and 5.2 GHz bands can be achieved using a conventional

rectangular slot antenna (Ant. 4), which is formed between

the dipole arm and ground plane as shown in Figure 6. It is

fed via 50 Ω transmission line. The slot antenna is optimized

to operate at 1.9 GHz 4G-LTE band and 5.2 GHz WLAN

band. As discussed in [27], the two lowest-order modes of

an open slot (TE0.5,0 and TE1.5,0) are excited here. The

slot resonates at 1.9 GHz and 5.2 GHz when the length sL
is about λg/4 and 3λg/4, respectively (λg is an effective

wavelength at 1.9 GHz). The performance of the slot antenna

in terms of S-parameters will be reported in Section III.A.

y

x

z

Ant. 2
Ant. 3

Ant. 1

Ant. 4

Slot Feed

  (Ant. 4)

Ant. 2 Feed Ant. 3 Feed
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FIGURE 6. The entire geometry of a sub-6 GHz and mm-wave band

common-aperture 5G antenna system. The optimized parameters in

millimeters (mm) are as follows: Lsub= 25, Wsub= 75, tsub= 0.254, dslot= 1.3,

Wslot= 5.1, Lslot= 18.16, Wf= 0.783, Lstub= 6, s1= 1.65, d1= 4.5, d2= 3.76,

wd= 9, Ld= 37.5, w1=0.5, w2= 0.1, w3= 0.227, w4=0.3, s2= 3.37, s3= 3.2,

sw= 1, sL= 24.75, da= 2.3, and l1= 3.

120
o

Ant. 1

Ant. 2
Ant. 3

FIGURE 7. The 2D simulated radiation patterns at θ = 90
o for Ant. 1-Ant. 3

at 28 GHz.

C. DESIGN PROCEDURE

Since the antenna system is a combination of different

geometries, which form a common-aperture sub-6 GHz

and mm-wave antenna, a step-by-step design procedure is

demonstrated below.

• Select the targeted sub-6 GHz frequency, i.e., 3.6 GHz.

• Choose the length of a dipole, i.e. Ld by λ/2.

4 VOLUME 4, 2016
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(a) (b)

FIGURE 8. Photograph of a fabrication prototype. (a) Top and (b) bottom

views.

-6

FIGURE 9. The simulated and measured S-parameters for Ant. 1 and Ant. 4

at sub-6 GHz band.

• Excite the dipole with a quarter wavelength long rectan-

gular slot.

• Replace the rectangular slot with a tapered slot. The

geometry of the tapered slot must be designed based on

a procedure discussed in [20], [28] because it will also

be used as a tapered slot antenna at 28 GHz.

• Design and optimize a feeding structure along with low

pass filter (stub) that can excite the whole structure as a

dipole antenna at 3.6 GHz and a tapered slot antenna at

28 GHz.

• Add two mm-wave tapered slot arrays over the dipole

arms.

• Fine-tune the design to have satisfactory performance at

both 3.6 GHz and 28 GHz band.

• As the dipole arm and ground plane produce an addi-

tional rectangular slot, a feeding structure can be de-

signed to excite that slot at the two resonances 1.9 GHz

and 5.2 GHz.

III. EXPERIMENTAL RESULTS AND DISCUSSIONS

All simulations and modeling of the antenna design are

carried out using the ANSYS High Frequency Structure

Simulator (HFSS). The complete optimized geometry of the

proposed design is shown in Figure 6, while the fabrication

photograph is shown in Figure 8. The performance of the

design is discussed below.

2D Cut at Φ=0
o

fo=3.8 GHz

fo=3.5 GHz

Simulated

Measured

2D Cut at θ=90
o

fo=4.0 GHz

FIGURE 10. The simulated and measured normalized 2D radiation patterns

at 3.5 GHz, 3.8 GHz, and 4.0 GHz for the dipole (Ant. 1).

A. PERFORMANCE AT SUB-6 GHZ BAND

The simulated and measured S-parameters of sub-6 GHz

bands are presented in Figure 9. It can be seen from the

results that the Ant. 1 and Ant. 4 have good reflection co-

efficients of better than −6 dB at 3.6 GHz from 3.4-4.4 GHz

and at 1.9 GHz from 1.87-1.94 GHz and at 5.2 GHz from 4.6-

5.6 GHz, respectively. While the main target of the proposed

work is to present a shared aperture antenna that covers

3.6 GHz band with wide impedance matching bandwidth and

28 GHz band with multiple beams, the rectangular slot an-

tenna is only an additional feature of the proposed geometry,

which provides a narrow band at 1.9 GHz and a wide band

at 5.2 GHz. Nevertheless, the band at 1.9 GHz can also be

widened by incorporating active components [19], [29]. The

isolation between Ant. 1 and Ant. 4 is more than 15 dB across

the whole targeted bands.

Figure 10 shows 2D normalized simulated and measured

radiation patterns at θ = 90o and φ = 0o for Ant. 1 at

different frequencies, i.e. at 3.5 GHz, 3.8 GHz, and 4.0 GHz.

The results show that Ant. 1 has wide beamwidth, which

is desirable at low frequency applications. Moreover, the

consistent radiation patterns over a wide range of frequencies

verify the wideband characteristics of Ant. 1 at sub-6 GHz

band.

VOLUME 4, 2016 5
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S13

FIGURE 11. The simulated and measured S-parameters for Ant. 1, Ant. 2,

and Ant. 3 at mm-wave bands. (a) Reflection coefficients and (b) isolation.

B. PERFORMANCE AT MM-WAVE BAND

The simulated and measured reflection coefficients at mm-

wave band for Ant. 1, Ant. 2, and Ant. 3 are presented

in Figure 11(a). The results show that Ant. 1-Ant. 3 cover

28 GHz mm-wave band with a very wide bandwidth from

25 GHz to 32 GHz. A slight discrepancy between simulated

and measured results especially for Ant. 3 is observed. It

is attributed to the soldering the connectors at an in-house

facility. Nevertheless, the results still show −7 dB impedance

matching across the whole band.

The simulated and measured isolation between Ant. 1-

Ant. 2 and Ant. 1-Ant. 3 are shown in Figure 11(b). The

maximum isolation of 26 dB, which is acceptable for mobile

applications [7], is observed between Ant. 1 and Ant 2.

For the radiation patterns measurements at mm-wave band,

one antenna (Ant. 1-Ant. 3) is excited at a time, while others

are terminated with 50 Ω matched load. For real applications,

i.e. mobile phone, a front-end module (FEM) reported in

[7] can be used. The simulated and measured 2D radiation

patterns for Ant. 1-Ant. 3 are compared in Figure 12 and

Ant. 1Ant. 2 Ant. 3

fo=26.5 GHz

fo=27.5 GHz

fo=28.5 GHz

Simulated Measured

FIGURE 12. The simulated and measured normalized 2D radiation patterns at

θ = 90
o for Ant. 1, Ant. 2, and Ant. 3 at 26.5 GHz, 27.5 GHz, and 28.5 GHz.

Figure 13 at θ = 90o and φ = 0o, respectively. The

results are presented at different frequencies, i.e. 26.5 GHz,

27.5 GHz, and 28.5 GHz showing a good agreement between

simulated and measured results. As expected, beam-width is

narrower for Ant. 1 at mm wave band compared to sub-6 GHz

band. Whereas, Ant. 2 and Ant. 3 consist of an array of two

tapered slots that provide wider beam-width in φ−direction

and narrow beam-width in θ−direction. Moreover, all the

patterns follow the same trend at all presented frequencies.

In particular, the patterns at θ = 90o verify that Ant. 1-Ant. 3
provide 120o beam coverage for a wide range of frequencies.

The simulated and measured realized gain and efficiency

at both sub-6 GHz and mm-wave bands are presented in Fig-

ure 14(a) and Figure 14(b), respectively. The Ant. 1 provides

a maximum gain of 4 dBi and 8 dBi at both of respective

bands. While Ant. 2 and Ant. 3 have a maximum gain of

7 dBi. The 7-10 dBi gain, which is acceptable for terminal

antennas, is common in the literature [7], [17], [30]. Overall,

measured efficiency in the range of 65%-90% is achieved

at both bands. A 1.5 dBi difference between the simulated

and measured gains is observed at sub-6 GHz band. This

difference is attributed to the error in measurement and the

effects of cables and connectors, which slightly increase

the directivity. For higher frequency range, the measured

efficiency is slightly less than the simulated one due to the

higher loss at mm-wave frequencies.

To see the effect of a large ground plane over the perfor-

6 VOLUME 4, 2016
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TABLE 1. Comparison between the proposed and recently reported designs.

Figure of merits Proposed work [7] [11] [17] [18] [30]

Covered microwave bands (GHz) 1.9, 3.5, 5.2 None 2.0, 3.5, 5.2 3.5 2.4, 5.2 0.8, 2.0

Covered mm-wave bands (GHz) 28 28, 38 28, 38 28 60 28

Realized gain (dBi) at mm-wave
band

8 8 11 10 12 9

Beam switching mechanism at
mm-wave band

multi-port multi-
antenna

multi-port
multi-antenna

array design array design
single port leaky
wave antenna

array design

Beam coverage at mm-wave band ±60 ±90 N/A ±34 ±36 ±50

Ant. 1Ant. 2 Ant. 3

fo=26.5 GHz

fo=27.5 GHz

fo=28.5 GHz

Simulated Measured

FIGURE 13. The simulated and measured normalized 2D radiation patterns

at φ = 0
o for Ant. 1, Ant. 2, and Ant. 3 at 26.5 GHz, 27.5 GHz, and 28.5 GHz.

mance of the proposed design for practical applications, i.e.

mobile terminals, one possible scenario is demonstrated in

Figure 15, where the length of the ground plane is extended

to 150 mm. The design is simulated and its S-parameters

are experimentally validated. The simulated and measured S-

parameters are shown in Figure 16. It is clear from the results

that the performance of the proposed design is not signifi-

cantly dependent on the ground plane as most of antenna

elements have directive pattern and the design still covers

the same sub-6 GHz (1.9 GHz, 3.6 GHz, and 5.2 GHz) and

mm-wave (28 GHz) bands. The results also show a good

agreement between simulation and measurements.

IV. COMPARISON WITH THE RELATED WORK

Table 1 shows a comparison between the proposed and

related recent works based on covered microwave and mm-

wave bands and realized gain, beam switching mechanism,

Ant. 1

Ant. 3

Ant. 1

(a)

(b)

Ant. 1

Ant. 3

Ant. 1

FIGURE 14. The simulated and measured peak realized gain and efficiency

at sub-6 GHz and mm-wave bands. Simulated:dashed-lines;

measured:solid-lines.

and beam coverage at mm-wave band. It can be noticed

that the proposed design covers several frequency bands at

microwave and mm-wave. The proposed design also has a

wider beam coverage, which is about ±60o at mm-wave,

than [17], [18], [30]. Although [7] provides more wider beam

coverage and [11] covers similar frequency bands, [7] is not a

common aperture and does not support microwave frequency

bands, whereas [11] does not have beam scanning. Overall,

the proposed design has a comparable realized gain of 8 dBi

with [7], [17], [30].

V. CONCLUSION

A common-aperture 5G antenna system has been proposed

in this work. The main goal is to present a compact antenna

array architecture that operates at multi-bands, i.e. sub-6 GHz

at 3.6 GHz and mm-wave at 28 GHz. A dual-functional

tapered slot is designed and used to excite a dipole antenna at

3.6 GHz. That tapered slot also works as an end-fire high-

gain antenna at 28 GHz. Due to a single feeder for both

antennas, an extremely large frequency ratio is achieved. In

addition, two tilted tapered slot mm-wave arrays are designed

over the dipole arms, making the dipole also dual-functional.

The radiation pattern beams from the tapered slot antenna and

the mm-wave arrays can scan an area of 120o with a realized

gain of 8 dBi. Such configuration makes the design compact
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(a)

(b)

(c)

Ant. 2
Ant. 3

Ant. 1

Ant. 4

FIGURE 15. The geometry of the design with a large ground plane. (a)

Simulated model top view and fabrication prototype (b) top and (c) bottom

views.

and hence, a good candidate for modern multi-bands wireless

terminals.
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