pocToM HarnpsixkeHus cmewuedus crnexktp PCIY B auonax Broporo tuna. C yBeslHueHHEM
HamnpshkKeHUs cMewneHus (T. €. TIpY 30HAMpoBaHUH Goniee riyOokux obnacTel kpucTanna)
JOMUHUpYIOWKM cTaHoBuTCa Uk E035 v nosiensercs nuk EO021, pacnonoxeHHsbId B 00-
NacTU HU3KOTEMIIEPATYPHOTO Kpbuia O0see MENKOro nuka Ausakadcuun E024.

M3 aHanu3a BonbT-hapagHbIX XapakTepUCTUK ObIIO YCTAHOBJIEHO, YTO B JIHOJAX BTO-
poro Tumna npoucxoauT obpazosaHue nedeKTOB Ha ryOMHaX, CYLLECTBEHHO MpEBbLILIALO-
LLMX MaKCUMAaNbHYIO MyOuHy IPOHUKHOBEH U anbda-yacTull. [1pn oueHke riyOUHbI yuu-
ThIBAJICS TOT GaKT, YTO UCCIeyeMas CTPYKTYPa COCTOUT U3 3-X ClIOeB: alltOMUHUSA (d = 4,5
MKM), KDEMHHUS p-TUMa MPOBOAUMOCTH (d = 12,7 MKM) M KPEMHHS H-THNA NPOBOAMMOCTH
(d = 32 MkM, rnyOHHa IPOHUKHOBEHUS Q-4acTHLl B 6a3y n-TUNAa MOXET ObITh OLIEHEHA KaK
(24,8 - 17,2) MkM = 7,6 MKM. DTa OLIEHKa TaK)X€ MOATBEPXKJAETCSd JAHHLIMU U3MEPEHHI
C—V-xapakTepucTuK. B T0 xe BpeMs obpaTtHoe HanpsixkeHue >15 B coorBercTByeT riyou-
Ham >12 MkM.

3AK/IFOUEHHUE

Taxkum oOpa3oM, oOHapyxeHHOE Ha pa3HbIX FNTYOMHAaX U3MEHEHUE COOTHOLLEHHS MeX-
AY KOHLEHTPaLUMSMH OCHOBHbIX paJUallMOHHbIX Ae(EeKTOB cBUAeTENbCTBYET 00 addexTte
JalbHOAEHCTBUSA NpU 00MyuyeHHH anbda-yacTULAMHU NaHHOH 3Hepruu. 3rtot sddexT npo-
ABNISIETCA NpeX/e BCEro B CTPYKTypax ¢ 6onee riyOOKHM 3aneraHuem p—n-nepexoa, T. €.
npowieaAWwHxX donee ANUTENbHYIO cTanuto NMbdy3roHHoH pasroiku docdopa.
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1. INTRODUCTION

Investigations of condensed matter properties in high magnetic fields are of great
importance as they give information on the behavior of materials put in extremal
condictions, and thus, can verify prospective theoretical models which are often formulated
with reference to limit cases or make predictions for the later [1, 2]. Such investigations,
nevertheless, are very difficult to carry out due to various specific problems which require
solutions in every particular case: pulsed magnetic fields often cause effects related to
experimental stuff rather than to a studied system. These effects can overwhelm the
responses which reveal phenomena taking place in the sample under study. In this paper as
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an example of high pulsed magnetic fields
magnetoresistance measurements and data
analysis we present results obtained on
SnO, nanogranular thin films. The
samples fabrication procedure is describ.d
elsewhere [3].

Investigations of mesoscopic mat.
rials, containing tin-dioxyde structures, are
very prospective from both scientific and
industrial applicability points of view
[4, 5]. High magnetic fields investigations
provide possibilities for both verification of
charge transport mechanisms and deternu-
nation of new application possibilities of
these structures.

2. MAGNETORESISTANCE
MEASUREMENTS

SR DS 360

ISRSGO SR830

15830

Fig. 1. The principal ~chcme of 1he MR-
measurements. 7 — is the resistor, used for
clectric current measurements

The standard lock-in four-probe technique was used in order to measure the resistance
of samples as a function of temperature and applied magnetic field. The magnetic field was
applied perpendicular to the surface of SnO; nanogranular thin film samples. The contacts
were placed on the samples surface in linear configuration as shown in Figure 1. The
resistance measurements were performed with the help of SR 830 Lock-In Amps. Both the
excitation and reference signals were supplied with SR DS 360 Ultra Low Distortion
Function Generator. The voltage drop from the inner contacts was amplified with SR 560

Amplifier and then detected by one of
the Lock-In Amps. For the temperature
control the LakeShore 340 was used.
The resistance measurements were
performed at the simultaneous appli-
cation of magnetic field pulse, the @
duration of each pulse being 600 ms.

On Figure 2, the time co-evolution of

the measured at 7 = 1.8 K voltage drop

on the sample and the applied magnetic

field is presented.

3. RESULTS AND DISCUSSION

Various efficient techniques for
electrical measurements in  pulsed
magnetic fields which implement
procedures concerning data acquisition
and preprocessing were developed [6, 7].

time, s

In contrast, we did not use any
speaific data acquisition procedures,
rather we have performed post-
acquisition data analysis presented

L:i~ * The co-evolution -f measured voltage drop

on the sample {lower plot) at T = 1.8 K and applied
pulsed magnetic ficld (upper plot} in time
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below. From the Figure 2 one can see that to the maximum in magnetic field pulse
corresponds a narrower band of the voltage drop variation (at time moment approximately
56 ms). This means that when magnetic field varies slowly (the derivative dB/dr at the
peak is zero), the variations in voltage drop on the sample are minimal.

It must be noticed here that actually the voltage drop dependence on the magnetic field
is under consideration, so the process we deal with is a nonstationary one, and conventional
Power Spectra analysis is not applicable [8]. Magnetic field acts as an external parameter
which alters the conditions in which the sample is put. Nevertheless, as we observed clear
periodical changes of voltage drop at low-scale time intervals, we expect the power spectra
to give some general picture of the processes taking place, although not really correct one.
On the Figure 3 such signal power spectra of voltage drop on the sample, corresponding to
different temperatures, are presented.

From the Figure 3 one can see that the signals with frequencies 1.33 kHz (signal with
this frequency was supplied by the generator) and 2.66 kHz (the second harmonic of the
generator supplied frequency) make significant contribution to the total spectrum. As in our
measurements the SR 830 Lock-in amps were used, it is natural to associate these peaks
with parasitic signals coming from the output of Lock-ins. In order to extract the «message-
signal», associated with magnetic field-induced voltage drop change, there was performed
frequency domain filtering — the peaks at 1.33 kHz and 2.66 kHz were cut from the power
spectra, and after that the Inverse Fourier Transform was performed.

The results of this procedure are presented below. In Figure 4, the experimental data
are presented in the form of best mean square calculated curves with corresponding error
bars, the last representing standard deviations from the mean values. One can see that after the
performed frequency domain filtering the curve reproduces expected behaviour under the
application of magnetic field. Moreover, the standard deviations from mean values calculated
after filtration are much lower than that corresponding to «non-filtered»-data and have no
evident dependence on the magnetic field. The same results were obtained in the whole
T=1.8-40 K region.

14500

1500 2000 2500 3000 3500 400C
1. Hz
Fig 3. he signal power «pseudon-spectra of

voltage drop on the sample at difterent Fig. 4. The magnetic field dependence
temperatures. obtained by means of Discrete of resistance. measured on SnQ)-
Fourier Transform (sampling interval - nanogranular thin filmat 7'= 4.2 K
210 s lower resolution limit 1.7 Hy)

see discussion in text
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In Figure 5, the dependencies of

standard deviations (corresponding to 0.08 T=8K
the mean values of voltage drop on the 0,07 113:
sample) on the first derivative of 0,06+ I:%ﬁ
magnetic field on time (dB/df) are > 0,05+
presented. It is evident that deviations 2 |
reach maximal values when the speed §°‘°4‘
of magnetic field change is the highest, > 0.03
the overall dependence being linear. , 002
This is just shows that the rapidly o.o1f
changing magnetic flux induces large !
inductive pick-ups which must be 0001
excluded from the message signal. ~400 300 200 100
dB/dt, Tesials

4. CONCLUSIONS
Fig. 5. The dependencies of voltage

In conclusion, we point out that drop standard deviations on the spced
electrical measurements in  pulsed of magnetic field change
magnetic fields are not trivial and require development of special data acquisition and
analysis procedures. In our case, the observed at high fields wide dispersion band in
measured voltage drop is due to high impact of electromagnetic induction phenomenon,
which contributes to the amplitude of the carrier-signal, and thus enhances observed
oscillations with frequencies related to that of the signal supplied by the generator.
Performed frequency domain filtering enables one to obtain reliable results proper for
further physical analysis.

The work was supported by bilateral CNRS/BRFFI program (grants No. 20356 and
FO7F-013). T. Dauzhenka acknowledges V. A. Dorosinets and M. S. Rusetsky fro helpful
discussions.
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