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ABSTRACT 

 

A design for a wireless microsensor that can be injected 

into the human brain to transmit motor cortical signals to an 

external computer is outlined in this paper. The design 

covers the electronic system, including communications, 

and a mechanical system for deploying micro-wings that 

help prevent motion within the brain, and increase the 

communication potential of the sensor. 

 

Keywords: MEMS, Bio Microsensors 

 

1   INTRODUCTION 

 

There are many neurological disorders and injuries that can 

cause the pathways from the brain to the muscles to be 

disrupted or severed. These cause the sufferers to loose 

control of certain muscle groups, whole limbs, or in the 

worst case to become ‘locked-in’, where they are unable to 

control any of their muscles. This means they are unable to 

communicate or interact with their surroundings at all.  

Work is currently ongoing at a number of institutions [1-3] 

into the use of intracortical electrode arrays for reading 

information from the brain to control a basic computer 

controlled communication tool.   

This paper shows the development of a completely 

wireless, injectable, microsystem to take information from 

the relevant areas of the brain and transmit them to an 

external computer. The advantage of a completely wireless 

system is that it removes any chronically implanted wires 

from creating a potential infection path to the brain through 

the scalp, the skull and the brain’s protective dura.  

Using MEMS technology to make the sensor able to be 

injected through a standard cannula reduces the operation 

severity and therefore the risk of infection/complications. It 

also makes it possible to implant multiple electrodes into 

multiple sites of the brain without having to remove 

multiple sections of the skull. To make the sensor fulfil the 

two above criteria adds many challenges to the design, 

notably that the sensor must be passive (without a dedicated 

power source) to keep the size down. The sensor also must 

be able to mechanically resist motion within the jellylike 

substance of the brain. This paper will look at the overall 

design of the system, but focus mainly upon addressing 

potential solutions to the design challenges of the single 

microsensor. 

 

 

 

 

2   MEDICAL PRINCIPLE 

 

The principle behind this design is that, even though the 

sufferers of certain neurological conditions and spinal 

injuries cannot activate their muscles, the signals from the 

motor cortex are still active.  

Studies [4] have shown that the activity of a subject’s motor 

cortex is very similar when the subject imagines movement 

of a muscle group compared to when they actually move 

that muscle group. As the muscles are unable to be 

communicated with, this device offers the potential to use 

those motor signals, therefore allowing the user to control a 

computer by trying to move or imagining moving groups of 

muscles. 

Once the signals are inputted to a computer there is the 

potential to use them to control any number of devices, 

from speech programs to motorised wheelchairs, or 

artificial limbs. The ultimate goal in this field of research 

would be to take the signals from the brain and input them 

back into the muscles, effectively bridging the affected 

area.  

The neurological phenomenon that can be utilised by this 

system is that, as areas of the brain are activated, the 

neurons experience a change of electric potential across 

them, which is induced by a chemical process [5]. 

 

3   DESIGN 

 

The overall system design is a 3-tiered approach as shown 

in Figure 1. The signals are acquired by an array of 

microsensors injected into the brain, which transmit the 

data the relatively short distance to a relay station mounted 

just below the skull, but outside of the dura. The relay 

station will in turn amplify the signals and transmit them to 

the external computer. The relay station is necessary to 

keep the size of the microsensors down, and can be 

powered by a battery attached to the top of the skull, being 

a location that allows for ease of recharging by induction 

through the scalp or replacement without major 

complications.  

The design of the microsensor has many different sections; 

the electronic signal acquisition and communications, the 

mechanical system to resist motion, to house the electronics 

and to be able to pass through a standard canulla and the 

biomechanics and biocompatibility of the device within the 

body. 
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Figure 1: Three tiered architecture of system design 

 
The electrical system design to acquire and transmit the 

cortical activity is very basic, comprising of little more than 

a tuned circuit (Figure 2), similar to that of an RFID Tag.  

The varicap diode is connected to the neurons via 

electrodes such as those developed by the Universities of 

Utah and Michigan [1, 3] and, as they change potential, the 

capacitance of the varicap diode changes, thus altering the 

natural frequency of the tuned circuit. Due to the mutual 

inductance of the two inductors, the external interrogating 

inductor will experience a change of voltage at the natural 

frequency of the tuned circuit which can be monitored by 

use of a spectrum analyser or similar. The advantage of this 

system is that it is very basic, and therefore requires very 

few components, all of which can be manufactured by 

standard MEMS techniques. This design of tuned circuit 

does not require a power source, as it derives all of its 

power from the coupling with the external coil. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: Communications circuit 

 

The system has been modelled using equations from Mohan 

et al [6] to determine the inductances and the coupling 

factor of the two inductors, one of which is a MEMS planar 

design (implanted) and the other a larger spiral coil 

(external). A basic electronic modelling package was then 

used to determine the potential outputs of the system using 

the expected levels of the brain activity [7-8]. This showed 

that, with an operating frequency of 400MHz, the 

communications available should be adequate for this 

system. 

 

 

Figure 3: Wing deployment for increased communication 

capacity and resistance to motion 
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The mechanical system is designed with a two fold 

function: to provide sufficient area to house the electrical 

components, and to resist motion within the brain. It is 

possible to achieve these functions by the use of deployable 

‘wings’, onto which the communication inductors can be 

mounted, thereby increasing the potential size of the 

inductors and therefore the communication properties. A 

schematic of the wings deploying as the sensor exits the 

canulla is shown in Figure 3. The ‘wings’ are designed to 

sit upon the surface of the brain within the dura, with the 

sensor body penetrating the 1mm to the recording site [2]. 

This will drastically reduce the impact on the brain tissue, 

compared with the wings being opened within the brain 

itself.  

The design of the mechanism to unfold the wings is similar 

to that of a 2D micro umbrella as shown in Figure 4. It uses 

a compliant structure, relying upon the bending of four 

flexible beams, to allow it to be folded into the cannula. As 

the centre section moves downwards (as indicated by the 

arrow) the flexible beams bend to bring the wings parallel 

with the body of the device. The inductors are to be 

mounted upon plates attached to the beams indicated, with 

each umbrella able to mount 2 wings. Research is ongoing 

into the possibility of mounting 4 wings per sensor as 

shown in Figure 3. 

 

 
Figure 4: Design of Micro-umbrella 

 

4   FABRICATION 
 

The fabrication of the micro-umbrella prototype has been 

completed in silicon, using Deep Reactive Ion Etching, and 

SU-8 50 using the process described below. Both materials 

have good biocompatible properties, and with clever design 

can be made flexible enough for the required function. 

However SU-8 has shown to be more promising for this 

application as it will provide a better substrate for mounting 

electrical components on (reducing the parasitic 

capacitances found with Silicon).  

The fabrication process steps used to manufacture the SU-8 

prototypes is shown below in Figure 5. 

Firstly the wafer is spin coated with a layer of AZ5214 

2microns thick, which is baked hard. This layer is not 

patterned as it is used as a sacrificial layer to aid the release 

of the final structures. The SU-8 is then spun onto the wafer 

and patterned as described in the datasheet provided by 

MicroChem Corp. [9]. The patterned wafer is re-exposed 

and hard baked to increase the cross-linking and remove 

any remaining solvent from the SU-8. This makes the 

devices much stronger, with consistent mechanical 

properties and less susceptible to distortion or failure during 

the removal process. The hard bake must be slowly ramped 

to and from the peak temperature to prevent any thermal 

stresses affecting the integrity of the device. Finally the 

wafer is submerged in acetone overnight to remove the 

AZ5214 Photoresist and release the devices. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5: Released SU-8 fabrication process 

 

5   MECHANICAL ANALYSIS 

 

Using the analysis provided by Belendez et al [10] into 

large deformation cantilever structures, the bending of the 

flexible beams have been analysed. Figure 7 shows the 

deformed shape of such a beam under a vertical end load. 

Using this analysis the maximum stress can be determined 

with respect to the amount of deformation, and therefore 

the structure can be optimised to be flexible enough to be 

inserted into the cannula, without exceeding the failure 

stress of the material. 

Once the analysis has been carried out on the individual 

beams, the design was modelled in Comsol Femlab 

Multiphysics software for full finite element analysis and 

optimisation (Figure 8). 
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Figure 6: SEM image of micro-umbrella structures before 

release from Si wafer 

 

 
Figure 7: Analysis of bending beam shape using the model 

shown by Belendez et al [10]. Both axis are non-

dimensional. 

 

 
 

Figure 8: Finite Element Analysis of micro-umbrella device 

6   CONCLUSION 

 

This paper has shown a medical need for a microsensor to 

wirelessly transmit cortical activity to an external computer, 

potentially drastically increasing the quality of life of 

sufferers of certain conditions. The design of a basic 

passive tag electronic system suitable to this task has been 

outlined, along with the mechanical system to allow the 

sensor to be flexible for injection whilst providing enough 

surface area for the communications system to be mounted.   
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