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Bandgap tuning of semiconductor nanocrystals is an effective way to
create new functional materials with tunable properties, which is critical
for realizing many photonic applications, such as light-emitting diodes,
lasers, and photodetectors.1 Several synthetic, processing, and stabili-
zation steps are currently necessary and organic contamination is in-
troduced.

Incorporating nanocrystals endows transparent materials (e.g.,
glasses) with advanced optical functionalities and access to plenty of
applications.2 However, it is a great challenge to three-dimensionally
tailor the chemical composition of nanocrystals inside the glass matrix.
In fact, manipulating the bandgap by changing the chemical composi-
tion at the nanoscale in solids is always full of challenges. Recently,
ultrafast laser direct writing offers an intriguing technique to create
3D functional micro- and nanostructures in transparent solids, however,
the composition tunability has been limited.3

A group led by Jianrong Qiu and Dezhi Tan has reported a unique
strategy of ultrafast-laser direct lithography for engineering the local
chemistry at the nanoscale in glass, to achieve three-dimensional direct
writing of nanocrystals with a widely tunable bandgap (Fig. 1).4 They
revealed a fundamentally new mechanism of ultrafast laser–matter
interaction. Specifically, ultrafast-laser pulses inject energy within
an ultrashort time interval and cause strong thermal accumulation.
Consequently, the pressure and temperature increase, leading to melt-
ing of the glass matrix and localized liquid nanophase separation. After
shuttering the laser pulses, the nanophase domains will crystallize as
nanocrystals. This research has led to major breakthroughs in research
about glass, perovskites, ultrafast-laser–matter interaction, and ultra-
fast-laser manufacturing.

By controlling the laser parameters and irradiation, they modulated
the local conditions and the resultant chemical compositions of the
nanocrystals via ultrafast-laser-induced liquid nanophase separation
and the site exchange of ions in glass. Taking perovskite nanocrystals
as an example, they successfully realized the transformation of perov-
skite nanocrystals from CsPbðCl1−xBrxÞ3 to CsPbI3 in a single glass
chip and tuned the bandgap of perovskite nanocrystals with the photo-
luminescence between 480- and 700-nm wavelengths.

It is worth noting that perovskites exhibit high sensitivity to polar
solvents, oxygen, and light, and their low structural stability is a great
obstacle for the applications of perovskite devices.5 In this work,
the perovskite nanocrystals are encapsulated in the glass matrix which
keeps them away from different molecules in the environment; as a
result, the nanocrystals exhibit improved stability against ultraviolet
light irradiation, organic solutions, or temperatures up to 250°C.

From the device standpoint, the patterning is important for nano-
crystal-based device fabrication; device manufacture has been compli-
cated with multistep processing.6 Composition-tunable nanocrystal
patterns are written directly in a single step in this new strategy, without
using any organic molecules. More importantly, multiple applications

are proposed and demonstrated, such as 3D optical storage, micro-light-
emitting diodes, and holographic displays.
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Fig. 1 Ultrafast laser direct lithography of perovskite nanocrys-
tals and patterns with tunable compositions and photolumines-
cence in glass. Credit: Jianrong Qiu, Zhejiang University.
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