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Abstract
In this work a compact size capacitive load dual band planar inverted-F implant antenna is presented.
The suggested antenna is modeled on RO3010 substrate that has a thickness of 2 mm, dielectric
constant of 10.2, and tangent loss of 0.0023 to operate at both the Medical Implant Communications
Services (MICS) and Industrial, Scienti�c, and Medical (ISM) bands. A capacitive load is inserted between
the patch and the ground plane to get a dual band and compact size implant antenna. The antenna size
is 20× 12×2 mm3. The antenna designed in this work operates at 402MHz with a return loss of -23.23dB
over a frequency band [397.15-409.4MHz] for MICS band and operates at 2.42GHz with a return loss of
-20dB over a frequency band [2.37-3GHz] for ISM band. The simulated gain is -27.52dBi at 402MHz for
MICS band and − 1.85dBi at 2.42GHz for ISM band. The proposed antenna has a good performance
inside three-layered tissue model. The Computer Simulation Technologies (CST) Microwave studio is
used to model and simulate the proposed antenna.

1. Introduction
Recently, Implant Medical Devices (IMDs) are commonly used for biomedical purposes. The key
component in IMDs is the implant antenna that used to transmit and receive electrical signal between the
human body and external monitoring system. Because the implantable antennas are inserted inside the
human body, many factors have to be considered such as compact size, patient safety, and radiation
e�ciency. Several techniques are used for antenna miniaturization purposes: in [1-3], substrate and
superstrate with a high dielectric constant were used to minimize the antenna size. In [4-9], a short-
circuited pin was inserted between the radiating conductor and the ground for antenna size
miniaturization.  Another technique is patch meandering used for antenna size reduction, [10-15].  The
current path is increased by meandering the patch. In [16], a �exible dual band circular ring slot implant
antenna with a compact size was proposed. An array of 2×2 metamaterial with Epsilon very large
property was printed on the superstrate of the implant slot antenna. The idea behind metamaterial
technique is to get gain enhancement (3dB gain enhancement was obtained at the operating frequency
of 2.45GHz). A miniaturized implantable wideband antenna was developed in [17] to work at Human
Body Communication (HBC) band. Helical copper foils are used to obtain a wideband antenna. The
copper radiating element is forming on two layers of �exible magnet sheet to get a miniaturized antenna. 

This work is an expansion to what we started in [6] and [7], where is [6] a single band planar inverted-F
implant antenna was built and optimized to cover the MICS band with a size of (28×36×2 mm3). While in
[7], to obtain a dual band implant antenna, a planar inverted-L section is added. The L-section dimensions
are optimized to cover the ISM band in addition to the MICS band that is covered by the planar inverted-F
section. The proposed antenna in [7] is of a size (27× 19×2 mm3). In this work, to obtain a dual band
implant antenna operates at both MICS and ISM bands with further size reduction, the planar inverted-L
section in [7] is replaced by a capacitive load inserted between the radiating conductor and the ground.
The proposed implant antenna is designed and simulated in Computer Simulation Technologies (CST)
Microwave studio. The paper is structured as follows; in section II, the antenna con�guration is presented.
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In section III and IV, simulation results and discussion are presented respectively. Simulated return loss at
different antenna depths and for different biocompatible layer thickness is given in section V. Finally,
conclusions are given in section VI.

2. Antenna Con�guration
The implant antenna presented in this work is built to be a compact size dual band planar inverted-F
implant antenna by inserting a capacitive load between the radiating conductor and the ground. The
planar inverted L section in [7] is removed and the short-circuited pin in the planar inverted F section is
replaced by a capacitive load. The antenna geometry is shown in Fig.1. The capacitive load value, the
feed point position with respect to the capacitive load, and the planar inverted-F dimensions are all
optimized such that both MICS and ISM bands are covered. The antenna dimensions are 20× 12× 2 mm3.
The capacitive value is 36pF, and a substrate with high dielectric constant; RO3010 with εr= 10.2, and
thickness of 2mm; is used. A size reduction of 53.2% is obtained compared with the antenna size in [7],
while a size reduction of 76.2% is obtained compared with the antenna size in [6]. In addition to the size
reduction, the proposed antenna still supports both MICS and ISM bands. The implant antenna is fed by
50 Ohm source impedance. In this design, safety issues are considered to avoid any direct contact
between the conducting material modeling by the radiating conductor and the human body. 

To satisfy this purpose an Alumina superstrate with (εr = 9.4, tanδ = 0.006, and thickness 0.1mm) is
used. The superstrate thickness is another parameter in our design that required to be optimized. In the
optimization, the pre-de�ned goals are the dual bands (MICS and ISM) in addition to the further size
reduction compared to that obtained in [6] and [7]. 

2.1 Three-Layer Tissue Model: CST Microwave studio is used to design and simulate the proposed
antenna. For simulation, three-layer tissue model is designed consisting of skin of thickness 2 mm, fat of
thickness 4 mm, and muscle of thickness 8 mm. The antenna is inserted in the muscle layer at a distance
of 8 mm from the skin-air interface and a distance of 2 mm from the fat-muscle interface. Electrical
properties of the skin, fat and muscle tissues in Table 1 are used in the design. A phantom of size
70×60×14 mm3 is used to represent the model for the implant antenna under human chest. Figure 2
shows the average-thickness of three-layer tissue model. The skin, fat, and muscle are modeled in CST as
a dielectric dispersion. The dielectric constant and conductivity values in Table 1 are inserted at both 402
MHz and 2.45 GHz to model the three-layer human tissue at both MICS and ISM bands. Where the
dielectric constant value decreases by increasing the frequency, while the opposite is for the conductivity,
[18] and [19].
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3. Simulation Results
The return loss of the implant antenna for MICS band is shown in Fig.3a. while the return loss for ISM
band is shown in Fig.3b. In addition, the simulated surface current density and electric �eld intensity at
402 MHz for the MICS band and at 2.42 GHz for the ISM band are shown respectively in Fig.4 and Fig.5.
Simulated far-�eld patterns are shown in Fig.6 for the azimuth pattern (theta = 90o) and the elevation
pattern (phi = 0) at 402 MHz and 2.42 GHz respectively.

4. Discussion And Analysis Of The Results
As could be noticed from Fig.3, the presented antenna is a dual band antenna. It covers a frequency band
of 12.25 MHz [397.15-409.4 MHz] for MICS band with a return loss of -23.23 dB at 402 MHz. For the ISM
band it covers a wide bandwidth of 630 MHz [2.37-3.00 GHz] with a return loss of -20dB at 2.42 GHz. A
very good bandwidth enhancement is obtained, especially at the ISM band, due to the capacitive load
effect in addition to 53.2% size reduction compared to the results in [7]. A size reduction of 76.2% is
obtained compared to the results in [6]. The bandwidth enhancement at MICS and ISM band is calculated
to be 23.3% and 87.3% respectively compared to the achieved bandwidth for the planar inverted F-L
implant antenna in [7]. 

Human safety is an essential issue, so the average Speci�c Absorption Rate (SAR) value is very important
in the design of biomedical antennas. The SAR value measures the absorbed power by a unit mass of
biological tissue. The optimal SAR value is less than 1.6 W/Kg for C95.1-1999 system and less than 2
W/kg for C95.1-2005. For our design, the simulated SAR value based on 1 W input power at 402 MHz is
145.13 W/kg for 1g model and 42.56W/kg for 10g model. Similarly, the simulated SAR value at 2.42 GHz
is 135.29 W/kg for 1g model and 41.87W/kg for 10g model. To be within the optimal values for the SAR,
the maximum input power has to be reduced to 11mW (1 g) and 46.98 mW (10g) at 402 MHz for the
MICS band. For the ISM band, the peak input power has to be reduced to 11.82mW (1 g) and 47.7 mW
(10g) at 2.42 GHz.
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At 402 MHz, the highest current density is mostly focused at the center, which means that the half-
wavelength mode is excited. While at 2.42 GHz, the current peak values are mostly focused at the edges
of the structure, which means that the full-wavelength mode is excited, Fig.4. For the electric-�eld
intensity, it has its peak value on the center of the structure at 402 MHz. While the �eld peak values occur
on the edges at 2.42 GHz as Fig.5 shows.

The antenna far-�elds shown in Fig.6 are mostly directed away from the three-layer body model for both
bands. The radiation pattern for the ISM band shows a null at theta=±π/4. The calculated gain for MICS
band at 402 MHz is -27.52dBi and for the ISM band at 2.42 GHz is -1.85dBi. Low gain is a drawback in
the design of the implantable antennas and a lot of researches focus on the gain enhancement
techniques, [16], and [20-23]. A summary of the results obtained by this work in comparison to other
works is given in Table 2.

5. Parametric Study
The simulated return loss for both MICS and ISM band at different implantable antenna depths is
studied, Fig.7a, and Fig.7b respectively. The depth of the antenna for MICS band affects the matching at
402MHz, while for ISM band, the antenna depth affects both resonant frequency and the bandwidth. In
addition, the simulated return loss for both MICS and ISM band at different biocompatible layer thickness
is studied, Fig.8a, and Fig.8b respectively. 

Table 2

 A summary of the results obtained by this work in comparison to other works
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Substrate Gain (dBi)

MICS          
ISM

Frequency
bands

Antenna sizeRef.

Roger-
RT6010

-33              
 -16

MICS, ISM14×17×0.25 mm3[3]

Rogers-
RO3010

-18                
 --

MICS24×32×2 mm3[6]

Rogers-
RO3010

-30.14          
2.45

MICS, ISM27× 19×2 mm3[7]

Rogers-
RO3010

-46              
 -19 

MICS, ISM14×14×1.27 mm3[8]

Rogers-
RO3010

-35.6          
 -26.3 

MICS, ISM
(902MHz)

Loop antenna of radius 5.5 mm and
height 0.635 mm

[11]

Kapton
polyimide

--                
 -12

ISM10×10×0.4 mm3  [16]

Rogers-
RO3010

-27.52        
 -1.85 

MICS, ISM20× 12×2 mm3This
work

 

For MICS band, the resonant frequency increases by increasing the biocompatible layer thickness. For
ISM band, the resonant frequency still the same for biocompatible layer thickness of 0.1mm and
0.15mm. At 0.2mm thickness, the resonant frequency is shifted to the right by 51MHz.

6. Conclusions
 This paper represents a capacitive load dual band planar inverted-F antenna designed for biomedical
purposes. The antenna with the three-layer human tissue model is designed and simulated using CST.
The proposed antenna operates for both MICS band at 402MHz [397.15-409.4MHz] and ISM bands at
2.42GHz [2.37-3GHz] with a compact size of dimensions 20×12×2 mm3. The antenna is modeled on
RO3010 substrate and covered with an Alumina superstrate to guarantee safety issues for human body.
In this paper by inserting a capacitive load, then a dual-band antenna is obtained with no need for a
parasitic element. In addition, further size reduction is obtained. The presented antenna works for MICS
band at 402MHz with a return loss of -23.23dB and for ISM band at 2.42GHz with a return loss of –20dB.
The simulated gain is found as -27.52dBi at 402MHz and -1.85dBi at 2.42GHz. Low gain values can be
considered as a challenge in the design of implantable antennas. To overcome this issue, several
techniques could be used and this will be discussed as a future work.

For safety issue, the peak input power is required to be less than 11 mW (1 g) and 46.98mW (10g) at 402
MHz for the MICS band and 11.82mW (1 g) and 47.7mW (10g) at 2.42 GHz for the ISM band. The far-
�eld patterns for both bands are mostly directed away from the body.
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Figure 1

(a) Top view of the capacitive load dual band planar inverted-F implant antenna, and (b) side view of the
capacitive load dual band planar inverted-F implant antenna.
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Figure 2

The capacitive load planar inverted-F implant antenna implanted in the muscle layer of a three-layer
human tissue model.

Figure 3
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Simulated return loss of the capacitive load planar inverted-F implant antenna: (a) MICS band, and (b)
ISM band.

Figure 4

Simulated current density distribution of the capacitive load planar inverted-F implant antenna at: (a)
402MHz, and (b) 2.42GHz.
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Figure 5

Simulated electric-�eld intensity of the capacitive load planar inverted-F implant antenna at: (a) 402MHz,
and (b) 2.42GHz.           
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Figure 6

Simulated far-�elds of the capacitive load planar inverted-F implant antenna: (a) Azimuth pattern (theta =
90o) at 402 MHz (dash line) and 2.42 GHz (solid line), and (b) Elevation pattern (phi = 0) at 402 MHz
(dash line) and 2.42 GHz (solid line).
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Figure 7

Simulated return loss at different implantable depths: (a) MICS band, and (b) ISM band.
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Figure 8

Simulated return loss at different biocompatible layer thickness: (a) MICS band, and (b) ISM band.


