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 

Abstract—A dual-band dual-polarized wearable array is 

proposed, based on a miniaturized innovating button radiator 

topology. The diameter of the rigid button is only 19.5 mm (0.29 λ 

at 4.5 GHz), which optimizes the users’ comfort, and makes it the 

smallest up to date in literature. The operational bands are 

4.50-4.61 GHz and 5.04-5.50 GHz. The antenna thus covers the 

4.5-4.6 unlicensed future 5th generation (5G) communication 

band for the internet of things (IoT), and the 5.1-5.5 GHz wireless 

local area network (WLAN) band, respectively. Two orthogonal 

linear polarizations are obtained in each band. A low mutual 

coupling between the button antenna elements (below -18 dB) and 

between the two ports within each element (below -20 dB) is 

achieved, guaranteeing a good diversity performance. The 

envelope correlation coefficient (ECC) and the specific absorption 

rate (SAR) performance are also analyzed. In order to 

demonstrate the robustness of the button antenna and to mimic 

realistic situations, a more complicated asymmetrical ground 

plane model of the button antenna is studied for the first time. A 

prototype of a two-element button array has been fabricated. The 

measurement results match well with the simulations. A 

10-element button array is studied within the context of a 3-D 

channel model, taking into account the button element’s radiation 

pattern. A high achievable spectral efficiency (SE) is obtained. 

 
Index Terms—Wearable antennas, antenna arrays, button 

antennas, miniaturization. 

 

I. INTRODUCTION 

URING the last decade, wireless body area networks 

(WBAN) are developing rapidly in the field of physical 

training, navigation, health monitoring, and so on [1]-[3]. As an 

essential part of WBAN, a wearable antenna realizes the 

wireless data transmission from an on-body sensor node to an 

off-body station, or to another on-body senor node. Several 

categories of wearable antennas have been studied in the past, 

such as conductive textile antennas [4], [5], flexible and 

semi-flexible substrate based antennas [6], [7], liquid metal 
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antennas [8], [9], button antennas [10], [11], conformal 

antennas [12], [13], and miniaturized integrated antennas [14], 

[15], etc. Among these, button antennas show some clear 

advantages, since they can be easily mounted on clothes at 

several locations around the human body. Moreover, the button 

antenna is normally rigid in most circumstances, which usually 

guarantees a better radiation performance than a pure textile 

wearable antenna [16]. 

Multiple-input-multiple-output (MIMO) can be 

implemented to increase the data rates, overcome multipath 

phenomena, and reduce power consumption [17]. Recently, 

studies have been made to implement MIMO in WBAN [4], 

[18]. Wearable MIMO technologies hold great promise for 

their rich potential in future WBAN systems [19]. In most cases, 

the planar antenna topology is chosen [4], [18]. Although a 

series of buttons instead of a single one is a common feature in 

most clothes, so that considering a wearable button array is 

actually a quite natural consideration, as far as the authors can 

see, wearable button arrays have not been realized before. 

Modern wireless communication systems usually have to 

combine multiple standards with different working frequencies 

and protocols. This means that antennas with multiple bands 

and functions are required. Dual-polarized antennas with 

orthogonal polarizations are also in high demand in WBAN 

systems, since they have the potential to overcome the 

polarization loss by human body movements. Moreover, 

polarization diversity can be introduced to address the issue of 

multipath fading and improve the channel capacity. Multiband 

wearable button antennas have been studied in [20], [21]. 

However, polarization diversity is not achieved there. A 

dual-band button antenna with two different modes in each 

band is proposed in [22]. However, the button size is quite large, 

which may affect the comfort of the users, and pattern diversity 

is not realized. Effort has also been done to study a circularly 

polarized button antenna to overcome the polarization loss [10]. 

However, the proposed antenna has only one band, which limits 

its applications. Moreover, pattern diversity is not achieved.  

It is a quite innovating and logical idea to design a button 

antenna starting from the following requirements, dedicated to 

WBAN applications: (1) multi-band to meet various 

communication standards, (2) dual-polarized pattern diversity 

to improve the data rates and overcome the polarization 

mismatch, and (3) miniaturized button size to optimize the 

users’ comfort (meaning a smaller rigid PCB size). As far as the 

authors can see, these three properties have not been 
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Fig. 1 Design process of the proposed miniaturized dual-band dipole. The 
yellow indicates copper. The substrate and ground are hidden for 

simplicity. Dimensions are in mm. 

 

 
Fig. 2 (a) Loaded outer loop dipole. (b) Loaded inner dipole. (c) Highly 
coupled inner and outer dipole. 

 

 
Fig. 3 (a) Conventional feeding topology with straight coupling feedline. 

(b) Proposed feedline with T-shaped structure loading. Dimensions are in 

mm.  

 

simultaneously reached for a wearable button antenna. 

In this paper, a dual-band dual-polarized button antenna is 

proposed. A small-size rigid PCB is used as a basis for the 

button element. A flexible conducting textile (clothes) acts as 

the antenna ground, and a semi-rigid coaxial cable is used to 

feed the proposed antenna. Such topology guarantees a robust 

antenna structure while maintaining the users’ comfort. A 

realistic button-up situation with consideration of a 

complicated asymmetrical ground plane model is studied. A 

wearable button array is then realized for the first time. A low 

inter-element mutual coupling (the mutual coupling between 

the two elements) and inner-element mutual coupling (the 

mutual coupling between the two ports of a single element) are 

achieved, which guarantees a good diversity performance. This 

array is analyzed within the context of a 3D channel model.  

The organization of the paper is as follows. In section II, the 

working mechanism and detailed design of the button antenna 

are given. In section III, the simulations and on-body 

measurement results are introduced. The button array is then 

analyzed prior to a discussion on the array performance, all in 

section IV. Finally, this work is summarized together with 

concluding remarks in section V.  

 

II. BUTTON ANTENNA DESIGN 

The frequency domain solver in the commercial software 

CST Microwave Studio [23] was used for all designs. The 

targeted two bands are the 4.5 GHz and 5.2 GHz bands. Two 

orthogonal radiation patterns (horizontal and vertical) are 

chosen for pattern diversity, and for compensation of 

polarization mismatch. A broadside radiation pattern rather 

than an omni-directional radiation pattern is used, since a 

higher channel capacity is normally achieved with broadside 

pattern MIMO elements, according to [18], and our previous 

study [24]. Taking all these facts into consideration, the 

grounded crossed dipole topology is selected in this design. The 

design process of the button antenna starts from a grounded 

dipole antenna which is fed by coaxial cables. The antenna 

ground is formed by textile materials, which are easily 

integrated with clothes. A broadside radiation pattern is thus 

achieved by adding the ground. The highly coupled inner 

meander dipole and outer loop dipole are proposed to excite the 

higher and lower resonance respectively, and are located on a 

rigid PCB board (button PCB). In order to miniaturize the size 

of the button, a compact dual-band dipole is used. The design 

process is shown in Fig. 1. A conventional wire dipole (inner 

dipole) and a conventional loop dipole (outer dipole) are first 

combined to achieve the dual-band operation. To obtain the 

targeted frequency bands, the length of the conventional 

dual-band dipole should be 24.5 mm, according to simulations 

(the same antenna topology as in the proposed design except 

the radiator). Additional structures are then loaded to 

miniaturize the size. A slot, which is connected to a folded 

copper structure, is introduced at the end of the outer loop 

dipole, see Fig. 2 (a). A meander structure is loaded to increase 

the length of current flow of the inner dipole, see Fig. 2 (b). 

Note that the folded copper structure of the outer dipole is 

placed close to the inner meander structure. The induced 

currents again increase the electrical length of both the inner 
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Fig. 4 Topology of the button antenna: (a) top view of the rigid substrate, (b) bottom view of the rigid substrate, (c) zoom of the radiator structure, (d) side view 

of the button antenna. Dimensions are in mm.  
 

and outer dipoles, see Fig. 2 (c). Dual-band operation is thus 

achieved by these two compact sized and highly coupled 

radiator structures. A perpendicularly placed dual-band dipole 

is the added to obtain the orthogonal polarization. The area of 

the button PCB is reduced by 37 % compared with the 

conventional design.  

The button antenna is fed by coaxial cables. The inner 

conductor of the coaxial cable is directly soldered to one side of 

the dual-band dipole, which is on the top side of the PCB broad. 

And the outer conductor is soldered to a soldering pad on the 

back side of the PCB broad. The soldering pad is then 

connected to a coupling feedline, see Fig. 3, which couples the 

energy to the other side of the dipole antenna. A conventional 

straight coupling feedline is shown in Fig. 3 (a). In order to 

reach a similar performance (operating bands) as the proposed 

button antenna, the length of the straight feedline should be 11 

mm, according to simulations. In order to achieve a small-size 

button, a shorter feedline is desired. A conventional feedline 

can be modeled as an open-ended transmission line. Shortening 

the length of the feedline decreases the inductance. The 

T-shaped structure is therefore loaded at the end of the feedline. 

It is equivalent to two parallel open stubs, which increases the 

inductance again [1]. Note that the feeding topologies of the 

two ports are slightly different, since the feedline of port 2 is 

turned to avoid an intersection. This was achieved by using the 

shorted vias and the conducting strip on top layer of the rigid 

button shown in Fig. 3 and Fig. 4. Fig. 3 (b) gives a perspective 

view of the feeding networks of the two orthogonal dipoles.  

In order to optimize the user’s comfort, normally a rigid 

button has a dimensional restriction. In our design, the main 

purpose is to minimize the size of the rigid substrate which 

carries the radiator structure, since the antenna ground is 

flexible. The miniaturization is achieved by both the highly 

coupled radiation structure, and the T-shaped coupling feeding 

network.  

The geometry of the proposed antenna is shown in Fig. 4. The 

particle swarm optimization algorithm in CST was used when 

fine tuning the dimensions. The radiator structures of the 

proposed antenna are constructed on the top side of a button 

shaped rigid 1.524 mm thick RO4003C substrate, with relative 

permittivity 3.55 and dielectric loss tangent 0.0027 [25], 

respectively. The feeding structures are located on the back side 

(a small part on the top side) of the substrate. The button 

substrate is located on top of a textile substrate (non-conductive 

1.5 mm thick felt textile, with relative permittivity 1.4 and 

dielectric loss tangent 0.044 [26]). The antenna ground is 
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Fig. 5 Prototype of the button antenna. 
 

TABLE I 

REALIZED GAIN AND TOTAL EFFICIENCY 

 Freq. (GHz) 
Gain (dBi) Efficiency (%) 

Mea. Sim. Mea. Sim. 

Port 1 
4.55 7.4 7.8 86 88 

5.2 7.6 7.6 93 94 

Port 2 
4.55 7.5 7.7 85 88 

5.2 7.4 7.5 92 94 

 

 
Fig. 6 S parameters of the button antenna. The red lines = |S11|, the blue 
lines = |S22|, the black lines = |S21|. The solid lines indicate the 

measurement results, the dashed lines indicate the simulation results.  

 

 
Fig. 7 Radiation patterns: Port 1 at 4.55 GHz, (a) XZ plane, (b) YZ plane. 
Port 2 at 4.55 GHz, (c) XZ plane, (d) YZ plane. Port 1 at 5.2 GHz, (e) XZ 

plane, (f) YZ plane. Port 2 at 5.2 GHz, (g) XZ plane, (h) YZ plane. 
 formed using a 0.17 mm thick ShieldIt superconductive textile 

with an estimated conductivity of 118000 S/m [27], which is 

located on the bottom side of the textile substrate. Two 

semi-rigid coaxial cables [28] are connected to the button 

substrate to feed the antenna, and also act as supporters. This 

way of working avoids additional supporters, which makes the 

proposed button antenna more realistic. The outer conductors 

of the cables are also soldered to the textile antenna ground. 

Note that the semi rigid cables not only act as feeding structures, 

but also act as supporters to connect the button to the textile 

structure (clothes in realistic situations). We would like to 

emphasize that the proposed topology is robust enough for 

wearable applications because of the following reasons. (1) The 

two semi-rigid cables are simultaneously used as supporters, 

which increases the robustness. (2) The cables are soldered to 

the button PCB, which means that the relative positioning of the 

cables and the button will not change. (3) The button-up 

situation is analyzed in section III, part B. In this case, a textile 

layer is inserted between the button PCB and the textile ground, 

via the button PCB, like in normal clothes. The button-up 

action was repeated for more than 100 times, and the robustness 

was not affected at all.  
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Fig. 8 Antenna under bending: (a) bending radius=50 mm, (b) bending 

radius=30 mm. 
 

 
Fig. 9 S parameters when bent along X-axis. (a) Radius=50 mm. (b) 
Radius=30 mm. The red lines = |S11|, the blue lines = |S22|, the black 

lines = |S21|. The solid lines indicate the measurement results, the dashed 

lines indicate the simulation results. 
 

 
Fig. 10 An illustration of an ordinary cloth. (a) The buttons always locate 
near the edge of the cloth. (b) Button-up situation. 

 

 
Fig. 11 Antenna prototype with asymmetrical ground. (a) Button locates 

20 mm away from the edge. (b) Button-up action. Measurement setup: (c) 
button with asymmetrical ground, (d) button with additional textile layer, 

(e) perspective view.  

 

III. SIMULATION AND MEASUREMENT RESULTS 

A. Antenna Performance in Free Space 

A prototype was fabricated to validate the proposed concept, 

see Fig. 5. The S-parameters were measured with an HP 8510 

Vector Network Analyzer, and are compared with the 

simulation results in Fig. 6. The measured results match well 

with the simulated results. Two resonances are clearly seen for 

both ports. The measured overlapping bands for both port 1 and 

port 2 are 4.50-4.61 GHz and 5.04-5.50 GHz, respectively, 

which covers the 4.5-4.6 unlicensed future 5G communication 

band for the internet of things (IoT), and the 5.1-5.5 GHz 

WLAN band [29], [30].  

The radiation patterns were measured in the anechoic 

chamber at KU Leuven.  Fig. 7 gives the normalized radiation 

patterns of both ports. A good agreement between the 

measurements and simulations is achieved. The patch-like 

broadside radiation patterns are clearly observed for both bands. 

The front-to-back ratio (FBR) is always higher than 15 dB, 

which means that a good forward radiation performance is 

obtained. The cross-polarization level of all radiation patterns is 

below -10 dB. The realized gain and total efficiency of the 

proposed button antenna are summarized in Table I.  

 

B. Antenna Performance on Body 

A bending analysis is implemented in this part in order to 

mimic realistic situations. The reflection coefficient of the 

proposed antenna is investigated when bent over a cylinder 

along the X-axis. Cylinders with radii of 50 and 30 mm were 

used, see Fig. 8. The S-parameter results are presented in Fig. 9. 
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Fig. 12 S parameters of the asymmetrical case. The red lines = |S11|, the 
blue lines = |S22|, the black lines = |S21|. The solid lines indicate the 

measurement results, the dashed lines indicate the simulation results. 

 

 
Fig. 13 Measured antenna located on a human body. 

 

 
Fig. 14 Measured S parameters on body. The red lines = |S11|, the blue 
lines = |S22|, the black lines = |S21|. The solid lines indicate the results on 

body, the dashed lines indicate the results in free space. 

 

Both the higher and lower resonances do not change much 

under bending, since the radiator is located on a rigid PCB 

which doesn’t change during bending.  

Most button antenna designs consider the button in the 

middle of a ground [10], [11], [21], [22]. However, in realistic 

situations, the button normally locates near the edge of the 

clothes, which means that the flexible ground may be 

asymmetrical. What is more, when the cloth is buttoned-up, 

another layer of textile material may insert between the rigid 

button and the textile ground, which may affect the 

performance of the button antenna. An illustration of an 

ordinary cloth is given in Fig. 10. As far as the authors can see, 

these issues were not considered in previous research in 

literature. An asymmetrical ground is developed to simulate the 

button-up situation. Consider the button located 20 mm away 

from the edge of the clothes, see Fig. 11 (a). The textile 

substrate and ground are asymmetrical in this case, which 

obviously affects the radiation patterns. In order to compensate 

the change of the radiation pattern, an additional piece of 

ground is introduced. Note that there is a slot (button hole) in 

the additional textile layer, see Fig. 11 (a), just like in normal 

clothes. The additional textile layer is inserted between the 

button and the original textile layer via the button hole. When 

the cloth is buttoned-up, the two pieces of ground form the 

antenna ground together, see Fig. 11 (d) and (e). In this case, the 

S-parameters of the button antenna are not significantly 

affected, see Fig. 12. Note also that the button-up action does 

not break or bend the semi-rigid cables (supporters). The stable 

antenna performances and the firm structures (button and 

cables) verify the robustness of the proposed topology under 

realistic wearing situations.  

 The button antenna was tested on a volunteer’s body. It was 

located on the chest of the volunteer, see Fig. 13. The measured 

S-parameter results are compared with the results in free space 

and given in Fig 14. As we can see from Fig. 14, the antenna 

constantly covers the needed band when worn on body.  

In order to ensure the conformance to safety regulations, the 

specific absorption rate (SAR) was evaluated and averaged 

over 10 g of biological tissue, based on the IEEE/IEC 62704-1 

standard. Two simplified models for human tissue (on the chest 

and the arm) were built in CST MWS. The chest model defines 

20 mm of space behind the antenna to mimic a practical antenna 

to skin distance due to clothing. It consists of a skin layer, a fat 

layer, and a muscle layer, with thicknesses 3 mm, 7 mm, and 60 

mm, respectively [1]. The arm model defines 10 mm of space 

behind the antenna. It consists of a skin layer, a fat layer, and a 

muscle layer, with thicknesses 2 mm, 5 mm, and 20 mm, and an 

inner bone layer with radius 13 mm, respectively [31]. The 

antenna is bent with a radius of 60 mm, when worn on the arm. 

The root mean square input power for each port is set at 0.5 W. 

The SAR distribution is plotted in Fig. 15. Note that only the 

SAR result of port 1 is given, since port 1 and port 2 are quite 

similar. The results show that the SAR result is below 0.0554 

W/kg at 4.55 GHz, and below 0.0711 W/kg at 5.2 GHz, 

respectively, when the antenna is located on the chest, and 

below 0.0664 W/kg at 4.55 GHz, and below 0.0942 W/kg at 5.2 

GHz, respectively, when the antenna is located on the arm. 

These values are much lower than the European standard 

threshold of 2 W/kg, thanks to the shielding by the conductive 

textile ground. Note also that the on-body antenna performance 

(on the chest and on the arm), more specifically the 

S-parameters and the total efficiencies, is almost the same as in 

the case of free space. However, the realized gain is higher than 

in free space when the antenna is located on the chest, and 

lower than in free space when the antenna is located on the arm. 

The reason is simple. The chest acts as a reflector, which 

increases the forward radiation (Z>0 °). When the antenna is 

located on the arm, the antenna ground plane is bent, see Fig. 15 
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Fig. 15 SAR distribution when the antenna is located on the chest: at (a) 
4.55 GHz, and (b) 5.2 GHz, and on the arm: at (c) 4.55 GHz, and (d) 5.2 

GHz. 

 

 
Fig. 16 Simulated on-body radiation patterns: Port 1 at 4.55 GHz, (a) XZ 

plane, (b) YZ plane, at 5.2 GHz, (c) XZ plane, (d) YZ plane. 

 

TABLE II 
COMPARISON OF DUAL-BAND OR WIDEBAND CROSSED DIPOLE ANTENNAS 

Ref. 
Lowest Freq. 

(GHz) 

Radiator size Diameter 

(λ) in mm in λ 

[32] 1.7 54*54 0.306*0.306 0.433 

[33] 1.7 57.4*57.4 0.325*0.325 0.460 

[34] 1.66 55.7*55.7 0.308*0.308 0.436 

[35] 1.69 51*51 0.287*0.287 0.406 

[36] 1.7 50*50 0.283*0.283 0.400 

[37] 1.7 45*45 0.255*0.255 0.361 

This work 4.5 π*9.752 π*0.1462 0.292 

 

(c) and (d). This means that the effective size of the reflector is 

reduced, which decreases the forward radiation. The on-body 

radiation patterns are compared with the ones in free space in 

Fig. 16. The effect of the body is very small. When the distance 

between the antenna and the human body is changed, for 

example, the distance between the chest and antenna (Fig. 15 (a) 

and (b)) is changed to 10 mm, the antenna performance will not 

change much, e. g. the difference in bandwidth (both higher and 

lower band) between the two cases is less than 0.01 GHz. 

A robust performance of the proposed button antenna is 

achieved. What is more, to the best knowledge of the authors, 

the smallest radiator size is achieved for a dual-band and 

dual-polarized dipole topology, see the comparison in Table II. 

Since a button is always round shaped, the size (diameter) of 

the substrate which carries the radiator is determined by 

looking at the round area that is covered by the radiator and the 

feeding network. Despite a miniaturized radiator size and a 

simple topology, the antenna retains a good performance for 

wearable applications.  

 

IV. BUTTON ANTENNA ARRAY 

A. Prototype of Two-Element Array 

A prototype of the button array was fabricated with two 

antenna elements, see Fig. 17. The distance between the two 

buttons is 40 mm (0.60 λ at 4.5 GHz, 0.69 λ at 5.2 GHz), and the 

ground size is 110*70 mm. The S parameters of the 

two-element array are given in Fig. 18. As we can see from Fig. 

18, the reflection coefficients (S11, S22, S33, S44) of the two 

elements almost do not change. The mutual coupling (S21, S31, 

S41, S32, S42, S43) between the two elements is quite low. The 

maximum value occurs between port 2 and port 4 (S42): -19 dB 

around 4.55 GHz, and -18 dB around 5.2 GHz, since these two 

ports are co-polarized. The measured peak mutual coupling 

results (S42 at 4.55 GHz and 5.2 GHz) are slightly lower (1.5 

dB lower) than the simulated results. The reason is that the two 

elements are not perfectly aligned.  

In order to investigate the MIMO performance of the button 

array, the envelope correlation coefficient (ECC) is studied 

based on the two-element array. As a simple and useful way to 

approximately evaluate the diversity performance of the 

proposed antenna, the ECC is calculated from the S-parameters 

[38]. 

𝜌 ≈
|S11∗S12 + S21∗S22|2

|(1 − |S11|2 − |S21|2)(1 − |S22|2 − |S12|2)|
      (1) 
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Fig. 17 Prototype of the two-element button antenna array.  

 

 
Fig. 18 Measured S parameters of the two-element button antenna array.  

 

 
Fig. 19 ECC results calculated from the measured S parameters. 

 

 
Fig. 20 SE performance of the 10-element button antenna array. 

 

This ECC is shown in Fig. 19. The values are less than 0.035 

for all cases, which is very acceptable for MIMO systems.  

 

B. Spectral Efficiency of the Proposed Button Array 

In many previous studies, the antenna radiation pattern is 

assumed to be omni-directional when describing the channel 

model. In this paper, the 3-D spatial evaluation is performed by 

including the radiation patterns as functions of azimuth θ and 

elevation φ. A WBAN MIMO system that contains an 

M-element base station and an N-element mobile user terminal 

(in this case, the wearable button array) is studied. Each 

element of the user terminal has K different radiation patterns. 

The MIMO channel is described by the matrix 𝐇 =
[𝒉1𝒉2, … , 𝒉𝑁], which represents the channel between the base 

station and the user terminal [39]: 

𝒉𝑛 = 𝑮(𝜃, 𝜑)𝒂(𝜃, 𝜑)𝒗𝒏                       (2) 

𝑮(𝜃, 𝜑) represents the radiation pattern of the user terminal 

antenna array. 

𝑮(𝜃, 𝜑) = 𝑑𝑖𝑎𝑔{(𝑮1(𝜃, 𝜑))1/2, … , 𝑮𝑛((𝜃, 𝜑))1/2}      (3) 

where 𝑮𝑛(𝜃, 𝜑) = [𝐺𝑛,1(𝜃, 𝜑), … , 𝐺𝑛,𝑘(𝜃, 𝜑)]T  indicates that 

each antenna element has K different radiation patterns [40]. 

𝒂(𝜃, 𝜑) is the steering vector with different angles of arrival 

(AoA) for the nth user terminal antenna, which can be obtained 

in [24]. 𝒗𝒏 represents a standard complex Gaussian vector.  

We consider a single line-of-sight (LoS) scenario with M=8 

and N=10 (K=2 when the proposed dual-polarized button 

elements are used). A linear array topology is assumed for the 

button array. The radiation pattern of the transmit antenna at the 

base station is assumed to be omni-directional. The element 

spacing of the button array is 0.6 λ, where λ is the wavelength at 

4.5 GHz. We fix the AoA 𝜑 = 90 °, and assume the AoA |𝜃| <
90 °. The channel is considered ergodic. 

The SE of this system is calculated and compared to the 

configuration with M=8, N=10, K=1 (the radiation pattern of 

the user terminal antenna element is omni-directional). By 

using the measured radiation patterns at the lower resonance of 

the proposed button antenna element, the down-link achievable 

SE is computed and shown in Fig. 20. As we expect, the 

achievable SE of the proposed array is 20% higher than the one 

of the contrasted omni-directional array.  
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V. CONCLUSION 

In this paper, a dual-band dual-polarized wearable button 

antenna array is proposed based on the crossed dipole topology. 

The main novelty and contribution are the following. (1) A 

wearable button array is realized, (2) achieving a dual-band 

dual-polarized topology with the smallest radiator size in 

literature. (3) Even when considering realistic button-up 

actions, a considerable performance is always obtained. This 

last aspect has never been studied before. The diameter of the 

realized rigid button is only 19.5 mm (0.29 λ). The profile of the 

proposed antenna is 18 mm (0.27 λ). By designing an artificial 

magnetic conductor (AMC) [41], [42] to replace the ground 

plane, in future work the profile can be further reduced. The 

button antenna prototype covers the 4.50-4.61 GHz band and 

the 5.04-5.50 GHz bands simultaneously, and thus has a 

potential for 5G, IoT, and WLAN applications. The button 

antenna element is analyzed both in free space and on body. 

The button antenna array is analyzed based on a 3-D channel 

model. The simple topology and robust performance enable 

large scale industrial production. 
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