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Abstract: The paper deals with the investigation of 

electro-physical properties of Si1-xGex whiskers; the 
possibility of their use as sensitive elements in magnetic 
field and temperature sensors is considered. The possible 
ways of improving the output characteristics of these 
sensors, particularly through the use of a measuring 
system with digital signal processing.  
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1. Introduction 
As of today there are many various measuring 

systems based on sensors of physical values, including 
multifunctional ones, i.e. sensors that measure 
simultaneously two or more physical values, for 
example, strain and temperature sensors, temperature 
and magnetic field sensors etc. [1–4]. However these 
systems have a few significant drawbacks which are the 
following: the high cost of individual components and 
the system as a whole; a large number of functional units 
complicating measuring system operation; lack of 
stability and reproducibility of output characteristics [5–
8]. Therefore, the main task of research is either to 
develop and create the new modern measuring systems 
without aforementioned drawbacks, or improve the work 
of existing ones. In terms of technology the investigation 
of electro-physical properties of sensor sensitive 
elements is a necessary condition for ensuring the 
optimum output signal. The aim of this work is the 
investigation of electro-physical properties of Si1-xGex 
whiskers for making a dysfunctional sensor for 
measuring magnetic field and temperature quantities and 
the development of measuring system with improved 
output characteristics due to digital signal processing.  

2. Experimental results 
The investigations of electro-physical properties of 

Si1-xGex whiskers with resistivity 300K=0,02 Ohm×cm 
and diameter 200 nm at a temperature range 4,2–300 K 
and a magnetic field up to 14 T have shown that 
resistance linearly depends on temperature at range 4,2–77 
К, and the relative change of transverse magnetoresistan-
ce reaches 250 % at temperature 4,2 K. This allowed for 
making a dysfunctional sensor for simultaneous measure-
ment of magnetic field and temperature. Constructively 

such a sensor consists of two identical sensitive elements 
placed perpendicularly to each other. The first one 
detects only temperature and is not sensitive to the 
magnetic field, because its longitudinal magnetoresistance 
is equal to zero, and the second one – detects the 
temperature and magnetic field. The sensor sensitivity to 
the magnetic field is (0,1–0,2) T-1 at temperature 4,2 К, 
which allows for measuring a magnetic field with an 
accuracy 5 mT in the range of 4,2–77 К. The calibration 
curves of thermoresistive and magnetic component of 
sensitive elements are depicted on Fig. 1.  
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Fig. 1. The calibration curves of a thermoresistive (a)  
and magnetic (b) component for sensitive elements of sensor  

of magnetic field and temperature on the basis of Si1-xGex 
(x=0,03) whiskers. 
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The analysis of output characteristics of the designed 
sensor showed: 
– using compensation methods through digital 

signal processing, it is possible to extend the 
operating range due to installation of software 
approximation algorithm; 

– while carrying out the temperature compensation of 
output signals it could be possible to reduce the 
error of measuring a magnetic field by introducing 
the correction coefficients. 

To solve these tasks a measuring system has been 
developed which performs the following functions: 
– signal transmission from the sensor to user 

(amplification, analog-to-digital conversion, 
filtering etc.); 

– temperature correction, linearization and other 
output signal conversions. 

The structure and principles of operation of 
secondary transducer are described in detail below. 

3. Circuitry solution of digital signal processing  
A new generation of microcontrollers – PSoC (PSoC3 

CY8C3866-AXI040, ES3), so-called programmable system-
on-chip [9], was used as the main functional center of the 
system. PSoC is the family of integrated circuits by Cypress 
Semiconductor Corporation [10]. 

The selection of this microcontroller as a basic 
element of the system was caused primarily by 
integrating configurable analog and digital peripheral 
functions, memory and a microcontroller in a single 
chip. This allows operating mixed signals by using the 
array of configurable digital and analog blocks. The 
integration of the entire system on a single chip 
significant reduces energy consumption (this is 
important for applications that need low energy 
consumption, i.e. miniaturization of devices, power 
supply from independent energy sources etc.), reduces 
the cost of the system and, most importantly, improves 
the reliability of the circuit compared with a set of 
separate blocks for circuits with the same functionality. 
Also, the presence of fewer components simplifies the 
device configuration and installation. 

To configure the hardware resources of the system-on-
chip (PSoC) we developed a software with the addition of 
applied program interfaces (API), since the role of a 
software component is as important for the proper 
functioning of the system as that of the hardware.  

Fig. 2 shows the block diagram of an information 
system. 

The output signal of the sensor is input to the 
expansion board, where the signal is primary amplified 
and filtered. The appearance of designed and developed 
amplifier module is shown in Fig. 3. 

 

Fig. 2. Functional diagram of an information system. 

 

 
Fig. 3. Expansion module. 

Then the filtered output signal is input to PGA 
module (programmable gain amplifier), whose gain is set 
programmatically by analyzing the difference signal at 
the output of the digital filter. The analog signal from the 
output of the amplifier is converted into a digital stream 
using delta sigma analog-to-digital converter DelSigADC. 
Further, this information (packets of 40 bytes) is 
transferred from ADC_DelSig to the inputs of a digital 
bandpass filter FilterA&B and from its outputs to 
memory cells (SRAM) using direct access channels 
DMA, thus preserving the processor resources for digital 
signal processing of information stream. Additionally, 
the bytes of information stream are transmited through 
these direct access channels to memory for digital-to-
analog converters for visualizing digital stream with an 
oscilloscope. 

When the data packet is ready, the system generates 
an interrupt signal which starts the procedure of 
processing. The temperature correction of the sensor 
output signal is as follows: CPU selects the required 
value of the magnetic field from memory according to 
the magnitude of a change in magnetoresistance required 
for a measurement range, corrects and records the value 
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in memory which then will be displayed on the LCD or 
transmitted through the port to a personal computer.  

 
a 

 
b 

Fig. 4. Output characteristics of the sensor: 
(a) – before temperature correction; (b) – after temperature 

correction. 

Figure 4 (a) shows the temperature dependent relative 
changes of magnetoresistance. Evidently, the temperature is a 
destabilizing factor in the measurement of a magnetic field 
leading to the presence of the measurement error, which is 
about 5 %. As a result of using the developed output signal 
processing circuit, the secondary transducer is able to reduce 
the error to zero, avoiding the influence of the temperature 
(see Fig. 4, b). The software developed has made it possible 
to obtain adjustable sensors that can be used both in research 
and industry. 

4. Conclusions  
As a result of studying electro-physical properties of Si1-

xGex whiskers, the possibility of creating sensors based on 
this phenomenon for detecting simultaneously the magnetic 
field and temperature has been presented. The measuring 
system based on the sensor of a magnetic field and 
temperature with improved characteristics due to the 
temperature correction of the output signal has been 
designed. The latter has been provided by the secondary 
transducer with developed signal processing software.  
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ВИМІРЮВАЛЬНА СИСТЕМА НА ОСНОВІ 
СЕНСОРІВ МАГНІТНОГО ПОЛЯ  
І ТЕМПЕРАТУРИ З ЦИФРОВИМ 
ОПРАЦЮВАННЯМ СИГНАЛІВ 

Анатолій. Дружинін, Степан Нічкало,  
Євген Бережанський 

У роботі наведено результати досліджень електрофізичних 
властивостей ниткоподібних кристалів Si1-xGex та показано 
можливість їх використання як чутливих елементів сенсорів 
магнітного поля і температури. Запропоновано шляхи 
покращення вихідних характеристик сенсорів, зокрема за 
рахунок використання вимірювальної системи з цифровим 
опрацюванням сигналів. 
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