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Abstract 

Objectives: For implantable devices, a miniaturized antenna structure is proposed to operate in ISM band. At 2.5 
GHz frequency the antenna is expected to operate. Methods/Statistical Analysis: A combination of E and U shaped 
slots on a rectangular patch design is proposed for biomedical applications especially operating in ISM band. The 
slots created here in order to changing the current path so that the radiation pattern acquired in excepted frequency. 
Findings: The E and U slots on a rectangular patch operates at 2.5 GHz and it provides good radiation pattern and gain.  
Applications/Improvements: Antennas dipped inside a human body are highly required for biotelemetry applications. 
Careful design of antenna is needed since the antennas are operated inside human body. The proposed structure gives good 
commitment towards the requirements.
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1.  Introduction 
In each and every activities of human life the advance-
ment of wireless communications plays a vital role. 
Body centered communication devices are the major 
research area in future. Unlike off-body or on body, in-
body devices have high level of complexity and poor 
environment. These in-body devices have the potential to 
wirelessly communicate to devices which are monitored 
continuously. The requirements of implantable radiating 
structure are different from free space antennas. Since 
the device is going to place inside human body the first 
and foremost requirement is the antenna size and also 
it should be compatible with human tissues. Since it is 
transmitting wirelessly to external device power consum-
ing capability and life time of the device can be added to 
requirements. Miniaturization of the implantable device 
can be accomplished by using CMOS technology. This is 
because of the recent developments in integrated circuits. 
Dielectric substrate with high permittivity, increase in 

radiating path and perfect matching of impedance are the 
some of the methods to lessen the volume of the radiating 
device1-5. 

Patient safety is the major consideration because 
human tissues may be in conductive nature, and it can 
short circuit the radiating structure if it is permitted to 
direct contact. There are two ways followed by researchers 
to avoid unwanted short circuits are made up the antenna 
on biocompatible material and coat the radiating 
element with biocompatible elements. Such materials are 
ceramic alumina and Tef lon. If implantable devices are 
used continuously the transceiver of the device will lose 
some energy and it leads to reduction of the lifetime of 
the device6. To avoid this, the device may be configured 
with dual band operation so that it can be operated in 
one band and put on sleep in another band. Inside the 
skin or muscle, the antenna is highly responsive to the 
environment and the properties of immersed antennas 
are severely affected, careful selection of material will 
reduce the undesired effects created by the human body. 
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Instead of immerse the antenna by operating; ingestible 
antennas are the advanced addition in the field of body 
centered wireless communication. 

For excellent communication link establishment 
between immersed antennas to the external device, the 
antenna must produce good radiation efficiency. There 
were two skin models used in recent researchers are one 
layer and three layer. Since multi layer of tissues in human 
body has different dielectric properties, the calculations 
related to layers must be handled carefully. Major design 
issues related to tissue model are absorbing nature of RF 
signals, reflections and interfaces, matching of antenna 
with tissues7.

In1, a novel double band implantable reception appa-
ratus with differentially bolstering is proposed. The 
planned receiving wire has created on substrate and 
covered by superstrate and both are made by Rogers 6010. 
Superstrate utilized here is to keep the receiving wire from 
undesired contact with directing tissues of human body. 
Double encouraging to the radio wire is presented in this 
examination, with the goal that the transmitting struc-
ture must be symmetrical. Winding shape two bolstering 
radio wire demonstrates some change consequently mis-
fortune. The thickness of the tissue can be fluctuated and 
again the receiving wire can be tried to know the double 
band task the proposed plan. 

In2, for implantable gadgets a double band receiving 
wire is proposed. This examination utilizes substrate and 
superstrate made by Rogers 3010. By shorting pin of the 
winding resonator double band task is accomplished. 

In3, double band reception apparatus with differential 
bolstering is proposed with in vitro testing. This explora-
tion portrays about the reenacting condition with regards 
to one layer and three-layer tissue show. Cubic state of the 
apparition is utilized here for testing. Substrate utilized is 
Rogers 3010 and there is no utilization f superstrate here 
not at all like past explores recorded previously. Rather 
than superstrate, the other method for protecting strategy 
is utilized here. Parylene-C is a biocompatible material 
covered the planned receiving wire. 

In4, double band implantable receiving wire is pro-
posed. Rogers’s 3010 substrate utilized here. Parylene-C 
is a biocompatible material covered the composed radio 
wire. The protecting material lessens the power disper-
sal because of undesirable short out impact made. Dipole 
radio wire alongside winding patch gives double band 
activity here.

2. Antenna Design 
The goal this proposed work is to design a small size 
implantable antenna operating in ISM band. Figure 1 
shows the three dimensional perception of the proposed 
structure with a substrate Rogers 3010 (εr = 10.2) and the 
height of the substrate is 0.635 mm. When we correlate 
the previous researches 1265.6 mm35, 1322.5 mm32 and 
691.515 mm34 with the proposed antenna, the size is 
minimum 19 mm × 26.4 mm × 0.635 mm (318.5 mm3). 

On a rectangular fix, first the E formed space has been 
made with the length and width of 1 mm1,2. To produce 
capacitive effect on the patch the U slot has been created 
so as the radiating element may be produce good radia-
tion on the desire direction3.

Figure 1.  Proposed antenna.

3. � Result Analysis and  
Discussions

Return loss of any patch antenna must be less than -10dB. 
The proposed antenna possesses -24.37dB at radiating 
frequency which is displayed in Figure 2. The Simulated 
gain of -35dB acquired at working ISM band recurrence 
displayed in Figure 3. The pattern of radiating element 
of proposed patch is shown in Figure 4 and it shows 
the power radiated bidirectional at 45 degrees. When 
compared to1,3,5 the proposed antenna gives good com-
mitment to achieve the desired operation. Since only the 
simulated results are displayed here, the measurement of 
this structure with an insulating layer (using biocompat-
ible material) can be done as future work.
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radiation pattern and return loss of -24dB. However, the 
proposed system can be modified to operate in MICS 
band also in future.
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Figure 3.  Gain and directivity.

Figure 4.  Radiation pattern.

Figure 2.  Return Loss (S1,1) in dB.

4.  Conclusion
A miniaturized rectangular patch with a combination of  
E and U shaped slot is demonstrated for ISM band appli-
cation. The Correlation between the proposed designs 
with previous researches is given. When compared to pre-
vious works, this antenna is small in size (318.5 mm3). At 
the resonant frequency the proposed design shows good 
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