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 This paper is an extension of work originally presented in 2019 International Conference 
on Automation, Computational and Technology Management (ICACTM). A micro-strip 
patch in-body designed antenna is constructed on pacemaker to monitor and control the 
pacemaker wirelessly. The antenna is intended for ISM (Industrial, Scientific, and Medical) 
band (2.4 GHz to 2.48 GHz). A perfect electric conductor (PEC) is considered as 
pacemaker body and used as the ground of the propounded antenna having dimensions 40 
x 30 x 10 mm3. The patch material is chosen Copper having dimensions 35 x 22 x 0.1 mm3 
and covered up with substrate material Rogers R03010 (loss tangent δ = 0.0035 and 
dielectric constant, εr = 10.2) with thickness of 1.55 mm to make it compatible in human 
body. The designed antenna is placed and analyzed in 2/3 muscle equivalent phantom by 
changing the depth of the antenna. Results disclose that operating frequency is 2.464 GHz 
with reflection coefficient -28.37 dB. The antenna maintains frequency range from 1.8075 
GHz to 3.445 GHz, which represents wide bandwidth of 1.6375 GHz. To ensure the human 
body safety, specific absorption rate is analyzed and found 0.937 W/Kg for 10g tissue at 
operating frequency, which makes it biocompatible. The surface current distribution, 
Voltage Standing Wave Ratio, Current density, far-field radiation characteristics, radiation 
efficiency, and total efficiency are investigated to analyze the effect and performance of the 
designed antenna. CST Microwave Studio is used for simulation and analysis the 
parameters of the antenna. 
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1. Introduction  

Nowadays in our modern scenario, heart attack is very familiar 
disease caused by loss of blood supply. It appears when the heart 
is beating too rapidly or when the body is not receiving enough 
blood [1]. A small electrical medical device called artificial 
implantable pacemaker provides an electrical pulse to the heart 
with proper intensity by the electrodes [2]. The main objective of 
pacemaker is to regulate irregular heartbeats (known as 
arrhythmias) at normal rate. Many organizations come up with 
distinctive features, such as wireless communication and 
monitoring assistance [3]. This monitoring and controlling system 
is extremely relevant because it decreases the amount of eye to eye 
visits with doctors, as well as the physical and mental stress of 
patients. Since it can communicate wirelessly, there is no need to 
cut the skin, which can prevent infection from a germ in a medical 
diagnosis, but the antenna is needed to transmit the data wirelessly. 

A micro-strip patch antenna's geometric shape contains a 
shedding layer on first part of the dielectric substrate with a ground 

plane on the next. Radiating element can be square, circular, 
semicircular, triangular etc. [4]. In present days, a number of 
antenna design have been proposed on several researches for the 
different applications. With many advantages, this antenna can 
communicate with others wireless system spontaneously [5, 6]. 
Easy to manufacture, lightweight, low profile, low cost, 
replaceable and high efficiency is such advances. The popularity 
of patch antenna in microwave communication is raised nowadays 
that requires semispherical coverage. Safety of a patient with a 
compact size, as well as wider bandwidth and radiation efficiency 
is the main concern to design an antenna [7, 8]. Various types of 
antenna have been developed, e.g. meander line, monopole, and 
loop antenna for wireless monitoring [9, 10].  

ISM or Industrial, Scientific and Medical band (2.4 GHz - 
2.4835 GHz) and MICS or Medical Implant Communication 
System band (402 MHz to 405 MHz) specified for bio-suitable 
antenna by U.S. Federal Communications Commission and 
European Radio communications Committee (ERC) in wireless 
medical telemetry service (WMITS) [11]. ISM band has shorter 
wavelength due to its high frequency area range apart from MICS 
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band has wider wavelength due to its smaller frequency. Therefore, 
ISM band is extra reasonable than MICS to design an antenna on 
pacemaker [12].  

In this article, a design of bio-implantable micro-strip patch 
antenna is propounded for monitoring and controlling pacemaker, 
which operates at ISM band. The pacemaker with the antenna 
placed inside 2/3 muscle equivalent phantom, then the 
characteristics are analyzed. The performance is also analyzed by 
changing depth of the pacemaker in 2/3 muscle equivalent 
phantom. The pacemaker box considered as box of PEC (perfect 
electric conductor) as well as ground of the proposed antenna [13]. 
Rogers R03010 (εr = 10.2) covers the antenna from all the side can 
also called superstrate and substrate of the antenna for its flexibility 
and durability characteristics [14]. All the characteristics of the 
propounded antenna observed in CST microwave studio and 
discussed in this article. 

 

Figure 1: Propounded micro-strip patch antenna front view with dimension. 

 

Figure 2: Antenna Structure 

2. Structure and Design Method 

2.1. Design of Antenna 

The propound micro-strip patch antenna has the length 35 mm 
and width 22 mm respectively, which overcome the most 
challenging issues - biocompatibility and size. The designed 
antenna is consisting superstrate, patch, substrate, and ground. 
Copper is chosen for patch with 0.1 mm of thickness. The 
pacemaker box is built with PEC or perfect electric conductor with 
thickness of 0.1 mm from all sides and it acts as ground of the 
antenna. The substrate and superstrate are made with Rogers 
R03010 that covers full patch material with 1.55 mm thickness.  

The geometrical front view of antenna shows all the 
dimensions of patch, which are placed in Figure 1. The patch is 
located in the middle of the superstrate and substrate with 35 x 22 
x 0.1 mm3 to reduce the effects of a high conductive human tissue 
as well as to avoid shortening the antenna [12-15]. Having 6.5 mm 
length and 2 mm width, feed line is also shown. All the dimensions 
are organized in Table 1. 

Table 1: The Antenna Parameters 

Antenna Part Material Parameter Value (mm) 

Superstrate Rogers 
Length 40 
Width 30 
Thickness 1.55 

Patch Copper 
Length 35 
Width 22 
Thickness 0.1 

Substrate Rogers 
Length 40 
Width 30 
Thickness 1.55 

Ground PEC 
Length 40 
Width 30 
Thickness 0.1 

2.2. Design of Pacemaker Casing 

Figure 3 shows casing of Pacemaker and the location of the 
antenna with waveguide port. The antenna patch covers with 
substrate and superstrate is placed on the top surface of the 
antenna. The waveguide port is connected underneath the feed line 
from where the power of input is given. The red part states the port 
of the waveguide as shown in Figure 3. Dimensions of the 
pacemaker case are tabulated in Table 2. 

 

Figure 3: Antenna with Pacemaker Case Showing Waveguide Port 
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Table 2: Pacemaker Case Dimension 

Name of Parameters Value (mm) 
Pacemaker Length 30 
Pacemaker Width 40 
Pacemaker Thickness  10 
Pacemaker Case Thickness 0.1 

2.3. Structure of Body Phantom 

As shown in Figure 4, the pacemaker with surfaced antenna is 
placed inside the 2/3 muscle-equivalent phantom. The interval 
between antenna and the phantom’s surface is denoted with “d” 
and it varies depending on gender and age.  

Figure 4: 2/3 muscle-equivalent phantom model pacemaker inside 

 

Figure 5: Cross sectional view of 2/3 muscle phantom with pacemaker inside. 

Cross sectional view of the designed antenna with pacemaker 
inside the 2/3 muscle equivalent phantom is shown in Figure 5. 
The positioning pattern of pacemaker is clearly described.  

3. Characteristics Analysis of Designed Antenna 

3.1. Reflection coefficient or S11 parameter 

Reflection coefficient or S11 parameter measures the quantity 
of power that radiated or reflected from an antenna [16]. The return 
loss is noticed after implanting the proposed antenna inside 2/3 
muscle equivalent phantom model at resonant frequency. In Figure 
6, the X-axis is in GHz range, which represents the frequency and 
the Y-axis is in dB scale, which constitutes the return loss. The 
resonant frequency or operating frequency of the propounded 
antenna is found 2.464 GHz, which is in ISM band and that turns 

the antenna into biocompatible and also return loss of -28.369 dB 
that indicates better performance by maximum radiation of the 
antenna [14]. The bandwidth of the propounded antenna is 
observed 1.6375 GHz (1.8075 GHz to 3.445 GHz) by sketching a 
linear line in -10 dB, which is enough sufficient to implant on 
human body [14]. 

 

Figure 6: Return loss (S11 parameter) of the antenna inside 2/3 muscle equivalent 
phantom model. 

 

Figure 7: Far-field radiation pattern view (3D) of the propounded antenna inside 
2/3 muscle equivalent phantom model. 
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3.2. Far-field radiation pattern 

The radiation characteristics of the proposed antenna is 
explained in Figure 7. As the antenna is designed for monitoring 
and controlling pacemaker so unidirectional directivity is 
maintained to get the best values because pacemaker is a static 
device inside human body. Various parameters such as the 
directivity, total efficiency  and the radiation efficiency is got 6.67 
dBi, -35.5 dB and -35.5 dB respectively at the resonance frequency 
of 2.464 GHz and represented the radiation characteristics of the 
designed antenna. Figure 8 is displayed the far-field radiation 
pattern’s polar view of the proposed antenna with main lobe 
magnitude 6.67 dBi. 

3.3. Voltage standing wave ratio or VSWR 

The voltage standing wave ratio is a function of the coefficient 
of reflection and of the intensity reflected from antenna [16]. For 
better performance, VSWR should be in between 1 to 2. In Figure 
9, the X-axis is in GHz range, which represents the frequency and 
the Y-axis is ratio, which represents VSWR. In addition, it founds 
1.08 at resonance frequency 2.464 GHz. 

 

Figure 9: Voltage standing wave ratio (VSWR) of the antenna inside 2/3 muscle 
equivalent phantom model. 

3.4. Specific Absorption Rate (SAR) 

SAR is measured by the radiation of the surrounding tissue [17] 
that is used for safety purpose. According to FCC, in 10g tissue 
and 1mW input power, SAR must be less than 2 W/Kg to ensure 
higher safety [18, 19]. From Figure 10, Maximum Specific 
Absorption Rate (SAR) for the proposed antenna is noticed 0.937 
W/kg at operating frequency for 10g tissue.  

 

Figure 10: SAR distribution of the propounded antenna for 10g tissue in 1mW of 
input power. 

3.5. Current density 

Figure 11 shows the current density (abs) of the antenna at 
resonance 2.464 GHz. In addition, the current magnitude is not 
same in every position of the antenna patch. The current density in 
patch lies between 1017 A/m2 to 1176 A/m2. In addition, the 
maximum current density is found 5851 A/m2. 

 

Figure 11: Current density of the designed antenna at 2.464 GHz. 

3.6. Surface current distribution 

The surface current distribution of the designed antenna at 
resonance frequency 2.464GHz is shown on Figure 12. The 
maximum current is found 52.5 A/m in design while the peck 
current on patch is found about 14.3 A/m. Figure 12 is also clearly 
described that the current is high on the lower edges which close 
to feeding point and low on the upper edges. 

 

Figure 12: Surface current distribution of the designed antenna at 2.464 GHz. 

4. Comparison Analysis  

4.1. For various depth 

Depending on the gender and age, the depth of the pacemaker 
is varied and analyzed. The depth defines the distance between the 
phantom surface and the superstrate surface. As shown in Figure 
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13, the reflection coefficient or S11 and the operating frequency is 
slightly shifted with the change of depth (d). Table 3 is shown the 
total changelog for different depth of pacemaker. 

 

Figure 13: Return loss or S11 parameter of the antenna for various depth 

Table 3: Changelog with different depth 

Position Depth (mm)  Operating Frequency S11 
1 3.2 2.4115 -28.901 
2 4.8 2.464 -28.369 
3 6.4 2.471 -32.007 
4 8 2.4605 -34.951 

4.2. By changing material 

The designed antenna parameters are also analyzed with two 
patch materials Copper, Gold and two substrate-superstrate 
materials Roger and FR-4 variations. As shown in Figure 14, the 
resonance is found 2.464 GHz frequency for all possible 
combinations and return loss or S11 parameters are almost same in 
the variations. Table 4 displays all the parameters findings by 
changing the materials.  

  
Figure 14: Return loss or S11 parameter of the antenna for different material. 

Table 4: Changelog with different materials  

Patch Substrate S11 Directivity VSWR SAR 

Copper FR-4 -28.37 6.67 dBi 1.07934 0.937 

Copper Roger -28.36 6.67 dBi 1.07937 0.937 

Gold FR-4 -28.35 6.67 dBi 1.07946 0.937 

Gold Roger -28.35 6.67 dBi 1.07946 0.937 

5. Conclusion 

In this article, a micro-strip patch antenna is proposed for 
monitoring and controlling pacemaker. Biocompatibility have 
been checked by embedded the propounded antenna with 
pacemaker inside 2/3 muscle equivalent phantom. The depth is 
varied and analyzed to ensure same characteristics for any gender 
and any age’s people. S11 or reflection coefficient is found -28.37 
and the resonance frequency is found 2.464 GHz for 4.8 mm depth.  
Pacemaker is one of the vital device nowadays for heart patients, 
especially for arrhythmias patients. Any kind of interruption in 
working of pacemaker can turn a patient into death. Therefore, 
monitoring and controlling pacemaker is become most important 
issue for pacemaker holders. In conclusion, according to the 
antenna performance, the propounded antenna is biocompatible 
and applicable for medical application with proper output. 
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