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Today, energy saving and emission reduction are two big glo-
bal issues. Power artificial lighting currently accounts for about
20% of the total global electricity consumption [1]. Solid-state
lighting based on light-emitting diodes (LEDs) is bringing about
a revolution in energy-efficient lighting, and the lighting indus-
try is transformed into a rapidly growing business sector [2,3].
The solid-state lighting technology is basically based on phos-
phor-converted white LEDs (pc-LEDs), which are commonly fab-
ricated by using the combination of InGaN blue-emitting LED
chips and luminescent materials as color converters [4,5]. Lumi-
nescent materials play a critical role in fabricating high-perfor-
mance LED devices, which is strongly linked to LED’s luminous
efficacy, stability, color rendering index (CRI), correlated color
temperature (CCT) and operation lifetime [6–8]. Therefore, the
discovery of more efficient desirable phosphor materials is
essential.

For general lighting, the white pc-LEDs must offer warm white
light showing low CCT (<3,500 K) together with both high lumi-
nous efficacy and CRI (>80). Although the current commercial
white pc-LEDs based on InGaN blue chips and YAG:Ce3+ yellow
phosphors can provide white light with high luminous efficacy,
but their cool white emissions (CCT > 4,500 K and CRI < 75) limit
them to the applications in the outdoor lighting, due to the lack
of red component [9]. In order to realize superior white pc-LEDs
with both high luminous efficacy and CRI, a red phosphor with a
desirable emission spectrum should be developed and it must
meet the following strict requirements [10–12]. First, the red phos-
phor possess narrow emission band with emission peak around
610–640 nm and full width at half maximum (FWHM) < 60 nm,
because human eyes have very low sensitivity to the deep-red
light. Second, the red phosphor also should have high quantum
efficiency, low thermal quenching, reasonably short excited state
lifetimes, strong absorption around 450 nm, and long-term physic-
ochemical stability under ambient conditions. However, finding
such a perfect red phosphor for white pc-LEDs has been challeng-
ing until now.

Recently, in a paper published in Nature Communications,
Hoerder and co-workers [13] discovered a novel high-perfor-
mance red phosphor Sr[Li2Al2O2N2]:Eu2+ (abbreviated as SALON)
meeting all requirements for a phosphor’s optical properties,
which enabled the white pc-LEDs to show both high luminous
efficacy and CRI. Interestingly, the SALON phosphor exhibited a
broadband absorption in the 370–600 nm region with peak
around 450 nm, and under 460 nm excitation it gave rise to an
intense narrowband red emission with peak at 614 nm and
FWHM = 48 nm (Fig. 1). The emission properties of SALON were
superior to the recently developed Sr[LiAl3N4]:Eu2+ narrowband
red phosphor (emission peak at 654 nm and FWHM = 50 nm)
[5]. Furthermore, the SALON possessed high quantum efficiency
up to 80%, and it showed excellent thermal stability (the emis-
sion intensity at 420 K was about 96% of its initial value at
298 K). The fascinating luminescent properties of SALON red
phosphor resulted from the high degree of condensation and a
highly symmetrical Sr2+ coordination in its crystal structure.
Finally, Hoerder and co-workers fabricated a warm-white proto-
type pc-LED by using green Lu3(Al/Ga)5O12:Ce3+ and red SALON
phosphors as color converters, and they found that the SALON-
based pc-LED showed an increase of 16% in luminous efficacy
compared to that of Sr[LiAl3N4]:Eu2+-based pc-LED, while retain-
ing excellent high color rendition (CRI = 91).

The performance of SALON can be further improved by opti-
mizing the synthesis conditions or Eu2+ doping concentrations
[14]. Moreover, the long-term stability of SALON is needed to
test before their practical applications [15], while coating an
inert layer might protect SALON against the degradation and
thus enhance its stability [16,17]. Furthermore, the optical prop-
erties of SALON may be tuned by using partial substitution of Ba
or Ca for Sr [12,18].

In summary, the big breakthrough in finding a high-perfor-
mance narrowband red phosphor made by Hoerder and co-work-
ers is a piece of exciting news to the community of LED
phosphors. Such phosphors have great potential for industrial
applications in high-power white pc-LEDs and then brighten the
world with less energy consumption.
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Fig. 1. Excitation and emission spectra of SALON (a) and warm-white pc-LED fabricated by using the SALON phosphor as red component (b). Adapted with permission from
Ref. [13], Copyright (2019) Springer Nature.
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