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ABSTRACT 
Nowadays in medical field, Neural Recording Systems for neural disorders are facing many challenges in case of emergencies. 

Hence there arises the need for some special devices with dual polarized antenna structure which composes of single arm spiral 

Biocompatible and firm antennas. These antennas are designed to achieve entire entrenched to air data communication. In this 

paper, dual polarization antennas are designed for the frequency range of both 3.1-10.6 GHz UWB and 2.8 GHz ISM Band. The 

design is simulated by using Ansoft HFSS software. The Biocompatible antenna is placed in between the six layers of the head in 

the alternative novel phantom model. The neural recording is made through the signal received to the firm antenna which is 

placed out of the head model. In the simulation of proposed design, current distribution within the antenna design area and 

leakage of current into the human brain, radiation pattern, Specific Absorption Rate and radiated power are analyzed. From the 

analysis, it is clear that the antenna supports dual polarization and hence angular misalignment problem has been rectified.. 

 
KEYWORDS:  UWB, Ansoft HFSS, ISM Band, angular misalignment, dual polarization, neural recording system. 

 
INTRODUCTION 

 
 There is an emerging challenge for entrenched to air data communication to obtain the natural 
electrophysiological data collected from monitoring embed systems.These growing devices are necessary 
elements in advancement of modern medical applications for analysis and medication of neural disorders and for 
the controlling of powered wheel chairs and prosthetic devices [6]. Figure-1 shows the neural recording 
application that demand air link between entrenched devices and an exterior controller. 
 Ultra Wideband (UWB) is a growing technology for upcoming short-range wireless technology with higher 
data rates in addition to radar and geolocation. In1989 that the name “Ultra Wide band” developed in a journal 
of department of defense in the United States (U.S.) and the initial copyright along with the literal phrase “UWB 
antenna” was filed for Hughes in 1993. To assure the coexistence of UWB among other communication 
standards, the authority transmitted power is constantly low which restricts the development of UWB 
communication systems with very higher data rates and/or the coverage of larger distances [11]. While UWB 
systems engage the transmission and reception of short pulses, the distinction of radiated amplitudes and phases 
above the frequency contribute to the alteration of the pulse [12].                                                           
 Ultra wide Band (UWB) and the Industrial, Scientific and Medical radio Band (ISM) radio frequency 
signals are transmitted in the unlicensed Federal Communications Commission (FCC) approved frequency 
ranges of 3.1-10.6 GHz and 2.8 GHz respectively [4].UWB proposed more rewards compared to the traditional 
narrowband systems such as miniature antenna size, extreme data rate, lesser power consumption and lower 
complexity on the transmitter side [3]. 
 The Biocompatible antennas sustaining both   
1) Ultra wide band frequency (higher-data-rate reverse telemetry link) of the neural recording data. 
2) ISM Band frequency (smaller-data-rate onward link) of manage/trigger signals [10]. 
 Antennas are having miniature structure surrounded by biological material. These antennas have an 
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identical difference in radiation pattern and return loss associated to those in air medium [5]. The characteristic 
impedances of biological material differ significantly, and so delicate impedance matching is needed. Return 
loss should be estimated in the occurrence of biological material around the antenna. 

 
 
Fig. 1: General Methodology for Neural Recording System. 
 
 Wireless biocompatible UWB transmitters particularly designed for data possession systems implant into 
human head for neural recording have been examined [6]. The transmission loss for human brain in the 100 
MHz to 6 GHz frequency range has been considered in [4].  
 Various body worn antennas are flexible that have been designed enchanting into account the consequences 
of biological material [3]. In [14] different kinds of biocompatible antennas were designed for ISM and Med-
Radio bands [1]. In these work, all described entrenched microstrip UWB antennas are firm antennas. 
 In order to reduce this problem, dual-polarization TX and RX antennas can be used [14](. In recent times 
rigid, single-arm spiral antennas have been used for capsule endoscopy, body area networks and implantable 
neural recording systems, and. The antennas presented in (L. V. Vallozzi et al 2010) are lesser bandwidth and 
operate at frequencies lower than those of UWB communications. These antennas were also inflexible. The firm 
antenna in, was designed not taking into consideration of the biological tissue effects [2]. 
  In [6], a method was introduced for designing a dependable wireless link for neural recording system using 
biological tissue modeling and designing appropriate antennas in UWB technology. Two UWB microstrip 
monopole antennas were designed as biocompatible transmitter antennas and a receiver antenna. 
 Implant ultra-wideband antenna is focused to restraint that formulates their design complex. These 
limitations among others are: smaller footprint, flexibility, higher bandwidth, and biocompatible substrate (to 
prevent tissue injure). Planar monopole antennas have the capability to meet these limitations for entrenched 
biomedical system   and [12] But, angular misalignment problem between planar monopole antennas degrades 
the antenna performance. 
 In the preceding system, most narrowband flexible entrenched antennas descripted in the literature are 
single polarization. They designed a rigid single polarization microstrip UWB antenna for neural recording 
systems. Single polarization antennas operation gets corrupted in the occurrence of angular misalignment 
between transmitter and receiver antennas. To overcome this drawback dual polarization antennas can be used. 
Biocompatible antenna with adaptable substrates is used as they are feasible. In (H. R. Khaleel, et al 2012) a 
kind of Kapton Polyimide substrate exposed these structures. In this work, the antennas design for Neural 
Recording System are proposed and presented. 
  
Antenna Design: 
 In this work, the following UWB/ISM Band antennas along with phantom model are designed to meet the 
efficient Neural Recordings. 
1. Biocompatible Transmitter Antenna 
2. Firm Receiver Antenna 
3. Phantom Model Design 
 The transmitter antenna is used for continuous monitoring of real time signals of human vitals (EEG, 
Neural Activity). The rigid receiver antenna is used for receiving signal from the transmitter antenna. The 
phantom model is used to place the antenna in the proper location of head. 
 
Biocompatible Transmitter Antenna: 
 The transmitter antenna with dual-polarization antenna is realized as single-arm spiral antennas. The 
antenna is covered with a biocompatible material.  0.1 mm Kapton polyimide with a relative permittivity of 3.5 
is used as a flexible substrate in the proposed antenna design. The feed circuit coplanar waveguide transmission 
line (CPW) contains 50Ω impedance covers the frequency range of 2–11 GHz. 
  Figure-2 shows the transmitter antenna covered with a flexible substrate (Kapton polyimide) and CPW 
lumped port as a feed circuit.  
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Transmitter Antenna      CPW Lumped Port 
 
Fig. 2: CPW Lumped port of Biocompatible Transmitter Antenna. 
 
Phantom Model Design: 
 Six materials are used to design the human head model phantom design. The Characteristics of material for 
designing human phantom head model is shown in Table 1. 
 
Table 1: Phantom material. 

Layer 
Relative Permittivity 

 

Conductivity 
(S/m) 

 
Thickness      (mm) 

Skin 38.1 1.44 0.5 
Fat 5.29 0.102 0.5 

Bone 11.41 0.385 3 
Dura 42.1 1.64 0.5 
CSF 66.3 3.41 0.5 
Brain 42.6 1.48 30 

 
 These six materials can be assigned by clicking on ASSIGN MATERIAL option present in the window tab 
or by choosing from the property window using HFSS Ansoft Software. 
 Figure-3 shows the six different layers of phantom model of human head. 

 
 
Fig. 3: Phantom model of Human Head. 
 
 The antenna is placed such that three layers such as Skin, Fat and Bone are above the antenna and 
remaining three layers such as Dura, CSF and Brain are below the antenna. The Embedding of designed 
transmitter antenna in the head the neural signals are obtained is shown in Figure-4. 
 The firm receiver antenna is placed out of the head model, receiving the signal from the implantable 
transmitter antenna.       
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Fig. 4: Embedding of Human Head Phantom Model. 
 
Firm Receiver Antenna: 
 The firm receiver antenna design process is trouble free because it has low restrained in dimension and 
flexibility. The receiver antenna is made-up of FR4 substrate (relative permittivity 4.4) having microstrip wave 
port. The firm receiver antenna also has the same structure as that of biocompatible transmitter antennas.  
 Both biocompatible transmitter antenna and firm receiver antenna have dual polarization. The Receiver 
Antenna along with its Microstrip Wave port is shown in Figure-5 
 

 
Receiver Antenna              Microstrip Port 

 
Fig. 5: Microstrip Wave port of Firm Receiver Antenna. 
 

RESULTS AND DISCUSSION 
 
 The designed proposed antennas are simulated using Ansoft HFSS. The initial step of design is fine-tuning 
the CPW transmission line to have 50 Ω impedance of the interested frequency range over (2-11GHz) and also 
integrate a spiral antenna structure that produces a current evenly on the antenna. And then accomplish a S11 
below -10dB in the frequency range over (2–11 GHz) by matching the spiral antenna to the 50Ω transmission 
line. To increase S11 bandwidth (as maintaining it below -10dB), the width of each rectangle in the spiral 
antenna is tuned. The performance measuring parameter of biocompatible transmitter antenna such as Return 
Loss, Radiation Pattern, Current Distribution, Specific Absorption Rate and Radiated Power are obtained and 
shown in Figure 6(a) to 6(e) respectively. 

 

 
 
Fig. 6: (a) Return Loss Plot. 
 
 From Figure-6(a), the simulated return loss for the proposed dual band biocompatible single arm spiral 
antenna is -13.09dB at 2.8 GHz and the second band is   -19.6dB at 9 GHz. 



132     Dr. D. Selvathi and K. Rukmani, 2015/ Advances in Natural and Applied Sciences. 9(17) Special 2015, Pages: 128-135 

 
 
Fig. 6: (b) Radiation Pattern Plot 
 
 From Figure-6(b), the simulated radiation pattern for proposed dual band biocompatible single arm spiral 
antenna is measured while the antenna is embedded in to the Human Head Phantom Model Design. This 
antenna radiates in Horizontal direction. 
 

 
    
 
Fig. 6: (c) Current Distribution. 
 

 

Fig. 6: (d) Specific Absorption Rate. 
 

 From Figure-6(c), it is inferred that the Current distribution is within the proposed biocompatible single arm 
spiral antenna design area and thus leakage of current into the human brain is reduced. 
 

 
 
Fig. 6: (e) Radiated Power. 
 
 From Figure-6(d) and Figure-6(e), it can be observed that the Specific Absorption Rate and radiated power 
within the proposed biocompatible single arm spiral antenna design area is low because this antenna placed 
inside the human brain and thus the radiated power into the human brain is 0.867Watts. 
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 The designed proposed Firm receiver antenna is simulated using Ansoft HFSS. The first step of design is 
tuned the Microstrip transmission line to have 50Ω impedance of the ISM Band frequency range. The 
performance measuring parameter of receiver antenna such as Return Loss, Radiation Pattern, Current 
Distribution, Specific Absorption Rate and Radiated Power are obtained and shown in Figure 7(a) to 7(e) 
respectively. 

 
 
Fig. 7: (a) Return Loss Plot. 
      
 From Figure-7(a), the simulated return loss for the proposed Firm receiver single arm spiral antenna is -
21.09dB at 2.8 GHz .It is inferred that in using wave port instead of lumped port there is further decrease in the 
return loss value. 
 

 
 
Fig. 7: (b) Radiation Pattern Plot. 
 
 From Figure-7(b), the simulated radiation pattern for proposed Firm Receiver single arm spiral antenna is 
measured while the antenna is placed outside of the Human Head. This antenna radiates Vertical direction. 
 By comparing the radiation pattern of both Transmitter and Receiver Antenna, it is clear that the antenna 
supports dual polarization (Transmitter Antenna- Vertical Polarization, Receiver Antenna-Horizontal 
Polarization), and the angular misalignment problem has been rectified. 
 

 
 
 
Fig 7: (c) Current Distribution. 
 
 From Figure-7(c), the Current Distribution is within the proposed Firm Receiver single arm spiral antenna 
design area and thus leakage of current into this antenna is slightly higher compared to the transmitter antenna 
because it is placed outside of the human head. 
 From Figure-7(d) and Figure-7(e), the Specific Absorption Rate and radiated power within the proposed 
single arm spiral antenna design area is slightly high than the transmitter antenna and thus the radiated power is 
4.09Watts.           
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 It can be concluded that for both transmitter and receiver antennas S11 is below -10dB in the   2– 11 GHz 
frequency range. The simulation results demonstrated the applicability of the proposed methodology to design 
an antenna for Neural Recording System to operate in UWB and ISM Band Ranges. 
 

 
 
Fig. 7: (d) Specific Absorption Rate. 
 

 
 
Fig. 7: (e) Radiated Power. 
 
Conclusion: 
 In the proposed methodology, the Biocompatible Transmitter antenna along with Head phantom Model and 
Firm Receiver antennas are designed with UWB/ISM Band. These antennas cover the frequency ranges of 2-
11GHz. The transmitter and receiver antenna design has a bandwidth of 9 GHz and 2.8 GHz respectively. It is 
found that when the wave port is used instead of lumped port there is further decrease in the return loss value for 
receiver antenna. The current distribution is within the antenna design area and thus leakage of current into the 
human brain is reduced. The Specific Absorption Rate and radiated power within the proposed biocompatible 
antenna design area is lower because this antenna placed inside the human brain and thus the radiated power 
into the human brain is 0.867 Watts.  
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