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Inorganic phosphor materials for
application in light-emitting diodes

Structural ordering and charge variation induced by cation
substitution in (Sr,Ca)AISiN;:Eu Phosphor

ed-emitting phos-
phor materials
have been ex-

tensively developed to

increase the color ren-
dering index and stability
in white light-emitting
diodes (LEDs). Nitridosil-
icate phosphors, such as
MAISIN;:Eu* (M = Ca,
Sr), exhibit high chemi-
cal and thermal stabili-

ties because of their rigid
structures. In the present
study, disordering of Si/
Al in (Si/AI)N, clusters is
introduced in the frame-
work via cation substi-
tution to induce charge variation
from Eu®* to Eu* and simultane-
ously improve the thermal stabil-
ity and luminescent properties of
the phosphor.

The structure of the phosphor
has been modified through cati-
on substitution to induce charge
variation and a rearrangement
of neighboring nitride clusters
and, consequently, enhance
its luminescent behavior. Sub-
stitution of Ca®* by Sr** cations
expanded the lattice volume
and the b-c plane but shortened
the distance between the layers
along the a axis. Lattice distor-
tion of the framework introduced
high-coordination sites in the Sr/
Eu centers and adequate space,
thereby facilitating charge varia-
tion of activators under reduced
atmosphere, as detected through
X-ray absorption near-edge

structure spectroscopy. As such,
the photoluminescent intensity
of the phosphors increased by
more than 10%, and a blueshift
occurred. Cation substitution
induced a special change in the
anion environment, as indicated
in the solid-state Raman spectra.
Moreover, typical ordering vari-
ations in the SiN, and AIN, clus-
ters are generated in the lattice.
Meanwhile, neighbor sequences
of (Si/Al)N, around the divalent
centers were observed through
solid-state nuclear magnetic res-
onance spectroscopy. The modi-
fied ordering distribution resulted
in a rigid structure and improved
the thermal quenching behavior.
This study promotes the research
into neighbor sequences for se-
lective tetrahedral sites, such as
Li, Mg, Al, and Si coordinated by
N atoms in contact with cation
sites.
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In conclusion, these results
not only confirm the local struc-
ture through a subtle analysis
technology but also improve the
phosphor properties for LED ap-
plications.
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