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 Nanotechnology is a field of applied knowledge and technology that covers extensive 

queries. Its main subject is to inhibit a substance or device with dimensions of less than 
a micrometer, usually near 1 to 100 nanometers. In fact, nanotechnology is to 

understand and use new properties of substances and systems in these dimensions that 

show new physical impacts. Nanotechnology has a potential to change and develop 
anything. Also it is able to reduce the size of industrial sensors and increase its 

efficiency considerably. This paper has introduced and discussed about main concepts 

of formation and development of nano-sensors and their most proper application in the 
communicative analyses and smart materials production. Hall sensors are widely used 

in industries and research. These sensors may be used for recognizing and measuring 

the magnetic field. Graphenes are two dimensional plates composed of carbon atoms 
that have drawn the attention of researchers due to specific properties like high electron 

mobility and band gap close to zero. In this paper, hall effect has been studied based on 

graphene. In so doing, a hall sensor was designed and tested successfully, and sensor 
dimensions and contact surfaces have been optimized to reach high sensitivity. The 

proposed linear sensor has a 0.5 tesla magnetic field. As regards dimensions in the nano 
scale, this sensor is widely used and can be connected to the electronic devices in a 

single chipset.  

 

 

© 2015 AENSI Publisher All rights reserved. 

To Cite This Article: Behnaz Tavakoli Gheinani, Hassan Hajghassem, Design of an optimal Hall Effect nano sensor for diagnosis and 

measurement of magnetic field. Adv. Environ. Biol., 9(4), 716-720, 2015 

 

INTRODUCTION 

 

Nanotechnology is based on this fact that some structures that are usually smaller than 100 nanometers have 

new properties and behaviors. The particles that are smaller than their characteristic lengths often show special 

phenomena in physics and chemistry and this leads to new features depending upon their size. One of the direct 

and important effects may be due to changes in the surface to volume ratio. That is, when the structural size is 

reduced, this ratio is increased considerably [1]. An example of this change and effect is seen in the resistant gas 

sensors (thin metal sheets); that is, when the surface to volume ratio is reduced, new effects are created that are 

mainly related to quantum mechanics and quantum mechanisms. Consequently, important properties and quality 

parameters of nano-sensors may be modified for classic modelled systems. For example, when sensitivity is 

increased due to better conductivity, limits of detection may be lower. Very small quantities of samples can be 

analyzed. As a result, direct detection without using labels becomes possible and some chemicals reagents are 

removed from the processes [2]. A wide variety of biosensors and related methods have been introduced to the 

market. These analytical devices are composed of biological detection elements that are related to signal 

detections. These devices react to the presence and density of the analyst and produce a measurable response. 

New nano substances and nano structures like nano particles, nano crystals, nano carbon tubes, nano fibers and 

thin film have been specified as sensor systems. So, nanotechnology by building sensors in small dimensions 

enables us to evaluate many parameters more precisely [3].  
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1.1 Definition of nano-sensor: 

It is a very small device that is able to identify and react to the physical stimuli at a nanometer scale. 

Sensors are classified based on various criteria. The most common way for categorizing sensors is to consider 

transuding mechanism based on either diagnosis (Enzyme, DNA, molecular diagnosis) or their applications 

(environment, nutrition, medical diagnosis, etc.). here with a particular emphasis on their applications in the 

communications field, main types of the developed nano-sensors will be studied and the relation between 

controlled features and the type of nano substance is underscored [4]. In general, nano-sensors are divided into 

two groups. 

 

1.1.1 Nanostructure substances: 

Like porous silicon, nano-sensors made of these substances are applied for identifying chemical and 

biological reactions. Many studies have been carried out on tubular and porous nanostructures including carbon 

nano-tubes and these nanostructures are used in biosensors for increasing quality and activity of static bio-

molecules. Dimensional properties, surface chemistry, and electronics of carbon nano tubes have made them 

ideal substances to be used chemical and biochemical sensors. It is predicted that nanotechnology increase 

sensitivity of sensors and their cheap and automatic production and may be used in rapid detection of pathogens.      

 

1.1.2 Nano particles:  

Like nano-scale spherical substances, they are used as bio-optical receivers, chemical optical receivers, and 

spatial imaging sensors. Nano particles are widely used in sensors. Nano particles are bright semi-conductor 

nano crystals and quantum points of a part of nano sensors that can detect poisons existing in the environment. It 

has been shown that nano crystals and quantum points with antibodies can detect four types of poisons 

simultaneously. This type of nano sensor is used for simultaneous detection of several pollutants in the water or 

soil samples. Nano silicon particles are used as biosensors.    

 

1.2 Applications of nano sensors: 

Nano sensors have multiple applications in different sciences such as biomedicine, environment, 

communications, and production of smart substances. 

 

2. Design of hall effect nano sensor: 

Hall effect sensor is composed of a conductor or semi-conductor plate and if an electrical current is exerted 

from one side (north to south) and the magnetic field is exerted vertically, the electrical current is created on the 

other side (east to west) that fits the magnetic field; this phenomenon is derived from Lorentz force that causes 

electrons deviation [7]. 

 

2.1 Hall effect sensor: 

Hall element is the magnetic field sensor. With regard to the output voltage features, this sensor requires an 

amplifier class and a thermal compensator. If we use a power supply with abundant ripple, existence of a 

voltage regulator is necessary. The voltage regulator makes I current constant. So, hall voltage is only a function 

of intensity of magnetic field. If there is no magnetic field, no voltage is produced. Nevertheless, if voltage of 

each terminal is measured, a value other than zero will be obtained. This voltage that is identical for all 

terminals is known as common mode voltage (CMV). So, the used amplifier must be a differential amplifier that 

only amplifies the potential difference [5]. The function of graphene as a hall sensor has been studied in a 

phenomenological way. Also hall plate in the sensor is considered as a number of graphene layers so that 

thickness of this plate in sensor may reach 10 nanometers. First a hall effect nano sensor with the length and 

width of 20 nm to 20 nm and graphene height of 1 nm and oxide layer thickness of 10 nm and the silicon 

substrate thickness of 1 nm is designed (figure 1). 
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Fig. 1-2: side hall effect nano sensor 

 

Hall voltage is obtained 20.6 Mv. By comparing this voltage with the similar state in Silicene structure (due 

to similarity of features to graphene), hall voltage is obtained 9.2 Mv. Now by changing the structure, we study 

voltage of halls.  

 

 
Fig. 2: two dimensional map of output magnetic field 

 

2.1.1 Change in length of hall electrode: 

By increase in the length of all electrodes, hall voltage is reduced; and by increase in the length of anode 

and cathode electrodes, hall voltage is increased and this increase in length must not include hall electrodes. 

 

2.1.2 Change in location of hall electrode: 

By changing location of hall electrodes, hall voltage is changed too. By considering a 5 nm length for hall 

electrodes, if we raise both electrodes, hall voltage is obtained 18.6 Mv and if we lower hall electrodes, hall 

voltage is obtained 38.1 Mv. So, the best state for both hall electrodes is the low state in which the obtained hall 

voltage is 5 times more than Silicene and this behavior in graphene that is two dimensional has more curvature. 

High change in voltages is resulted from this matter. 
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Fig. 3: electrons deviation path in the improved circuit of hall effect sensor 

 

By changing width of all electrodes on the graphene surface, hall voltage is increased. However this 

increase is due to reduction of the effective surface of graphene; so instead of that, we can reduce length and 

width of the sensor.   

 

2.1.3 Change in thickness of graphene layer: 

By increasing the graphene layer from 1 nm to 5 nm, hall voltage was reduced to 24 Mv. Choosing 1 nm as 

the minimum thickness for graphene layer is due to dimensions of carbon atom. So this layer cannot be 

considered less than this size. Many studies and design related to the graphene consider the height of this layer 

from 1 nm to 3 nm. 

 

2.1.4 Change in length and width of sensor: 

We increase the length of sensor to 30 nm (anode and cathode electrodes from 10 to 15) and increase hall 

voltage to 39.3 Mv. By increasing width of sensor to 30 nm (hall electrodes are increased to 10 nm) and hall 

voltage is reduced to 32 Mv. So the best structure for this nano sensor is square particularly in the applications 

used as a pixel.    

 

2.1.5 Change in the thickness of oxide layer: 

Usually such a hall effect nano sensor is placed on an oxide layer (SiO2) that is on a silicon layer, and 

diameter of the oxide layer is about 300 nm. Faced with the magnetic field, the silicon layer will have a 

magnetic return. This reaction reduces hall voltage. In this paper by reducing oxide layer from 10 nm to 1 nm, 

hall voltage is reduced to 37.2 Mv.    

 

2.1.6 Linearity of sensor: 

In the following, linearity of hall voltage for hall effect sensor in fixed bias voltage is studied. With a 0.8 V 

constant voltage, the magnetic field is changed from 0.1 tesla to 1 tesla. As it is clear hall effect nano sensor is 

designed for measuring weak magnetic fields and as bias voltage is increased, bigger hall voltage is obtained; 

albeit this may not be important for digital usage.   
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Fig. 4: linearity of hall effect nano sensors 
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2.2 Optimal structure: 

Studies reveal that the optimized hall effect nano sensor with the following features has the best response. 

Its length and width is 20 nm to 20 nm and the minimum height of its oxide layer is 10 nm. As the oxide layer 

becomes more, our structure becomes larger and takes more time in the simulations; so more oxide layer will 

have no effect but increasing the time of simulation. Graphene layer is 1 nm. 5 nm hall electrodes of both are at 

the bottom and anode and cathode electrodes of both are in the middle. Finally it must be stated that quality of 

graphene layer depends upon the manufacturing technology; as the layer quality is better, higher carrier mobility 

is obtained that may cause better response of sensor.   

 

Conclusions: 

Today there are different types of hall sensor that have been produced for various purposes. Considering the 

objective of using this sensor and conditions of the environment in which this sensor must be work including 

temperature of the environment, distance between sensor and the related objective, type of objective, etc.,  the 

related IC is selected and used. But it must be noted that this sensor is linear in a specific range of temperature 

and frequency which must be known before use of sensor to gain a precise result from sensor. By having sensors 

with higher accuracy and lower price, we can have a higher improvement in controlling the process, monitoring 

the system, and decision making. Today, diagnostic devices that can provide information simultaneously are 

mainly considered. Generating sensors that can be used for demonstrating, monitoring, or controlling the 

process is among other important issues. Also the hall effect sensor can be used for monitoring, determining the 

location, or security feedback tools for automobile industry. In this paper, hall sensor was designed and 

evaluated in nano meter dimensions and based on graphene. The results of evaluations show that the studied 

sensor has a better response due to nano particle properties. Nanometer dimensions of the studied sensor make it 

proper for being used as a network of sensors (for magnetic measurement) with high separation. Furthermore, 

the structure of this sensor is compatible with CMOS technology and sets the stage for integration in chips. 
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