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A laboratory magnetometer for express
measurements of magnetic hysteresis loops

Subject and Purpose. The development of technologies for synthesis of nanoscale magnetic materials requires new techniques
for measuring magnetic properties of nanoscale magnetic materials in such a way as to provide express post-synthesis measure-
ments of magnetic properties and exclude, in doing so, any mechanical displacements of measured specimens. Despite the fact
that numerous techniques exist for studying magnetic properties of materials, the development of such magnetic nanomaterials
as magnetic nanoparticles faces the need in novel measuring approaches based on standard procedures. Novel express tech-
niques are called to gain information about how magnetic properties of magnetic materials vary over time and respond to such
factors as temperature, storage conditions, stabilizing agents, exposure to an external magnetic field.

Method and Methodology. In this work, magnetic hysteresis loops are registered using a newly developed technique based
on the method of small disturbances (by an external magnetic field) and combining standard constructions of hysterometers and
vibrating-sample magnetometers.

Results. Magnetic hysteresis loops of a bulky ferrite (brand 1SCh4) sample and a 40 um thick YIG film have been registered
using the presented technique and compared with the results obtained by the well-known technique for measuring magnetic hys-
teresis loops. They are in good agreement with a margin error as low as 10%, which can be further improved by means of more
precise equipment. With the presented technique, the magnetization and the coercive force of Fey sCog sFe,O4 nanoparticles not
examined yet have been determined.

Conclusion. The developed technique makes it possible to study magnetic materials of various compositions including na-

noscale magnets. Fig. 4. Ref.: 13 items.

Key words: magnetometer, magnetic hysteresis loop, magnetization.

In the 20th century, active research into the proper-
ties of magnetic materials grew together with re-
search means. Until now, techniques based on the
magnetization and coercive force extraction from
magnetic hysteresis loops have evolved rather
quickly. Since a tendency exists of the transition
from bulky samples to nanoscale ones, it is neces-
sary to know how the properties of magnetic mate-
rials change with decreasing size.

At the moment, there is a great variety of tech-
niques for studying magnetic properties of mate-
rials [1-4]. Many of them are highly accurate and
really functional. Yet there are such drawbacks as
intricate and costly equipment, time-consuming
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preparations for launching the setup and lengthy
measurements. Thus, SQUID-magnetometers [5,
6] offer high sensitivity but have quite a complex
construction, the measurements call for cryoge-
nic temperatures and long preparations of the
samples. So, SQUID-magnetometers cannot per-
form express measurements. The vibrating-sample
magnetometer from [7] is such that the sample in
a constant magnetic field cannot be off mechani-
cal displacements. In addition, the vibrating mag-
netometer requires a sufficiently uniform magnetic
field. So, the known techniques are needed to be
modified so that the sample be kept from mechani-
cal impacts. The technique proposed here does not
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involve mechanical displacements, which greatly
simplifies both measuring process and setup con-
struction. The above-mentioned points make up
the purpose of this work.

To perform express registrations of magnetic
hysteresis loops of materials, a technique is nee-
ded that makes possible measuring various mate-
rials of low (~1 mg) concentration with acceptable
accuracy. The novelty of the present work lies in
the development of an express technique for mea-
suring magnetic hysteresis loops using a hysteresi-
meter [1] combined with a vibration magnetome-
ter [2]. The setup implementing this technique has
a relatively simple structural scheme, performs ex-
press measurements and analyzes magnetic hys-
teresis loops of materials with the H field accuracy
of at least 1 Oe.

1. Theoretical information. The proposed tech-
nique essentially consists in registering the signal
I = dB/dH, where B is the magnetic flux density
and H is the total magnetic field strength. A simi-
lar principle is observed, for example, in Electron
Spin Resonance (ESR) spectroscopy method [8]
which normally uses the well-known small-per-
turbation method [9]. An alternating magnetic
field h = hycoswt of a small magnitude (where h
is the amplitude of the alternating magnetic field
h, hy ~ 10 Oe and w is the modulation frequency,
o~ 1 kHz) acts as a small disturbance. Simultane-
ously with the alternating magnetic field h a per-
manent magnetic field H, is applied with a slow-
rate sweep over the range —10...+10 kOe.

AB

dB/dH = 0
A

Bs
2

a

The strength of the total magnetic field applied
to the sample is determined as

H(t) = Hy + h(t). 1

Hence, the magnetic flux density B takes the
form [10]

B(t) = By +b(D), )

where b(t) is the alternating part of the magnetic
flux density.

To find the shape of the magnetic hysteresis
loop, which is a B(H) function while sweeping
H, from left to right and then from right to left
(Fig. 1, @), it is necessary to take integrals along
corresponding curves shown in Fig. 1, b.

This reasoning is used in the experiments de-
scribed below.

A distinctive feature of the technique we pro-
pose is that signal | as a response from the sam-
ple is registered with a magnetic field sensor. Af-
ter the amplification, the signal is divided into two
parts, namely, the time dependent variable h and
the constant component H. It is important to note
that we register signal | as a derivative dB/dH (see
above) and do not take into account the constant
component H,. Hence, we obtain magnetic hyster-
esis loops with B axis, B is proportional to magne-
tization M. That we omit H, from the dependence
B =H,+42M [10] offers a clearer view of how the
magnetizations of the samples differ. There is no
need to omit H, for classic-type magnetic hystere-
sis loops in the form of dependence B(H).
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Fig. 1. Magnetic hysteresis loop modulated with magnetic field h (a). Signal | received from a bulky sample of ferrite
(brand 1SCh4, Mg =4 800 Gs [11]) using the developed technique (b). Curve 1 (a, b) corresponds to the Hy, field sweep from left
to right, curve 2 (a, b) corresponds to the Hy field sweep from right to left
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b

Fig. 2. Schematic block diagram of the measuring setup based on the developed technique: 1 — low-frequency generator with
amplifier, 2 — signal splitter, 3 — analog-to-digital converter, 4 — synchronous amplifier, 5 — electromagnet, 6 — modulation coils,
7 — magnetic field concentrators, 8 — magnetic field sensor with amplifier, 9 — sample (a). Photograph of the sample placed inside

one of the modulation coils (b)
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Fig. 3. Magnetic hysteresis loops obtained by the developed technique for bulky ferrite (brand 1SCh4) (a) and for a 40 pm thick

YIG film (b)
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Fig. 4. Magnetic hysteresis loop of FegsCogsFe,O4 nano-
particles prepared at the synthesis temperature T =500 °C [13]
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According to Fig. 2, the field h is induced by
two coreless modulation coils 6, and the field H is
induced by electromagnet 5. Magnetic field sensor
8 is placed between the coils. The opposite con-
nection of the modulation coils provides compen-
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sation of the magnetic field created by the coils in
the absence of the sample.

During the experiment, the sample is inside one
of the modulation coils (Fig. 2). Moreover, the
sample can be placed even in the immediate pro-
ximity to one of the coils, which enables express
measurements. As a result, an imbalance of the
coils appears, producing an alternating signal de-
tected by the magnetic field sensor.

It is important to understand that for sam-
ples whose magnetization reaches the saturation
point, the condition dB/dH — 0 is satisfied, that is
B = Bg = const at H > Hg (Fig. 1), where Bg is the
saturation magnetic flux density.

2. Experiment. Test studies of magnetic hys-
teresis loops were carried out for two magneti-
cally soft samples with known hysteresis loop
shapes, a known coercive force and a known sa-
turation magnetization. They are a bulky ferrite
(brand 1SCh4) sample of the size 4 x4 x 0.4 mm
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and a 40 pm thick YIG film. The magnetic hyste-
resis loops shown in Fig. 3 were evaluated by in-
tegrating the dependence | = I(H) (see Fig. 1, b).

The control measurements of the magnetic
hysteresis loops of the samples were carried out
using a magnetometer at the National Technical
University “Kharkiv Polytechnic Institute.” The
analysis of the control measurements showed a
good agreement with a margin error down to 10%.
For the technique approbation, FejsCoqsFe,O4
nanoparticles [12, 13] were experimentally studi-
ed. The magnetic hysteresis loop of this material
is plotted in Fig. 4.

We have determined the saturation magnetiza-
tion Mg ~ By using the obtained magnetic hystere-
sis loop (Fig. 4). The measurement results are pre-
sented in [12]. Certainly, the developed technique
does not claim to have a high measurement accu-
racy and is outperformed by expensive commer-
cial developments. But the achieved accuracy of
measurements can be significantly increased by
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JIABOPATOPHUIA MATHITOMETP JIJIS1 EKCITPEC-
BUMIPIOBAHbB IIETEJIb MATHITHOI'O I'ICTEPE3UCY

Ipeamer i MmeTa po6oTH. PO3BUTOK TEXHOIIOTII CHHTE3y HAHOPO3MIPHUX MArHITHAX MaTepiajiB BUMara€ HOBUX METOIIB €KC-
Mpec-BUMIPIOBaHHS IX MarHiTHUX BIACTHBOCTEH OApa3y MIcCIs cuHTe3y Ta 0e3 iX MexaHiduHOro 3pymeHHs. He3axatoun Ha Te,
IO HUHI iCHye 0arato MeTOIiB BUBUYCHHS MarHITHHX BIIACTHBOCTEH MaTepialiB, po3poOka HOBUX METONMK, 3aCHOBAHUX Ha Bi-
JIOMUX I IX0/1aX, BUBYCHHS BIACTHBOCTEH TAKUX MarHITHUX HAHOMATepialiB, K MarHITHI HAHOIIOPOILIKH, BCE IIE 3aJHIIA€ThCS
Ba)KJIMBHM 3aBIaHHSM. Taki eKCIpEeCc-METOMUKH TO3BOJISTh BCTAHOBUTH 3MiHY MarHiTHHX BJIaCTHBOCTEH MAarHITHUX MaTepialiB
3 94acoM i TiJl BIUTHBOM Pi3HHUX (PAKTOPIB — TEMIIEPATypH, YMOB 30€piraHHs, BIUIHBY 30BHIITHHOTO MAarHITHOTO ITOJIS Ta 3aCTOCY-
BaHHA CTAa0UTI3yFOUHX PEIOBHUH.

MeTtoau i meTonosiorisi podoTn. Y po6oTi OyIiu 3apeecTpoBaHi MarHiTHI NETIi TiCTEPE3UCY 3 BUKOPUCTAHHIM PO3POOIEHOT
aBTOpaMH METOAWKH, 3aCHOBAHOI Ha METOA1 MaJiiX 30ypeHb (30BHIIIHIM MarHiTHUM oseM). Ll MeTonnka noenHye TpaauiiHy
METOIHKY IOOYI0BH TETIECKOIA 1 BiOpaIiifHOr0 MarHeToMeTpa.

Pe3ynbTaTn podoTH. 3a T0TIOMOTOI0 PO3pPOOICHOI METOAUKH OTPHMAHO TMETII MAarHiTHOTO TicTepe3ucy 00’€MHOTO QepHuTy
(mapku 1SCH4) 1 mutiBku Y1G ToBmmHO0 40 MkM. [TopiBHSHHS pe3ynbTaTiB BUKOPHCTAHHS MTPOTIOHOBAHOT aBTOPaMU METOIH-
K{ Ta MIMPOKO BiTOMOI METOAMKH BHMIpPIOBAHHS MarHiTHHX IETENb TICTEPE3UCy MOKa3alo Jo0pe iX y3rokeHHS 3 TPAHIMIHOO
noxubkoro Ha piBHI 10 %, Ky MOXKHA 3MEHIINTH 33 PaXyHOK 3aCTOCYBaHHS OibII TOYHOTO OONMagHAHHA. 3a JOMOMOTOI0 PO3-
poOneHoi METOMMKY BH3HAYEHO HAMATHIYEHICT i BEIMYMHY KOSPIUTUBHOI CHIIM paHille HE JOCIiIKYBAaHOTO HAHOTIOPOIIKY
FCO’5C00’5F6204.

BucnHoBok. Po3pobiena Meronmka T03BOIISIE AOCIHIIKYBAaTH MarHiTHI MaTepiald Pi3HOTO CKJaxy, a TaKoK HAaHOPO3MipHi
MAarHeTHKH.

Kniouosi cnosa: macnimomemp, macHimua nemis cicmepesucy, HamMazHiyy8aHHs.
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