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Abstract—The main problem connected with crystallization of 

amorphous magnetic materials from the FeSiB(X) group is the increase 

of their fragility with an increasing content of the crystalline phase. To 

overcome this defect the possibilities offered by the interference, pulse 

laser heating of FeSiB ribbons were utilized. A simple interference 

prismatic system at the output of Nd:YAG laser (8-10ns, 2J, 1064nm) 

was used. The investigations included the influence of laser radiation 

energy density, number of laser pulses and their periodical spatial 

surface arrangement on the crystallization process. 

 

 

Partially de-vitrified Fe–Si–B based amorphous alloys 

show enhanced soft magnetic properties due to the 

nanocrystals embedded in an amorphous matrix, leading 

to optimum properties [1-2]. Such partial devitrification 

can be achieved by furnace annealing of the amorphous 

melt-spun ribbons for various temperature-time 

combinations. However, usually due to a substantial 

growth of the nanocrystals and the dependence of 

coercivity on the grain size, the soft magnetic properties 

are degraded. On the other hand, the authors of some 

recent papers have studied rapid annealing using 

specifically designed furnaces [3] as well as laser 

processing [4-6] for devitrification of amorphous soft 

magnetic ribbons. Even if the observed general trends of 

fast devitrification can be comparable to those observed in 

furnace annealing, there is a refinement in the size of the 

α-Fe(Si) nanocrystals in the rapidly annealed samples [3].  

It has been proposed to use Direct Laser Interference 

Lithography (DLIL) as a pulse annealing process. DLIL is 

increasingly applied for periodical shaping of material 

surfaces and for changing their properties [7] and has 

been previously tested by authors in several 

biotechnological applications, e.g. [8-9]. The adopted 

experimental stand (Fig. 1) comprises an Nd:YAG laser 

oscillator with a stable resonator and a Q-switch 

modulator, single-channel laser amplifier, a set of 

harmonic converters and a prism interferometer. The 

output energy from the oscillator is 30mJ, and the pulse 

duration is 8–10 ns. The inserted diaphragm assures 

generation of the fundamental transverse mode. After 
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leaving the oscillator, the laser pulse is amplified in a set 

of two amplifiers, which results in a maximum output 

energy of 1J. A harmonics subassembly, which is not used 

in the presented experiments, converts the fundamental 

Nd:YAG laser wavelength to the wavelengths of 532nm 

and 355nm, allowing for a decrease in the period of the 

structures by two or three times. The negative lens forms a 

divergent laser beam, and the prism, positioned after the 

lens, divides the beam and projects the interference 

pattern on the sample. The change of the sample position 

reflects in the change of the structure period. 

 
Fig. 1. Scheme of the experimental arrangement based on a prism 

interferometer. 

Interference processing of FeSiB ribbon (Fig. 2) was 

performed using a pyramidal tetragonal prism. Properly 

selected pulse energy and good quality of laser beam are 

confirmed by the lack of so-called "surface hot points" 

and areas of over- or under-exposure (Fig. 2a). The drops 

of a melted and solidified material that are visible in the 

pictures testify the redeposition of a vaporized material. 

This phenomenon is characteristic of nanosecond pulse 

ablation. Moreover, it has been observed that it is much 

easier to micro-machine a homogeneous structure using 
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four beams from prismatic optics than by means of direct 

lithography based on splitting the wave front (Mach-

Zehnder interferometer). 

 

Fig. 2. a, b) SEM images showing surface structure of FeSiB ribbon 

after laser interference heating (120mJ, 500 pulses); c, d) TEM images 

showing structure of thin foil extracted using FIB technique from a 

single heated area (dot) in the transverse cross-section (c – border, d – 

central part); e, f) – electron diffractions recorded in e) and f) areas 

indicated in (d); e) from grain with [001] orientation and f) from 

amorphous base. 

As it can be seen in Fig. 2 a, b), the laser-interference 

heated ribbon surface is characterized by very 

homogeneous distribution of laser-affected micro-areas 

(10m dots). The central part of the dot (Fig. 2b) was 

melted and partially evaporated, while the peripherial 

zones were heated to the temperature ranges between 

"liquidus" and "solidus" (dark) and below "solidus" 

(grey). The area between the dots remained structurally 

unchanged. TEM images (Fig. 2 c-f) show the cross 

section of the structure of the thin foil from a single 

heated area (dot), obtained using the FIB (Focused Ion 

Beam) technique. The images recorded at the border (c) 

and central part (d) of the annealed area show that a thin 

layer of the melted zone, characterized by amorphous 

structure, can be found near the surface (zone I). A narrow 

zone of nanocrystal zone II is placed under zone I. The 

subsequent area is a nanocrystal structure with a tendency 

to create microdendrites with individual nanometric arms 

(zone III). The crystal structures of grains in zone III are 

confirmed by electron diffraction measurements (Fig. 2e). 

The rest of the FeSiB ribbon is still amorphous, which is 

confirmed by characteristic ring-shaped electron 

diffraction (Fig. 2f). A precise analysis of TEM micro-

photographs (Fig. 2 c,d) demonstrated that  - Fe(Si) 

crystals with dimensions of around 50nm are created by 

numerous subgrains with dimensions of around 5nm. 

 

 
Fig. 3. X-ray diffractograms of Fe-Si-B ribbon: a) in amorphous state; 

b) after interference laser heating (120mJ, 500 pulses). 

 
Fig. 4. Results of measurements of hysteresis loops. 

The feature that differentiates diffractograms recorded 

for the ribbon in the initial, as-received, state and after 
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interference laser heating was the lower blur of the highest 

peak  (2 = 40-50) after laser heating (Fig. 3a) than that 

for the amorphous ribbon (Fig. 3b). Moreover, lines from 

FeSi and Fe2B could be distinguished. The measurement 

results of the coercive field of samples after laser 

treatment have shown that it is very similar to the coercive 

field of amorphous material (Fig. 4).Very similar or even 

lower is also the value of magnetization M in comparison 

with the parameter of the amorphous ribbon. 

It has been therefore proven that the devitrification of 

an amorphous FeSiB alloy by means of laser interference 

heating kept the values of the coercive field almost 

unchanged and magnetization saturation on a high level, 

characteristic of the amorphous alloy. Both values are 

important from the perspective of material magnetic 

losses. 

 

The work that has been performed within the project 

No 2015/19/B/ST8/01070, "Analysis of factors causing 

laser interference crystallization of amorphous ribbons 

made of FeSiB(X) alloys" was financed by the National 

Science Centre in Poland (OPUS 10). 
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