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Phase transition properties of the LIPSS induced
by femtosecond laser direct writing on PMN-PT
crystal
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! College of Electronic Information and Optical Engineering, Tianjin Key Laboratory of Micro-scale Optical Information
Science and Technology, Nankai University, Tianjin 300350, China;
?State Key Laboratory of Crystal Materials, Shandong University, Jinan, Shandong 250100, China

Abstract: In this paper, we propose a femtosecond laser-induced surface periodic structure (LIPSS) based on
relaxed ferroelectric PMN-PT crystals. By changing the applied laser parameters, the period of the LIPSS structure
is varied from 750 nm to 3 pm. Finally, the phase transition properties of the LIPSS structure are investigated by
increasing the temperature. Compared to the phase transition properties of the substrate, the Curie temperature of
the LIPSS structure is significantly reduced, and this will provide a possible new idea for the preparation of
temperature-controlled modulators based on PMN-PT crystals.
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B1 ®H#tmIcER. (a) KA S PMN-PT di/k LIPSS M7 & B, &4 kRS T G,
B & R REM N RIET @5 (b) WA BLEF LIPSS £ REA
Fig. 1 Schematic diagram of femtosecond laser processing. (a) Schematic diagram of LIPSS in the PMN-PT crystal by

femtosecond laser direct writing, the red arrow represents the direction of laser scanning, the blue arrow represents the
direction of polarization of the laser; (b) Schematic diagram of the femtosecond laser-induced LIPSS
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Fig. 2 Morphology of SWPSS induced by femtosecond laser. (a)~(c) SWPSS at velocities of 5 mm/s, 3 mm/s, and 2 mm/s respectively
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Fig. 3 (a) Morphology of the LSFL with velocities of 0.7 mm/s, 0.8 mm/s, and 0.9 mm/s respectively;
(b) Period of LIPSS in relation to laser parameters
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Fig. 4

(a) Raman spectra of the LIPSS with the variation of temperature, the inset shows the variation of the Raman spectra at the

Raman shift near the 50 cm™ ; (b) Intensity of Raman signal of the PMN-PT crystal with the variation of temperature;
(c) Intensity of Raman signal of the LIPSS with the variation of temperature
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Phase transition properties of the LIPSS induced
by femtosecond laser direct writing
on PMN-PT crystal

Chen Zhixiang', Yang Quanxin'’, Liu Hongliang"**

Morphology of LIPSS induced by femtosecond laser

Overview: With the development of modern manufacturing, the size of optical devices is gradually developing towards
miniaturization, and integrated optics is also developing to become a topical area of research for many scholars. One of
the methods used for producing micro/nano optical devices is femtosecond laser direct writing, a fine three-dimensional
processing technique that has been extensively studied by many scholars for its applicability to most materials and can
be applied to the fabrication of a wide range of optical devices. Micro/nano-optical devices prepared by femtosecond
laser direct writing in crystals have been applied in a broad range of applications in different wavelengths. PMN-PT
crystal with relaxed ferroelectric has attracted much attention in recent years for its superior piezoelectric property and
large electromechanical coupling coefficient, and its application in the infrared band is more prominent, so the
fabrication of the optical devices based on PMN-PT crystal has gradually become a relevant research hotspot. The LIPSS
is one of the micro/nano-structures that can be processed by femtosecond laser direct writing. The LIPSS is prevalent in
many materials and has been found in metals, semiconductors, dielectrics, etc. Similarly, LIPSS can be induced by
femtosecond lasers in PMN-PT crystal. The LIPSS has a wide range of applications in the fields of anti-reflectivity,
permanent coloration, and wettability. Nevertheless, the physical processes and the mechanisms involved in the
formation of LIPSS have different interpretations in different materials. In this paper, we describe the LIPSS induced by
femtosecond laser on the surface of the PMN-PT crystal and characterize it theoretically. We have achieved a change in
the period of the LIPSS from 750 nm to 3000 nm after experimenting with different laser parameters. Afterward, we
simultaneously obtained the phase transition of the LIPSS in PMN-PT crystal through temperature modulation, and this
phase transition can be analyzed by the variation of the Raman spectra. At the same time, we have obtained the Curie
temperature for the LIPSS structure that is approximately 10 °C lower than that of the PMN-PT crystal and have
analyzed the phase transition process through the structural properties of the PMN-PT crystal. The results of our
experiments and analyzes on the LIPSS in PMN-PT crystal reported in this paper can provide some experience for the
subsequent development of the optical devices related to the LIPSS in PMN-PT crystal.
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