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ABSTRACT: In this paper, a miniaturized 4-element frequency reconfigurable multiple-

input-multiple-output (MIMO) antenna system is presented. The proposed design is low profile with 

planar configuration.  The design consists of pentagonal slot-based frequency reconfigurable antenna 

elements. Varactor diodes are used to change the capacitive reactance of the slot. The MIMO antenna 

system can be tuned over a frequency band covering 3.2 - 3.9 GHz with at least 100 MHz bandwidth 

within each band. The proposed antenna covers several commercial standards including WiMAX 

(3.4-3.6 GHz), TDD LTE (3.6-3.8 GHz) and Wi-Fi 802.11y (3.65-3.7 GHz), along with several other 

bands. The proposed design was realized on a board of dimensions 60×120 mm
2
. The isolation 

between adjacent antenna elements is improved using slot-line based defected ground structures 

(DGS). The antenna maintains a minimum isolation of 10 dB in its entire covered operating bands. 

The antenna is also analyzed for its far-field characteristics and MIMO performance parameters. 

The proposed design is suitable to be used in mobile handsets for cognitive radio (CR) platforms. 

Keywords: pentagonal slot, MIMO, frequency reconfigurable, WiMAX 

1 INTRODUCTION 

In modern wireless communication systems, there is continuous demand to have high system 

throughput. New features and services are continuously added to wireless handheld devices which require 

operation across various frequency standards. The increase in the number of users of such services might 



result in frequency spectrum congestion. Meeting the high data rate requirements with multiple wireless 

standards operation and efficient utilization of spectrum resources can be accomplished by utilizing 

frequency reconfigurable multiple-input-multiple-output (MIMO) antenna systems in cognitive radio (CR) 

platforms. CRs are being developed to effectively utilize spectrum resources. Frequency reconfigurable 

MIMO antennas are an integral part of CR front-ends which can change their operating band as per user 

requirements to avoid spectrum congestion. CR techniques were developed to utilize the spectrum resources 

more efficiently in [1]-[2]. A CR senses the radio frequency (RF) spectrum using an ultra-wide-band 

(UWB) sensing antenna, finds a spectrum hole and allocates the available spectrum to the secondary user 

to use it for communication. To interact dynamically with RF spectrum and provide efficient channel 

allocation requires an adaptive RF front-end. Thus, a CR front-end needs a frequency reconfigurable 

antenna or a reconfigurable MIMO antenna system, which can change the resonance frequency as per user 

requirements and hence improve spectrum utilization.  A number of different types of antennas (PIFA, loop 

and monopole) were presented for CR applications, however slot-based pentagonal reconfigurable antennas 

are potentially good candidates because of their planar structure, low profile and ease of integration with 

other circuit components on a single printed circuit board (PCB).  

Several frequency reconfigurable antennas were reported in literature such as [3]-[7]. In [3], a 

frequency reconfigurable antenna was presented based on transistor switching. The antenna covered 3 

different bands: WLAN (2.4-2.48 GHz), WiMAX (2.5-2.69 GHz, 3.4-3.69 GHz) and PCS (1.85-1.99 GHz) 

with substrate dimensions of 30×30×1.524 mm3. In [4], a PIN diode based frequency agile antenna was 

presented for Bluetooth, WiMAX, and WLAN applications. The antenna covered 2.2-2.53 GHz, 2.97-3.71 

GHz and 4.51-6 GHz bands with a substrate area of 45×50 mm2.  In [5], PIN diode based frequency 

reconfigurable microstrip square slot antenna was presented with antenna dimensions 20×20×0.8 mm3.  The 

frequency agile antenna covered the frequency bands 2.3-2.51 GHz, 3.35-3.75 GHz, and 4.95-5.53 GHz for 

Bluetooth, WiMAX and WLAN, respectively.  In [6], a planar frequency reconfigurable antenna was 

presented covering the bands 1.6-6.0 GHz and 3.39-3.80 GHz. The dimensions of the substrate used were 

120×103 mm2. A PIN diode controlled band-pass structure was integrated with the antenna to make it 

frequency reconfigurable. In [7], a compact frequency reconfigurable slot antenna was presented.  The 

bands covered by the antenna were 2.3 GHz, 4.5 GHz and WLAN 5.8 GHz with total substrate size of 

27×25×0.8 mm3.  PIN diodes were integrated inside the slots to switch the resonance frequency of the 

antenna between single-band mode (LTE and WLAN) and two-band mode (LTE, AMT fixed service and 

WLAN).  

MIMO antennas are commonly used to meet the high data rate requirements in current wireless 

systems. MIMO frequency reconfigurable antennas are highly desirable in CR applications. Some of the 

relevant MIMO antennas to the proposed design were presented in [8]-[12]. In [8], a 2-element frequency 

reconfigurable MIMO antenna was presented with substrate area of 90×50 mm2. The antenna covered three 
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m-WiMAX bands 2.3-2.4 GHz, 2.5-2.7 GHz and 3.4-3.6 GHz.  PIN diodes were used to achieve frequency 

reconfigurability. A 2-element MIMO patch antenna was presented in [9]. A varactor diode based frequency 

agile antenna was tuned over the bands 2.12-2.32 GHz with substrate area of 100×50 mm2.  In [10], a 2-

element frequency reconfigurable monopole MIMO antenna was presented. The antenna covered WLAN 

(2.4-2.483 GHz and 5.15-5.35 GHz) and WiMAX (3.4-3.6 GHz) bands. In [11], a 2-element PIN diode 

based frequency reconfigurable monopole MIMO antenna was presented. The antenna was tuned over the 

bands 1.88-2.64 GHz with substrate dimensions of 49×55 mm2. In [12], a 2-element MIMO frequency agile 

antenna was presented with total substrate size of 48.5×25 mm2. The bands covered were WiMAX (3.36-

3.7 GHz), WLAN (5-5.8 GHz) and WiMAX and WLAN (3.17-3.77 GHz and 5.13-5.88 GHz). 

4-element based MIMO antennas were presented in [13]-[17]. In [13], [14], the 4-element modified 

monopole based frequency agile meandered F-shaped MIMO antenna was tuned over various frequency 

bands between 0.7-3 GHz with total substrate dimensions of 65×120×1.56 mm3. Both PIN and varactor 

diodes were used to get the reconfigurability function. In [17], a compact 4-element frequency 

reconfigurable antenna was presented. Reconfigurability was achieved using MEMS switches. The antenna 

covered the bands 4.9-5.725 GHz, 2.4-2.5 GHz and 4.9-5.725 GHz. The board dimensions were 46×20×1.6 

mm3.  Some state of the art tunable technique are reported in [18]-[19]. In [18], a technique based on tunable 

meta-atoms with reverse bias varactor diodes resolve the issues of microwave metasurfaces. The dispersive 

response of each meta-atom is precisely controlled by an external voltage applied to the diode. In [19], a 

tunable metasurface is integrated with diodes as active elements can be utilized to control the reflection 

phase of EM waves. The switching of the two distinct states of the devices was successfully demonstrated 

by applying different voltage across the diode terminals. Similarly, metamaterial based low coupling 

techniques are cited in [20]-[21. In [20], a significant reduction in mutual coupling was obtained using the 

magnetic waveguide metamaterial (MTM).  The concept was implemented on a microstrip antenna of 5×1 

array.  Simulated and measured results showed a mutual coupling reduction of more than 9.7 dB in the 

entire band of operation. In [21], two complementary spiral ring resonators (CSRs) with two and three 

concentric rings were arranged optimally to reduce the mutual coupling more than 8.4dB between two H-

plane coupled patch antennas. 

In this paper, a pentagonal slot-based miniaturized frequency reconfigurable MIMO antenna is 

presented. The design consists of 4 antenna elements that are etched out of the ground (GND). The proposed 

antenna provides a continuous frequency sweep over the bands 3.2 to 3.9 GHz with minimum -10 dB 

operating bandwidth of 55 MHz (100 MHz when considering the -6 dB bandwidth). The proposed antenna 

covers several standards including WiMAX (3.4-3.6 GHz) band, TDD LTE (3.6-3.8 GHz) and Wi-Fi 

802.11y (3.65-3.7 GHz), LTE bands 42 (3.4-3.6 GHz), 43 (3.6-3.8 GHz), along with several others. In 

addition, the design is miniaturized by capacitively loading the slot. The proposed design is suitable for 

WiMAX applications in wireless handheld devices for CR platforms.  



2 ANTENNA DESIGN DETAILS 

A. Antenna Geometry 

The geometry of the proposed 4-element pentagonal slot-line based frequency reconfigurable 

MIMO antenna system is shown in Figure 1 with its top and bottom layers shown in Figures 1(a) and 1(b), 

respectively. The top layer contains the biasing circuitry and microstrip feeding lines while the pentagonal 

radiating slots are etched out of the bottom layer which is acting as the reference GND plane. The 4-

elements are denoted as Ant-1, Ant-2, Ant-3 and Ant-4, respectively, as marked in Figure 1. The design is 

fabricated on commercially available FR4 substrate of thickness 1.56 mm with dielectric constant of 4.4 

and tangent loss of 0.02. The total substrate size was 60×120 mm2. The unoccupied space on the PCB board 

is left intentionally to accommodate other components on the PCB board (i.e. electronics, battery, etc.) in 

a practical implementation. The performance of the design remains unaffected by removing the unoccupied 

space and the same performance can be achieved even at a smaller antenna size. All elements are placed 

symmetrically on the substrate to achieve the same frequency response. To enhance the isolation between 

the elements, a dual defected ground structures (DGS) slot-lines are inserted in the ground plane at the 

centre of the two vertically adjacent elements.  

 

Figure 1:  Proposed frequency reconfigurable slot MIMO antenna system, (a) Top view (b) 

Bottom view - All dimensions are in millimeters (mm). 
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The open slot-based antenna did not work with varactor diodes, as it was difficult to reactively load 

it. On the other hand, it was found that the closed slot-line based design responded well to reactive loading 

with varactor diode. Therefore, the closed pentagonal slot-line based design was selected because of its 

good input impedance matching, good radiation characteristics, optimized area and ease of reactive loading 

as compared to other open slot-based designs.  

B. Design Procedure 

The objective of this work was to design a 4-element MIMO antenna system with good MIMO performance 

and good isolation between its antennna elements.  For the proposed work, the design procedure was started 

with a single open slot of length λ/2 on a substrate size of 120×60 mm2. The single open slot antenna was 

resonating above 4.5 GHz. The next stage of the design was to convert the design to close slot antenna to 

get the desired characteristics of close slot antenna. The closed loop pentagonal slot-line was optimized to 

occupy an optimized antenna dimension in order to accommodate more antenna elements.  Each antenna 

element was excited using an open-ended microstrip feed line of 50 Ω. The proposed antenna was initially 

resonating at 4.5 GHz. Each antenna was optimized to operate at lower frequency bands by reactively 

loading it using varactor diodes. Parametric sweeps were performed to optimally place the varactor diode 

on the slot periphery and hence helped in changing the input impedance matching at lower frequency bands. 

Thus the reactive helped in achieving miniaturization of the antenna design without any alteration of the 

physical dimensions of the antenna element. Moreover, the isolation between closely spaced antenna 

elements was enhanced by using rectangular line slots within the GND plane that acted as DGS.  

The design procedure of DGS structure was started with by placing a rectangular shaped DGS slot between 

Ant-1 and Ant-3 and we had achieved 0.5 dB improvement in the isolation. The second rectangular slot 

helped in further reducing the coupling. However, a significant coupling was still observed from the PCB’s 

edges. Hence, the rectangular slot structure was extended towards the edges and a horizontal slot was placed 

(became a T-slot) to minimize the coupling from the edges effectively. The mutual coupling was improved 

significantly by introducing this T-shaped DGS slots by at-least -2dB. 

 

C. Varactor Diode Biasing Circuit 

The biasing circuitry of the varactor diode, the topology shown in Figure 1, was populated on the 

top side of the board. The equivalent biasing circuit of the varactor diode is shown in Figure 2. The circuit 

is a series combination of a resistor of 2.1 kΩ and an RF choke of 1 µH. The current limiting resistor is 

used to avoid any damage to the varactor diode, in case of forward bias condition of the varactor as well as 

for reverse bias leakage current. RF choke is used to isolated the antenna radiating structure from the DC 



supply. A varactor diode (SMV 1233) was used to reactively load the slot to achieve frequency 

reconfigurability. The diode is connected across the pentagonal slot on the bottom side of the PCB board. 

The pentagonal line-slot is actually separating the two terminals of the varactor diode. The given two 

terminals of the Varactor diode are connected with the positive and negative terminals of the supply to 

make it reverse bias. The DC biasing circuit is connected to the varactor diode through shorting pins 

(sp)/vias, that is the DC part of the circuit and is isolated from AC part or radiating structure. Varactor 

diodes (D1, D2, D3 and D4) were placed on the edge of the each pentagon. The DC biasing circuit was 

connected to the varactor diode through shorting pins (sp)/vias. The proposed design was fabricated using 

an LPKF machine (S103) at KFUPM and the prototype picture is shown in Figure 3.  

Varactor diodes were used in reverse bias condition to obtain variable capacitance. A small amount of 

reverse bias current is flowing through the circuit as per given datasheet of varactor diode.  The maximum 

reverse bias current for varactor diode (SMV1233) is 20 nA in reverse bias condition. Based on the 

maximum current specification, the maximum power loss in the biasing circuit (Resistor + Inductor + 

Varactor diode) would be -87.7 dBm. 

 

Figure 2: Biasing circuit of Varactor diode 

 

Figure 3: Fabricated model (a) Top view (b) Bottom view. 
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3 SIMULATION AND MEASURMENT RESULTS  

The proposed frequency reconfigurable MIMO antenna was modeled and optimized using HFSSTM. 

The design was optimized via parametric sweeps over several variables including the slot’s width, radius, 

varactor diode placement and optimal displacement between vertically placed antenna elements. Port 

parameters of the fabricated model were measured using an Agilent N9918A vector network analyzer 

(VNA). These measurements were performed at the Antennas and Microwave Structure Design Lab 

(AMSDL) at KFUPM. 

A. Scattering Matrix 

S-parameters of the proposed antenna were measured by varying the reverse voltage applied across the 

varactor diode. The same procedure was adopted in the simulation software, where the equivalent lumped 

circuit for the varactor diode was used. The varactor diode was modeled as a variable capacitor and the 

capacitive values used were changed according the datasheet of the varactor diode model. The simulated 

and measured reflection coefficients of the optimized design for Ant-1 are shown in Figures 4(a) and 4(b), 

respectively. Since all antenna elements were similar in structure, similar behavior was observed for other 

antennas. 

 

Figure 4: Simulated and measured reflection coefficient curves (a) Simulated S11 (b) Measured S11 

Close agreement in the measured and simulated reflection coefficients curves is observed. Slight 

shifts between the simulated and measured values were observed because of the basing circuit and 

fabrication tolerances. As the value of the biasing voltage increases, the value of the capacitance across the 

varactor diode decreases and the frequency shifts towards higher values. The varactor diode provided a 

capacitance of 5.08 pF when no voltage was applied across its terminals i.e. 0V. At 0V, the antenna 

resonates at 3.2 GHz. By increasing the value of the reverse bias voltage across varactor diode, smooth 

frequency sweep was observed as shown in Figures 4. At 10V, the varactor diode provided a capacitance 



of 0.9 pF and the antenna was resonating at 3.9 GHz. Further increase in reverse bias voltage across the 

varactor diode did not significantly change the resonance frequency. Hence, by varying the voltage across 

the diode from 0V to 10V, the antenna was tuned over a frequency band between 3.2 GHz to 3.9 GHz with 

minimum -10 dB bandwidth of  55 MHz (and -6 dB bandwidth of 100 MHz).  

To further investigate the agreement between simulated and measured results, we have added Figs. 

5(a) and 5(b). Measured and simulated S11 curves are plotted for capacitance values of 1.45pF & 3.28 pF 

with corresponding applied voltage values of 4V and 1V, respectively. The figures clearly show that the 

simulated and measured results are in good agreement and good input impedance matching is observed. 

 

Figure 5: Simulated and measured reflection coefficient curves (a) S11 for C=3.28pF and V=1V  (b) S11 for 

C=1.45pF and V=4V 

Isolation is an important parameter in MIMO antennas and high isolation values are desirable for 

better MIMO performance as it provides better efficiencies. Isolation between adjacent elements was 

improved using the DGS slots. The isolation between horizontally placed antenna elements (Ant-1 and Ant-

2) as well as vertically placed antenna elements (Ant-1 and Ant-3) was studied for the proposed design. 

The worst-case isolation was observed between Ant-1 and Ant-2 and the simulated and measured isolation 

curves are also shown in Figure 6. The simulated isolation curves, S12, S13, S14 without and with DGS 

structure are shown in Figures 6(a), 6(b), 6(c), 6(d), 6(e) and 6(f),  respectively.  The measured isolation 

curves, S12, S13, S14 with DGS structure are shown in Figures 6(g), 6(h) and 6(i), respectively.  A minimum 

of 10 dB isolation between adjacent elements was observed over all frequency bands for various capacitance 

values.  

The physical distance between Ant-1 and Ant-4 is relatively higher than the other ports distances (Ant-1 & 

Ant-2 and Ant-1 & Ant-3). That’s why we have observed better isolation between antenna elements, Ant-
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1 and Ant-4. The worst case isolation observed without the DGS was 8.5 dB in Band-1 while lower values 

were observed in other operating bands. An improvement of at-least -2dB was observed with the given 

DGS structure between Ant-1 and Ant-2 at the first band while the improvement was significant in other 

bands. The worst case isolation observed was 10.5 dB over the entire band of operation.  

 

 

Figure 6: Simulated and measured isolation (a) Simulated S12 without DGS (b) Simulated S13 without 

DGS (c) Simulated S14 without DGS (d) Simulated S12 with DGS (e) Simulated S13 with DGS (f) 

Simulated S14 with DGS (g) Measured S12 (h) Measured S13 (i) Measured S14 

B. Current Density:  

For the proposed MIMO antenna system, the surface current distribution was analyzed at 3.6 GHz with and 

without the DGS structure. The analysis identified port coupling levels and the location of maximum 

concentration of the surface current density. It also helped in understanding the high efficiency of slot-

based radiating structures. Figure 7 shows the surface current density obtained at 3.6 GHz for antenna 



element Ant-1 while the  rest ports were terminated with 50Ω impedance. Figure 7(a) and Figure 7(b) show 

the surface current density on the bottom and top sides of the board, respectively, without DGS slots. It is 

clear from the figure that the surface current was around Ant-3 pentagonal slots and considerable current 

was coupled with Ant-2 and Ant-3. However, Ant-4 was well isolated from the rest of the ports. Figure 7(c) 

and Figure 7(d) show the surface current density on the bottom and top board sides, respectively, with DGS 

slots. The surface current was around Ant-1 pentagonal slot and in the vicinity on GND plane. Ant-2 and 

Ant-3 were well isolated from the radiating structure and hence confirmed the isolation enhancement as 

given in Figure 7. Thus, the DGS slots were effectively used to reduce mutual coupling between closely 

spaced antenna elements. Figure 7(c) shows that most of the current was around Ant-1 and hence it became 

the main radiator. 

 

Figure 7: Surface current density at 3.6 GHz (C=1.45 pF) (a) Bottom view without DGS (b) Top view 

without DGS (c) Bottom view with DGS (d) Top view with DGS 

In addition, surface current distribution figures were also useful to understand and explain the high 

efficiency of slot antennas. It is clear that the GND plane of the slot antenna was acting as the radiator. The 

energy from the feedline was coupled to the slot as well as with the GND plane through the slot. Thus, the 

energy is not only radiated from the slot but through the GND plane as well. Thus GND plane radiation 

helped in improving the overall radiation efficiency of the slot antenna. 

C. Radiation Characteristics 

The proposed MIMO antenna design was also analyzed for far field radiation characteristics. The gain 

pattern measurements were performed using a SATIMO Starlab anechoic chamber at KAUST. The gain 
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pattern measurement setup is shown in Figure 8. The 3-dimensional (3-D) gain patterns of the antenna were 

obtained from HFSS. The simulated 3D radiation patterns at 3.3 GHz and 3.6 GHz are shown in Figures 9. 

The peak gain values were also measured for the proposed MIMO antenna system. The measured 

frequencies (fm) used were (3.24 GHz, 3.42 GHz, 3.52 GHz, 3.61 GHz, 3.71 GHz and 3.84 GHz) with 

corresponding peak gains and antenna efficiency (%η) values given as (2.2, 3.75, 3.95, 4.1, 4.5, 4.65), and 

(59%, 65%, 71%, 74%, 77%, 80%), respectively. The maxima of the radiation patterns of Ant-1 and Ant-

2, are in opposite directions, which is required for low envelop correlation coefficient (ECC) values. 

The radiation patterns of given slot antenna are bidirectional, radiating in both forward and backward 

direction (not-omnidirectional) of the GND plane. Directional patterns are highly desirable for antennas 

having line-of-sight (LOS) communication. However, the MIMO antennas are highly suitable to be used in 

multi-path non-LOS (NLOS) environment. The signal received from various paths help in improving the 

data rate of MIMO antenna design. Thus, the directivity of such antenna system are not crucial for MIMO 

operation. 

 

 

Figure 8: Radiation pattern measurement setup 

 

Figure 9: Simulated 3-D gain pattern (a) Ant-1 at 3.23 GHz (b)Ant-2 at 3.23 GHz (c) Ant-1 at 3.6 GHz 

(d) Ant-2 at 3.6 GHz. 

 



The simulated (sim.) and measured (mea.) normalized 2D gain patterns at 3.6 GHz are given in 

Figure 10. The patterns show the xy-plane and yz-planes for 4-elements (Ant-1, Ant-2, Ant-3 and Ant-4). 

The simulated and measured θ-cut curves for Ant-1 and Ant-2, at ϕ = 0o, at 3.6 GHz are shown in Fig 10(a), 

while ϕ-cut curves at θ = 90o, at 3.6 GHz are shown in Figure 10(b). Similarly, the θ-cut and ϕ-cut curves 

at 3.6 GHz for Ant-3 and Ant-4, are shown in Figures 10(c) and 10(d), respectively. 

 

Figure 10: Simulated and measured normalized radiation patterns at 3.6 GHz (Etotal) (a) (θ -cuts) Ant-1 

and Ant-2 at ϕ = 0o (b) (ϕ-cuts) Ant-1 and Ant-2 at θ = 90o (c) (θ-cuts) Ant-3 and Ant-4 at ϕ = 0o (d) (ϕ-

cuts) Ant-3 and Ant-4 at θ = 90o. 

Envelop correlation coefficient (ECC) and isolation values between closely spaced antenna 

elements are two important parameters used to properly characterize MIMO antenna systems. ECC is a 

measure of how adjacent antenna elements are correlated with each other.  Ideally, high isolation and low 

ECC are required [16]. However, the earlier used method to find ECC using the S-parameters has been 

found to have very limited validity under very limited conditions [17]. Therefore, ECC is always a function 

of the individual complex radiation patterns of the antenna elements and should be calculated using these 

patterns. For the proposed antenna design, ECC values computed between all antenna elements were below 

the threshold value of 0.5 [16]. Further, the isolation between antenna elements is at least 10 dB, which is 

adequate for a MIMO design [18]-[20]. The ECC values are summarized in Table I.  

 

To properly characterize the impedance bandwidth of a multiport antenna, the reflection coefficient 

is not enough. The true bandwidth of a MIMO antenna system is given by its total active reflection 

coefficient (TARC). It is calculated based on the S-parameters of the 4-element MIMO antenna system 
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[16]. TARC curves were obtained by exciting one port (Ant-1) at 1ejθ while the phases of the other ports 

(Ant-2, Ant-3, Ant-4) were changed to different phase excitations. The TARC curves are shown in Figure 

11 for different combinations of excitation phases ranging between 0o, 30o, 60o, 90o, 120o, 150o and 180o. 

It is clear that the operating BW of the proposed MIMO antenna system is robust and not affected by any 

phase change in the excitation of the other ports.  The cases considered were:  

Case-1:P-1=0o; P-2=0o; P-3=30 o; P-4=60o 

Case-2: P-1=0o; P-2=30o; P-3=60 o; P-4=60o 

Case-3: P-1=0o; P-2=60o; P-3=90 o; P-4=120o 

Case-4: P-1=0o; P-2=30o; P-3=120 o; P-4=150o 

Case-5: P-1=0o; P-2=60o; P-3=150 o; P-4=180o 

Table I: Simulated and measured ECC for the proposed MIMO antenna system 

Simulated ECC Measured ECC 

fs (GHz) ECC12 
ECC13 ECC14 fm (GHz) ECC12 ECC13 ECC14 

3.225 0.022 0.12 0.036 3.23 0.028 0.192 0.168 

3.4 0.015 0.09 0.053 3.42 0.035 0.19 0.017 

3.5 0.031 0.17 0.103 3.52 0.051 0.217 0.132 

3.6 0.023 0.125 0.098 3.6 0.013 0.105 0.152 

3.7 0.038 0.13 0.108 3.7 0.028 0.108 0.136 

3.82 0.026 0.198 0.103 3.84 0.016 0.258 0.153 

 

 

 

Figure 11: TARC curves for the proposed MIMO antenna system. 

 

Table II compares the features of the proposed work with other frequency reconfigurable antennas as well 

as other slot-based designs. The features of the proposed pentagonal slot-line based design are better than 



other relevant designs. It has compact size, requires lower number of varactor diodes to achieve 

reconfigurability, and has good antenna efficiency and peak gain. 

Table II: Comparison of the proposed antenna with similar antennas in literature 

Ref. Ant. Type 
Single elem. 

Area (mm3) 

Freq. bands covered 

(GHz) 
Peak Gain (dBi) Max Efficiency (%) 

[4] Bow-tie 
0.70λ×0.63 

×0.02 λ 

2.2-2.53,2.97-3.71, 

4.51-6 
0.02,2.34,2.8 53,63, 71 

[5] patch 
0.34λ×0.34 

×0.01 λ 
2.45, 3.6, 5.2 0.8, 1.4, 1.9 - 

[6] slot 
1.02λ×1.02 

×0.01 λ 

wide band: 1.6 to 6.0 

Narrow band:2.42, 

6.31 

wide band: 4 min. 

Narrow band:2.45 min. 

wide band: 58 Narrow 

baud:77 

[7] slot 
0.43λ×0.40 

×0.01 λ 

Single band: 2.3, 5.8 

Dual band: 2.3/4.5 and 

4.5/5.8 

Single band: 0.7/2.5 

Dual baud: 1.8/2.8, 

0.3/2.5 

Single band: 65/66 

Dual baud: 

76/64,55/75 

[8] PIFA 
0.16λ×0.18 

×0.10 λ 

2.3-2.4,2.5-2.7, and 

3.4-3.6 
2.78, 1.99, 1.39 73.9, 48.43,43.71 

[10] monopole 
0.17λ×0.11 

×0.02 λ 
1.88 to 2.64 Min: 1.63  

[17] slot 
0.39λ×0.17 

×0.03 λ 
2.45, 5.2 0, 2.9 41, 83 

[23] annular slot 
0.05λ×2.03 

×0.03 λ 
2.4, 5.2 2.1,2.8 93, 96 

[24] rect. slot 
1.11λ×0.04 

×0.02 λ 
1.82, 1.93,2.10 5.7, 5.6, 6 85, 86, 87 

[25] rect. slot 
0.27λ×0.42 

×0.01 λ 
1.5, 1.6, 1.8, 1.9,2.24 1.7,2.2,2.5, 1.75, 1.2 68, 72, 78, 76, 60 

[26] rect. slot 
0.40λ×0.43 

×0.02 λ 

2.3,5.8,2.3/4.5, 

4.51/5.8 
0.3,2.5,0.7/2.3, 1.8/2.8 55, 75, 65/66, 76/64 

[27] rect. slot 
0.3λ×0.34 λ 

×0.01 λ 
2.4, 5, 5.5 0.05,2.9,2.44 41,83,65 
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Prop. 
pentagonal 

slot 

0.22λ×0.22 

×0.03 λ 
Continuous: 3.2 to 3.9 

2.2,3.75,3.95,4.1, 4.5, 

4.65 
59, 65, 71, 74, 77, 80 

 

4 Conclusions 

In this paper, a reconfigurable pentagonal slot-line based compact 4-element MIMO antenna was presented. 

The proposed design was realized on an FR-4 board of dimensions 60×120 mm2.  The design was compact 

with low profile that exhibited wide frequency tuning covering 3.2 GHz to 3.9 GHz. It covered WiMAX 

(3.4-3.6 GHz) band, TDE LTE (3.6-3.8 GHz) and Wi-Fi 802.11y (3.65-3.7 GHz), along with several other 

wireless standard bands with a minimum bandwidth of 55 MHz. To improve the isolation between adjacent 

antenna elements, dual DGS slot-lines were utilized which considerably reduced the mutual coupling. 

Reconfigurability was achieved electronically using varactor diodes. The proposed design was also 

evaluated for MIMO parameters including ECC and TARC. Through detailed analysis, it was shown that 

the proposed MIMO antenna can be used within wireless handheld devices for WiMAX bands and CR 

applications. 
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