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Abstract: Experimental samples of the sensors were designed with the use of the plates of ceramic manganite
La Sr Mn Ga O  and La Sr Mn Ni O . Metallic electrodes (Cu, Ag, or Au) were sputter-deposited0.85 0.15 0.9 0.1 3 0,67 0,33 0,98 0,02 3

onto these plates and, additionally, on a number of Ni-contained samples the contacts of self-hardening
organometallic  compound  with  the  silver  powder  were  formed.  It  was  found  that the transition layer
“metal-manganite” in the region of electrical contact as the circuit element significantly influences
electromagnetic parameters of the sensor. The kind of current-voltage characteristics and temperature
dependences of magnetoresistance of sensitive elements strongly depends on metal in contact with manganite.
The effect of electrodes can be ascribed to transformation of energetic level structure and of carrier
concentration in energy bands depending on work of exit and chemical interaction of contacting metal with
manganite. The construction of a multiple-element intellectual sensors with preliminary microprocessor
processing of readings is proposed. The sensitivity of the sensor on the basis of Ga-substituted manganite with
copper electrodes at 90 K amounted to 1.2 Ohm/kOe in the fields up to 0.5 kOe. The sensor with Ni-contained
manganite with organometallic contacts at room temperature displayed sensitivity 0.1 Ohm/kOe in the range
of magnetic field strength 0-2 kOe.

Key words: Automatic calibration  Colossal magnetoresistance  Manganites  Matrix sensor  Current-
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INTRODUCTION manganese [5] and 700% in Ga-substituted manganites

Manganites with perovskite-type structure are R(0))/R(H), where R(H), R(0) are the values of resistance
promising functional materials for magnetic and spin at the magnetic field strength H and at H=0.
electronics due to the combination of such properties as A significant number of papers has been devoted to
colossal magnetoresistance (CMR) [1], giant the development and creation of the manganite based
magnetostriction [2], colossal electroresistance and magnetic field sensors, in which thick films or
switching current-voltage characteristics I(V) [3], [4]. polycrystalline samples of manganites were used [7-11].
Ceramic technology of magnetically sensitive elements The strong dependence of conductivity and
differs by simplicity, cost-effectiveness, it allows to magnetoresistance of manganites from the temperature,
produce a wide range of workpieces with a variety of nonlinearity of current-voltage characteristics and of
shapes and sizes and achievable high density of MR(H) function complicate the installation of operation
lanthanum-strontium ceramics enables high-precision modes and the signal processing of sensitive element to
processing of miniature products. As it is known, the determine the value of measured magnetic field strength.
effect of the CMR in a relatively weak fields exhibit The magnitude of electrical resistance in the area of
lanthanum manganites with nonisovalent substituents in occurrence of the CMR effect and the contribution of
different  sublattices  [1]. For example, the absolute values transition layer "electrical contact-manganite" to the total
of magnetoresistance |MR| at low temperatures reach temperature dependence of MR are also important for
150% in La-Sr manganites with substitution of Ni for practical application of physical active elements of

[6]. Magnetoresistance was defined as MR=(R(H)-
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sensors.  The  effect  of  change in the resistivity of values of each of the nine elements are written in
“metal-manganite” interfaces on applying electric and microcontroller's EEPROM, including the resistance of
magnetic fields depends on the type of conductive relevant contacts. The calibration cycle ends when the
coating and the way of it deposition. specified temperature is reached and the mode of

In this paper, we report the characterization of measurements starts automatically when we turn on the
magnetically sensitive elements on the base of bulk sensor. The difference between measured and calibrated
polycrystalline  manganites  of  the La-Sr-Mn-Ga-O and values of the resistance calculates for operating
La-Sr-Mn-Ni-O systems with electrodes of various types. temperature. For storage and processing of the data array
The construction of multiple-element intellectual sensors of four-byte floating-point variables is used. Output of
with preliminary automatic calibration and readings current and calibrated values of the resistance of samples,
processing is described. as well as service information and current value of the

MATERIALS AND METHODS Operation and calibration modes are displayed by the LED
indicators, connected to the digital output of the ATmega

Experimental samples of the sensor was designed 2560 microcontroller.
with the use of the plates 2×1×1 mm of manganites
La Sr Mn Ga O  and La Sr Mn Ni O , RESULTS AND DISCUSSION0.85 0.15 0.9 0.1 3 0,67 0,33 0,98 0,02 3

synthesized  by  traditional  ceramic  processing  in air.
The final sintering step was performed at 1200°C for 10 h Current-voltage characteristics of La  Sr  Mn
and the samples were cooled together with the furnace. Ga  O  manganite samples with various contacts at the
Metallic electrodes of Cu, Ag, or Au were sputter- temperatures 110, 120 and 130 K in the absence of
deposited onto these plates. In addition, on a number of magnetic field are shown on Figure 1. 
Ni-contained samples the contacts of self-hardening Dependence I(V) for contacts “Au-manganite” is
organometallic compound with more than 99% silver close to linear at the interval from 0 to 6 V, while for other
powder were formed. contacts current-voltage characteristics contain a plots

Measuring the electrical resistance, I(V) with a negative differential resistance. 
characteristics and magnetoresistance of the samples Temperature dependencies of magnetoresistance at
were carried out in the range of temperatures from 77 to magnetic field strength H=9.2 kOe are given for Ga-
295 K. Value of electrical current flowing through the substituted samples on Figure 2 and for Ni-contained
sample and the temperature were recorded using a 12-bit manganite on Figure 3. 
ADC. It’s seen that the kind of curve MR(T) strongly

Matrix sensor of magnetic field contained 9 sensitive depends on metal in contact with manganite. Maximum
elements. Plates of these elements were mounted on the absolute value of negative magnetoresistance reaches
circuit board, on which the 1-Wire temperature gauge 163% at 107 K in Ga-substituted manganite with silver
Dallas DS18B20 was also installed. Electrical connection electrode. At the same time, Ni-contained manganite,
of  manganite  plates  with  conductors of circuit board especially with organometallic contacts, has a higher
was  performed  using   self-hardening   organometallic values of magnetoresistance at room temperature.
Ag-contained compound. The effect of electrodes can be ascribed to

The change of the "metal-manganite" system transformation of energetic level structure and of carrier
conductivity was registered by the voltage drop on the concentration in energy bands depending on work of exit
additional calibrated resistors at constant supplied and chemical interaction of contacting metal with
voltage. Additional resistors were constructively arranged manganite.
outside the active area of the sensor. The value of the When metal contacts with manganite, the reaction of
voltage drop was recorded with the built-in ADC of oxidation takes place, resulting in the formation of an
ATMEL microcontroller ATmega 2560. Software of oxide film on the metal surface. In the contact area
microcontroller was developed in AVR Studio. Created concentration of oxygen vacancies arises and in the
sensor provides the initial calibration procedure outside volume of manganite concentration of cation vacancies
of magnetic fields in the temperature range 0-30°C with the decreases. This feature has major implications for the
step of 1 degree. During the initial calibration, resistance formation  of transitional contact layer between manganite

temperature is accomplished through a UART interface.
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Fig. 1: Current-voltage characteristics of sensing
elements based on La Sr Mn Ga O0,85 0,15 0,9 0,1 3

manganite with various electrodes: a) Ag; b) Au

Fig. 2: Temperature dependences of magnetoresistance and optimal circuit decision, realized in this work, is the
for La Sr Mn Ga O  samples with electrodes inclusion of manganite in an electrical circuit with a0.85 0.15 0.9 0.1 3

made of Cu (1), Ag (2) and Au (3) constant voltage, the value of current through which,

and contacting metal. Since the degree of oxidation of external magnetic field is registered by ADC and used for
metals proportional to the enthalpy of formation of their further processing.
oxides and the high enthalpy has copper (-73.2 kJ/mol), it Tested on reference resistors precision of the
is likely to get oxide film in the interaction of manganite electrical resistance determination is of the order of 2.5%.
with this metal. Stability of initial values obtained at the calibration of the

Silver (enthalpy equals to -31.1 kJ/mol) is also prone sensor was tested within 72 hours, however, change of
to oxidation,  however,  the  process  of  oxidation resistance of the systems "manganite-contact" during the
proceeds more slowly. And the gold does not react with specified time is not registered within the resolution of
oxygen. 10  Ohms.

Fig. 3: Temperature dependences of magnetoresistance
for La Sr Mn Ni O  samples with copper0,67 0,33 0,98 0,02 3

contacts (1) and organometallic contacts (2)

Fig. 4: Hysteresis of magnetoresistance in sensitive
elements based on La Sr Mn Ni O0,67 0,33 0,98 0,02 3

manganite under the effect the magnetic field
changes:  –increasing field, • - decreasing field

Thus, taking into account the relationships obtained,
the building of R(T) dependencies is compulsory and at
subsequent calculation of the measured magnetic field,
they should be considered as calibrated. The most simple

depending on the temperature and the strength of the
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