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Abstract: The paper deals with the investigation of
electro-physical properties of Si,Ge, 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 Si;..Gey
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
SipxGe, whiskers with resistivity 300=0,02 Ohmxcm
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
K, 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™ at temperature 4,2 K,
which allows for measuring a magnetic field with an
accuracy 5 mT in the range of 4,277 K. The calibration
curves of thermoresistive and magnetic component of
sensitive elements are depicted on Fig. 1.

b

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 Si; ,Ge,
(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
CYB8C3866-AXI1040, 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.

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 Si;.
«Ge, 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.

References

1. Y. Lepikh, et al., The Design of New Generation
Microelectronic Sensors for Intelligent Systems. —
Odesa, Ukraine: Astroprint. — 2010. (Ukrainian)

2. Y. Lepikh, et al., The Intelligent Measuring Systems
on the Basis of New Generation Microelectronic Sensors. —
Odesa, Ukraine: Astroprint. — 2011. (Ukrainian)

3. A. Druzhynin, I. Ostrovskyi, I, Kogut, Silicon,
Germanium and their Solid Solution Whiskers for Sensor
Electronics. — Lviv, Ukraine: Publishing house of Lviv
Polytechnic National University. — 2010. (Ukrainian)

4. A. Druzhynin, Y. Khoverko, . Ostrovskyi,
R. Koretskyi, S. Nichkalo, Remote Control Measuring
System Based on Strain Sensors // Computational
Problems of Electrical Engineering. — Lviv, Ukraine:
Publishing house of Lviv Polytechnic National
University — Vol. 2, Ne. 1.- 2012. - P. 11-14.

5. A. Druzhynin, I. Ostrovskyi, I. Kogut, J. Warchuls-
ka, Magnetoresistance and magnetic Susceptibility of Doped
Si-Ge Whiskers // Functional Materials. — Kharkiv, Ukraine:
Publishing house of Institute of Single Crystals. — Vol. 14
(1). —2007. — P. 480-484.

6. I. Vikulina, M. Glauberman, The Physics of
Temperature and Magnetic Field Sensors. — Odesa,
Ukraine: Mayak. — 2000. (Russian)

7. S. Nichkalo, Preparation and Characteristics of
Si and Siy.,Gey Solid Solution Micro- and Nanowires for
Device Applications // Ph.D. thesis. — Lviv, Ukraine:
Publishing house of Lviv Polytechnic National
University. — 2010. (Ukrainian)

8. A. Druzhynin, I. Ostrovskyi, Y. Khoverko Strain
Effect on Magnetoresistance of SiGe Solid Solution
Whiskers at Low Temperatures // Materials Science in
Semiconductor Processing. — Amsterdam, Netherlands:
Elsevier. — Vol. 14, Ne 1. — 2011. — P. 18-22.

9. http://lwww.cypress.com/?id=1353

10. http://www.cypress.com/



20 Anatoliy Druzhynin, Stepan Nichkalo, Yevhen Berezhanskyi

BUMIPIOBAJIBHA CUCTEMA HA OCHOBI
CEHCOPIB MATHITHOT O I10JIA
I TEMIIEPATYPH 3 IUOPOBUM
OIIPAIIIOBAHHSM CHUI'HAJIIB

Amnaroniii. [Ipyxwunin, Crenan Hiukaio,
€pren bepexxkaHcbkuii

Y po6oTi HaBeICHO PE3YBTATH JOCIIPKEHD ENEKTPOMI3UUHIX
BIIACTHBOCTE HHTKOMOMIOHMX KpucTamiB Sip,Ge, Ta MoKasaHo
MOKJIBICTh IX BHKOPHCTAHHS SK UyTJIMBHX EJIEMEHTIB CEHCOPIB
TEMIIepaTypy. 3alpornoOHOBAHO — LIISIXH
TIOKPAIICHHST BHXITHUX XapaKTePHCTHK CEHCOpIB, 30KpeMa 3a
PaxyHOK BHUKODHCTAHHSI BHUMIPFOBAIGHOI CHCTEMH 3 LH(POBHUM
ONPALIOBAHHAM CHUTHAJIIB.

MargitTHoro moJist i

Anatoliy Druzhynin — Ph.D,
D.Sc., Professor, Head of the Department
of Semiconductor Electronics at the
Institute of Telecommunications, Radio-
electronics and Electronic Engineering,
Lviv Polytechnic National University,
Ukraine.
Prof. A. Druzhynin is a leading
expert in the field of sensor electronics. He
began his career at Lviv Polytechnic National University, Ukraine, in
1980, continued it as Professor of the Department of Semiconductor
Electronics from 1994 to 2005 and from 2005 as a Head of the
Department of Semiconductor Electronics of the aforesaid
university.

The main scientific activities of prof. A. Druzhynin include:
theoretical and experimental study of strain-induced effects in
silicon, germanium and their solid solutions whiskers; developing of
technological foundations of laser recrystallization of polysilicon
layers on insulator and preparation of doped with different impurities
silicon, germanium and their solid solutions micro- and nanowires by
chemical transport reaction method; developing sensors of
mechanical values for various purposes including multifunctional
ones and sensors based on SOl-structures operating in a wide
temperature range; study thermoelectric properties of semiconductor
micro- and nanowires for thermal sensors.

Prof. Druzhynin is the Director of the “Crystal” Scientific
Research Center at the Department of Semiconductor
Electronics and the supervisor of Sensor Electronics Research
Laboratory; its research projects are being supported by
international and state scientific and technical programs.

Prof. Druzhynin has authored more than 450 scientific
papers including more than 40 inventor's certificates and patents.
He regularly participates in international and national scientific
conferences and symposia; has published three monographs
in the field of sensor electronics. For a textbook called “Solid-state

electronics: physical principles and properties of semiconductor
devices” in 2011 prof. Druzhinin was awarded the Diploma of the
Second Degree in the nomination “The best textbook of Lviv
Polytechnic National University”.

For his significant role in teaching and scientific work he
was awarded the Diploma of the Ministry of Education and
Science of Ukraine (1994), “Excellence in Education of
Ukraine” Honor Pin (2004), Appreciation of the Prime
Minister of Ukraine (2009). The work “Microelectronic sensors
for next generation information systems” was awarded with the
Diploma of “Colorful Ukraine” State Exhibition (2010, 2011).
Prof. A. Druzhynin has been included to the National Public
Program named “Leaders of the XXI Century” and “New
Names of Lviv and its people”. In 2006 he was elected the
Academician of the Academy of Ukraine, since 2007 he has
been a corresponding member of the International Academy of
Thermoelectricity.

He is also the winner of Ukrainian State Prize in Science
and Technology (2011).

Stepan Nichkalo — M.Sc., junior

research fellow of the Department of

Semiconductor Electronics at the Institute

of Telecommunications, Radio-electronics

and Electronic  Engineering,  Lviv

Polytechnic National University, Ukraine.

From 2003 to 2008 he studied at

the Department of Semiconductor

Electronics, Institute of Telecommuni-

cations, Radio-electronics and Electro-

nic Engineering of Lviv Polytechnic National University and

received Master's degree with honor in “Microelectronics and

Semiconductor Devices”. From 2008 to 2011 he studied at the

graduate school of the same Department and in 2012 defended

his Ph.D thesis entitled “Preparation and characteristics of Si

and Si,.,Ge, solid solution micro- and nanowires for device

applications”. Since 2011 he works as a junior research fellow

at “Crystal” Sensor Electronics Research Laboratory. Research

interests include the physical and technological aspects of

micro- and nanostructures for semiconductor device integration

and sensor electronics. He is the author of over 40 scientific
papers, including 2 patents issued in Ukraine.

Yevhen Berezhanskyi — M.Sc.,
the postgraduate of the Department of
Semiconductor Electronics at the
Institute  of  Telecommunications,
Radio-electronics and  Electronic
Engineering, Lviv Polytechnic Natio-
nal University, Ukraine.

Area of interest: digital signal
processing.





