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Abstract. Magnetic matrices for SMC powders by nanocomposite magnetic materials electroplating on copper foil rings with 50 um thick
were obtained. For each type of magnetic SMC matrices were measured magnetic properties in a transformer mode on a sinusoidal signal.
As a result of the conducted research, it was shown that the application of the technique of applying composite nanomodified materials to a
special substrate will allow the formation of heterogeneous composite magnetic components with the use of SMC material for

microelectronics.
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1. Introduction

Modern electromagnetic machines and systems require new
materials with improved properties. Heterogeneous three-
dimensional nano-modified magnetic material can be effectively
used in such systems. A good opportunity to improve their
reliability is the use of nanocomposite materials. To obtain samples
for the study, we used the method of electroplating deposition of
nanocomposite magnetic materials on special substrates. The
combined deposition of soft magnetic alloys with inert solid
nanoparticles makes it possible to obtain materials with magnetic
permeability up to py, = 104, magnetic induction B; = (0,62-1,3) T
with improved physical properties.

2. Experimental technique

Were manufactured 6 sets of rings of the following
compositions:

1) 80 / 20A —80% nickel 20% iron.

2) 82/ 18B —-82% nickel 18% iron.

3) 50 / 50A —50% nickel 50% iron.

4) 50 / 50B —50% nickel 50% iron.

5) CoP - cobalt-phosphorus

6) SMC in a magnetically soft matrix based on a nickel-iron
alloy.

Table 1. Magnetic properties of SMC powder

Magnetic matrices for SMC powders are electrochemically
deposited onto rings of copper foil 50 um thick, the base. For the
manufacture of copper rings, a laser machine for high-precision
cutting of thin-sheet metal FMC 280 was used.

Fig.1. Measuring copper rings

Unilateral and bilateral deposition of magnetically soft SMC
matrices was carried out. This is explained by the internal stresses
of the deposited films and, as a result, the deformation of the copper
base and the deposited magnetic soft SMC matrices themselves.
Two layers of SMC (Magnetic Soft Powder) powder were applied.
Number of layers: two. The dielectric layer is phosphorus oxide, the
conductive layer is Co and Ni.

Magnetic properties of powders

ki(k) tan(K) By(T) By(T) B(T) H.(A/m)
@4000A/m @10000A/m
0.087095 0.23165 0.9284 1.3165 0.2097 464.75

Fig.2 SEM photos of SMC powders
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3. Results and discussion

To ensure the effective introduction of SMC powders and
integration into the coprecipitation process, SMC powders must be
a) inert and stable in electrolytes and b) have a conductive surface.
Both of these conditions can be fulfilled by encapsulating SMC
particles into a conductive shell, for example, Ni or Co.

For each type of magnetic SMC matrices, magnetic properties
were measured in a transformer mode on a sinusoidal signal. The
frequency of the signal during measurements is 200 Hz. The
measurement results are shown in table 2.

Iron
Diclectric
layer
Conducting
layer

Fig.3 Structure of an individual particle of SMC powder
for the coprecipitation process.

Table 2. The results of measurements of the magnetic properties of magnetic SMC matrices.

Sample B, T H, A/m H., A/m B, T
80/20A 1,65 6960 150 0,67
82/18B 0,74 6750 1150 0,53
50/50A 1,04 6880 520 0,63
50/50B 0,77 6820 510 0,21
CoP 0,54 6920 100 0,15
Fe/Ni-SMC 0,86 7000 460 0,55
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Fig. 4 Installation diagram for measuring magnetic parameters of rings.

A ring prepared for measurements was connected to a system
for measuring magnetic parameters. The measuring system consists
of a sinusoidal signal generator and an amplifier. The current in the
inducing winding N1 is measured by the voltage drop across the
current-limiting resistor R = 4 Q (Fig. 20). The voltage in the
measuring winding is directly measured by the second channel of
the oscilloscope.

The oscilloscope is connected to a computer, which makes it
possible to save the waveform for further processing. To automate

4. Conclusion

As a result of the research, it was shown that the application of
the technique of applying composite nanomodified materials to a
special substrate will allow the formation of heterogeneous
composite magnetic components with the use of SMC material for
microelectronics.

the processing of the stored waveforms, a specialized program was
written that allows to recalculate the waveforms taking into account
the geometric parameters of the sample and the number of turns of
the inducing and measuring windings. The conversion results are
hysteresis curves stored in the csv format.

It is important to note that samples of a heterogeneous material
with a magnetically soft Fe-Ni matrix and SMC powders embedded
in it were obtained.

(b)
Fig. 5 Photo of the surface of the copper ring after the operation of the SMC powder capture (a) after the overgrowth of Fe-Ni matrix
(b). High-quality overgrowth of SMC powder with a soft-magnetic matrix is clearly visible.
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