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Abstract — This paper presents two antennas at 434 MHz for 
neuro motor prosthesis. The implanted antenna consists of a 
meandered dipole that can be positioned on the head. The 
external antenna is a high permittivity periodic structure loaded 
planar dipole antenna which is of low profile and has high 
directivity. Both the antennas are optimized with the head tissues 
that are approximated by three homogeneous layers consisting of 
skin, fat, and muscle. The antenna system exhibits a link loss of 
about 14 dB when the antennas are placed 8 cm away from each 
other, which has been successfully applied in a neural motor 
prosthetic system. 

Index Terms— Implanted antenna, ISM band, telemetry, 
dipole, neuroprostheses, wireless implants. 

I. INTRODUCTION 

Paralysis is a debilitating disease of the neuromuscular 
system identified by partial or complete loss of motor 
functions, which has affected millions of people worldwide. 
Among the common causes, stroke, spinal cord injury, 
traumatic brain injury, and multiple sclerosis are highly cited. 
Over 5 million people in the United States and nearly 40,000 
people in Singapore suffer from the disease in some form or 
another. Among those, tetraplegia, a type of paralysis that 
hinders all four limbs, is the most difficult to manage. Most of 
the care for paralysis is largely palliative. At present, studies 
targeting nerve repair through stem cell research and tissue 
engineering are still in their infancy. The damaged nerves 
regrow but very slowly, and often the damage is too severe to 
heal.  

A potential treatment for paralysis is to route control 
signals from the brain around the injury by artificial 
connections. Such signals could then control electrical 
stimulation of muscles, thereby restoring volitional movement 
to paralysed limbs. Recent studies have shown that tetraplegic 
patients can consciously control the activity of nerve cells or 
neurons in the motor cortex responsible for upper limb 
movements, even after several years of paralysis [12]. This 
finding has raised great expectations among the paralyzed 
patients for a neuromotor prosthetic device, a medical implant 
that aims to replace or restore lost motor functions in paralysed 
humans by routing movement-related signals from the brain, 
around damaged parts of the nervous system, to external 
effectors such as robot arm, wheel chair, or even patients’ own 
muscles via functional electrical stimulation. Experiments on 

monkeys and humans have established the proof of concept by 
recording from a relatively small number of neurons than 
initially thought; suggesting that neuromotor prosthesis based 
upon intracortical neuronal ensemble spiking activity could 
provide a valuable new neurotechnology to restore 
independence for humans with paralysis. In these studies, the 
subjects have successfully controlled a computer cursor or a 
robot arm through an implant, intracortical neural probe 
(array), inserted into the region of motor cortex responsible for 
hand movements.  

Despite the encouraging results, they are not ready for 
clinical use as they undermine the patient safety by tethering 
the subject to a rack of instruments through cable connections 
for power/data transmission. This approach not only creates 
inconvenience to the subject but also exposes the subject to a 
great concern by putting him or her at a risk of brain infection 
[34]. Moreover, the sophisticated instruments for decoding 
neural signals and generating action commands demand the 
presence of a technician to monitor, troubleshoot and calibrate. 
Furthermore, the probe-tissue interface where the 
inflammatory response to foreign body triggers a scar tissue 
formation around the probes encapsulating and isolating them 
from neurons. This isolation degrades the recording stability 
and signal quality over time, deteriorating the device 
performance in chronic implants. 

Therefore, in order to ensure patient safety and reduce the 
risk of infection, the use of the cables should be eliminated and 
data should be sent to the external controller wirelessly [56]. 
The antennas on the head as well as the controller play a 
critical role in ensuring the quality and reliability of the 
received signals. Most of the studies have been conducted with 
the antennas implanted inside the head at 915 MHz, 2.45 GHz, 
and 4 GHz for various applications such as monitoring, 
diagnosis, and treatment [711]. Despite the constraints such 
as the low data rate and large antenna size at 400 MHz, the 
attenuation at this frequency in the human body is much lower. 
The drawbacks of low data rate and large antenna size can be 
mitigated by increasing the antenna system bandwidth and 
using antenna miniaturization techniques with the high 
dielectric constant of the head tissues.  

In this paper, the antenna designs for both the head and 
external controller at 434 MHz are presented. As this is a 
preliminary effort to facilitate the integration with the entire 
system for the primate (monkey) testing, which is conducted 



with the transceiver placed above the head of the primate, 
therefore the optimization of the implant antenna was carried 
out above the head. In the actual application, the antenna can 
be made much smaller when it is implanted inside the head due 
to the high dielectric constant of the surrounding tissues. The 
transmission between the antennas is also characterized. The 
results suggest that the antennas can be deployed in the 
wireless systems for neural motor prosthesis. 

II. ANTENNA DESIGNS 

A. Head Antenna 

The head antenna design is shown in Fig. 1(a). It is 
designed and fabricated on a piece of Rogers4003C (r = 3.38, 
tan = 0.003) printed circuit board (PCB). The overall size of 
the PCB is 50 × 30 × 0.8 mm3. The radiator of the antenna 
comprises a series of meandering strips of width 0.5 mm. The 
separation between the strips is 0.5 mm. By adjusting the 
length of the strips, the matching at the desired frequency can 
be achieved. For this study, the antenna is co-designed in the 
presence of the head with the tissue parameters shown in Table 
I [12]. In order to facilitate the primate experiment, the antenna 
is designed to be placed on top of the head. The two holes of 
diameter 0.7 mm and 1 mm, with a pitch of 2 mm are made so 
that the antenna can be fed using the 50- MMCX connector. 
As shown in Fig. 1(b), the antenna is placed about 20 mm 
away from the top of the head, which is modeled as 
homogeneous layers of skin, fat, and bone. 
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Fig. 1. (a) Head antenna design; (b) Configuration of antenna on head 
tissues. 
 
 
 
 

TABLE I.  TISSUE PARAMETERS AT 434 MHZ 

 Skin Fat Bone 

Relative Permittivity 46.1 5.57 13.1 

Conductivity (S/m) 0.702 0.0417 0.0944 

Thickness (mm) 1 2 7 

B. External Antenna 

A compact planar dipole antenna loaded with a high 
permittivity periodic structure (HPPS) is presented for size 
reduction, while maintaining the high gain. The high 
permittivity can be achieved across a broad bandwidth. This 
phenomenon is attributed to the strong electromagnetic 
coupling between the opposite crossly positioned overlapping 
square patches.  

The HPPS loaded dipole antenna generates much stronger 
and more evenly distributed magnetic-field and surface current 
in a larger aperture of the antenna. Such strongly and 
uniformly distributed field associated with the anisotropic 
HPPS greatly enhances the illumination efficiency of the 
antenna aperture and thus improves the gain of the antenna. As 
shown in Fig. 2, the HPPS is fabricated on two pieces of 
Rogers4003C substrate, each having a thickness of 0.8 mm. 
The size of the patches on the top layer is 42.5 × 42.5 mm2 and 
55 × 55 mm2 on the bottom layer. The separation between the 
patches on the top and bottom layers is 8 and 7 mm, 
respectively. The dipole is positioned on top of the HPPS and 
has a length of 78 mm and width of 52 mm. The air thickness 
between the HPPS and the ground plane is 40 mm (0/17.3). 
The size of the ground plane is 250 × 250 mm2. Due to the low 
operating frequency, the tissues placed in the vicinity of the 
antenna will affect its performance significantly. Therefore, the 
external antenna is optimized when the tissues are placed 100 
mm away from it. 
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Fig. 2. (a) Top patch layer; (b) Bottom patch layer; (c) Dipole; (d) Side 
view of the antenna with the tissues. 



III. RESULTS AND DISCUSSIONS 

 The antennas are simulated using HyperLynx 3D 
electromagnetic software [13], which is based on the Method 
of Moments. Fig. 3 shows the simulated and measured 
impedance performance of the head antenna according to the 
configuration in Fig. 1(b). It can be seen that the measured 
bandwidth of the antenna is 425445 MHz (4.6%) for the 
VSWR < 3. The simulated 3D radiation pattern of the head 
antenna is shown in Fig. 4. It can be seen that the maximum 
directivity of the antenna is 3.8 dBi, which is slightly higher as 
compared to a conventional dipole antenna. The directivity is 
higher towards the direction of the skin tissue (-z direction), 
which is due to the higher dielectric constant of the skin.  
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Fig. 3. Simulated and measured VSWR of the head antenna. 

 

 
 

Fig. 4. Simulated 3D radiation pattern of the head antenna at 434 MHz. 

 
Fig. 5 shows the simulated and measured impedance 

bandwidth of the external antenna according to the 
configuration in Fig. 2. It can be seen that the measured 
bandwidth of the antenna is 430440 MHz (2.3%) for the 
VSWR < 3.  
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Fig. 5. Simulated and measured VSWR of the external antenna. 

 The simulated 3D radiation pattern of the external antenna 
is shown in Fig. 6. It can be seen that the antenna is able to 
achieve the high directivity of more than 6 dBi at 434 MHz 
with the ground plane size of 250 × 250 mm2 (0/2.7) and the 
antenna thickness of 40 mm (0/17.3). 
 

 
 
Fig. 6. Simulated 3D radiation pattern of the external antenna at 434 MHz. 

 
 For the antenna system, it will be important to characterize 
the transmission performance for the link budget 
considerations. Fig. 7 shows the link loss of the proposed 
antenna system. With the antennas placed at a distance of 80 
mm away from each other, it can be seen that a measured link 
loss of 14 dB can be expected. 
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Fig. 7. Simulated and measured link loss of the antenna system. 

  



 From the obtained results, it can be expected that the link 
loss will be greater due to the presence of the lossy tissues as 
well as the reduced antenna efficiency when the antenna is 
implanted in the head. The future work will involve 
miniaturizing the head antenna to be suitable for implantation 
beneath the skin layer in the head. In order to ensure that 
reliable communication to the external antenna can be 
achieved, the transmit power will need to be increased or the 
communication range reduced while maintaining the peak (10-
g averaged) SAR value to be less than 2 W/kg according to the 
ANSI C95.1-2005 regulation. Also, the antenna system 
bandwidth can be increased so that the received signal will not 
be distorted. 
 

IV. CONCLUSIONS 

 In this paper, the designs of the head antenna and external 
antenna at 434 MHz have been presented, which can be used 
for neuro motor prosthesis. For the head antenna, the size can 
be reduced by meandering the strips, while the external 
antenna can be made low-profile and electrically small by 
loading the antenna with a high permittivity periodic structure 
formed by overlapping square patches. In order to consider the 
effect of the head tissues, the antennas are co-designed with 
the skin, fat, and bone tissues. The simulated and measured 
link loss of the antenna system with a communication distance 
of 8 cm is 14 dB. In order to make the system performance 
more robust, the antenna system bandwidth can be increased 
which will result in lesser distortion in the received signal. 
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