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Recent Research Progress on Ultrafast Laser-Induced Selective Crystallization in Glasses

ZHANG Bo, WANG Zhuo, SUN Ke, QIU Jianrong
(College of Optical Science and Engineering, Zhejiang University, Hangzhou 310027, China)

Abstract: Recent development on optical quantum technology requires a technology of creating advanced functional structures inside
all-inorganic transparent media. Utilizing the ultrafast laser-matter interaction to selectively modify the glass matrix and quickly
produce micro-crystalline structures with different functions undoubtedly provides an important approach for manufacturing novel
photonic elements. This review introduced the basic principles of ultrafast laser inducing selective crystallization (ULISC), and
discussed the corresponding laser parameters and material characteristics required by the technology. The performances of the ULISC
and some conventional methods were compared. The phenomena, mechanisms, and applications of ultrafast laser inducing crystallite
structures in different types of glasses were analyzed, i.e., the latest achievements in cutting-edge fields like ultrafast laser-induced
nonlinear crystals, crystalline nanogratings, and quantum dots. In addition, the prospect of the ULISC technology was also given.
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Fig. 1 (a) Time regime of various secondary processes in the ultrafast laser-matter interaction® and (b) Non-thermal ultrafast

laser-matter interaction with low repetition rate where the deposited energy diffuses out of the focal area before the next pulse
arrives (above). Thermal ultrafast laser-matter interaction with high repetition rate where energy accumulates in the focal area

(below)*?
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Fig. 2 (a) Theoretical relationship between glass temperature and incident pulse number™ and (b) Experimental relationship
between the birefringence signal of crystalline nanogratings and the pulse duration of ultrafast laser™”
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Fig. 3 (a) Images taken near the focus during ultrafast laser irradiation: the moment of exposure (top), exposure for 20 min (middle),

and exposure for 30 min (bottom)™. (b) Images in the vicinity of the focal point of an ultrafast laser beam in the glass
immediately after the laser irradiation (top) and after the irradiation for 120 s (bottom)™. (c) Schematic diagram of the

ultrafast laser-induced spatially selective crystallization®”)
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Fig. 5 (a) Imaged XY section of crystalline nanogratings by focused ion beam cut. (b) Phase separation of crystalline nanogratings.
(c) A schematic diagram of the glass-crystal type nanograting structure with amorphous “walls” (blue area) and crystallites

(red area)’”

adnx

e IR,

"ty dphp v 24

%
3
5
-4
B
*
.
*
&

Intensity

800 1000
Raman shift/cm™!

(©

200 400 600

1: Al-30Dy glass; 2: modified region induced by 1 pJ laser pulses in Al-30Dy glass; 3: Al-40Dy glass; 4, 5: modified regions induced by 0.5 and 2.0 pJ laser
pulses in Al-40Dy glass; 6, 7: Reference Raman spectra of Dy3;AlsO1, garnet crystal (6) and DyAlO; perovskite crystal (7).

K6 (ayBotmiRTs BT 77 1705 A IS AR 9RO CHIE XY T B8 =7 B (0)y#0eRTT 14T T T H 87
a5 KR A TUGKOEMHE XY T B — R T EIR . E A S 23RO IR TT AT 19 . ()OI ST HT S

Al,05-Dy,0; 3735 ) Raman Y61
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direction and scanning direction, respectively. (¢) Raman spectra of Al,O3-Dy,0; glass before and after laser irradiation’
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