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 
Abstract—A broadband resonant terminal antenna has been 

developed. It can be used in different MIMO arrangements such as 
2x2, 4x4, 8x8, or even 12x12 MIMO configurations. The antenna 
covers the whole LTE and WiFi bands besides the existing 2G/3G 
bands (700-5800 MHz), without using any matching/tuning circuits. 
Matching circuits significantly reduce the efficiency of any antenna 
and reduce the battery life. They also reduce the bandwidth because 
they are frequency dependent. The antenna can be implemented in 
smartphone handsets, tablets, laptops, notebooks or any other 
terminal. It is also suitable for different IoT and vehicle applications. 
The antenna is manufactured from a flexible material and can be bent 
or folded and shaped in any form to fit any available space in any 
terminal. It is self-contained and does not need to use the ground 
plane, the chassis or any other component of the terminal. Hence, it 
can be mounted on any terminal at different positions and 
configurations. Its performance does not get affected by the terminal, 
regardless of its type, shape or size. Moreover, its performance does 
not get affected by the human body of the terminal’s users. Because 
of all these unique features of the antenna, multiples of them can be 
simultaneously used for MIMO diversity coverage in any terminal 
device with a high isolation and a low correlation factor between 
them. 
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I. INTRODUCTION 

IMO technology has achieved a great increase in the 
capacity of communication and greatly improved the 

communication quality. The capacity of the communication 
systems can be increased by the MIMO systems when 
channels are independent and identically distributed [1], [2]. 
The number and spacing of antennas are the key parameters of 
the MIMO antenna. The more the number of MIMO antennas 
are, the better the MIMO performance is. However, in the 
small mobile terminals, with multiple MIMO antennas, 
spacing between the antennas is not enough to ensure to reach 
high isolation between antennas. If the isolation within the 
multi-antenna system is insufficient, system performance is 
reduced due to the coupling between antennas [3].  

In this paper, a broadband resonant terminal antenna will be 
presented. The antenna can be implemented in smartphone 
handsets, tablets, laptops, and notebooks. It is also suitable for 
IoT and vehicle applications. It is independent on the terminal 
type and size and its performance does not get affected by the 
environment. The antenna can be used in 2x2, 4x4, 8x8, and 
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12x12 MIMO configurations with a high isolation and a low 
correlation coefficient between the MIMO antennas. Each 
antenna covers the whole LTE spectrum plus the WiFi band 
besides the existing 2G and 3G bands (700-5800 MHz) 
without using any matching/tuning circuits. Matching circuits 
are frequency dependent and, therefore, they reduce the 
bandwidth. The losses in matching circuits significantly 
reduce the efficiency, which also results in reducing the 
battery lifetime. The antenna is self-contained and does not 
need an extended ground plane. It has a thin and narrow size 
and it is manufactured from a flexible material that can be bent 
or folded and shaped in any form.  

II. A SINGLE RESONANT ANTENNA FOR THE WHOLE LTE AND 

WIFI SPECTRUM 

A broadband antenna technology was developed before by 
the authors of this paper where two antennas were used 
together to cover the whole LTE band (700-3800 MHz) [4]-
[6]. The first antenna was covering the low band LTE 
spectrum starting from 698 MHz up to 960 MHz while the 
second one was covering the high band portion of the LTE 
spectrum starting from 1.42 GHz to 3.8 GHz. A third antenna 
was added to cover the WiFi band [7]. Each antenna consisted 
of two narrow printed metallic arms connected together by a 
shorting metallic strip. Each arm had a set of slots having 
different configurations. The shapes, locations, and 
dimensions of the slots were optimized in order to maximize 
the bandwidth. The antennas of the dual antenna configuration 
were completely self-contained and they did not need any 
additional ground planes or any other components.  

In this research, the low and high band antennas of the 
above dual antenna configuration have been combined 
together in a single resonant antenna configuration as shown 
in Fig. 1. The antenna covers the whole LTE band plus the 
WiFi band (700-5800 MHz). It consists of three arms; two of 
them are directly fed while the third arm is fed by coupling as 
shown in Fig. 2 [8]. The three arms may be parallel to each 
other or may have any angle between them. They can be 
shaped in different ways in order to optimize the antenna 
performance. Each arm has a set of slots having different 
configurations. The length of the antenna determines its 
operating frequency. The other design parameters such as the 
width and the thickness of the antenna are all optimized 
together in order to enhance the antenna performance such as 
the bandwidth, the peak gain, and the efficiency. The 
optimized antenna dimensions can be scaled for any 
application at any frequency band. 

The antenna is self-contained and it does not need to use a 
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part of the handset as an extended ground. Hence, it can be 
mounted anywhere inside or outside any terminal. 
Furthermore, the antenna is made of a flexible material and 
can be bent and/or folded in different forms in order to fit any 
available space inside or outside the terminal.  

 

 

Fig. 1 The wideband antenna 
 

 

 

Fig. 2 Geometry of the wideband antenna 
 

The performance of the antenna was numerically analyzed 
with the moment method using IE3D software from Zeland. 
The dimensions of the three arms were optimized together in 
order to increase the overall bandwidth of the antenna. A 
sample configuration of the single antenna technology is 
selected, optimized, manufactured and tested. The return loss 
was measured using a vector network analyzer while the 
efficiency and the radiation patterns were measured using a 
Satimo Compact Range [9]. The dimensions of the antenna 
are: L1=7.2 cm, L2=10.4 cm, L3=16 cm, T1=2 cm, T2=1 cm, 
D1=D8=D9=0.7 cm, D2=D7=0.5 cm, D3=D4=1.5 cm, 
D5=1.3 cm, D6=2.1 cm, and W1=W2=W3=0.3 cm. So, the 
overall length of the selected antenna configuration is 16 cm 
when it is not bent or folded. The overall width of the antenna 
is 0.3 cm and the overall thickness is 0.3 cm. Thus, the 
antenna has an overall volume of 0.3x0.3x16 = 1.44 cm3. This 
proposed volume is the total volume of the antenna because it 
does not require any additional ground planes or matching 
circuits, and it can be reduced by folding/bending the antenna. 

The measured return loss of the antenna is shown in Fig. 3. 
The return loss is better than -5 dB over all the frequency 
bands of LTE (700-960 MHz), (1400-2700 MHz), and (3300-
3800 MHz) and WiFi (5100-5800 MHz). The measured 
efficiency of the antenna is shown in Fig. 4 as a function of 
the frequency. The minimum efficiency is 40%, which only 
happens at very few frequencies. The efficiency exceeds 90% 
at some other frequencies. The return loss and the efficiency 
of the antenna can be further improved by increasing the width 
and/or the thickness of the antenna. The radiation patterns 
around the axis of the antenna are presented in Fig. 5 at phi=0 
and phi=90 at 1800 MHz as a sample frequency, where the 
peak gain is 3.3 dBi.  

 

 

Fig. 3 Measured return loss of the antenna 
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Fig. 4 Measured efficiency of the antenna 
 

 

Fig. 5 Radiation pattern around the axis of the antenna at 1800 MHz 
at phi=0 and phi=90 

III. MOUNTING THE ANTENNA ON A TABLET AS A SAMPLE 

TERMINAL 

Since the antenna is self-contained and does not need to use 
any extended ground plane, as usually happens with internal 
antennas, it can be mounted anywhere inside or outside any 
terminal. Furthermore, the antenna is made of a flexible 
material. Thus, it can be folded/bent around any part of the 
frame of the terminal. An antenna prototype was used at 
different positions on various terminals as shown in Fig. 6. 
The antenna can be mounted on any terminal on the back, the 
face, or the sides of its chassis. Fig. 7 shows the antenna 
mounted on the chassis of a tablet at different locations and 
different orientations. Mounting the antenna on any terminal at 
any position does not have a significant effect on the return 
loss of the antenna. Fig. 8 shows the return loss of the antenna 
mounted on the back of a tablet. As shown in the figure, the 
antenna return loss is still acceptable over the whole band of 
LTE and WiFi. On the other hand, as mentioned above, the 
antenna can be folded/bent in any direction with a negligible 
effect on its performance. This allows using the antenna in 
terminals that have a smaller size such as some IoT devices 
and mobile handsets as shown in Fig. 9. It should be noted that 
the radiation pattern of the antenna, while it is mounted on any 

terminal, becomes slightly more directive due to the effect of 
the body of the terminal. Fig. 10 shows the radiation pattern of 
the antenna while it is mounted on the back of a tablet at 1800 
MHz at phi=0 and phi=90, where the peak gain is 5.8 dBi. The 
effect of the tablet body on the radiation pattern of the antenna 
can be observed by comparing Figs. 10 and 5. The effect of 
the terminal body on the radiation pattern of the antenna 
depends on the location of the antenna on the terminal. As a 
result, if multiple antennas are mounted on any terminal at 
different positions, there will always be a good reception from 
all sides of the terminal. 

 

 
Laptop 

 

 
Tablet                                               Mobile handset 

Fig.  6 The antenna mounted on different terminals 
 

 
On the front of the tablet                           On the back of the tablet 

 

 
On the side of the tablet 

Fig. 7 The antenna mounted on a tablet at different positions 
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Fig. 8 The return loss of the antenna mounted on a tablet 
 

 

Fig. 9 Bending the new antenna to mount it on a small size mobile 
handset 

 

 

Fig. 10 The radiation pattern of the new antenna mounted on the back 
of a tablet at 1800 MHz at phi=0 and phi=90 

IV. THE ANTENNA IN DIFFERENT MIMO CONFIGURATIONS 

As mentioned above, the more the number of MIMO 
antennas are, the better the performance is. However, if the 
isolation within the multi-antenna system is insufficient, 
system performance is reduced due to the coupling between 
antennas. The antenna can be used in 2x2, 4x4, 8x8, or 12x12 
MIMO configurations. Those configurations are very unique 
as they have very wide bandwidth (700-5800 MHz) with very 
good isolation between all the antennas. A total of 12 MIMO 
antennas were mounted on a selected tablet as shown in Fig. 
11 and the isolation between each two of them was measured. 
The highest four isolations are shown in Fig. 12, while the 
lowest four isolations are shown in Fig. 13. As shown in Figs. 
12 and 13, the isolation is always better than -15 dB over the 
whole LTE and WiFi frequency bands. The highest four 
isolations are between antennas number 5 and 7, antennas 
number 3 and 8, antennas number 1 and 2, and antennas 
number 1 and 6. These isolations are represented in Fig. 12 by 
S57, S38, S12, and S16 respectively. The lowest four 
isolations, which are still acceptable, are between antennas 
number 3 and 7, antennas number 1 and 9, antennas number 1 
and 5, and antennas number 3 and 11. These isolations are 
represented in Fig. 13 by S37, S19, S15, and S311 
respectively. The highest isolation is between antenna number 
5 and antenna number 7 while the lowest isolation is between 
antenna number 1 and antenna number 9, which was still 
better than 15 dB. 

 

 

Fig. 11 12 MIMO antennas mounted on a small size tablet 

 

 

Fig. 12 The highest isolation between the 12 MIMO antennas mounted on small size mobile handset 
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Fig. 13 The lowest isolation between the 12 MIMO antennas mounted on small size mobile handset 
 

V. OTHER CONFIGURATIONS OF THE MIMO ANTENNA 

The MIMO antennas do not have to be mounted at the 
corners of the terminal as was done in the above 
configurations. They can also be mounted in other positions 
on the face or the back of the terminal, as shown in Fig. 14, 
with an acceptable isolation between them. Thus, it is possible 
to use more than 12 MIMO antennas on the same terminal, 
where each of them covers the whole LTE and WiFi spectrum 
(700-5800 MHz). Fig. 15 shows the isolation between two 
antennas mounted on the back of a tablet close to its center 
and parallel to each other with 5 cm separation between them. 
As shown in the figure, the isolation is still better than 15 dB. 

 

 

Fig. 14 2x2 MIMO antennas on the back, close to the center 
 

 

Fig. 15 The isolation between 2x2 MIMO antennas mounted on a 
tablet and separated by 5 cm 

VI. INCREASED SIZE VERSION OF THE ANTENNA 

As mentioned before, the return loss and the efficiency of 
the antenna can be improved by increasing the width and/or 
the thickness of the antenna. This can be suitable for some 
terminals that do not have a very small size. The increased 
size version of the new antenna has a total volume of 
0.4x0.75x16 = 4.8 cm3. Fig. 16 shows the return loss of the 
increased size version, which is better than -10 dB over all the 
frequency bands of LTE (700-960 MHz), (1400-2700 MHz), 
(3300-3800 MHz) and the WiFi band (5100-5800 MHz). The 
measured efficiency of the increased size antenna is shown in 
Fig. 17 as a function of the frequency. The minimum 
efficiency is 60%, which only happens at very few 
frequencies. The efficiency exceeds 95% at some other 
frequencies. 

 

 

Fig. 16 Return loss of the increased size version of the new antenna 
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Fig. 17 Measured efficiency of the increased size version of the new 
antenna 

VII. CONCLUSION 

A broadband terminal antenna has been developed. A single 
resonant antenna could cover the whole LTE spectrum plus 
the WiFi band besides the existing 2G and 3G bands (700-
5800 MHz) without using any matching/tuning circuits. The 
antenna was self-contained and did not need to use any 
extended ground planes as usually happens with internal 
antennas. Hence, it could be mounted anywhere inside or 
outside any terminal. Furthermore, the antenna was made of a 
flexible material. Thus, it could be folded and/or bent around 
any part of the frame of the terminal. It could be mounted on 
the terminal in different locations on the back, the face, or the 
sides of the chassis. Mounting the antenna on any terminal at 
any position did not have a significant effect on the return loss 
of the antenna. On the other hand, the antenna was 
manufactured from a flexible material that was easy to bend 
and/or fold in any direction. This allowed using the antenna in 
terminals that have a smaller size such as some mobile handset 
and IOT devices. The radiation pattern of the antenna, while it 
was mounted on any terminal, became slightly more directive 
due to the effect of the body of the terminal. The effect of the 
terminal body on the radiation pattern of the antenna depended 
on the location of the antenna on the terminal. As a result, if 
multiple antennas were mounted on any terminal at different 
positions, there would always be a good reception from all 
sides of the terminal. 

The antenna could be used in 2x2, 4x4, 8x8, or 12x12 
MIMO configurations. Those configurations were very unique 
as they had very wide bandwidth (700-5800 MHz) with very 
good isolation between all the antennas. A total of 12 MIMO 
antennas were tried and the isolation between each two of 
them was measured. The isolation between all of them was 
always better than 15 dB. The MIMO antennas did not have to 
be mounted at the corners of the terminal. They could be 
mounted in other positions on the face or the back of the 
terminal while the isolation between them was still acceptable. 
Thus, there might be more than 12 MIMO antennas on the 
same terminal, where each of them covered the whole LTE 
and WiFi spectrum (700-5800 MHz).  
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