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The object of the work is development and experimental realization of the apparatus
for measuring electro-physical properties of materials at temperatures 15-273 K in exter-
nal magnetic field H,,,; in the apparatus, a gas heat engine (cryo-generator) has been used
for obtaining low temperatures, and a system of permanent magnets has been applied for
producing magnetic fields with magnetization force up to several kOe. Actually, the
apparatus consists of two large blocks: a stationary setup for producing low temperatures
using the cryo-generator (Leybold), and a detachable setup for creating magnetic fields using
a system of permanent magnets pairs made from high-coercive Nd,Fe,B alloy. A system for
collecting and treating the data obtained has been developed. For testing the apparatus,
comparative measurements of electrical resistivity temperature dependence for MgB, supercon-
ductor have been carried out both in zero magnetic field and under H,,, = 2 kOe.

ITesn paboTel — paspaloTKa U ONBITHASA Peajusalyd YCTAHOBKU JJIsl MPOBEJEHUS U3Me-
penuii 2J1eKTPoPU3NUECKUX CBOMCTB MaTepHaJJoB Ipu Temmnepatypax 15-273 K Bo BHemmuem
marauTHOM mnojie H,,,, B KoTopoil A HONydYeHMS HUBKUX TeMIepaTyp IIPUMeHseTcd Taso-
Baj TeIJIOBasg MallnHa (KPHOTEHepaTop), a OJd CO3ZAHNS MArHUTHLIX MMOJel HapasKeHHOC-
TLIO 10 HeCKOJLKNX kOe mMCIoabayeTcs CUCTeMa IMOCTOAHHLIX MAUHHTOB. ¥ CTAHOBKA (PaKTH-
YECKM COCTOUT U3 JBYX KPYIHLIX OJOKOB: CTAIIMOHAPHOTO YCTPOMCTBA [JAA CO3TAHNI HUSKUX
TeMIlepaTyp ¢ IMOMOIbI0 KpuoreHeparopa (Leybold) m chbemHOro ycTpoicTBa sl CO3MaHUS
MATHUTHEIX II0JIell HA OCHOBE CHUCTEMBLI 13 IIap MOCTOAHHBEIX MATHUTOB M3 BLICOKO KOSPI[UTUB-
moro cunasa Nd,Fe,,B. Paspaborana cucrema c6opa m 06paboTKH IIOIy4YeHHBIX AaHHBIX. s
TECTUPOBAHUA YCTAHOBKM IIPOBEIEHbl CPABHUTEJbHBIE M3MEPEHUS TEeMIEPATyPHON 3aBUCUMOCTH
BJIEKTPOCOIPOTHBICHNA cBepxnposoganka MgB, B mynesom marsursOM mome u mpu H,,, = 2 kOe.

YcTaHOBKA A MPOBEIEHHS TOCHIMKEHb eNeKTPo(di3sNYHUX BIAACTHBOCTEH MaTepiaiB
NpH HA3BKHX TeMIlepaTypax y 30BHiImIHIX MarmiTHux moxax. O.M.Bogda, B.B. [lepes’anko,
T.B.Cyxapesa, B.O.Qinkenv.

Mera poboTu — pospobka i JocaifHa peanisallis yCTAHOBKH Ui MPOBeMEHHS BUMiPIOBAHD
eneKTpodisuHMX BIACTUBOCTeil MaTepianiB mpm Temmepartypax 15—273 K y soBHimHbOMY
marmitHomy moai H,,,, B AKi#l fga oTpUMaHHA HM3LKMX TeMIIEPATYD 3ACTOCOBYETLCA IasoBa
TemJ0oBa MamunHa (KpioreHepaTop), AN CTBOPEHHS MArHITHUX TOJIB HATPY:KeHICTIO [To
mekimbkox kOe BUKOPUCTOBYETHLCA CUCTeMa TIOCTIHMX Mar"iTi. YcraHoBKa QPakTHUHO CKJA-
MAaeThCA 3 JBOX KPYIMHUX OJIOKIB! CTAI[iOHAPHOTO TMPUCTPOIO JJIS CTBOPEHHS HUBLKUX TEMIIe-
paTyp 3a J0omoMoTo0 Kpioreneparopa (Leybold) i sHiMHOTO TPUCTPOIO I YTBOPEHHA MATHIT-
HUX TIOJNiB Ha OCHOBI cucTeMu 3 map TOCTIHHUX MAar"iTiB 3 BUCOKOKOEPIIUTIBHOTO CILIAaBY
Nd,Fe,,B. Pospobieno cucremy 360py i 06pobku ofep:kaHuX AaHUX. [[JIA TecTyBaHHS ycTa-
HOBKM TIPOBEIeHO MOPiBHANLHI BUMIpIOBAHHS TeMIIePATYPHOI 3aJIEKHOCTI €JIeKTPOOTipy Hak-
npoeizanka MgB, v myaroBomy marmirmomy moai i mpu H,,, = 2 kOe.
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1. Introduction

Studying the galvano-magnetic effects,
namely, magneto-resistance, volt ampere
characteristics (CVCs) in the external mag-
netic field H,,;, critical currents of super-
conductors, etc. — at low temperatures is
of great importance in various fields of
modern physics (solid state physics, super-
conductivity, magnetism, semiconductor
physics, etc.). Such investigations were car-
ried out during more than a hundred years,
and by now, numerous experimental appara-
tuses of different complexity have been cre-
ated for measurements in the wide range of
temperatures T and external magnetization
force H,,; (see, for example, some works of
last years [1-3]).

In spite of multiplicity of the modern
apparatus designs for galvano-magnetic
measurements at low temperatures, as well
as working ranges for temperature and
magnetic field variations, practically in all
cases the cryogen liquids (nitrogen, helium,
rarer — oxygen, argon, etc.) are applied,
and for production of magnetic fields —
solenoids with winding from superconductor
or normal metal are used.

The aim of the work is development and
creation of the experimental apparatus for
measurements of electrical resistivity, ecriti-
cal currents in superconductors, and volt-
ampere characteristics in external magnetic
field H,,;, and other galvano-magnetic ef-
fects; in the apparatus, in contrast to
known measuring circuits for low tempera-
ture production, the cryo-generator is ap-
plied, which is a gas heat engine; and for
creating magnetic fields, a system of perma-
nent magnets is used.

2. Apparatus arrangement

Before to describe the peculiarities of the
apparatus design we note the following two
points:

1. As the main part of the apparatus
which provided the temperature range ~15—
300 K, the cryo-generator RGD-210 (Leybold)
has been used.

2. For creating the magnetic field source
— a system of permanent magnets — sev-
eral sets of cylinders made from high coer-
cive Ndy,Fe 4B alloy pressed powder have
been used [5, 6]. The working range of the
magnetic fields was 0—~2000 Oe. Note that
application of permanent magnets with
higher residual magnetization values B, and
coercive force H, allows increasing the
maximum values H, ;.
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Fig. 1. Arrangement of the apparatus for
measuring electrical resistivity and CVCs in
magnetic field and other galvano-magnetic
effects: 1 — sample; 2 — measuring cell; 3
— holder of permanent magnets; 4 — mag-
nets; 5 — cryo-generator RGD-210 (Leybold).

The arrangement of the apparatus for
measurements of electrical resistance and
CVCs in magnetic field as well as other gal-
vanomagnetic effects is shown in Fig. 1.

It is seen from Fig. 1 that the apparatus
consists actually of two large blocks: a sta-
tionary setup for producing low tempera-
tures 5 [cryo-generator RGD-210 (Leybold)],
and a removable setup 3 for creating the
magnetic fields using a system of perma-
nent magnet pairs 4 made from Nd,Fe;,B
high coercive alloy. The sample studied I
together with a standard Pt resistance ther-
mometer is positioned within the measuring
cell 2 filled by gaseous helium before work
beginning in order to increase heat ex-
change.

The magnetization force H,,; of the ex-
ternal magnetic field influencing on the
sample I is determined by parameters of
applied set of "discs” from permanent mag-
nets (there are several different sets for the
apparatus) and by the distance L between
the magnets symmetrically positioned rela-
tive to the sample. The H,,, was measured
using magnetic induction instrument SH1-8
with accuracy 1.5 %. [The calibration
curve for one of the sets, i.e. the depend-
ence of the magnetization force on the dis-
tance H(L) is shown in Fig. 2].

Note that the internal diameter of the
removable part of the apparatus (the holder
of the magnet system 3) is only a little
larger than the diameter of cylindrical sur-
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Fig. 2. Magnetization force value versus the
distance, H(L).

face of the cryo-generator working part 5.
The design of the magnet system holder
provides the constancy of the condition: the
normal (N) to the flat sample I surface and
the magnetization force vector H,,; of ex-
ternal magnetic field produced by the per-
manent magnet system 4 — are positioned
in the same plane. The special limb allows
setting the angle between N and H,,, vec-
tors with accuracy ~1 deg [in the present
work all measurements were carried out in

transversal magnetic fields (I L H,,,)].

3. Measurements, collection and
treatment of the data

To provide the possibility for measure-
ments of electrical and magnetic properties
in the external magnetic field H,,, in auto-
matic regime, the special soft-ware complex
was developed for collection and treatment
of the data obtained. The complex is the
essential part of the apparatus. The modern
high-tech instruments have been used for
the complex creation.

In order to provide high efficiency of the
work, all the instruments had the same
standard (GIP); the following instruments
were applied for measurements of electrical
resistance temperature dependences: 34 410
A, 34 420 A, 34 780 A.

During the measurements the data were
registered by the computer using the inter-
face USB/GPIB 82257B. The information
about the experiment was visualized in the
monitor both in text and plot representations
and remained for following treatment.

4. Testing the apparatus

For testing the apparatus functional pos-
sibilities, measurements of electrical resis-

tivity (p) temperature dependences for MgB,
superconductor in the temperature range
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Fig. 3. Temperature dependences of (a) elec-
trical resistivity, p, and (b) dp/dT derivative
for MgB, superconductor.

15-273 K have been carried out both under
zero magnetic field and at H,,, = 2000 Oe.
As it is known, the critical temperature for
MgB, T, ~ 40 K [7].

In Fig. 3, the temperature dependences
of electrical resistivity p and dp/dT values
are shown. As it is seen, the results of test-
ing the p measurements for MgB, indicate a
noticeable shift of critical temperature AT .~
1 K under relatively weak magnetic field.
(T, values were determined by the position
of dp/dT maximum on the temperature
axis). Similar AT, values were obtained in
other works (see, for example [8, 9]).

5. Conclusions

The main result of the work is develop-
ment and creation of the apparatus for
studying electrical and magnetic properties
of materials at low temperatures under ex-
ternal magnetic fields with magnetization
force up to 2 kOe. Principal distinctions of
the apparatus in comparison to numerous
devices for similar purpose are the follow-
ing: firstly, it is application of cryo-gener-
ator for production of low temperatures;
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secondly, application of high-coercive per-
manent magnets for creating moderately
strong magnetic fields. Application of the
cryo-generator instead of systems using
cryogen liquids, as well as permanent mag-
nets instead of solencids substantially sim-
plifies experiments on studying the material
properties under special conditions.
Application of modern measuring instru-
ments, methods and means of computing
technique provides high efficiency of collec-
tion and treatment of the experimental data.
High exploitation qualities of the appara-
tus for studying electro-physical properties
of materials at low temperatures under ex-
ternal magnetic fields are supported by the
test experiments on magnetic field influence
on behavior of electrical resistivity near the
superconductive transition temperature.

Functional materials, 21, 3, 2014

References

. A.Altinkok, K.Kilic, M.Olutas, A.Kilic, /. Su-

percond, Novel Magnetism, 27, 651 (2014).

. A.Altinkok, K.Kilic, M.Olutas, A.Kilic, /. Su-

percond. Novel Magnetism, 26, 3085 (2013).

. Suchitra Rajput, Sujeet Chaudhary, J. Super-

cond.d Novel Magnetism, 26, 2375 (2013).

. V.V.Derevyanko, T.V.Sukhareva, V.A.Finkel,

Phys. Solid State, 48, 1455 (2006).

. O.M.Bovda, V.0.Bovda, L.V.Onischenko et al.,

Functional Materials, 20, 203 (2013).

. O.M.Bovda, V.0.Bovda, V.V.Chebotarev et al.,

Functional Materials, 15, 589 (2008).

. J.Nagamatsu, N.Nakagawa, T.Muranaka et

al., Nature, 410, 63 (2001).

. S.Patnaik, L.D.Cooley, A.Gurevich et al., Su-

percond. Sci. Technol., 14, 315 (2001).

. S.L.Bud’ko, G.Lapertot, C.Petrovic et al.,

Phys. Rev. Lett., 86, 1877 (2001).

363



