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Abstract--- An  implantable  CPW  fed  X-shaped  

monopole antenna  operating  in  the  ISM  band  (2.4–2.48  

GHz)  for biomedical  applications.  The proposed antenna is 

made compatible for implantation by embedding it in an 

Al2O3 ceramic substrate. A study of sensitivity of the antenna 
performance as a function of the dielectric parameters of the 

environment in which it is immersed was performed.  The  

proposed  antenna  is simulated  using  the  method  of  

moment’s  software  IE3D  by assuming  the  predetermined  

dielectric  constant  for  the  human muscle  tissue,  fat  and  

skin and  the  parameters  of  the  antenna such as return loss, 

radiation pattern, and VSWR are plotted. 
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I. INTRODUCTION 

ROGRESS in technology becomes an unquestionable 

prerequisite to meet the increasing demand in medical 

field for improved health care. To make this possible in quick 

time, all we need is the knowledge co-ordination of 

engineering and medicine people.  This leads  to  the  
development  of  lots  of erudite  medical equipment  to  meet  

the present-day trends. Exploitation  of electromagnetic  

energy  in  the  field  of medicine implicates  the  usage  of  

antennas  of  one  kind  or other,  for  coupling  this  energy  

into  human  body  or  into  other biological systems.Primarily, 

medical applications of microwaves can be classified into two 

categories: therapy and diagnostics. In therapeutically 

systems, antennas are used as system elements to produce 

hyperthermia for treating cancer. In  diagnostic  systems,  

antennas  are  used  to  couple electromagnetic  energy  in  and  

out  of  the  body.  These signals are then examined to study 
various physiological parameters. 

Implantable  antenna  provides  a  better  means  of 

communication  from  human  body  or  animal  body  to  

external environment.  Implantable  devices  promise  better 

improvements in patient’s care and quality of life. This made 

the  research  people  show  keen  interest  on  the  study  of 

implantable  antennas.  These  researches  result  in  the 

innovation of glucose monitoring, pacemaker 

communication,insulin  pumps,  endoscopy,  retinal  prosthesis  

and  blood pressure monitoring in the field of biomedical 

engineering.Some  patients  find  difficulty  in  checking  up  

their  health condition  daily  at  the  hospital.  This  proposed  

                                                        
Rajalakshmi.J, Master of Engineering, Electronics and Communication 

Engineering, Anna University, Chennai, India. E-

mail:lakshmijeyapal@gmail.com 

 

system  may  be better  replacement  for  this  issue.  In  such  

a  case,a home  care unit can be placed in the patient’s 

house.These units with the accessory  networking  devices  

communicate  patient  condition regularly to the concern 

person at the hospital . 

Medical implant devices had to be magnetically coupled to 

external equipment’s. This magnetic coupling required that the 

device  implanted  in  the  patient  should  be  in  very  close 

proximity  to  the  external  monitoring  device,  often 

necessitating  body  contact  for  proper  operation.  In  

addition,medical implant  devices  operated  with  very  slow  

data  rates due  to  inductive  communication,  need  a  lot  of  

time  for  the required data transfer. This has been changed by 

establishment of  Medical  Implant  Communication  Services  
(MICS).Therefore,  the  MICS  overcomes  the  limitations  of  

medical implant  devices.  An  antenna  can  be  designed  in  

either  air  or the dielectric of the body. If the antenna is 

designed in air, the antenna’s  best  performance  will  be  

achieved  when  air surrounds the implant. If the implanted 

antenna is designed in the  dielectric  of  the  body,  the  best  

performance  from  the implant  will  be  achieved  when  the  

implant  is  actually  inside the body cavity. 

Therefore, to design an implanted antenna, it is essential to 

place  the  implant  in  the  medium  in  which it  will  be  
expected to  operate.    In  this  paper,  an  implantable  

antenna  is  proposed for  ISM  (Industrial  Scientific  

Medical)  applications.  The proposed  antenna  is  found  to  

be  compact  in  size  and  have reasonable  return  loss  of  -

10dB  to  cover  the  ISM  band.Furthermore,  the  return  loss  

property  of  the  antenna  is insensitive  to  the  variation  in 

the  electrical  properties of  the human  body . The MICS 

frequency band has been chosen to  reduce  the  wave  

attenuation  in  the  complex  human environment. As  a  

drawback,  the  use  of  the  MICS  band requires  electrically  

very  small  antennas. Until  now, Microstrip  (or)  PIFA  was  
proposed  for  implantable  devices, which were covered with 

dielectric materials in the frequency band  of  402- 405  MHz  

[8]. We  simulate  this  antenna  which can  be  effectively  be  

used  for 2.45GHz  Industrial  Scientific Medical (ISM) band. 

The use of bigger implantable units restricts the distance of 

transmission of the signal. This is due to the fact that our body 

fluids  and  skin  greatly  attenuate  the  signal.  This  has  the 

adverse  effect  on  transmission  power  and  the  coverage.  

Such problems  can  be  eluded  by  the  usage  of  repeater  

units.  The radiation  characteristics  of  tissue  implantable  
antenna mounted over human body is simulated using IE3D 

software. 
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II. ANTENNA GEOMETRY 

The  antenna,  presented  in  this  paper,  is  an  

implantable CPW  fed X-shaped  monopole  antenna  

embedded  in Al2O3 ceramic  substrate.  This is due to the 

fact that X-shaped geometries can be providing significantly 

larger bandwidths than patch antennas. The top view of the 

antenna is shown in Fig.1. The antenna design procedure 

consists of two steps. 

 

 

Fig. 1: Proposed Antenna Structure (All dimensions are in 
mm) 

First, the implantable CPW fed X-shaped monopole 

antenna was designed to operate in the 2.45 GHz for ISM 

band in free space.  Second  is  to  add  one  layer  of  liquid,  

mimicking  the dielectric  characteristics  of  human  muscle  

tissue  at  2.45 GHz below  the  substrate.  The  feeding  

structure  of  the X-shaped monopole antenna  consists  of  a 

Coplanar Waveguide  (CPW) with  50 Ω impedance.    

Matching  the  mode  impedance  of  the CPW  to 50 Ω is 

obtained  by  tuning  the  distance  between  the tracks  and,  

as  well  as  the  width  of  the  tracks  as  shown  in Fig.1. The 
values for each couple of dielectric constants and related 

conductivity are reported in Table 1. It is noted that the minor 

variations reported in Table 1 does not have much effect over 

antenna behavior. 

Table 1: Dielectric Properties of Human Tissues 

Tissue Permittivity(εr) 
 

Conductivity(σ) 
 

Muscle 52.7 1.73 

Skin 38 1.46 

Fat 5.28 0.10 

Bone 18.54 0.80 

Theantenna was simulated using Al2O3 ceramic substrate 

with thickness of 1mm  and  dielectric  constant εr  of 9.8 and 

implanted into muscle, skin, fat and bone with permittivity and 

Conductivity as  tabulated  in  table1[6]. The  proposed  

antenna thickness  and  various  human  tissues  thickness  is  

shown  in Table.2. 

Table 2: Proposed Antenna and Human Tissues Thickness 

Human Tissues Thickness 

Skin 4mm 

Fat 4mm 

Antenna 1mm 

Muscle 8mm 

III. SIMULATION AND RESULTS DISCUSSION 

The radiation characteristics of tissue implantable antenna 

mounted over human body is simulated using IE3D software. 

The antenna shows the return loss of -20.5 dB for 2.45 GHz, 

which  in  turn  covers  the  ISM  band as  shown  in  the  

Fig.3. -10dB impedance bandwidth of the designed    antenna     

is 8.8% for 2.35GHZ to 2.55GHZ.  The  implanted  antenna  is  

simulated  in  a  tissue  medium using  IE3D  software. The 

VSWR is illustrated in Fig.4.  The antenna shows good 

impedance matching (around 50Ω) with VSWR of 1.2 in the 

resonant frequency of 2.45GHz. Fig.5 shows effective current 
distribution of proposed antenna. The radiation  characteristics  

of  the  proposed  antenna  such  as elevation  and  azimuth  

patterns at 2.45 GHz are  as  shown  in Fig.6 and Fig.7 

respectively.   

 

Figure 2: Return Loss for 2.4GHz 

 

Figure 3: VSWR for 2.4GHz 
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Figure 4: Current Distribution 

 

Figure 5: Elevation Pattern for 1.42 GHz 

 

Figure 6: Azimuth Pattern for 1.42 GHz 

 

Figure 7: Z-Parameter Analysis 

 

Figure 8: Output Gain Analysis 

IV. CONCLUSION  

A flexible  implantable  CPW  fed X-shaped  monopole 

antenna  for  biomedical  applications  is  presented  with  a 
compact size of 11x10x1 mm3. The proposed antenna was 

analyzed by mentor graphics software IE3D.  Due  to better 

dielectric constant and quality factor of the ceramic substrates, 

implantable antenna exhibit lower return loss (-20.5dB), good 

VSWR (around 1), better impedance  matching  at 50 Ω  with 

CPW structure. Therefore, the proposed antenna is the suitable 

structure for ISM band (2.4 – 2.48 GHz) frequency of 2.45 

GHz for the field of biomedical engineering applications. 
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