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Abstract: CdS quantum dots have a quantum size effect, while photoluminescence wavelength can be regulated by
manipulating their sizes, both of which show application potentials in many fields such as fabrication of micro-nano
optical devices. With the development of ultrafast laser technology, femtosecond lasers have gradually been delved in
the micro-nano manufacturing and optical property regulation of the optoelectronic materials. However, photolumine-
scence modulation of CdS quantum dots by the femtosecond lasers has never been achieved. This work aims at
preparation and photoluminescence modulation of CdS quantum dots based on glass matrix by using femtosecond
laser direct writing, and explores their applications in fields such as optical storage and information encryption. In the
experiment, five groups of borosilicate glasses with different CdS contents were prepared via a melt quenching method,

and the glass samples were finely polished for the subsequent femtosecond laser processing. Due to the local thermal
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accumulation effect generated by the femtosecond laser, CdS quantum dots can be directly written and precipitate

inside the glass. Morphology, microstructure size and dispersion of CdS quantum dots precipitated inside the glass

were analyzed by transmission electron microscopy. By changing the laser parameters to regulate size of the

precipitated quantum dot spot, continuous regulation of the spot size of laser-induced processing within the range of

5.33-12.28 um and modulation of the emission wavelength within the range of 540—-610 nm were achieved. Finally, it

was demonstrated that femtosecond lasers could direct write on the CdS quantum dots in fields such as information

encryption and storage.
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Tablel Compositionsof the borosilicate
glasswith different CdS contents

Si0./(%, B,03/(%, Na0/(%, ZnO/(%, CdS/(%,

Sample in mole) inmole) inmole) inmole) in mole)
SC0.3 40 28 22 10 0.3
SC0.5 40 28 22 10 0.5
SC0.7 40 28 22 10 0.7
SC1.0 40 28 22 10 1.0
SC1.5 40 28 22 10 1.5
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Table2 Laser processing parameters
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Fig. 1 Fluorescence micrograph of femtosecond laser direct writing of CdS quantum dots under different irradiation time
and pulse energy
(a) SCO.3 sample; (b) SCO.5 sample; (c) SC1.0 sample; (d) SC1.5 sample
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Fig. 2 Femtosecond laser direct writing of CdS quantum dot spot size vs. (a, b) irradiation time and (c) pulse energy
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Fig. 3 Fluorescence micrograph of femtosecond laser direct writing of CdS quantum dots under different repetition rates,
pulse widths and pulse energies
(a) SCO.5 sample; (b, ¢) SC1.5 sample; (d) SC0.7 sample
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Fig. 4 Femtosecond laser direct writing of CdS quantum dot spot size vs. (a) repetition rate and (b) pulse width
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Fig. 5 TEM images, size distribution histograms of CdS quantum dots, and PL spectra for
SC1.0 and SC1.5 sweep line samples
(a-c) TEM images of CdS quantum dots in the (a, b) SC1.0 and (c) SC1.5 sweep line samples; (d, ¢) Size distribution histograms of
CdS quantum dots in the (d) SC1.0 and (e) SC1.5 sweep line samples; (f) PL spectra of SC1.0 and SC1.5 sweep line samples
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Fig. 6 PL spectra of CdS quantum dot glasses with different femtosecond laser processing parameters
(a) SC0.3 sample; (b) SCO0.5 sample; (¢) SC0.7 sample; (d) SC1.0 sample; (e) SC1.5 sample
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Fig. 7 Application of femtosecond laser direct writing CdS quantum dots glass
(a-c) Femtosecond laser direct writing patterns; (d) Three-dimensional schematic diagram of information storage;
(e) Femtosecond laser writes the letters W, U, and T
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