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Abstract— The coexistence of microwave (MW) and millimeter 
wave (MMW) technologies is considered as the development 
tendency of the future 5G wireless communication system. In this 
paper, a single-port, single-layer, dual-band antenna with large 
frequency ratio is proposed to support the MW and MMW 
applications. This antenna mainly consists of a stub-loaded 
microstrip line in the center, two slot-loaded rectangular patches 
on the lateral sides, and two thin microstrip lines in-between 
which connect the former two. The stub-loaded microstrip line 
works as a series-fed MMW linear array at 26 GHz, and 
simultaneously it serves as the feed line for the MW patches 
operating at 4.85 GHz. The connection lines are elaborately 
designed to isolate the MW patches from the MMW signal, 
guaranteeing the radiation performance of the antenna at the two 
bands without requiring complicated filter. For verification, a 
prototype is fabricated and measured. The measured results show 
that the antenna has an impedance bandwidth of 3.1% and a peak 
gain of 8.93 dBi at the 4.85-GHz MW band, while an impedance 
bandwidth of 19% and a peak gain of 13.57 dBi at the 26-GHz 
MMW band. 

Index Terms—Dual-band antenna, millimeter-wave antenna, 
microstrip antenna, large frequency ratio, 5G wireless 
communication. 

I.  INTRODUCTION 

T present, the microwave (MW) technology has already 
been successfully utilized to realize the 5th generation 

(5G) mobile networks [1]. Meanwhile, due to the advantages of 
millimeter wave (MMW) communication such as extremely 
high data rate, large transmission capacity, and good security, 
the MMW spectrum is widely considered to be a preferable 
choice for the future 5G wireless communication system 
[2]−[4]. However, the propagation of electromagnetic waves 
suffers from high pass loss and short transmission distance in 
MMW band [5], [6]. Therefore, there is every possibility that 
the MW and MMW technologies will coexist in the final stage 
of 5G, and they two are expected to complement each other 
[7],[ 8]. On the other hand, cellular mobile communication has 
great potential in the application of the Internet of Vehicles 
(IoV) due to the advantages of wide coverage, large capacity, 
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and high security [9]. As a competitive IoV technology, the 
cellular Vehicle-to-everything (C-V2X) technology over the Uu 
interface supports Vehicle-to-Network (V2N) and Vehicle-to- 
Cloud (V2C) communications [10], and it operates at the 
spectrums of cellular mobile communication. Therefore, to 
make full use of the resources of cellular mobile 
communication, the future C-V2X communication based on 
cellular network may also concurrently work at both MW and 
MMW bands. As a result, the investigations of dual-band 
wireless devices including antennas which can work 
simultaneously in MW band and MMW band have great 
significance. 

The dual-band antennas can be designed using two or 
multiple resonant modes of a certain radiator [11]−[17]. These 
antennas generally have a relatively simple structure and a 
single feed port [11]−[13], [16]. Nevertheless, the two 
operating bands of such dual-mode dual-band antennas are 
often both located in MW band [11]−[15] or MMW band [16], 
[17], and the frequency ratio is limited to less than 3. To obtain 
a dual-band antenna with large frequency ratio, one simple way 
is to directly combine two antennas working at different bands 
[18]–[20]. For example, a MW monopole antenna and a MMW 
microstrip grid array were placed side by side on a single-layer 
substrate in [18]. This arrangement makes the antenna design of 
different bands independent and flexible, imposing few 
restrictions on the frequency ratio. However, since the two MW 
and MMW antennas were just simply put together, the entire 
structure was not compact. 

Recently, the shared-aperture dual-band antennas with large 
frequency ratios have attracted increasingly attention [21]–[24]. 
To share the aperture, a MMW dielectric resonance antenna 
(DRA) was nested into a MW slot antenna in [21], and in [22] a 
MW patch antenna was stacked vertically on the top of a MMW 
reflector array. The aperture-sharing concept has also been 
further extended to the structure-sharing scheme to design more 
compact MW and MMW dual-band antennas [25]−[33]. A 
leaky-wave antenna based on a dual-mode composite 
microstrip line was proposed for MW and MMW applications 
in [25]. On one hand, the quasi-TEM mode of the composite 
microstrip line was used to excite the MW patch array. On the 
other hand, the TE10-like mode of the microstrip line was used 
to feed the MMW slot array. In [26], the short-circuited end of 
the Wi-Fi band PIFA antenna also functioned as the feeding 
network of the Wi-Gig band leak-wave antenna. The MW and 
MMW antennas even shared the same radiator in [27] and [28], 
by using the resonances of its different parts. Due to the 
aperture or structure sharing of the MW and MMW elements, 
the antenna size and weight can be reduced effectively. 
However, it is notable that all the above designs have two or 

Yu Qing Guo, Yong Mei Pan, Senior Member, IEEE, Shao Yong Zheng, Senior Member, IEEE, Kai Lu 
 

A Singly-Fed Dual-Band Microstrip Antenna for 
Microwave and Millimeter-wave Applications in 5G 

Wireless Communication 

A

Authorized licensed use limited to: Univ of Calif Santa Barbara. Downloaded on June 19,2021 at 19:06:21 UTC from IEEE Xplore.  Restrictions apply. 



0018-9545 (c) 2021 IEEE. Personal use is permitted, but republication/redistribution requires IEEE permission. See http://www.ieee.org/publications_standards/publications/rights/index.html for more information.

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/TVT.2021.3070807, IEEE
Transactions on Vehicular Technology

 

multiple feed ports, and each port is separately used for each 
radiating element operating at different bands [21]−[33]. That 
is to say, the lower-band and the upper-band signals are 
transmitted from different ports and through different paths to 
the corresponding elements. Obviously, this is a direct way to 
reduce the mutual interference between MW band and MMW 
band, but not elaborate since two sets of feeding networks are 
required, which make the front end of antenna complicated. 

Due to the large dimension difference between the MW and 
the MMW elements, it is a challenge to design a single-port 
dual-band antenna with large frequency ratio, and thus far, little 
work has been reported [34]−[36]. In [34], a singly-fed 
dual-band antenna operating in the WiFi and WiGig bands was 
realized, on a single-layer substrate. The WiFi band radiation 
was based on a printed monopole, while the WiGig band 
radiation was based on a higher-order mode patch. The two 
elements were placed back-to-back, and there was no shared 
structure. In addition, an extra compact microstrip resonance 
cell (CMRC) low-pass filter had to be used to isolate the WiFi 
monopole from the WiGig microstrip patch, which introduced 
unavoidable insertion loss and extra circuit size. The aperture 
coupling mechanism was skillfully used in [35] to block the 
MMW signal from feeding to the MW antenna element and 
simultaneously route it into the MMW element, realizing a 
single-port dual-band antenna with a frequency ratio of ~5. 
Nevertheless, the proposed method is only applicable to the slot 
coupling feed structure. Moreover, owing to the coupling 
structure, a two-layer configuration was resulted. A structure 
sharing, single-layer, dual-band microstrip grid array antenna 
was realized in [36]. This array utilized a single port to excite 
two modes operating in the MW and MMW bands respectively. 
Unfortunately, it required a differential feeding network and 
two large parasitic patches to improve the impedance matching, 
which complicated the design and enlarged the footprint. 

In this paper, a single-port, single-layer, structure-sharing, 
dual-band antenna with large frequency ratio that can 
simultaneously cover the MW and MMW bands is investigated. 
This antenna utilizes a stub-loaded microstrip linear array to 
cover the 26-GHz 5G MMW band, while two slot-loaded 
rectangular patches to cover the 4.85-GHz 5G MW band. The 
MMW microstrip array is fed by a coaxial probe at its center, 
and in the meanwhile the MMW array itself acts as the feed line 
of the MW patches, making the antenna structure compact. To 
isolate the MMW signal from the MW patches, a simple 
connection line is elaborately introduced between the MMW 
and MW elements. Therefore, using just a single port can 
obtain good radiation performance in both the MW and MMW 
bands, without requiring additional port or complicated filter. 
Owing to the simple structure, this antenna can be easily 
fabricated on a single-layer substrate using the traditional PCB 
technology. In addition, the operating frequencies of the MW 
band and MMW band can be adjusted independently, and a 
flexible frequency ratio ranging from 1.68 to >50 can be 
realized by using this antenna. 

This manuscript is organized as follows. The configuration of 
the MW and MMW dual-band antenna is described in Section 
II, and the operating principle of the antenna is expatiated in 
Section III. In Section IV, the isolation and the flexible design 
of the two bands along with the range of the frequency ratio are 
discussed. An experimental verification is presented in Section 

 
V, and finally, a conclusion is drawn in Section VI. 

II. ANTENNA CONFIGURATION 

Fig. 1 shows the configuration of the proposed single-port 
dual-band antenna, which is designed on a single-layer 
dielectric substrate with a thickness of H = 0.787 mm and a 
relative permittivity of εr = 2.2. As shown in Fig. 1(a), this 
antenna is symmetric with respect to the y-axis at the central 
feed point, and it can be divided into three parts: 1) two 
identical slot-loaded rectangular patches, which are located at 
the left and right sides of the antenna, 2) a stub-loaded 
microstrip line, which is located in the middle of the antenna, 
and 3) two thin connection lines which connect the stub-loaded 
microstrip line and the slot-loaded rectangular patches. It will 
be shown in the following subsections that the two slot-loaded 
patches function as the radiating elements at MW band, while 
the stub-loaded microstrip line is able to radiate at MMW band 
effectively and simultaneously serve as the feeding network for 
the MW patch antenna. The two thin connection lines play an 
important role in guaranteeing the radiation performance of 
the antenna at the two bands. On one hand, they allow the MW 
signal to enter into the patches and excite in-phase currents on 
the two symmetrical patches. On the other hand, the thin 
connection lines also prevent the MMW signal from getting 
into the rectangular patches. A metal ground with length ls = 70 
mm and width ws = 29 mm is used for the antenna, as shown in 
Fig. 1(c). In order to obtain broadside radiation patterns in the 
operating bands, a coaxial probe is applied to feed the 
dual-band antenna at the center, and the inner and outer 
conductors of the feeding probe are soldered to the microstrip 
line and the ground plane respectively. It can be seen that the 
entire antenna has a very simple configuration, which can be 
easily fabricated via the traditional PCB technology. 

This antenna is designed to operate at 4.85 and 26 GHz bands 
concurrently for 5G wireless communication systems. 
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Fig. 1 Configuration of the proposed single-port dual-band antenna. (a) Top
view. (b) Side view. (c) Bottom view. w1 = 5.3 mm, w2 = 8.2 mm, g = 2 mm, l
= 20.1 mm, H = 0.787 mm, ls = 70 mm, ws = 29 mm. 
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III. ANTENNA PRINCIPLE  

In this section, the operating principle of the proposed 
antenna is expatiated. 

A. The Isolation Between The MW And MMW Elements 

As discussed in the Introduction, it is a big challenge to 
separately guide the MW and MMW signals to the 
corresponding radiators for a single-port dual-band antenna. In 
the previous designs, the CMRC filter [34] or the specific 
aperture coupling [35] had to be used, increasing the insertion 
loss and the complexity of the antenna unavoidably. In this 
work, a simple connection line is proposed to provide the 
isolation function, which does not destroy the antenna 
performance and can be fabricated easily on a single-layer 
substrate. 

To demonstrate the isolation mechanism clearly, the 
configuration of the connection line is separately shown in 
Fig.2(a). It is notable that the MW and MMW radiators share 
the same feed port which is located at the center of the MMW 
element. As can be seen from Fig. 2(a), there is a 0.7-mm wide 
(wc1 = 0.7 mm) open stub, whose length lc1 = 2.25 mm is 
designed to be about 1/4 guide wavelength at the center 
frequency of MMW band. According to the transmission line 
theory, the voltage at point A becomes zero after travelling a 
distance of a quarter wavelength, and therefore, the open stub 
can be equivalent to or replaced by a shorting pin, as shown in 
Fig. 2(b). Owing to the virtual grounded pin, when the MMW 
signal reaches point A, the signal flows into the ground plane 
where the electric potential is zero. As a result, the MMW 
signal is truncated and prevented from transmitting to the MW 
rectangular patches. 

With reference to Fig. 2(a) and Fig. 2(b), a thin line with 
width of wc2 = 0.2 mm is used between point A and the MMW 
element. The length of this thin line is designed to be lc2 = 2 
mm, which is also close to 1/4 guide wavelength at the MMW 
frequency. Again, according to the transmission line theory, 
after travelling a distance of a quarter wavelength from the 
grounded point A, the current at point B becomes zero and 
point B can be considered as an open-circuited point. 
Therefore, Fig. 2(b) can be further equivalent to Fig. 2(c). It can 
be seen from Fig. 2(c) that the MW and MMW elements are not 
connected to each other at MMW band, and therefore, the 
isolation effect is achieved. However, when the antenna works 
at the MW band, the lengths of lc1 and lc2 are much less than 1/4 
guide wavelength. Therefore, the above short-circuited and open-circuited effects disappear. Consequently, the MW signal 

can reach the patches through the connection lines. 
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Fig. 3 Simulated transmission coefficients of the structure as shown by the
inset in (a) for different parameters. (a) wc1, (b) lc1, (c) wc2, and (d) lc2. 
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Fig. 2 (a) The connection lines between MW and MMW radiating elements. (b) Equivalent structure I. (c) Equivalent structure II. wc1 = 0.7 mm, lc1 = 2.25 mm, wc2

= 0.2 mm, lc2 = 2 mm. 
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To quantify the effects of lc1, wc1, lc2 and wc2 on the isolation 
performance, the two MW patches in the dual-band antenna are 
replaced by two output ports, as shown in the inset of Fig. 3(a). 
Fig. 3 shows the simulated transmission coefficient |S21| (due to 
the structural symmetry, |S31| is the same with |S21| and therefore 
it is not shown for clarity) of the structure. It can be seen from 
Fig. 3(a) and (b) that the width of open stub wc1 has little effect 
on |S21| within the impedance passband, but the isolation 
frequency band with low |S21| shifts downward with the 
increasing of stub length lc1. This is as expected, because as 
discussed above, the optimum isolation effect is achieved when 
lc1 is about 1/4 guide wavelength. On the other hand, the 
isolation level is found sensitive to the line width wc2. With 
reference to Fig. 3(c), the |S21| is decreased by about 10 dB 
when wc2 is decreased from 1 to 0.2 mm, indicating that the 
thinner the line is, the better the isolation will be. This is 
because when wc2 is small, the current mainly distributes on the 
horizontal connection line, and very little current can cross the 
virtual grounded pin and flow into ports 2 and 3, as shown in 
the insets of Fig. 3(c). In addition, it is observed from Fig. 3(d) 
that the length of lc2 has negligible effect on |S21|, but it affects 
the resonance frequency of the second mode in the MMW band. 
This is understandable, because only when lc2 equals to 1/4 
guide wavelength of the working frequency of the MMW array, 
the virtual open-circuited effect appears at the ends of the 
MMW array and the MMW array is well isolated. Otherwise, 
the length of the central microstrip line will be increased or 
reduced by the horizontal connection line, and thus its 
resonance frequency is influenced. 

To further verify the isolation mechanism discussed above, 
Fig. 4(a) and (b) show the current distributions of the dual-band 
antenna at MMW and MW bands, respectively. It can be seen 
from Fig. 4(a) that at the MMW frequency 26 GHz, the current 
mainly concentrates on the central stub-loaded microstrip line, 
and the currents on the connection lines and rectangular patches 
are negligibly weak, verifying the MMW signal can only feed 
the microstrip linear array but is isolated from the rectangular 
patches. The situation is quite different at the MW frequency 
4.85 GHz. As shown in Fig. 4(b), the current distributes on the 
entire antenna structure. Specifically, it flows out from the feed 
point, goes through the MMW linear array and thin connection 
lines, and finally reaches the lateral rectangular patches, 
verifying the MW signal can feed the MW element perfectly. 
Moreover, it can be observed that in the MW band, the central 
stub-loaded microstrip line (MMW linear array) acts as the feed 
line of the MW patches. This is because at MW frequency the 
short stubs have very slight perturbation effect on the 
microstrip line due to the small electrical dimensions. Owing to 
the simple isolation mechanism and the shared structure, the 
entire antenna configuration is very compact. 

B. The MMW Microstrip Array 

As shown in Fig. 4(a), the MMW signal is restricted in the 
central stub-loaded microstrip line and prevented from flowing 
into the connection lines and rectangular patches, indicating 
that the stub-loaded microstrip line shown in Fig. 5(a) solely 
acts as the MMW radiating element and the remaining parts 
have trivial influence. Therefore, for simplicity, the separate 
stub-loaded microstrip array is utilized to illustrate the MMW 
performance of the proposed dual-band antenna. As shown in 

 
Fig. 5(a), the microstrip array is composed of four identical 
radiating elements. Each element consists of a microstrip line 
with length lm = 7.6 mm and width wm = 2.2 mm, and a 
trapezoidal stub with top length a1 = 2.15 mm, bottom length 
a2 = 3.55 mm, and height d = 0.84 mm. 

Since the stub-loaded microstrip array has been investigated 
in [37], the principle here is simply interpreted with Fig. 5(b), 
which shows the simulated E-field and also the equivalent 
magnetic current distributions on the sides of the microstrip 
array. It can be seen from Fig. 5(b) that due to the perturbation 
of the asymmetrically-introduced stubs, the fields on the two 
opposite long edges of the microstrip line become 
asymmetrical, and the intensities of the equivalent magnetic 
currents are unable to cancel each other out as in a pure 
microstrip line. Hence, the stub-loaded microstrip line is able to 
radiate effectively. 
  Fig. 6 shows the simulated reflection coefficient and 
boresight gain of the MMW microstrip linear array. Two 
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Fig. 4 The current distributions of the proposed single-port dual-band antenna
at two operating bands. (a) 26 GHz and (b) 4.85 GHz. 
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Fig. 5 (a) The MMW microstrip linear array. (b) The simulated electric field
and equivalent magnetic current distributions on the microstrip array at 26
GHz. a1 = 2.15 mm, a2 = 3.55 mm, d = 0.84 mm, lm = 7.6 mm, wm = 2.2 mm. 
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resonant modes are excited in the MMW passband, at about 
24.8 and 27.4 GHz respectively. It is found that the first mode 
is due to the resonance of the stub-loaded microstrip line, 
while the second one is caused by the resonance of the pure 
microstrip line [37]. The combination of the two modes helps 
engender an impedance bandwidth of about 20%. Within the 
impedance passsband, the antenna gain is quite stable, given 
by about 13.3 dBi. For comparison, the simulated reflection 
coefficient and boresight gain of the proposed dual-band 
antenna in Fig. 1 is also shown in Fig. 6. It is found that the 
response is very similar with that of the isolated microstrip 
linear array at MMW band. But in the MW band, the isolated 
MMW array has no operation while the proposed dual-band 
antenna operates well. These results verify again the analysis 
in Section IIIA. 

C. The MW Microstrip Patches 

As shown in Fig. 4(b), the entire structure of the proposed 
antenna is involved in the MW band. The stub-loaded 
microstrip line and the thin connection lines both act as the feed 
line, while the rectangular patches act as radiators. Since the 
feed line is symmetric with respect to the y-axis, the two 
patches are also placed symmetrically to have symmetric 
radiation patterns. As shown in Fig. 1, the length of the patches 
is given by l = 20.1 mm, which is about 1/2 guide wavelength at 
the MW band. It is found that the bandwidth of the rectangular 
patches is very limited owing to the thin substrate (H = 0.787 
mm). In order to fully cover the frequency band 4.8−4.9 GHz, 
one of the 5G commercial MW band, a slot with width of g = 2 
mm is introduced in each patch along the non-radiating edge. 
The slot divides the rectangular patch into two parts. The inner 
part with width of w1 = 5.3 mm is fed directly by the thin 
connection line, while the outer part with width of w2 = 8.2 mm 
is excited by the inner part through capacitive coupling. 

To show the effect of the slot, Fig. 7 compares the 
simulated reflection coefficients of the proposed antenna at 
MW band for different slot widths. It can be seen that when 
there is no slot (g = 0 mm), only one resonant mode is excited 
at about 4.68 GHz, and the impedance bandwidth is as narrow 
as 1.5%. When introducing a 1-mm wide slot on the patch, two 
resonant modes are observed at 4.78 and 4.88 GHz. The two 
modes move close to each other when the slot width g is further 
increased to 2 mm, and good impedance matching is obtained 
in the band ranging from 4.77 to 4.95 GHz. Obviously, the 
introduction of slot greatly enhances the bandwidth of the MW 
band, making it sufficient for the 5G application. 
  In order to further characterize the two resonant modes in the 
MW operating band, Fig. 7(b) and (c) show the 

simulated reflection coefficients of the proposed dual-band 
antenna for different widths of the inner patches (w1) and outer 
patches (w2), respectively. It can be observed that the first 
resonant mode shifts downward from 4.82 to 4.77 GHz when 
w1 increases from 5 to 8 mm, but is insensitive to the variation 
of w2. On the contrary, the second resonance frequency remains 
at about 4.92 GHz with the variation of w1, but it shifts 
considerably from about 4.88 to 4.99 GHz when w2 is 
decreased from 10 to 6 mm. These results indicate that the first 
resonant mode is due to the inner patch, while the second mode 
depends on the capacitively-coupled outer patch. 

IV. DISCUSSIONS 

In this section, the influence of the isolation structure and 
the flexible design of the MW&MMW bands are further 
discussed. 

A. The Influence of The Isolation Structure 

As discussed in Section IIIA, the elaborately designed 
connection line plays an important role in reducing the 
interference between the MW and MMW bands. One potential 
question is that what would be the influence if not using such 
isolation structure. To answer this question, two reference 
antennas using different connections between the MW and 
MMW elements are investigated. Fig. 8 shows the 
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Fig. 6 Simulated reflection coefficients and gains of the single MMW
microstrip linear array and the proposed single-port dual-band antenna. 
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Fig. 7 Simulated reflection coefficients of the proposed single-port dual-band
antenna at MW band, for different (a) slot widths g, (b) inner patch widths w1,
and (c) outer patch widths w2.  
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configurations of the two reference antennas. For each antenna, 
only half of the structure is shown due to the symmetry property. 
In Antenna I, the MMW microstrip array is directly connected 
to the MW rectangular patches. Antenna II is very similar to the 
proposed antenna, except that the open stub at point A is 
removed from the connection line. It is notable that the 
dimensions of reference Antennas I and II have been 
re-optimized to adapt the change of the connection lines. 

Fig. 9(a) shows the simulated reflection coefficients of the 
reference and the proposed antennas at MMW band (the 
antenna performances including the reflection coefficient, 
realized gain, and radiation pattern of the three antennas are 
nearly the same at MW band, therefore they are not shown 
here for brevity). It can be seen that the reflection coefficients 
vary greatly in the reference antennas although good   
impedance matching can also be obtained. Four resonant 
modes, instead of two, are excited in Antennas I and II within 
the operating band. This is because the connection ways 
between the MMW array and MW patches in both reference 
antennas have no isolation effect, and the MW patches also act 
as absorption or load elements of the MMW microstrip line. In 
this case, the patches have a great impact on the MMW array, 

leading to multiple modes at MMW band. 
The simulated boresight gains of the reference and the 

proposed antennas at MMW band are compared in Fig. 9(b). It 
can be seen that the gains of Antennas I and II vary 
considerably (as large as 4 dB in Antenna I, and 6 dB in 
Antenna II) across the impedance passband. This is mainly 
because the currents on the patches destroy the radiation 
patterns at MMW band. Moreover, in Antenna I, to make the 
currents of the two symmetrical patch elements in-phase, the 
signal is fed at the side edge of the patches. Therefore, the 
MMW array of Antenna I is no longer in the center position 
with respect to the ground plane, and consequently, the 
maximum radiation in the E-plane (ϕ = 90°) deviates from the 
boresight direction to some extent. The MMW array of 
Antenna II is located at the center with respect to the ground 
plane, but the currents on the patches and connection lines still 
affect the radiation patterns. Particularly, at some frequency 
points like 25.2 and 27.2 GHz, the currents concentrate on the 
connection lines and inner MW patches as shown in the insets 
of Fig. 9(b), and the impedance matching is relatively poor, 
leading to a degraded gain. Differently, the boresight gain of the 
proposed antenna varies slightly from 11.98 to 13.87 dBi within 
the entire band, showing good stability. In addition, stable 
broadside patterns are obtained across the MMW passband.  

Based on the above analysis, it can be concluded that the 
proposed connection lines are very necessary to maintain the 
stability of reflection coefficient, boresight gain and radiation 
pattern within the MMW band. 

B. The Flexible Design of The MW&MMW Bands 

For a dual-band antenna, it is very desirable that the two 
operating bands can be independently adjusted. As discussed 
in section IIIA, the patches are isolated from the microstrip 
array at MMW band, thus changing the parameters of patches 
should have no influence on the MMW band. At MW band, 
the microstrip array serves as the feed line for the patches, 
therefore the size adjustment of the microstrip line and 
trapezoidal stubs should have little effect on the working 
frequency of MW band. According to the analysis, the 
independent control of the lower MW band and the higher 
MMW band should be possible. 

To verify the above inference, Fig. 10(a) shows the 
simulated reflection coefficients of the proposed antenna for 
different patch lengths of l = 19, 20, and 21 mm. It can be 
observed that in all of the three cases, the MMW operating 
band remains unchanged, keeping the center frequency at 
about 26 GHz. Nevertheless, the MW operating band changes 
substantially and its center frequency shifts downward 
significantly from 5.08 to 4.66 GHz when l increases from 19 
to 21 mm. Accordingly, the frequency ratio is increased from 
5.1 to 5.6. Fig. 10(b) shows the results for different lengths of 
the microstrip line lm. It can be seen that the change of lm only 
affects the impedance matching of the MW band but its center 
frequency remains at about 4.85 GHz. However, the higher 
MMW band is found sensitive to the variation of lm. When lm 

increases from 7.2 to 7.8 mm, the center frequency of MMW 
band increases from about 25 to 27 GHz, and the frequency 
ratio varies from 5.15 to 5.57.  
  As discussed above, the MMW microstrip linear array and 
the MW patch antenna can be independently designed and then 

A A

(a)                   (b)                   (c) 
Fig. 8 Configurations of the reference and the proposed antennas. For
simplicity, only half of the structure is shown due to the symmetry property.
(a) Reference Antenna I. (b) Reference Antenna II. (c) The proposed antenna. 
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Fig. 9 Simulated reflection coefficients and boresight gains of the reference
and the proposed antennas at MMW band. (a) Reflection coefficients. (b)
Boresight gains, and the insets show the current distributions of reference
Antenna II at 25.2 and 27.2 GHz. 
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cascaded with the specific connection lines. In general, if 
disregarding the low antenna efficiency, the operating 
frequency of the MMW array can be made extremely high 
while that of the MW patch can be made rather low. That is to 
say, theoretically, the upper bound of the obtainable frequency 
ratio can approach infinity. Even taking the efficiency into 
account, for example, if efficiency is required to be higher than 
60%, the MW antenna can work down to 1 GHz when using the 
present substrate with thickness of 0.787 mm. Moreover, it is 
found that the simulated efficiency of the MMW array remains 
as high as 90% when it works at 50 GHz, showing that the 
maximum frequency ratio can be larger than 50. However, the 
lower bound of the frequency ratio is limited by the isolation 
effect of the connection lines. For illustration, we keep the 
working frequency of MMW array as well as the dielectric 
substrate of the present design unchanged, and determine the 
lower bound of the frequency ratio by identifying the possible 
highest operating frequency of the MW antenna. Here, it should 
be mentioned that as analyzed in Section IIIA, the dimensions 
of the open stub and the horizontal part of the connection lines 
are determined by the MMW operating band, therefore, they 
also remain unchanged. The structure as shown by the inset in 
Fig. 11 is used to quantify the isolation effect of the connection 
lines on the MW elements at different frequencies, and the 
corresponding results are shown in Fig. 11. It can be seen that in 
the frequency band that above 15.5 GHz, the signal is isolated 
by the connection lines and therefore the MW elements cannot 
be effectively excited. In the frequency band lower than 15.5 
GHz, the |S21| varies with |S11| in the range of about −6.8 to −3.2 
dB, and it is larger than −4 dB when |S11| is less than −10 dB. 
Notably, the structure of the inset in Fig. 11 has two output ports, 
and the maximum |S21| is −3 dB. The results indicate that the  
signal can be well guided to the MW elements only when the 
frequency is below 15.5 GHz. Based on the above analysis, the 
lower bound of the frequency ratio is given by about 1.68 
(26/15.5). For validation, two design examples with different 

 

 
parameters are shown in Fig. 12. It can be seen from the figure 
that the frequency ratio of the proposed antenna can be tuned 
from 1.68 (26/15.5) to >50 (50/1). 

It should be mentioned that the bounds of frequency ratio 
depend on the dielectric substrate to some extent, but the above 
analyses are still applicable. 

In addition, since the variation of MW elements has little 
effect on the radiation performance of the MMW array as well 
as the isolation effect of the connection lines, the present MW 
patch can be re-designed or even replaced by a MW dual 
(multi)-band element to achieve a multi-frequency operation. 
For verification, the parameters of the MW patch elements of 
the proposed dual-band antenna are re-designed to realize the 
tri-band operation as shown in Fig. 13(a). Fig. 13(b) shows the 
simulated reflection coefficient and gain of the tri-band antenna. 
It can be seen that the antenna can simultaneously work at 4.85, 
5.91 and 26 GHz (corresponding to 5G cellular networks, 
Vehicle-to-Vehicle, and 5G MMW bands), and the average 
boresight gains are given by 9.0, 7.0 and 12.4 dBi respectively. 

All the above results are reasonable and as expected, showing 
well the design flexibility of the MW and MMW bands. 
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Fig. 10 Simulated reflection coefficients of the proposed single-port dual-band
antenna for different (a) patch lengths l, and (b) microstrip-line lengths lm. 
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Fig. 11 Simulated reflection coefficient and transmission coefficient of the
structure as shown by the inset. 
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Fig. 12 Simulated reflection coefficients and boresight gains of the proposed
antenna with different frequency ratios. (a) Design I with frequency ratio of
1.68 (26/15.5). (b) Design II with frequency ratio of 50 (50/1). 
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V. MEASUREMENT VERIFICATION 

For verification, a prototype of the proposed dual-band 
antenna operating at 4.85 and 26 GHz was fabricated and 
tested. Fig. 14 shows the top and bottom surfaces of the 
prototype which was fabricated by a PCB of Rogers RT/duroid 
5880 with a thickness of 0.787 mm, a relative permittivity of 
2.2, and a loss tangent of 0.0009. In this work, the reflection 
coefficient was measured by a Keysight N5247A PNA-X 
Network Analyzer, while the antenna gains and radiation 
patterns at 4.85-GHz band were tested using a Satimo Starlab 
System, and those at 26-GHz band were tested using a 
Compact Range Antenna Measurement System. 

The measured and simulated refection coefficients of the 
prototype are shown in Fig. 15(a). It is notable that there are 
two resonant modes excited in both the 4.85-GHz MW band 
and 26-GHz MMW band. As discussed above, the first and the 
second modes in the MW band are due to the inner and outer 
rectangular patches respectively, while those in the MMW 
band are caused by the stub-loaded microstrip line and the 
bare microstrip line respectively. The dual-mode resonances 
enable the operating bands to completely cover the 5G 
commercial operating bands of 4.8−4.9 GHz and 24.75−27.5 
GHz. As can be seen from the figure, the measured −10 dB 
impedance bandwidths at the MW and MMW bands are 
3.10% (4.78−4.93 GHz) and 19% (23.81−28.81 GHz) 
respectively, agreeing reasonably well with the simulated 
results given by 3.70% (4.77−4.95 GHz) and 19.47% 
(23.27−28.29 GHz). The small deviation is mainly due to the 
simulation error, the fabrication error, and also the testing 
error [37]. 

Fig. 15(b) shows the simulated and measured boresight 
gains of the prototype, at the two operating bands. As shown 
in the figure, the peak and average simulated gains in the 

 

 
4.85-GHz MW band are given by 9.25 and 8.45 dBi 
respectively, and those in the 26-GHz MMW band are 13.87 
and 13.3 dBi respectively. The measured gains exhibit a very 
similar trend, but are generally about 0.3 dB lower than the 
simulated results at both bands. This is mainly caused by the 
imperfections of the experiment, such as the losses of the 
connecter and cable. In addition, it is notable that the gains in 
both the MW and MMW bands are fairly stable, and the 
measured 1-dB gain bandwidths are given by 2.28% and 
16.7% respectively, which are very close to the −10 dB 
impedance bandwidths. The simulated and measured antenna 
efficiencies in the MW and MMW bands are also shown in Fig. 
15(b). Notably, due to the limitation of the test conditions, the 
measured efficiency at the MMW band is not available. As 
shown in the figure, the simulated (measured) efficiency is 
about 0.85 (0.80) in the MW band, while as high as 0.95 in the 
MMW band. It should be mentioned that the relatively lower 
efficiency of the proposed antenna in the MW band is due to the 
thin dielectric substrate and has little to do with the connection 
lines. 

Fig. 16 depicts the simulated and measured H-plane (ϕ = 0°) 
and E-plane (ϕ = 90°) radiation patterns at the two operating 
bands. In each band, the patterns at the two resonance 
frequencies are shown. With reference to Fig. 16(a), broadside 
radiation patterns are obtained in 4.85-GHz MW band. This is 
as expected considering the in-phase excitation of the two 
lateral patches. At the two resonance frequencies 4.83 and 4.9 
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Fig. 13 (a) Configuration and (b) simulated reflection coefficients & boresight
gains of the tri-band antenna. ls = 80 mm, ws = 25 mm, lm = 7.6 mm, H= 0.787
mm,  a1 = 2.15 mm, a2 = 3.55 mm, d = 0.84 mm, bl = 12.6 mm, bw = 2 mm, w1

= 10.5 mm, w2 = 8 mm, l1 = 19.9 mm, l2 = 15.7 mm , g = 0.2 mm, lc1 = 2.25 mm,
wc1 = 0.7 mm, lc2 = 2 mm, wc2 = 0.2 mm. 

     
(a)                        (b) 

Fig. 14 Prototype of the proposed single-port dual-band antenna. (a) Top
surface. (b) Bottom surface. 
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Fig. 15 Measured and simulated reflection coefficients, boresight gains, and
efficiencies of the prototype. (a) Reflection coefficients. (b) Boresight gains
and efficiencies. 
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TABLE I 
COMPARISON WITH THE PREVIOUS DUAL (MULTI)-BAND ANTENNAS WITH LARGER FREQUENCY RATIO 

Ref. Frequency (GHz) Ratio Impedance BW (%) Peak gain (dBi) Structure Size (λL
3) 

No. of input 
ports 

Independent control 
of different bands 

[25] 7.2/38.3 5.3 37.8/17 ~16/~16 Two-layer SIW  4 yes 

[26] 2.4/5.2/60 25 21.28/5.7/11.57 3.97/4.07/12.29 Single-layer SIW 1.29  0.36  0.008 
@ 2.4 GHz 

4  

[27] 2.4/24 10 38.24/16.18 ~7/11.3  3-D DRA 1.2  1.2  0.3 2 no 

[29] 3.5/60 17 2.6/6.4 7.3/24 Multi-layer SIW 0.42  0.3  0.02 2 no 

[31] 3.5/28 8 20.7/20.5 7.07/11.3 Single-layer SIW 0.5  0.4  0.003 2 no 

[34] 4/60 15 85/13.3 4/7 Single-layer PCB 0.47  0.45  0.003 1  

[35] 5.8/30 5.2 3.1/8.1 10.4/8.5 Two-layer SIW 1.64  1.64  0.02 1 yes 

[36] 3.72/28.6 7.7 3.4/4.5 8.98/19.2 Differential-feed PCB 0.86  0.86  0.01 1 no 

This work 4.85/26 5.4 3.1/19 8.93/13.57 Single-layer PCB 1.13  0.47 0.013 1 yes 

λL: vacuum wavelength at the center frequency of MW band 
SIW: substrate-integrated waveguide. 
 

GHz, the E-plane patterns have a stable 3-dB beam-width of 
about 84°, while the 3-dB beam-widths of the H-plane patterns 
are about 36° and 32° respectively, and a sidelobe at about 68° 
can be observed. This is because the two rectangular patches 
are located symmetrically on the left and right sides of the 
antenna, and they can be regarded as a two-element array 
along the x-axis. The measured front-to-back ratios at the first 
and second resonance frequencies are both given by about 20 
dB. In addition, the radiation  patterns show a very low 
cross-polarization level in the boresight direction, and the 
measured cross-polarized fields are weaker than the 
co-polarized counterparts by more than 30 dB. 

Broadside radiation patterns are also obtained in the 
26-GHz MMW band, as shown in Fig. 16(b). At the two 
resonance frequencies 24.74 and 27.57 GHz, the radiation 
patterns are very similar. A narrow beam with a 3-dB 
beam-width of about 20° is measured in the H-plane, and a fan 
beam with a 3-dB beam-width of about 90° is obtained in the 
E-plane. In the boresight direction, the measured 
cross-polarization level and the front-to-back ratio are both 
given by about 20 dB. 

A comprehensive comparison between the proposed 
antenna and the previously reported dual-band antennas with 
large frequency ratios is summarized in Table I. As shown in 
the table, most of the existing designs have two or four 
separate ports for MW band and MMW band respectively 
[25]−[27], [29], [31]. The dual-band antenna studied in [34] 
had a single port, but a complex low-pass CMRC filter was 
required to deal with the interference between the MW and 
MMW bands, which inevitably increased the design 
complexity and decreased the antenna gain as well as 
efficiency. The singly-fed dual-band antenna in [35] skillfully 
utilized a half-wavelength aperture to separate the MW and 
MMW signals, however, the coupling structure made the 
antenna suffer from a two-layer configuration. The singly-fed 
dual-band antenna was also realized in [36], nevertheless, a 
differential-feed network was required to improve the 
impedance matching, which complicated the design. The 
proposed antenna has a single port and a single-layer structure. 
Also, it does not need complicated filter and feeding network, 
making the structure simple and compact. In addition, it is 
notable that due to the shared structure, the two operating 
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Fig. 16 Measured and simulated radiation patterns of the prototype. (a) At 4.83
and 4.9 GHz of the MW band. (b) At 24.74 and 27.57 GHz of the MMW band.

 Simulated    Measured. 
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bands of most of the previous antennas affect each other [27], 
[29], [31], [36]. Although the MMW band of [25] can be 
adjusted independently, the dielectric constant of the 
upper-layer substrate needs to be changed. However, the MW 
and MMW bands of the proposed antenna can be easily and 
independently adjusted by changing the corresponding 
parameters. Finally, it should be mentioned that compared 
with other designs, the footprint of the proposed antenna is 
slightly larger. This is because there are two radiating patch 
elements operating at the MW band and at the same time there 
are four microstrip elements operating at the MMW band. 
Owing to the above reason, the antenna gains at the two bands 
are also generally higher than those of others.  

VI. CONCLUSION 

This manuscript investigated a single-port, single-layer, 
dual-band antenna operating at 4.85-GHz MW and 26-GHz 
MMW 5G bands for wireless communication system. A 
stub-loaded microstrip line was adopted to cover the MMW 
band and simultaneously serve as the feed line of the 
rectangular patches operating at the MW band. Such 
structure-sharing topology makes the antenna structure fairly 
compact. Also, it has been shown that by using an 
elaborately-designed connection line to connect the MW 
patches and MMW array, the MW and MMW signals can be 
transmitted to the corresponding elements without affecting 
each other. No additional port or complicated filter is required, 
and the entire antenna has a simple configuration which can be 
easily fabricated on a single-layer substrate using the traditional 
PCB technology. Moreover, it has been found that the MW 
and MMW operating bands can be adjusted independently, 
and the frequency ratio can be tuned from 1.68 to >50.  

A prototype has been fabricated and measured to verify the 
design. The prototype shows a −10-dB impedance bandwidth 
of 3.1% and a peak gain of 8.93 dBi at the 4.85-GHz MW 
band, while a −10-dB impedance bandwidth of 19% and a 
peak gain of 13.57 dBi at the 26-GHz MMW band. 

The proposed dual-band antenna should have a potential 
application prospect in the 5G wireless communication 
systems. 
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