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Self-organizing half-wave gratings on the surface of silica glass
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The interaction of femtosecond laser pulses with the surface of silica glass has been studied. As a result
of interference between the incident radiation and surface plasmon polaritons, the formation of self-organizing
subwavelength periodic structures with a period of 250nm was observed. The minimum pulse energy at which
recording occurs without surface ablation has been revealed.
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Introduction In this work, the possibility of creating surface diffraction

gratings with a subwave period on quartz glass with direct

In recent years, the field of direct laser-optical recording ~ femtosecond laser recording of arrays of microlines is
of functional elements in the volume and on the plane  considered.

of wide-gap dielectrics has been actively developed [1].

In the process of interaction between the laser pulse . .
and the material, nonlinear absorption occurs [2]. As is Experimental units
known, in order to implement nonlinear scattering, the

electric field strength of laser pulse must be comparable The _unit used to record. surface structures includes
with the strength of the field that binds electrons in  the oscillator, multipass amplifier, output compressor, and
atoms. To achieve this level of intensity, the very high acoustooptic modulator (Fig. 1). The source of femtosecond

intensity of laser radiation is required. Depending on  laser pulses was a Satsuma [12] laser system based on
the radiation parameters, different modifications can be  Ytterbium fiber laser pumped by LED radiation with a
obtained in diclectrics [3-5): arcas of compression or ~ Mmaximum power at wavelength of 850nm. The control
decompression of the material, point defects, etc. The 1S carried out through the program on an external com-
use of laser in dielectric processing is used in fields puter. The central waveleng.th of the generated radiation
such as waveguide recording [6], birefringent element is 1030nm, the pulse duration is 300fs. At the output
fabrication [7], 3D optical memory [8], as holographic
recording, 5D optical memory and 3D holographic mem-
ory [9,10].

Quartz glass is an excellent material for the pro-
duction of optical components for the visible and near

Harmonic generator
Laser 300 fs

infrared (IR) regions of the spectrum. Their operation ‘ ‘ Computer

is possible up to a temperature of 950°C provided there N\

is no thermal shock [11]. Quartz glasses are widely N

used in the production of high-quality optical products ‘ J FETITR Motorized 0.65

from simple lenses to complex elements with multilayer \ \: - C= ‘ XYZ L
dielectric coatings, such as beam splitters.  Possessing ‘ stage ‘
sufficient inertness to many substances, including almost \ Oscilloscope ~— Si0,
all acids, quartz glasses also find their application in o

aggressive environments. The dielectric properties, to- =S @ ol —=

gether with very high electrical susceptibility and low

thermal conductivity over a wide temperature range, Figure 1. Scheme of the experimental installation used to
help them to be used as thermal and electrical insula- record surface structures: RM — mirrors, L — lens with focal
tors. length 200 mm.
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Figure 2. Optical images of a section of the quartz surface with recorded lines obtained without polarizers (a) and in crossed
polarizers (b). The images show the energy values of the recording pulses: 20, 22, 24 nJ.

Figure 3. SEM images of the results of recording on a quartz surface using femtosecond laser at pulse energy of 48 (a), 40 (b), 32 (c

), 24 (d), 22nJ (e).

of the system, the maximum energy per pulse can be up
to 10 .

Series of lines about 200um long were recorded at
a rate of 20um/s for pulse energies of 20—48nJ and
a pulse repetition rate of 100kHz. The object lens

with a numerical aperture NA =0.65 was used for record-
ing.

To obtain a microscale image of the surface the high vac-
uum field emission scanning electron microscope TESCAN
VEGA 3 with tungsten cathode is used.
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The study of the chemical and phase compositions of
materials with submicron resolution in area and depth was
carried out by Raman spectroscopy (RS) using a Confotec
MR350 confocal scanning Raman microscope. The surface
structures were studied when a 532nm laser line excited a
1 um spatial region specified by the numerical aperture of
the object lens NA =0.75.

Experimental results and discussion

Optical images

Optical images of lines recorded on the surface of quartz,
obtained without polarizers and in crossed polarizers, are
shown in Fig. 2. At the threshold energy of the recording
pulses 20nJ, periodic surface structures without crater are
formed. At pulse energies exceeding the surface damage
threshold, spall ablation occurs with the formation of a
crater and the shedding of glass particles (glow in crossed
polarizers, Fig. 2,b).

Scanning electron microscopy

By scanning electron microscopy was obtained images
of periodic self-organizing structures indistinguishable in
optical images, written on the surface of quartz using
a femtosecond laser (Fig. 3). Spatial period of these
structures is about 250 nm. Their appearance is associated
with the interference between the incident femtosecond
laser radiation and surface plasmon-polaritons K > 1/,
(lattices with near-wavelength periods) [13,14]. For the
appearance of surface plasmon-polaritons, the permittivity
must be negative. Since the photoexcitation of quartz results
in its metallization, the permittivity of quartz becomes
negative [15].

Raman scattering

Raman spectroscopy is an effective method for determin-
ing structural modifications in glass. The main feature of the
Raman spectrum of quartz glass is a wide band centered
at ~ 420cm~!, associated with the rocking and bending
of the Si—O—Si bond. Bands at 478, 605 and 805cm™!
reflect vibrational motions of oxygen atoms in four- and
three-membered ring structures [16].

To assess modifications in glass after femtosecond laser
treatment, Raman scanning was performed in the region
of surface structures. The 478 cm~! band refers to three-
membered ring bonds in the quartz lattice (Fig. 3). The
change in the ratio between the amplitudes of the peaks at
420 and 478cm~! can be associated with photoinduced
breaks in strained bridge bonds Si—O—Si.

Conclusion

In this work, we have demonstrated the possibility of
creating self-organizing structures with a subwave period
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Figure 4. Raman spectra of an unprocessed surface and a

structure with a period of ~ 250 nm produced by pulses with an
energy of 22nl.

on a quartz surface using femtosecond laser processing.
The period of the resulting submicron structures was about
250nm. In this work, the threshold modes of structuring
of the quartz glass surface were determined, at which spall
ablation does not occur. Based on the results of Raman
spectroscopy, one can draw conclusions about the change
in the concentration of oxygen ring bonds in quartz and the
modification region.
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