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Figure 2. Structure of the integrated magnetic concentrator and 3D magnetic field sensor 

Magnetic field gain K = B/B0, this is the ratio between the magnetic field induction in the gap of the magnetic 
amplifier where the Hall sensor B is installed and the external magnetic field B0, this is the main parameter of 
the magnetic amplification. The difficult problem is choosing the material and size for the magnetic amplifier 
for the magnetic field sensor, but it is important to establish the relationship and influence of the geometrical 
dimensions on the uniformity magnetic field perpendicular to the sensor surface, thereby providing design 
principles and sensor optimization [2]. The results by calculation show that with the length of each rod being 
100 mm and the spacing 0.15. mm, a flux gain of about 400 times can be achieved. 

Figure 2, b depicts the structure of a 3D magnetic field sensor combined with a magnetic field amplifier. Hall 
sensor probes 0.3×0.3×0.15 mm in size placed in planes in space, created on the basis of AlGaN/GaN 
heterostructure with magnetic amplifier. These sensors are capable of calculating the components of the 
magnetic field along the coordinate axes in space. 

III. CONCLUSIONS 

Study the structure and simulate the properties of Hall sensors based on the operation of high electronic 
mobility transistors using AlGaN/GaN heterostructured materials. The simulation results show that the 
relative sensitivity of the sensor obtained at the highest level is S = 15.21%/T at VGS = -2V. 

The simulation results contribute to the selection of the amplifier structure in combination with the Hall sensor 
to ensure the parameters of sensitivity and suitable measuring range. When using magnetic materials 
increases the gain and can reach a value of about 400 times. 

Research on the structure of the 3D magnetic field sensor combined with a magnetic amplifier to increase 
the sensitivity and measuring range of the magnetic field, from which it is possible to apply the sensor in 
space for the weak magnetic field measurement range from 0.01 μT to 2 mT. 
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I. INTRODUCTION 

Due to high optical transparency and high charge mobility graphene emerges as a perspective material for 
transparent electrode in photodetectors. It made a new turn in using novel 2D materials in combination with 
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the standard silicon technology. From the electronic point of view, when an intimate contact between 
graphene and silicon is established the Schottky barrier is formed. According to the standard Schottky model 
the current through the heterojunction semiconductor/metal can be written as 

           
 

   
         (1) 

where            
  
  , k – Boltzmann constant, ФB – barrier height, T – temperature, A – square of active 

area, A
*
 – Richardson constant (≈112 Aсм

−2
K 

−2
), –ideality factor. The barrier height together with the 

ideality factor are not universal parameters and depends on many aspects, including graphene doping level, 
transfer technology, the state of Si surface and so on. Moreover, these parameters are crucial for the 
performance of photodetectors based on graphene/Si heterojunctions.  

II. RESULTS 

In this work we demonstrate the experimental IV characteristic of graphene/n-Si heterojunction and evaluate 
its barrier height and ideality factor. 

For the device fabrication, graphene growth was performed through the atmospheric pressure chemical 
vapour deposition using methane as a precursor. After the growth graphene was transferred onto structured 
n-Si substrates with metallic contacts by a wet-chemical process without using polymeric frame. The sketch 
of the structure and the measurement scheme are shown in Fig.1. The IV characteristic of fabricated device 
measured in dark conditions is presented in Fig. 2. The experimental data follows the typical Schottky 
junction dependency. For the barrier height and quality factor evaluation the experimental dependency was 
replotted in ln scale, see Fig 3. Following the standard Schottky model I0 and consequently, barrier height is 
extracted from the intersection of the linear fit (red line in figure 3) with I axis, whereas the ideality factor can 
be obtained from the slope of the linear fit. The fitting procedure leads to the following parameters: ideality 

factor ≈ 5, barrier height ФB = 0,422 eV. 

 

Figure 1. Top view of the structure (left) and measurement scheme (right) of the studied sample 

 

Figure 2. The experimental IV characteristic of the CVD graphene/n-Si heterostructure measured in dark 
conditions. The inset show the experimental data plotted in semi-log scale 
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Figure 3. The positive part of experimental IV dependency plotted in ln scale, the red line represents the 
fitting to Schottky model (see the main text for more details) 

The value of Si affinity (4.05 eV) together with the Schottky barrier height gives graphene work function ϕgr ~ 
4.5 eV, what is in very good agreement with the values reported for graphene [1]. The ideality factor also 
agrees with the values which can be found in the literature [2].  

III. CONCLUSIONS 

We fabricated and measured IV characteristic of CVD graphene/n-Si heterojunction. Based on the standard 

Schottky model ideality factor ≈ 5 and barrier height ФB = 0,422 eV were extracted from the experimental 
data. Our results show the perspective of studied heterojunction for photodetection application.  
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I. INTRODUCTION 

The fields of application of thermal detectors are constantly expanding, for example in areas such as 
security, surveillance, fire fighting, biomedicine. A microbolometer based on a microbridge structure has an 
advantage over the other capabilities of IR detectors: it has low power, low cost, and can operate at room  
temperature [1-3]. The main requirements for thermosensitive materials used in microbolometers are high 
TCR (α), moderate resistivity, low noise, and compatibility with silicon (Si) integrated circuit (IC) technology. 
The most common materials are VOx, amorphous and polycrystalline silicon, and some metals [4-6]. The 
use of amorphous Si makes it possible to reduce the pixel size [7]. It is necessary that the sensing element 
of the IR sensor is thermally insulated. Various manufacturing processes have been proposed to reduce heat 
loss. The best thermal insulation and lowest thermal performance are obtained in microelectromechanical 
systems (MEMS) designs, which are used in Infrared Focal Plane Arrays (IRFPA) systems. Micromachining 
techniques are used to suspend the thermosensitive member of the substrate in a jumper shape to minimize 
heat loss due to conduction through the substrate. The structure and geometrical size affects the thermal 
performance of bolometer structures. In addition, the small pixel size requires a more complex mechanical 
and electrical design. In this article, special attention is paid to the study of the design parameters of the 
microbolometer, as well as the procedure for its manufacture. 


