
Chapter 9 
Microstrip Biomedical Patch Antenna 
with MIMO Capability and Challenges 
in Achieving Diversity Performance 

Manish Sharma 

Abstract The chapter discusses the microstrip patch antenna capability of transfor-
mation to MIMOp×q antenna formation. A well-known fact for modern communica-
tion system needs to accommodate the higher data rate of transmission in the existing 
channel. The two aspects of the MIMO configuration are addressed in this chapter. 
The patch antenna needs to be useful for wireless communication applications and 
the other maintains isolation with good diversity performance evaluating ECC, DG, 
TARC, MEG, CCL. These are the challenges faced in designing the MIMO antenna, 
and the challenges are overcome in case of isolation by using different methods such 
as using neutralization line, using different fractals in-ground, using parasitic U-type 
between feed lines, placing radiating elements orthogonally, using meta-material 
structure, placing T-type stub in the commonly shared ground along with pair of 
etched comb-type slots, inverse L-type stub in the ground and interconnecting all the 
ground by using thin strips. These techniques provide either an additional current 
path between the radiating elements or by directing the current vectors in opposite 
direction thereby, canceling the unnecessary interference. Also, in medical applica-
tions, bandwidth of 402–405 MHz is used with power limitation of 25 W and are 
used in Implantation, Telemedicine applications. The ISM band of 2.45 GHz is used 
for detection of Skin Cancer. 

Keywords MIMO · Diversity performance · Neutralization line · ECCp×q ·
DGp×q · TARCp×q · CCLp×q · Implantation · Telemedicine · Skin cancer 

Introduction 

Recent faster communication demanding the new concept of smart cities, artifi-
cial intelligence-based communication, etc. has emerged which has focused on the 
higher data rate transfer of information from source to destination with multiple 
users. However, SISO (Single–Input–Single–Output) system fulfills the requirement
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to some extent but the operating bandwidth is compromised due to shortcomings 
such as multiple fading in real-time environment applications. However, the design 
of a microstrip MIMO antenna with smart reconfigurable technology will resolve the 
issues. Designing these MIMO antennas has to face lots of challenges and to name 
a few of them are maintaining reasonable isolation and achieving high diversity 
performance. The literature discussed here is an attempt to understand and over-
come of above problems faced in a MIMO system. The two-port MIMO system 
(Tiwari et al.  2019a, b, 2020; Islam and Das 2020; Tang et al. 2020a, b; Pasumarthi 
et al. 2019; Wang et al. 2020; Vasu Babu and Anuradha 2019; Addepalli and Anitha 
2020; Ameen et al. 2020; Hasan et al. 2019; Dkiouak et al. 2019, 2020; Hassan et al. 
2020; Thakur et al. 2020; Azarm et al.  2019; Agarwal et al. 2020; Ahmed et al. 
2018; Banerjee et al. 2017, 2020; Desai et al. 2022; Gupta and Kumar 2020; Gurjar  
et al. 2020; Mohanty and Behera 2020; Mark et al.  2019; Hadda et al. 2021; Sun 
et al. 2017; Sohi and Kaur 2020; Sharma et al. 2021a; Sharma 2020; Kumar et al. 
2020; Oliveira et al. 2021; Kumar Biswas and Chakraborty 2019) is discussed where 
different methodologies have been employed for diversity performance and higher 
isolation between the inter-spaced elements. A neutralization line that is attached 
between the two adjacent radiators helps in achieving better isolation of ≤−22 dB 
in the bandwidth range of 3.52–9.89 GHz (Tiwari et al. 2019a, b). Interestingly, a 
two-band antenna for WiMAX applications achieves isolation by etched U-shaped 
strip between the two feed lines (Islam and Das 2020). The two radiating elements 
placed face-to-face with parasitic U-type stub on opposite plane with printed stepped 
ground helps in achieving isolation of −15.0 dB (Tang et al. 2020a). The important 
technique in the form of meta-material structure is also used to obtain better isolation 
which is placed between the two antenna elements (Wang et al. 2020; Mark et al.  
2019). Mutual coupling of more than 20 dB is achieved by using inverted L- and
.-symbol in a 2 × 2 MIMO antenna (Vasu Babu and Anuradha 2019). The distance 
between the dual frequency bands maintains isolation of more than 15.0 dB for split-
ring-resonator antennas (Ameen et al. 2020) and integrated T-type stub in ground 
achieves isolation of more than 21.0 dB (Tiwari et al. 2020; Tang et al. 2020b). A 
rectangular parasitic structure placed in ground for the orthogonally placed radiating 
elements is another technique to reduce isolation (Azarm et al. 2019). Addition of two 
rectangular strip in a CPW-fed Minkowski-fractal ground MIMO antenna improves 
isolation from 14.71 to 21.81 dB (Banerjee et al. 2017) and using Hilbert-fractal in 
ground also increases level of isolation (Banerjee et al. 2020; Gurjar et al. 2020). 
Also, in dual notched band UWB-MIMO antenna, isolation is achieved without using 
any decoupling element and placement of dual radiators at 90° to each other offers nil 
interaction between them (Hadda et al. 2021; Sharma et al. 2021a). 2-port MIMOp×q 

with embedded T-type stub sharing commonly ground provides sufficient isolation 
to achieve permissible diversity performance (Sharma 2020; Kumar et al. 2020). 
The shape of integer “8” is used in the middle of ground providing better isolation 
and the designed antenna is useful for wearable applications (Kumar Biswas and 
Chakraborty 2019). 

The reported literature also discusses four-port MIMO antenna configuration 
(Dhasarathan et al. 2020; Yussuf and Paker 2019; Srivastava et al.  2019a, b; Roy
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et al. 2021; Bactavatchalame and Rajakani 2020; Sharma et al. 2020a, b, 2021b; 
Raheja et al. 2019, 2020; Khan et al. 2020; Mohammad Saadh et al. 2020; McHbal 
et al. 2020; Andrade-González et al. 2021; Sehrai et al. 2021; Agarwal et al. 2021; 
Hussain et al. 2022; Ali et al. 2021; Hassan et al. 2019; Arumugam et al.  2021; 
Khandelwal 2020; Mathur and Dwari 2018; Pahadsingh and Sahu 2018; Mohanty 
and Sahu 2021; Prabhu and Malarvizhi 2019; Singh et al. 2021; Fritz-Andrade et al. 
2019) where different techniques are used to achieve higher isolation. In 4 × 4 hexag-
onal shape MIMO antenna with isolated ground, observes no decoupling structure for 
better isolation but the arrangement of all the four antennas is such that the radiated 
signal will not interfere (Dhasarathan et al. 2020). The mutual coupling in the 4 × 4 
MIMO antenna is achieved by using a cross-shaped stub between the four radiators for 
improvement of the isolation (Yussuf and Paker 2019). An integrated Bluetooth UWB 
antenna arranged in orthogonal sequence needs no decoupling element to achieve 
better isolation (Srivastava et al. 2019a; Sharma et al. 2020a, b, 2021b; Mohammad 
Saadh et al. 2020; Sehrai et al. 2021; Ali et al. 2021; Arumugam et al.  2021; Raheja 
et al. 2020; Addepalli et al. 2022) and by using isolated meander line above the 
common-shared ground enhances the port-to-port isolation (Roy et al. 2021). Also, 
Electro-magnetic Band Gap Structure is used to achieve isolation which is also one 
of the prominent techniques in achieving isolation (Prabhu and Malarvizhi 2019). 
The literature work presented over here also discusses 6- and 8-port MIMO antenna 
configuration (Chung and Hsiao 2022; Mathur and Dwari 2019; Biswal and Das 
2019) and utilizes various mechanisms to achieve higher isolation between the inter-
element radiators. The 8 × 8MIMOp×q targeted for Ultra-WB usage utilizes 8-etched 
slits in-ground providing higher isolation (Mathur and Dwari 2019) and common-
shared ground with eight radiators providing resonance at 5.50 GHz uses no addi-
tional isolation structure (Biswal and Das 2019). A significant review is conducted 
on chronic diseases involving instruments like MRI, X-Ray, mammography, ultra-
sound and different diagnosed diseases. The antennas are useful in telemedicine 
applications at frequency centered at 2.45 GHz (Arora et al. 2021). The skin model 
represented in Shreshtha et al. (2021) utilizes antenna with resonance of 2.45 GHz 
(Tiwari and Malik 2020; Gupta et al. 2020; Roges et al. 2022). 

Two and Four-Port MIMO Antennas 

The configuration of the 2- and 4-port MIMO antenna is depicted in Fig. 9.1. 
Figure 9.1a represents a 2-port MIMO antenna with a compact size of 21 × 34 
× 1.6 mm3. In this reported work (Tiwari et al. 2019a), FR4 substrate is used with a 
constant-dielectric value of 4.40 and a tangent (β) = 0.02 with a height of 1.60 mm. 
The width of the feed is 2.24 mm which corresponds to a matching of 50. impedance. 
Introduction of a neutralization line between the two radiating elements offers a band-
width of 3.53–9.91 GHz and maintains isolation of ≤−22.0 dB. The surface current 
distribution over the surface is carried out at 3.53 and 9.91 GHz, respectively, as 
shown in Fig. 9.1c, d. It can be derived that the direction of the current flow in
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the neutralization line and mid-ground are opposite to each other, thus canceling 
the interfering field which reduces the interference. This neutralization technique 
employed in the 2 × 2 MIMO antenna improves the matching of the impedance in 
the operating band and thus, improved S-parameters (S11, S12, S21, S22) are obtained. 
This MIMO antenna is useful in different wireless applications including HiperLAN 
operating between 5.00 and 6.00 GHz, maritime applications for different bands, 
and WLAN, WiMAX, and ISM bands. On the other hand, the diversity performance 
parameters include ECC to be 0.05 correspondingly Directive Gain is approximately 
10.0 dB with CCL ≤ 0.26 bits/s/Hz (Tiwari et al. 2019a). 

A four-port (Ali et al. 2021) MIMO antenna produces a single resonant frequency 
for a 5G n78/79 communication system. The designed four-port MIMO antenna is 
instrumental in hand-held 5G devices application with the compact size of 40 × 40 
mm2 and hence, shows the Specific-Absorption-Rate (SAR) value of 0.90 W/Kg and 
offers channel capacity of data transmission to be 18.7 bps/Hz. The single-element 
version is fabricated on an FR4 substrate with an overall size of 20 × 20 mm2. 
The antenna or radiator is printed on one plane of the substrate which looks like 
an inverted L-type patch, and the opposite plane is printed with ground dimensions 
of 20 × 20 mm2 with an etched rectangular slot below the radiating patch. This 
configuration of the antenna provides a narrow bandwidth with a center resonating 
frequency of 4.79 GHz. The S11/S22 shows the resonant frequency centered at 4.85 
and 4.82 GHz. This configuration of the MIMOp×q antenna is intended to providing 
pattern diversity with maximum lobe directed at 280° for Ant. 1 and 208° for Ant. 
3. Ant. 2 corresponds to the maximum gain lobe between 90° and 120° and opposite 
values of −90° to −120° for Ant. 4 (Ali et al. 2021).

Fig. 9.1 MIMO configuration a 2-port with neutralization line (Tiwari et al. 2019a) b 4-port MIMO 
antenna (Mohammad Saadh et al. 2020) (a), (b) 3.53 GHz and 9.91 GHz (Tiwari et al. 2019a) 
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Understanding Eight-Port MIMO Antenna 

A case study (Addepalli et al. 2022) is used to explain the working principle of 
an 8-port MIMO antenna. Figure 9.2 shows the single-element antenna configu-
ration with a printed patch on one plane and ground on opposite plane of FR4 
substrate. Figure 9.2 also illustrates the flower-shaped radiating patch with five leaves 
shaped stubs embedded in the semi-circular patch. The partial ground with a height 
of 13.50 mm is etched with a semi-elliptical slot placed below the microstrip for 
better matching of the impedance. Also, as per the observations from Fig. 9.2, two  
rectangular stubs and a pair of rotated L-strips are placed which act as reflectors and 
direct the signal in the direction of radiation. 

Figure 9.3a, b shows the four-port configuration with a perspective view and 
transparent front view. Firstly, the substrate with an area of D1 × D2 mm2 is removed 
from all the four corners within the substrate of the dimension of DL × DW mm2. The  
four-radiating patch is placed in an orthogonal fashion with their respective ground. 
Lastly, a square patch of dimension D5 × D6 mm2 is placed exactly at the center 
containing ground, and all the four ground are connected to the centrally placed patch 
by a rectangular strip of dimension (D2 + D3 + D4) mm. This ground modification 
is carried out to achieve higher isolation between the inter-spaced elements. The 
S11 parameter of the four-port transformed MIMO antenna is compared with the 
single-element antenna shown in Fig. 9.3c and can be concluded that the required 
impedance bandwidth for 5G-n77/78 band is achieved in both the cases with very 
good resonance at the center frequency. Figure 9.3c shows the isolation of Port 1 
concerning Port 2, Port 3, and Port 4 providing isolation of more than 15.0 dB.

Finally, Fig. 9.4 shows an 8-port MIMO antenna with a fabricated prototype shown 
in Fig. 9.4a (Front + Ground), and Fig. 9.4b shows the simulation environment. As 
per the observations from Fig. 9.4a, b, eight radiating elements are used on the FR4 
substrate with a total area of 2.147λg × 2.147 λg mm2. It can be seen that the A1/A5,

Fig. 9.2 Configuration of the single-element antenna (Addepalli et al. 2022) 
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Fig. 9.3 Four port MIMO antenna a perspective view b transparent front view c reflection and 
transmission coefficients (Addepalli et al. 2022)

A2/A6,A3/A7, and A4/A8 are placed adjacent to each other with a spacing of 13.50 mm 
while all the four pairs are placed orthogonally. The ground of all the eight antennas is 
connected by rectangular strips with a dimension of 81.0 mm to the rectangle patch of 
dimension 30 × 30 mm2 in the ground plane for better isolation. Figure 9.4c shows  
the comparison of the S11 parameter of all the three antennas discussed (Single-, 
Four-, and Eight-port) with all the three versions covering 5G-n77/n78 bands.

Figure 9.4d shows the measured reflection and transmission coefficients. It can 
be observed that the reflection coefficients S11/S22/S33/S44 are overlapped with each 
other in the 5G-n77/78 band with good impedance matching and the transmission 
coefficients of Port 1 concerning Port 2. Port 3, Port 4, Port 5, Port 6, Port 7, and 
Port 8 offers isolation of more than 20.0 dB. 

Conclusions 

The challenge in designing MIMO antenna configuration with two-, four-, and Eight-
port was discussed. It was concluded that the few MIMO antennae with orthogonal 
placed required no additional isolation element to avoid the interference making the 
design simple. However, techniques such as neutralization line, which commonly 
connected ground by using thin rectangular stubs in-ground resulted in higher isola-
tion between the closely placed radiating elements. It was also concluded that by 
maintaining isolation of more than 10 dB, the impedance bandwidth of all the 
individual radiating elements of the MIMO antenna was preserved without any 
deterioration.
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Fig. 9.4 Eight-port MIMO antenna a photograph of eight-port MIMO antenna (front + ground) b 
simulation environment c comparison of S-parameter (single-, four-, and eight-port MIMO antenna) 
d reflection and Transmission coefficients (Addepalli et al. 2022)
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