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Abstract: A measurement system based on the colossal magnetoresistance CMR-B-scalar sensor was
developed for the measurement of short-duration high-amplitude magnetic fields. The system con-
sists of a magnetic field sensor made from thin nanostructured manganite film with minimized mem-
ory effect, and a magnetic field recording module. The memory effect of the La1−xSrx(Mn1−yCoy)zO3

manganite films doped with different amounts of Co and Mn was investigated by measuring the
magnetoresistance (MR) and resistance relaxation in pulsed magnetic fields up to 20 T in the temper-
ature range of 80–365 K. It was found that for low-temperature applications, films doped with Co
(LSMCO) are preferable due to the minimized magnetic memory effect at these temperatures, com-
pared with LSMO films without Co. For applications at temperatures higher than room temperature,
nanostructured manganite LSMO films with increased Mn content above the stoichiometric level
have to be used. These films do not exhibit magnetic memory effects and have higher MR values. To
avoid parasitic signal due to electromotive forces appearing in the transmission line of the sensor
during measurement of short-pulsed magnetic fields, a bipolar-pulsed voltage supply for the sensor
was used. For signal recording, a measurement module consisting of a pulsed voltage generator with
a frequency up to 12.5 MHz, a 16-bit ADC with a sampling rate of 25 MHz, and a microprocessor was
proposed. The circuit of the measurement module was shielded against low- and high-frequency
electromagnetic noise, and the recorded signal was transmitted to a personal computer using a fiber
optic link. The system was tested using magnetic field generators, generating magnetic fields with
pulse durations ranging from 3 to 20 µs. The developed magnetic field measurement system can
be used for the measurement of high-pulsed magnetic fields with pulse durations in the order of
microseconds in different fields of science and industry.

Keywords: colossal magnetoresistance; MOCVD technology; nanostructured manganite films;
resistance relaxation processes; pulsed magnetic field; magnetic field sensors; magnetic field
measurement system

1. Introduction

In recent years, pulsed magnetic fields have been widely used in different areas of
science and industry. For the measurement of these magnetic fields, several techniques,
which depend on magnetic field strength, homogeneity, and variation in time, as well as
the required accuracy, have been used.

The available measurement techniques in pulsed magnetic field technology can be
categorized into two types. The first one obtains the signal proportional to the time
derivative of magnetic fields, dB/dt. The advantage of this method is the high voltage at
the sensor’s output, as the conventional pulsed field has a high dB/dt (∼10,000 T/s) due
to the short pulse duration and high magnetic field amplitude. Although it is the oldest
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method (B-dot sensor, induction coil), nowadays it is widely used in such applications as
plasma science (RFX-mod2 toroidal machine) [1], for particle accelerator magnets, coilgun
and railgun systems, and other fields [2,3]. Another type of sensor that also operates on
practically the same principle is the fluxgate sensor. Recently, great progress has been
made in the accuracy of measurements of this type of sensor and in the improvement of
the signal-to-noise ratio [4]. Depending on the area of application, such sensors can be
large in size (about 50 mm for detecting cardiac activity [5]) as well as miniaturized. The
miniaturized sensors are manufactured with PCB technology, allowing the construction
of sensors measuring several tens of millimeters [6]. However, as the measured signal in
this case is proportional to the derivative of the magnetic pulse, to obtain the real magnetic
pulse shape, the signal has to be integrated. This leads to error accumulation throughout
the integration period [7]. Other measurement techniques are based on the Hall effect [8],
and several magnetoresistivity effects such as anisotropic magnetoresistance (AMR), giant
magnetoresistance (GMR), and tunneling magnetoresistance (TMR) [9–11]. The output
signal of these sensors directly represents the magnitude of the magnetic field; however,
large dB/dt in this case is a disadvantage, because it induces pick-up noise, and it becomes
difficult to extract the relevant experimental data. However, these types of sensors are
most often used to measure weak magnetic fields, because the saturation field is below the
milli-tesla range [11–13]. Moreover, all these methods have one common disadvantage:
they are sensitive to the direction of the magnetic field. This means that the magnetic field
direction should be known in advance and it should not change during the measurement.
This problem can be solved by using three orthogonally positioned sensors [4,14], which
allow the measurement of not only the magnitude, but also the direction of the magnetic
field. This is especially essential in certain industrial, medical, robotic, or virtual reality
applications. A three-dimensional magnetic field sensor based on a single spin–orbit
torque device [15], a three-dimensional magnetometer based on a simple Hall device in a
planar geometry [14,16], or a three-axis induction sensor [17] can be used for this purpose.
However, such a solution is good for measuring relatively long-pulsed magnetic fields. For
measurement of short pulses, the increased number of wires to power the sensors together
with the effect of induced voltage in these wires caused by the electromotive force strongly
increases the measurement error. Moreover, the use of 3D design makes the set-ups bulky
with relatively large dimensions, which causes problems when measuring locally, or in
very small volumes. Meanwhile, for many pulsed field applications, the basic parameter is
the magnitude of the magnetic field. The direction could be defined by using an additional
anisotropic sensor.

Recently, it was demonstrated that high-amplitude pulsed magnetic fields could be
measured using novel CMR-B-scalar sensors based on the colossal magnetoresistance effect
(CMR) of polycrystalline nanostructured manganite (La-Sr-Mn-O) films [18–20]. These
sensors can measure high-magnitude pulsed magnetic fields of millisecond duration in
very small volumes. It was concluded in [19] that differential B-dot sensors which have a
directional response can be replaced by CMR sensors which are viable for railgun applica-
tions where directionality is not required. These sensors have the advantage of measuring
the magnetic field independently of the direction, which allows for their easier installation
into the measuring position because it does not require an exact orientation of the sensor
concerning the magnetic field direction. CMR-B-scalar sensors have been used to measure
the magnetic field distribution and magnetic diffusion processes in railguns [18,19], the dis-
tribution of highly inhomogeneous transient magnetic fields during coilgun experiments,
and the magnetic fields of nondestructive dual-coil pulsed-field magnets up to a mega-
gauss [20]. However, all of these sensors have been used to measure long-pulsed magnetic
fields (usually more than 1 ms) [18,20,21]. At such pulse durations, the memory effect and
the induced voltage in the signal transmission line only slightly affect the measurement
accuracy.
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Applications in plasma science, condensed matter physics [22,23], magnetic flux com-
pression [24,25], or magnetic pulse welding (MPW) [26,27] require sensors measuring
high-pulsed magnetic fields with a pulse duration of about several microseconds. The basic
requirements for fast sensors are the absence of magnetic memory effects, and high accuracy
and temporal resolution. The memory effects in manganite-based CMR-sensors are related
to the magnetization relaxation of the manganite films after the exposure to an external
magnetic field. Due to the close relationship between transport properties (conductivity)
and magnetization of manganite material, the investigation of magnetoresistance relaxation
provides an indirect method for the study of the magnetic relaxation processes in these
films [28]. Our previous results demonstrated that the resistance relaxation of manganites
strongly depends on the ambient temperature [29] and is governed by several different
magnetic relaxation mechanisms. Moreover, it was shown [30] that the electrical transport
and magnetic properties of nanostructured films strongly depend on the partial replace-
ment of manganese atoms with cobalt ones. It was found that a remnant resistivity, after
switching off the magnetic field, decreases with the increase in Co content. Therefore, to
minimize the magnetic memory effects, films doped with higher amount of cobalt (Co/(La
+ Sr) 1 ≥ 0.12) are preferable for fast magnetic sensor applications at cryogenic temperatures
due to their higher sensitivity and lower remnant resistivity change in comparison with
LSMO films [31].

Another important parameter for magnetic field sensors is the magnetoresistance
magnitude at different temperatures. It was shown that the increase in Mn excess, i.e., the
increase in the ratio Mn/(La + Sr) > 1, shifts the insulator-metal transition temperature Tm
to the higher-temperature region and, as a result, leads to higher magnetoresistance values
at temperatures higher than 320 K [32]. For this reason, one of the goals of this work was to
study the possibility of using manganite films to measure short-pulsed magnetic fields at
low and high temperatures. For these purposes, films of manganites doped with Co and
films with Mn excess were selected.

One more problem that needs to be solved to measure short-pulsed magnetic fields
is the high electromotive force (EMF) signal appearing in the transmission line of the
sensor due to the rapidly changing magnetic field. A twisted pair cable or an additional
compensation loop [33] can partially solve this problem. Moreover, the EMF contribution
can be subtracted out by pulsing the field in positive and negative directions and then
processing the data [34]. However, this method is impossible when the experiments cannot
be repeated under the same conditions. Other methods to subtract the EMF include
using an AC supply for the sensor. For example, a 10 kHz AC was used to modulate
the supply of the Hall sensor for correction of the output voltage [35]. However, for the
measurement of magnetic field pulses with high amplitudes and microsecond durations,
this method becomes complicated due to the limitation of temporal resolution and problem
of synchronization during signal recording when voltage has a sinusoidal shape.

In this study, we present the results of the investigation of the magnetoresistance
and the resistance relaxation of La1−xSrx(Mn1−yCoy)zO3 films, which can be used for the
fabrication of magnetic sensors. A magnetic field meter, which is capable of measuring
high-pulsed magnetic fields with a pulse duration of several microseconds, is proposed.

2. Materials and Methods
2.1. Film Preparation

A series of La1−xSrx(Mn1−yCoy)zO3 films with a thickness of 350 nm were deposited
using a Pulsed-Injection Metal-Organic Chemical Vapor Deposition (PI MOCVD) technique
onto a polycrystalline Al2O3 substrate. An organic solution containing the mixture of metal-
organic precursors (La(thd)3, Sr(thd)2, Mn(thd)3, and Co(thd)3 (thd is 2,2,6,6-tetramethyl-
3,5-heptandionate)) dissolved in the monoglyme was used as the source of film elements.
During the growing process, using the injector, microdoses of this organic solution were
injected into the diffuser and heated up to the temperature of about 300 ◦C. Inside of the
diffuser after flash evaporation, the resulting vapor mixture was transported by Ar + O2
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(3:1) gas towards the heated substrate positioned in the hot wall reactor. Growing of the
film was performed at a temperature of 750 ◦C. After the completion of the growth process,
the film was post-annealed for 10 min in oxygen in the same reactor to ensure the required
oxygen saturation level in the films. The ratio of the metal organic precursors was varied
to obtain the desired chemical composition of the film. A detailed description of the film
growth technics and processes is presented in [36–38].

2.2. Characterization

The elemental composition of the films was determined using inductively coupled
plasma high-resolution mass spectrometry (ICP-MS) with a resolution of ± 0.01. The
microstructure of the films was investigated by Transmission Electron Microscopy (TEM).
The low-magnification cross-sectional TEM images of the films with different compositions
are shown in Figure 1. As can be seen, the films consist of crystallite columns, which are
spread throughout the whole film thickness with their long axis arranged perpendicular
to the substrate. However, no fundamental difference between the films with different
chemical compositions can be observed. The study of the grown film structure by XRD (not
presented) also showed only the characteristic peaks associated with the Al2O3 substrate
and polycrystalline LSMO or LSMCO films with a perovskite-like crystal structure.
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Figure 1. TEM images of the film with different chemical composition.

For the electric transport and magnetoresistance (MR) measurements, two Ag elec-
trodes with a Cr sublayer were thermally deposited and post-annealed at 450 ◦C for 1 h in
Ar atmosphere.

The resistivity ρ dependence on temperature was investigated in a closed-cycle helium
gas cryocooler in the temperature range of 77–310 K and in a liquid thermostat in the
range of 290–365 K. The MR was defined as MR = [ρ(B)/ρ(0) − 1] × 100%, where ρ(B) and
ρ(0) correspond to the resistivity in the magnetic field and without it, respectively. The
MR measurements were performed in the temperature range of 80–365 K by applying
magnetic field pulses with durations of 1 ms and amplitudes up to 20 T, generated by a
non-destructive pulsed magnet based on a capacitor bank discharged through a multi-shot
magnetic field coil [39]. To measure the resistance relaxation after the switch-off of the
magnetic field pulse, a special coil with a non-metallic outer casing made from polyamide
material was fabricated. This allowed the avoidance of a lagging “tail” of the magnetic
field pulse after the current was switched off [29]. Using this coil it was possible to generate
200 µs duration half-sine-waveform magnetic field pulses with amplitudes of up to 10 T.
The response signal Vres was recorded across the sample by passing a current of 0.2 mA
through it. Two types of pulsed short-duration magnetic field generators were used for
testing the created magnetic field measurement system. The design of these generators is
described below.
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3. Results and Discussion
3.1. Resistivity of Nanostructured LSMO Films: Dependence on Composition and
Ambient Temperature

The resistivity vs. temperature dependences for Co-doped La0.8Sr0.2Mn1.06Co0.14O3
(LSMCO) films as well as films not containing Co, La0.8Sr0.2Mn1.1O3 (LSM(1.10)O) and
La0.8Sr0.2Mn1.15O3 (LSM(1.15)O) are presented in Figure 2. One can see that films with Co
content have the resistivity maximum (ρm) of 2.5 Ωcm at the insulator–metal transition
temperature Tm = 180 K, while the Tm of films without Co is shifted to higher temperatures:
250 K and 275 K for films with Mn/(La + Sr) = 1.1 and 1.15, respectively. At the same time,
the resistivity maximum of these films is decreased: 0.36 Ωcm and 0.25 Ωcm, respectively.

Sensors 2023, 23, x FOR PEER REVIEW 5 of 14 
 

 

3. Results and Discussion 
3.1. Resistivity of Nanostructured LSMO Films: Dependence on Composition and Ambient 
Temperature 

The resistivity vs. temperature dependences for Co-doped La0.8Sr0.2Mn1.06Co0.14O3 
(LSMCO) films as well as films not containing Co, La0.8Sr0.2Mn1.1O3 (LSM(1.10)O) and 
La0.8Sr0.2Mn1.15O3 (LSM(1.15)O) are presented in Figure 2. One can see that films with Co 
content have the resistivity maximum (m) of 2.5 Ωcm at the insulator–metal transition 
temperature Tm = 180 K, while the Tm of films without Co is shifted to higher temperatures: 
250 K and 275 K for films with Mn/(La + Sr) = 1.1 and 1.15, respectively. At the same time, 
the resistivity maximum of these films is decreased: 0.36 Ωcm and 0.25 Ωcm, respectively. 

 
Figure 2. Resistivity vs. temperature dependences of LSMO and LSMCO films with different Mn 
and Co contents. 

The dependences of MR on the magnetic flux density B of the LSMCO and LSMO 
films with various doping levels at three different temperatures are shown in Figure 3. It 
is evident that at 80 K and 290 K (see Figure 3a,b, respectively) the films doped with Co 
have the highest MR magnitude when compared with the films without it. A comparison 
of the magnetoresistance of the LSMO films (without Co) shows that at these temperatures 
the films with the amount of Mn excess equal to 1.1 have the highest MR. However, the 
increase in the temperature up to 363 K (Figure 3c) causes an opposite relationship. The 
LSMO film with Mn excess of 1.15 has the highest MR value. This is caused by the tem-
perature of maximum resistance of this film shifting towards the higher temperatures (see 
Figure 2). Analysis of the obtained results allows us to conclude that the films with Co 
doping are more useful for the production of magnetic field sensors operating at low tem-
peratures; however, for measuring the magnetic fields at high temperatures (higher than 
room temperature), the LSMO films with an increased amount of Mn without Co doping 
are preferable. 

 

 

 

 

 

Figure 2. Resistivity vs. temperature dependences of LSMO and LSMCO films with different Mn and
Co contents.

The dependences of MR on the magnetic flux density B of the LSMCO and LSMO
films with various doping levels at three different temperatures are shown in Figure 3. It
is evident that at 80 K and 290 K (see Figure 3a,b, respectively) the films doped with Co
have the highest MR magnitude when compared with the films without it. A comparison
of the magnetoresistance of the LSMO films (without Co) shows that at these temperatures
the films with the amount of Mn excess equal to 1.1 have the highest MR. However,
the increase in the temperature up to 363 K (Figure 3c) causes an opposite relationship.
The LSMO film with Mn excess of 1.15 has the highest MR value. This is caused by the
temperature of maximum resistance of this film shifting towards the higher temperatures
(see Figure 2). Analysis of the obtained results allows us to conclude that the films with
Co doping are more useful for the production of magnetic field sensors operating at low
temperatures; however, for measuring the magnetic fields at high temperatures (higher
than room temperature), the LSMO films with an increased amount of Mn without Co
doping are preferable.
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Figure 3. MR dependences on magnetic flux density for films with different Mn and Co contents at
various ambient temperatures: (a) 80 K, (b) 290 K, (c) 363 K.

Another important parameter of the magnetic sensor is its memory effect and the
resistance relaxation after the magnetic field is switched off. This parameter is responsible
for the sensor’s ability to measure rapid field changes and short pulses of magnetic fields.
Figure 4 presents the magnetic field pulse and resistivity change of two different films
during and after the magnetic pulse, measured at a temperature of 100 K. To compare these
two different films, the change of the resistivity after the magnetic pulse was switched off
(at time instant t = 200 µs) was normalized to its maximal change at maximal magnetic
field value (at t = 100 µs), and was expressed as:

(ρ(Bswitch-off) − ρ(0))/(ρ(0) − ρ(Bmax)) = (∆ρremn)/(∆ρmax) (1)
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One can see that when magnetic field drops to zero, the resistance of the films does
not return to its initial value, but to some remnant one and then relaxes over hundreds of
microseconds.
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The values of remnant resistivity and relaxation processes of the films with different
chemical compositions are presented in Figure 5. It is evident that doping these films with
Co caused a decrease in normalized remnant resistivity. Moreover, remnant resistivity
of these films also decreased with the increase in temperature, and at room or higher
temperatures the memory effect disappears. It could be explained by a transition of the
films from a ferromagnetic to a paramagnetic state, therefore, after the switch-off of the
magnetic field the film returns to its initial resistance value. More detailed analysis of
the relaxation process of the films with different Co composition was presented in the
study [31]. An analogous dependence of the remnant resistivity on temperature is also
observed in the films without Co doping. However, at low temperatures, this magnitude is
almost twice as high as that for Co-doped films. Nevertheless, at high temperatures this
magnetic memory effect vanishes.
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Figure 5. Absolute value of remnant resistivity normalized to the maximal resistivity change (at
B = 10 T).

Based on the obtained results, we can conclude that for the application of manganite
films as magnetic field sensors which are capable of measuring short-pulsed fields at
low temperatures, the Co-doped films are preferable. For room or higher temperature
applications, it is worthwhile to use Co-free LSMO films with excess amounts of Mn.

3.2. Magnetic Field Sensor

Based on the obtained results, the LSMO films with Mn content of 1.15 and not
containing Co were used for fabrication of the sensor operating at room temperature and
above. After the deposition of La0.82Sr0.18Mn1.15O3 film on a polycrystalline Al2O3 substrate
by using a photo lithography and chemical etching, the area of the film was reduced to
0.4 × 0.2 mm2. Then, chromium and silver layers were thermally evaporated in a way in
which silver partly overlapped with the LSMO layer. Thus, an electric contact was created
and the remaining part of the LSMO film defined the active volume of 400 × 50 × 0.40 µm3.
Next, bifilarly twisted wires were soldered perpendicular to the surface of the film. The
active area was then covered by hot-melt adhesive material in order to protect the film
from atmospheric conditions and to strengthen the solder joints. The twisted wire cable
was additionally shielded against high-frequency noise using a braided sleeve and covered
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with a flexible plastic tube. Finally, a connector was attached to the cable. The cross-section
and picture of the sensor is shown in Figure 6.
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3.3. B-Scalar Meter

As discussed above, the absence of a memory effect of the sensors is necessary, but
not sufficient for the requirements for measuring short magnetic field pulses. Although
the chosen films at room and higher temperatures do not have the memory effect, there is
still the problem with the induced electromotive force (EMF) in the connecting wires (the
so-called loop effect), even when the wires are bifilarly twisted. In this case, the output
signal (voltage) of the sensors contains two components: the voltage change caused by the
sensor’s magnetoresistance (resistance decrease in applied magnetic field), and the parasitic
voltage caused by the EMF induced in the loops of connecting wires. Some examples of
the interference of these two signals are shown in Figure 7, which depicts the effect which
occurred when a magnetic pulse with a duration of 200 µs was applied to the sensor in
which the loop effect was not fully compensated.
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In this study, the design of a novel magnetic field meter that allows the measurement
of short magnetic pulses with compensation of parasitic EMF signal is proposed. This is
achieved by using the bipolar-pulse supply of the CMR-B-scalar magnetic field sensor. At
first, the LTspice simulation was performed. The results of the simulated voltage across the
CMR sensor, supplied with a frequency of 5 MHz and exposed to a magnetic field pulse
with a 20 µs duration, are shown in Figure 8. Figure 8a presents the result, when the EMF
in the transmission line is absent. As one can see, due to the negative magnetoresistance
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of manganite film the positive and negative pulsed voltages are decreasing symmetrically
during applied magnetic field pulse. In the second case (see Figure 8b), this change is
affected by the electromotive force, which is proportional to the differential of the magnetic
field in time. After the processing of these voltages according to Equation (2), the EMF is
eliminated and the voltage change caused only by the change of resistance of the sensor in
magnetic field is obtained (see Figure 8c).

V(B) = [(+V(B) + EMF) − (−V(B) + EMF)]/2. (2)
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Figure 8. Voltage across the CMR sensor powered by pulsed voltage during application of pulsed
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induced in the sensor and its wires.

In this equation, +V and −V are the voltages of two adjacent pulses, when the sensor
is supplied by positive and negative voltages, respectively (in the inset in Figure 8a, red
and blue dots show the time instants, when the analog-to-digital converter (ADC) reads
positive and negative voltage values).

A block diagram of the new proposed measurement system is shown in Figure 9.
The CMR sensor (Rs), connected with two ballast resistors (Rbal) is supplied by a bipolar-
pulse supply. The sensor is placed in the center of a coil of the magnetic field generator.
Figure 10 shows a more detailed circuit of the power supply and recording system. It
consists of a high-frequency bipolar-pulse power generator and high-frequency-differential
analog-to-digital converter. A bipolar-pulse generator, based on the RS485 integral cir-
cuit, generates rectangular shape pulses with a frequency up to 12.5 MHz and is used
as the main power source for the CMR sensor. The 16-Bit analog-to-digital converter
(LTC2203) with a sampling rate up to 25 Msps is synchronized with the pulse generator and
records the peak-to-peak negative and positive voltage across the sensor. A microprocessor
(LPC54606J256BD100E) processes the output data of the ADC according Equation (2) (see
inset in Figure 8a) and records it. As a result, the EMF is eliminated from the measured
signal and only the useful voltage change caused by the magnetic field change is measured.
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Figure 10. Circuit diagram of the sensor supply and digitalization of output signal.

The proposed new magnetic field meter is an electronic device developed specially
for measurements of short-pulsed magnetic fields. The casing of the meter consisting of
an inner 4 mm thick steel box and an external 1.5 mm thick aluminum box is used to
protect electronic circuits against EMI. The main functional components of the B-scalar
meter are shown in Figure 11. The lithium-ion rechargeable battery (3.6 V) is used as a
power supply for the electronic circuits. The internal power supply ensures that the device
can be operated without being connected to any external power sources. The use of a
high-resolution ADC allowed the signal conditioning circuits to be skipped, thus reducing
the number of required analog components. After the processing of the measured signal,
the voltage change is converted to the magnetic field and is stored. The sensor’s response
is not a linear function of the magnetic flux density B. Moreover, it depends on the ambient
temperature. Therefore, a calibration of sensors is necessary in order to assign a value of
B to the magnetic-field-induced resistance change ∆R of the sensor (see Figure 3). The
calibration tables of fabricated sensors (serial number is assigned to each sensor) are stored
in the same measurement module.
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The B-scalar meter is set up through its communication line only. Thus, it uses a
protocol based on text commands. All operations of the B-scalar meter are performed
only on request of the external controlling program (PC in-house software) and the trigger
signal, which initiates the measurement. The software package developed for the short
magnetic field measurement system consists of firmware installed in the B-scalar meter and
control software for the PC. The firmware is responsible for the frequency in the generation
of bipolar pulses, sampling the signal, storing the measured data, and sending it to the PC
on demand. Thus, it controls the hardware of the measurement device and implements a
communication protocol. The firmware supports basic functions of a digital oscilloscope,
such as adjusting the frequency of generated pulses of the sensor supply source, and
choosing the trigger source and the sensor number which is used. The measured signal
from the measurement module is sent to the PC by fiber optic or through a USB cable.

3.4. Experimental Results

The testing of the short magnetic field measurement system was performed using two
types of pulsed magnetic field generators. The pulsed magnetic field was generated during
the discharging of a capacitor bank through different coils. During the first experiment,
a 50 µF capacitor bank charged up to 9 kV was discharged through a five-turn Bitter coil
(L = 250 nH) by using a 100 kA spark-gap switch (see Figure 12c). During the second
experiment, the 0.1 µF capacitor bank charged up to 10 kV was discharged through a
two-layer coil (L = 1 µH) with seven turns in each layer (see Figure 12f). By discharging the
capacitor bank through the coils, the magnetic field of the sine waveform with damped
sinusoid amplitudes and frequencies of about 23 kHz and 263 kHz, respectively, was
generated. As was mentioned before, the CMR-B-scalar sensor measures only the absolute
value of the magnetic flux density B, and thus the obtained waveform of the magnetic field is
unipolar. To illustrate the advantages of the new module, the magnetic field was measured
using this new system and a system that was created earlier [18] in which the sensor was
powered by a direct voltage (DC). The results of these investigations are shown in Figure 12.
Figure 12a shows that during the first experiment, when the sensor was supplied with a
DC voltage, the shape of the measured magnetic field was not semi-sinusoidal and was
distorted. This is caused by the influence of the parasitic voltage created in the sensor’s
wires due to the EMF effect. However, when measurements were made using a new system
(see Figure 12b), the signal had the perfect form of a half-sine wave.
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Figure 12. (a) magnetic field dynamics inside the Bitter coil when measurement was performed using
the DC supply of the sensor; (b) magnetic field dynamics, when measurement was made by the
new measurement system; (c) block diagram of magnetic field generation system with Bitter coil
(see picture); (d) voltage change across the sensor positioned inside the two-layer coil when it was
supplied by DC voltage; (e) magnetic field dynamic inside the two-layer coil when measurement
was performed using the new measurement system; (f) block diagram of magnetic field generation
system with two-layer coil (see picture).

The advantages of the novel developed meter are mostly evident when measuring
pulsed magnetic fields of several microseconds. Figure 12d shows the results of the voltage
drop across the sensor during the applied short magnetic pulse. The inset of this figure
shows the change in current flowing through the coil of the field generator. As it can be
seen, the voltage across the sensor practically repeats the change of the current. This is
caused by the generation of EMF in the sensor’s wires, which is much higher than the useful
change in voltage caused by the magnetoresistance of the sensor. However, supplying the
sensor with a bipolar voltage and processing this signal eliminates the induced parasitic
EMF. The obtained final result is shown in Figure 12e. As can be seen, the voltage change
corresponds only to the change of absolute value of the measured magnetic field.

4. Conclusions

A novel pulsed magnetic field measurement system, consisting of a CMR-B-scalar
sensor based on thin manganite film and a fast measurement module, was developed for
the measurement of the short-pulsed high-amplitude magnetic fields. The system ensures
local field measurement as the active volume of the sensor is 400 × 50 × 0.40 µm3.

It was found that nanostructured manganite LSMO film with Mn content increased
above stoichiometric level results in the increase in the metal–insulator transition tem-
perature Tm and an increase in the magnetoresistance values. Moreover, such films at
temperatures higher than Tm do not exhibit magnetic memory effects and could be used
for the measurement of short-pulsed magnetic fields at higher than room temperatures. For
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low (cryogenic) temperature applications, films doped with Co (LSMCO) are preferable
due to minimized magnetic memory effect at these temperatures in comparison with the
LSMO films.

It was found that the parasitic EMF signal, induced in the wires of the sensor due to
the high dB/dt during microsecond-duration magnetic pulses, has a great influence on the
accuracy of the magnetic field measurement. It was demonstrated that the elimination of
the EMF from the measured signal could be achieved by using a bipolar-pulse supply to
drive the sensor. A bipolar-pulsed voltage generator with a frequency of up to 12.5 MHz,
16-Bit ADC with a sampling rate of 25 MHz, and a microprocessor allows the measurement
of pulsed magnetic fields with pulse durations in the order of microseconds.

To protect the electronic circuit against strong electromagnetic interference, a casing
consisting of an internal thick steel box and an external thick aluminum box was used. The
software package developed for the magnetic field measurement module and PC processes
the measured signals and presents the obtained results in a user-friendly form.

It was concluded that the created system can measure high-amplitude pulsed magnetic
fields with a pulse duration in the order of microseconds, independent of the direction
of the field. The system can be applied for measurements in very small volumes and can
replace three-axis pick-up coil or B-dot sensors when the magnetic field direction is not
known in advance.
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20. Balevičius, S.; Žurauskiene, N.; Stankevič, V.; Keršulis, S.; Plaušinaitiene, V.; Abrutis, A.; Zherlitsyn, S.; Herrmannsdörfer, T.;
Wosnitza, J.; Wolff–Fabris, F. Nanostructured thin manganite films in megagauss magnetic field. Appl. Phys. Lett. 2012, 101,
092407. [CrossRef]
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