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Installation for the research of galvanomagnetic effects in manganites of lanthanides

In the problem of increase in volume and information processing rate removed from hard drives of comput-
ers, the large role is played by properties of the sensors used for these purposes. The modern magneto-
resistive sensors not fully meet qualifying standards that constrains development of the computer equipment.
Effects of colossal and gigantic magnetoresistance found rather recently (CMC and HMS) give the chance to
create more perfect sensors capable to work in case of indoor temperatures and in the field of feeble magnetic
fields. From the point of view of technical applications use of effect of CMC is not just enhancement of al-
ready existing computer and semiconductor technologies. It is creation of essentially new elements of opera-
tional computer memory which use will lead to essential lowering of energy consumption and increase in
non-volatility not only computers, but also such devices as cell phones, electronic organizers, digital cameras
and so forth. The task of fundamental physics - to understand the nature of reduction of a resistance under the
influence of a magnetic field, that is origins of CMC. In this regard the problem of search and creation of the
materials having effects of enormous and huge magnetoresistance, sensors of weak magnetic fields, suitable
for creation, is very relevant. The manganites of lanthanides having complex structure can be examples of
such materials. Anomalies of physical properties of manganites which can be used for creation of similar sen-
sors are caused by a rich variety of the physical phenomena inherent in manganites of rare-earth elements
with a perovskite structure La_(Sr, Ca),MnO;. However, effective practical application of manganites re-
quires understanding of the physical mechanisms responsible for the observed phenomena. The research of
galvano-magnetic effects plays a defining role in search of new materials as they allow to receive data on
fundamental properties of semiconductors. These experiments allow to determine those parameters of new
materials which are the main criteria of a possibility of their use for creation of these or those sensors and
sensors. The description of the experimental installation for a study of magnetic-field dependencies of kinetic
coefficients, their measurements, determination of the main characteristics of materials is provided in opera-
tion.

Keywords: installation, magnetic semiconductors, colossal magnetoresistance, galvanomagnetic phenomena,
sensors, ferromagnetic structures, electromagnet, power supply, Hall effect, manganite’s of lanthanides, regis-
ter, temperature, photo compensation amplifier, DC potentiometers, control units.

Materials with strong electron correlation and phase separation RE1-xAxMnO3 (RE=La,Pr,Ndetc.)
(A=Ca,Ba,Sr, etc.) have drawn attention to themselves after observation of effect of colossal
magnetoresistance in 1990 [1-4]. All groups of materials in which spin-dependent scattering and carrier tun-
neling can be used in the practical purposes are involved in the sphere of the accelerated development of spin
electronics [3, 5]. Magnetic Resistive Memory with Random Access (MRAM), perhaps, will form a basis of
the next generation of random access memory (DRAM, SRAM, EEPROM). One of candidates for use in the
device of Random Resistive Memory are the manganite’s and perovskites showing CMC effect [4, 6].
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However practical use of CMC effects and other unique properties of manganites require a detailed re-
search of dependence on magnetic field of properties of these materials [7-10]. So, for example, the research
of mechanisms of conductivity and magnetoresistance can give additional information for understanding of
mechanisms of influence of external magnetic field on properties of manganites.

Importance and need of creation of the installations allowing to investigate the galvano magnetic phe-
nomena for the purpose of search of the materials suitable for creation of sensors of weak magnetic fields
follows from the above.

In work the flowchart (Fig. 1) and schemes of separate blocks (Fig. 2-5) of the installation created by
authors, allowing to investigate the galvano magnetic phenomena in a solid body in a wide interval of tem-
peratures (from 80 K to 400 K) is submitted.
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1 power supply unit sample; 2 — control box in average temperature of a sample; 3 — unitsupply by an electromagnet;
Ks, Kr, Kt — potentiometers of constant type P 330; V5, Yr — photocompensation amplifiers of the type ®116/2;
M — electromagnet; C — chart recorder type SIIII-09M or [IAC-021M
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Figure 1. The flowchart of the installation intended for a research
galvano-magnetic effects. About - the researched sample

The schematic electric circuit of the measuring channel is submitted in the Figure 2. Measurement of
the signal arriving from a sample is carried out by a compensation method.
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Figure 2. Schematic electric circuit of the measuring channel

The diagram functions as follows. On the control panel the measured signal from a sample via the
switch 1 arrives that allows to polarity of voltage direction. From the switch 1 measured tension moves on
average contacts of the switch 2 from which the signal is sent or to the millivolt meter (provision 1), or to
contacts of 1 switch 3 (provision 2). Further the measured signal by means of the switch 3 can be sent to a
measuring circuit (the provision 1 of the switch 3) or is disconnected from a circuit of measurement (provi-
sion 2). In the latter case only the DC potentiometer (DCP) which is working out the calibrated constant
voltage that allows calibrating a scale of the two-coordinate register is connected to an input of a circuit of
measurement I[TJC-021M.

Before starting measurements, calibration of a chain of measurement is without fail carried out.

Change of average temperature of a sample is carried out by means of the cryostat which device is illus-
trated with the Figure 3.

The cryostat consists of two glass vessels of the Dewar: external — 2 and internal — 1. The external
Dewar represents a glass vessel with double walls between which discharge is created. In the external Dewar
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liquid nitrogen is filled in. The internal Dewar is made in the form of a curved glass tube with double walls
between which discharge is also created. The hollow casing from copper is inserted into a wide part of the
internal Dewar, on the top and lower parts of which furnaces (spiral) intended for heating and evaporation of
nitrogen are fixed. The curved glass tube with a casing and two ovens is inserted in the external Dewar with
liquid nitrogen.

The cryostat during measurement rather long time allows to establish and maintain the average tem-
perature of an example of any value in the range from 300 K to 78 K with an accuracy of 0,5 K.

A 1 — internal vessel of the Dewar with a narrow mouth; 2 — external vessel of the Dewar; 3 — casing from a copper
foil for transfer of a gradient of temperature; 4 — lower furnace; 5 — top furnace; 6 — laboratory autotransformer

Figure 3. Cryostat device

The control unit of temperature condition of the cryostat includes two power supplies feeding cryostat
furnaces. The furnace intended for heating has the forced mode allowing passing quickly from one tempera-
ture to another. When giving tension direct to the vaporizing furnace of couple of nitrogen through a narrow
top mouth of the internal Dewar and allow to cool the studied sample up to the necessary temperature. Ad-
justment of temperature of vapors of nitrogen is carried out by giving of tension on the vaporizing furnace.

At measurement of galvano magnetic effects the holder of a sample which scheme is provided on the
Figure 4 is used. The sample consists of two heads of I and II, connected by a hollow metal core. The studied
sample is attached to a copper plate of a head of the I holder. Then the holder with a sample is located in a
curved tube of the internal Dewar of the cryostat located between poles of a constant electromagnet. Average
temperature of a sample is taken by means of differential copper koncrantanooii thermocouples, one crait
by which it is built in in a head of the I holder between a copper plate and a substrate for a sample, and an-
other is in a vessel with ice and the distilled water at a temperature 0 °C.The potential difference on the ends
Copper-Constantine differential thermocouple is proportional to the average temperature of the studied sam-
ple.
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A sample I-head with contacts for the researched samples (1, 2, 3, 4, 5, 6); An II head with

the connector providing signal transmission from a sample in a measuring part of installation;
The III hollow rod in which bonding wires settle down

 e——

Figure 4. Diagram of the holder of a sample

Before operation with an electromagnet the status of windings of an electromagnet, their water cooling,
quality of connection of windings are without fail checked. For this purpose execute the following opera-
tions:

— pass water from a water supply system through disks of water cooling of an electromagnet, for the
purpose of check of a leak of the water leading to closing of windings of an electromagnet;

Cepusa «dusmka». Ne 1(89)/2018 49



K.T. Ermaganbetov, L.V. Chirkova et al.

— check a status of windings for the purpose of detection of breakaways or violation of insulation. In
case of detection of those they are removed;

— windings among themselves connect so that magnetic field strength, in case of this value of the cur-
rent passing through windings had the maximum value;

— value of magnetic field strength decides on the help of Hall Sensor.

In a Figure 5 the diagram of Power Supply of an electromagnet is provided. A supply of an electromag-
net is carried out from the rectifier of the constant voltage collected from semiconductor diodes of type
J[232A4according to the bridge scheme. On one diagonal of the bridge alternating adjustable voltage from the
autotransformer moves (JIATP). From other diagonal the straightened stress which through contacts of mag-
netic starters is removed /1, ull, tension moves on electromagnet windings. AmmeterAtypeM1108 T4.1 the
size of the current proceeding through an electromagnet winding is measured. Change of the direction of
magnetic field is carried out by magnetic actuators/7; ull,. Short circuit of contacts of magnetic starter’s /7, u
I1, 1t is carried out by means of the type relay MKY-48.
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Figure 5. Electromagnet Power Supply (explanations in the text)

The switching unit of an electromagnet figured in a Figure 5 consists of the relay of a direct current P;
and P, (typeMKY-48) and magnetic starter’s /1, ull,. The relay turns on from the signals arriving from me-
chanical contacts — KM, operated by a figured disk //, which is built in the chart recorder SI1I1-09Mon one
axis with the switch of disks. Starter/7; includes current through a winding of an electromagnet of one direc-
tion, /1, - other. By means of mechanical keys K;uK, manual control of the direction of current through an
electromagnet winding can be exercised. All contacts of a circuit of switching are supplied with spark extin-
guishing RC-circuits. Current value through an electromagnet winding, i.e. the size of tension of magnetic
field necessary for measurement is established manually prior to the experiment.

Necessary operation before carrying out a research of influence of magnetic field on kinetic parameters
of the studied sample is graduation of an electromagnet and the choice optimum (perpendicular to the direc-
tion of magnetic field in his uniform part) sample arrangements between his poles. To achieve the maximum
size of a uniform part of magnetic field uses a wide tip of an electromagnet. Graduation of an electromagnet
is carried out by means of Hall Sensor for what he is placed between poles of a magnet and pass electric cur-
rent via the sensor. The size of the passed current is chosen, proceeding from passport data of the sensor. Ro-
tating Hall Sensor in magnetic field, try to obtain the maximum value of Hall potential difference. In this
case Hall Sensor will settle down perpendicular to the direction of magnetic field. Changing the size of the
current passing through electromagnet windings register values of the Hall potential difference proportional
to tension of magnetic field and build a calibration curve of an electromagnet — a curve of dependence of ten-
sion of magnetic field on the current value passing through his windings. In a Figure 6 the diagram of power
supply unit of a sample which consists of stabilized is provided current source (from 5 mxAby 100 mMA)
andrelayP; (type PMVYT), operated by mechanical contact KM.
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Figure 6. Sample Power Supply

As kinetic parameters are rather sensitive to fluctuations of values of current and tension in network, be-
fore carrying out measurements it is necessary to calibrate installation. Calibration of installation is carried
out in the following order.

The toggle-switch 3 is set to position 2. Then the constant calibrated tension developed by the DC po-
tentiometer (PDC) will move in a measurement chain entrance through contacts of the toggle-switchT5. Val-
ue of the calibrated tension is selected according to value of the measured tension. The selected calibrated
tension via the tumblers T4 and T5 moves on an input of the photocompensation amplifier ®116/2 and am-
plifiers. The reinforced signal from an output of the amplifier through shop of resistance R300 arrives on an
input of the two-coordinate recorder. By means of shop of resistance R300 the maximum value of tension
registered by the register is selected equal to the selected calibrated tension. After calibration of installation
start measurement of a signal from a sample in the following order. The toggle-switch 3 is turned to position
1 therefore the signal from the studied sample gets on a measurement chain PDC entrance. Part of a signal, is
compensated by the calibrated signal which is worked out by PDC direct current potentiometer, and a no
compensated part amplifies the photocompensation amplifier ©116/2 type and the reinforced signal from an
output of the amplifier is given on an input of the two-coordinate register I[TJIC of 024 M. On the second en-
trance of I1JIC-021M recorder the signal from a copper-constantan thermocouple taking the average tem-
perature of the studied sample is given. Thus, on the tablet of recorder of IIZIC 024 M it is drawn, the curve
characterizing temperature dependence of a signal which goes from a sample.

Influence kinetic parameters both the size, and the direction of magnetic field. The dependence of kinet-
ic coefficients on the direction of magnetic field is called anisotropy of the corresponding measured parame-
ter. The anisotropy of kinetic parameters can be caused by anisotropy of a power range of carriers of a
charge. For example, the dependence of magnetoresistance on orientation of magnetic field is caused by ani-
sotropy of a power range of carriers of a charge. It means that, investigating dependence of some kinetic co-
efficients on the direction of magnetic field, it is possible to receive data on a power range of carriers of a
charge in the studied solid body.

Therefore existence of a possibility of a research of kinetic parameters from size and the direction of
tension of magnetic field is rather important. To investigate dependence of kinetic coefficients on the size of
tension of magnetic field on one entrance of I1JIC-021M recorder the signal corresponding to the studied
coefficient, and on another — the signal proportional to tension magnetic a floor, the electromagnet created
between poles is given. Thus receive dependence of the studied size on tension of magnetic field.

The electromagnet is established on the rotating disk, and the holder with a sample is fixed not movably
between electromagnet poles. Therefore by rotation of an electromagnet it is possible to change orientation
of tension of magnetic field concerning the plane of the studied sample.

If the signal corresponding to a certain kinetic coefficient a tax on one entrance of [IZIC-021M recorder,
and on other angle of rotation of an electromagnet, then on the tablet of the recorder is drawn the curve de-
scribing dependence of the studied size on the direction of tension of magnetic field.
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JlaHTaHOMATApP MAHTAHUTTEPiH/IEri rAJIbBAHOMATHUTTIK
KYOBLIBICTAP/bI 3ePTTEyre ApHAJIFAH KYPbLIFbI

KommnbroTepiiH JUCKiCIHEH albIHATBIH aKIapaTTapblH MeJILIepi, ONap/bl OHAeY KbUIJAMIBIFB OyJl Makcar
YILIiH MaiaaHblIaTHIH Ce3Tilll TETIKTEpAiH KachueTTepiHne Tikesnei OainanpicTsl. Kasipri ke3ae ochl MakcarTa
KOJIIaHBLTATHIH MAarHUT KeIepriciHe HEeTi3/IeNreH Ce3Till TETIKTep aKMmapaTThl OHACY CaJaChIHBIH JKOFaphl
TaJanTapblH KaHaraTTaHbIpa ajaMaiiapl. KeifiHri ke3ae TaObUTFaH aiblll MarHUT KeAepri KyObUTBICH OeiaMe
TeMIIepaTypachlHa ©Te JICI3 MarHUT OpiciH TipKel aJaThIH Ce3Till TETIKTepAi ’acay MYMKIHJITIH allThL
AIBII MarHUT KEACPTiCiH MaianaHy apKbUIbl KOMIIBIOTEPAIH JKEAEN JKAIbICHIH JAaMBITYFa, SHEPTHSHBI
YHEMieyre, aKmapaTThl OHJEY >KbUIIAMIbIFBIH apTThIPyFa, Tarbl 0acka >KaHAIBIKTapAbl OHIIpicke Te3
eHJipyre MyMKiHAiK Oepeni. Iprerni ¢pu3nKkaHBIH HEri3ri MaKcaThl — aJIBII MAarHUTTIK KeAEpriHiH maiina 6oy
TaOMFaThIH, OHBIH €peKIlle KAaCHETTePiH aHBIKTAI, eMipJe KOJJIaHy aschlH KeHeWTy. OChl TYPFbIIaH alblil
MarHuTTIK Kejeprici 0ap 3aTTapbl Tayblll, MeKTPOU3UKAIBIK KACUETTEPiH 3epTTel, OJapibl 9JICi3 MarHUT
opiciH ce3eTiH ce3riul TeTiKTep jKacay YIIiH Maiianany MoceeciHiH MaHbI3bl epekiie. KeiliHri ke3ae cupek
KE3/IeCeTiH JKep 3JEeMEHTTepiHiH naHTtanoua MaHranutrepinge Lal-x(Sr, Ca)xMnQO; anblll MarHUTTIK
KeAeprijiepiniy TabbUTyHI OJapJaH 9JICi3 MAarHUT OPICIH ce3€ ajaThIH Ce3Tilll TEeTIKTep/i jkacay MYMKIHAITiH
amThl. AJaiifia 9JIci3 MarHUT ©PICIH CE3rilll TeTIK )Kacay YIIH MaHTaHUTTEPJE NI MAarHUTTIK KeAEpriHiH
naiiga OGomy TabumraThiH keTe Oimy kepek. JKaHa Marepmanmapisl i3fey yaepiciHIe ranbBaHOMAarHHTTIK
KYOBUIBICTAP/IbI 3€PTTEYAIH AJIaThIH OPHBI epeKile. I anbBaHOMArHUTTIK KYOBUIBICTHI 3ePTTEY apKbUIbI JKaHa
MaTepHaIIapIbIH Ce3rilll TEeTIKTep KacayFa MYMKIHIIK OepeTiH KacHeTTepiHiH epeKIIeTiKTepiH aHbIKTayFa
MyMKiHzIiK 6epeni. XKympbicta MaTepuanabiH dIeKTPU3UKANBIK KaCHETTepiHiH MarHUT OpiCiHe TOyeJaiIirin
3epTTeyre MyMKIiH/IiK OepeTiH KYpBUIFbI KYPBUIBICHI XKOHE OHJIA XKYMBIC icTey ofici OasHmanFaH.

Kinm coe30ep: KYpbUIFbl, MArHUTTIK KapThUIail OTKI3TilITEp, bl MAarHUTTIK KeIepri, ralbBaHOMAarHUTTIK
KYOBUTBIC, Ce3rill TeTiK, ()ePPOMATHUT KYPBUIBIMBI, JJIEKTPMAarHUT, KOpeK Kke3i, Xoir KyOBUIBICH,
JaHTAaHOM/JTAp MaHTaHUTTEPI, TEMIIEPATYpa, MOTCHIIHOMETD.

K.T. Epmaran6etos, JI.B. Uupkosa, b.K. Kacenos, P. Kabunen,
K.M. Maxanos, A.K. 3eitnunenoB, E.T. ApunoBa

YcraHoBKa 1J1s1 HCCJIE0BAHUSA IaJIbBAHOMATHUTHBIX
3(l)(l)eKTOB B MAaHIraHUTaX JJAHTAHOHUI0B

B mpobGiieme yBenuyenus 00beMa U CKOPOCTH 00paboTKK HH(POPMALINH, CHUMAEMOMH C JKECTKHX THCKOB KOM-
HBIOTEPOB, OOJIBIIYIO POJIb UTPAIOT CBOWCTBA UCHOJIB3YEMBIX JUISl 3THX Lielieil ceHcopoB. COBpeMEHHBIE Mar-
HHMTOPE3UCTHBHbIE JaTYUKK HE B MOJHOH Mepe YJIOBJIETBOPSIOT MPEIbsABISIEMbIM TPEOOBAHHUSAM, YTO CAEPKHU-
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BAaeT Pa3BUTHUE KOMIIbIOTEPHOIl TeXHUKH. OOHAPYKEHHbIE CPABHUTEIBHO HENABHO 3(Q{EKTh KOJOCCaTbHOrO
u rurantckoro Marueroconpotusnenus (KMC u I'MC) narotT BO3MOKHOCTh CO31aBaTh Oojiee COBEPIICHHBIE
CEHCOpH!, criocoOHbIe paboTaTh MPHM KOMHATHBIX TeMIIEpaTypax M B 001acTH clabbIX MAarHUTHBIX MOJIEH.
C TOUKH 3peHUs] TEXHUYECKHUX MPUIIOKEHHH ucnons3oBanue dpdekra KMC — 3To He POCTO YCOBEPIISHCT-
BOBaHHE YK€ CYIIECTBYIOIIMX KOMITBIOTEPHBIX M MOJIYIIPOBOJHUKOBEIX TEXHOJIOTHH 3TO CO3IaHHE NPUHIH-
MMHAJIBHO HOBBIX JJIEMEHTOB OIIEPAaTHBHOM KOMIBIOTEPHOH IaMsTH, MWCIIONB30BAHHE KOTOPBIX IPHBEJET
K CYILIECTBEHHOMY CHIKCHUIO DHEPro3aTpar U MOBBIIICHHUIO SHEPrOHE3aBUCHMOCTU HE TOJIBKO KOMIIBIOTEPOB,
HO M TaKMX YCTPOICTB, KaK COTOBBIE Tele()OHBI, NEKTPOHHbIC OpraHaiizepbl, IudpoBble KaMepsl U mp. 3anaya
(byHnaMeHTaTbHON (U3MKKM — TIOHSATH NPUPOJY YMEHBIICHHS 3JIEKTPOCONPOTUBICHHS MO/ BO3/ICICTBIEM Mar-
HHUTHOTO TIOJI, T. €. MeXaHu3M Bo3HMKHOBeHHss KMC. B cBs3u ¢ 3TuM BechMa aKTyallbHOI sBIIsieTCs: mpodnema
TIOHMCKA U CO3IaHUsI MaTepHaoB, obaafaromux 3pdeKTaMi KOIOCCaIbHOTO M THIAHTCKOTO MarHETOCOMPOTHUB-
JIEHMSI, IPUTOHBIX IS CO3AHMUS TATYMKOB CIIA0BIX MAarHUTHBIX moJiel. [Ipumepamu Takux MaTepHagoB MOTYT
CITY>)KUTh MaHTaHHUTHI JJAHTAHOH/IOB, HMEIOIIHE CIOXKHYIO CTPYKTYpY. AHOManuH (pU3MIEeCKHX CBOHCTB MaHTa-
HHUTOB, KOTOPBIE MOTYT OBITH MCIOJB30BAHBI I CO3JaHMS MOJOOHBIX CEHCOPOB, OOYCIIOBIICHBI OOTaThIM pa3-
HOOOpa3zueM (pU3HIECKUX SIBICHHUI, IPUCYIINX MAHTaHHTaM PEIKO3eMETIBHBIX JIEMEHTOB CO CTPYKTYPOIl Iie-
posckura La;(Sr, Ca)MnOs;. Oxgnako a1 3¢ GeKTHBHOTO MPAKTUYECKOr0 MPUMEHEHHs MaHTaHHTOB HEoO-
XOIUMO TOHUMaHUE (PU3NYECKUX MEXaHW3MOB, OTBETCTBEHHBIX 3a Habmrogaemble sBieHus. MccrnenoBanne
rajlbBaHOMAaTHUTHBIX 3()(EKTOB UIPACT OIPEENSAIONIYIO POJIb B IOUCKE HOBBIX MAaTEPUAIOB, HOCKOJIBKY OHH
TO3BOJISIIOT TIOJMYYUTh CBEACHMS O (YHIAMEHTAIBHBIX CBOMCTBAaX MONYNPOBOJHUKOB. DTHU 3KCHEPUMEHTHI
MO3BOJISIIOT ONPEAENUTh T€ MapaMeTphl HOBBIX MAaTEpPHANIOB, KOTOPBIE SBISAIOTCS OCHOBHBIMU KPHUTEPHSIMHU
BO3MOXXHOCTH HCIIOJIB30BaHUS UX IJISI CO3/IaHMS TeX WM MHBIX CEHCOPOB U JAaTYMKOB. B pabore mpuseneHo
OIMCAaHHE JKCIICPUMEHTAIBHON YCTaHOBKH ISl W3y4EeHHs MAarHUTOIIOJIEBBIX 3aBUCHMOCTEH KHHETHYECKHX
K03( GUIUEHTOB, MX H3MEPEHHS, OTIPEIETeHNSI OCHOBHBIX XapaKTEPUCTHK MaTepPHAIIOB.

Kniouesvie cnoea: yctaHOBKa, MarHUTHBIC [IOJYIPOBOJHUKHU, KOJOCCAIbHOE MAarHETOCOIPOTHUBICHUE, rajlb-
BaHOMAarHUTHBIE SIBICHUS, CEHCOPHI, NaTYMKHU, (PEPPOMATHUTHBIE CTPYKTYPBI, JIEKTPOMArHUT, HCTOYHUK ITH-
tanus, dGdexr Xoma, MaHTaHUTHI JIAHTAHOMIOB, CAaMOIIMCEL], TeMIeparypa, ()OTOKOMIIEHCALMOHHBIN YCH-
JUTENb, TOTEHIHOMETPHI TOCTOSIHHOTO TOKA, OJOKH yIpaBIECHUS.
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