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Abstract. Recently, the synthesis, structural and luminescence characteristics of rare earth (es-
pecially Eu2+) doped nitrides has been extensively studied, and a novel family of red emitting
luminescent materials with tremendous merits has been developed. This paper reviews the
synthesis and luminescence characteristics of some nitrides [such as M

2
Si

5
N

8
:Eu2+ (M=Ca, Sr,

Ba); MAlSiN
3
:Eu2+ (M=Ca, Sr, Ba); M[Mg

2
Al

2
N

4
]:Eu2+ (M=Ca, Sr, Ba, Eu); M[Li

2
Al

3
N

4
]:Eu2+ (M=Ca, Sr);

Ba[Mg
2
Ga

2
N

4
]:Eu2+; M[Mg

3
SiN

4
]:Eu2+ (M= Sr, Ba); CaMg

2
AlN

3 
etc.] based red emitting phosphors

and their applications in solid-state lighting like white LEDs. These phosphors exhibit interesting
physical, chemical and luminescent properties, enabling them to use as next generation lumi-
nescent materials in white LEDs with tuneable efficiency, colour temperature and better colour
rendering index (CRI).

1. INTRODUCTION

The three major lighting sources available are in-
candescent, fluorescent, and modern light emitting
diodes (LEDs). The Incandescent lights have been
unchanged since many decades and incandescent
bulb is the most energy inefficient because less than
5% of the total power consumed is converted into
useful output light. The luminous efficacy of an in-
candescent light is very low and the incandescent
bulbs also have a very limited lifetime. The fluores-
cent light is more efficient, but the fluorescent tubes
are fragile and bulky. Fluorescent lighting have typi-
cal CRI values (in the range 80-90) (CRI; it is a mea-
sure of the ability of a light source to reproduce the
colours of various objects in comparison to sunlight;
its value is 100 for sun), but in fluorescent tubes,
there is also a problem of disposal due to Mercury.
LEDs offer the potential for cutting general lighting
energy use nearly in half by 2030, saving energy
and carbon emissions reduction in the process which
are the main demand of world economy and global
environment. Nobel Prize in Physics (2014) honours

the inventors (I. Akasaki, H. Amano, and S.
Nakamura) of efficient blue LEDs [1], which are ac-
celerating the interest of researchers towards LEDs
lighting and this invention of blue LEDs has led to
white light sources. Unique characteristics of LEDs
(compact size, long life, ease of maintenance, re-
sistance to breakage, good performance in cold tem-
peratures, lack of unwanted emissions etc.) are
beneficial in many lighting applications. Key aspects
of lighting quality are colour appearance (whether a
white light appears more yellow/gold or more blue)
and colour rendering (the ability of the light source
to render colours, compared to incandescent and
daylight reference sources).

Solid-state lighting is based on inorganic or or-
ganic light emitting diodes (LEDs) which directly
convert electricity into photons (or visible light).
LEDs are narrow-band light emitting sources based
on semiconductor components, with wavelengths
ranging from the IR to the UV. Unlike incandescent
and fluorescent lamps, LEDs are not inherently white
light sources, white light can be achieved with LEDs
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in three different ways; In first method a phosphor is
used to convert the coloured light to white light,
second is the RGB systems, in which light from
multiple monochromatic LEDs (red, green, and blue)
is mixed; and third is the hybrid method, which uses
both phosphor-converted and monochromatic LEDs.
The attractiveness of LEDs, their high efficiency, long
lifetime and compact design, positions them as the
prime general lighting technology for our near fu-
ture. The phosphor-based approach is currently pre-
ferred over the combination of three (or four) quasi-
monochromatic LEDs. Phosphor-based LED involves
coating LEDs of one colour (e.g., blue LEDs) with
phosphors of different colours to form required white
light. The resultant LEDs are called phosphor-based
or phosphor-converted white LEDs (pcLEDs). De-
pending on the colour of the original LED, phos-
phors material of different colours can be employed
for the required output. The pcLEDs have attracted
more and more attentions and interests and recog-
nized as a powerful technique for efficient light with
high colour rendering index (CRI) and sufficient colour
reproducibility. As UV LEDs have relatively low quan-
tum efficiency, low brightness and problem of UV
light irradiation damage, the blue LEDs are emerg-
ing as the primary lighting source for pc-LEDs. Phos-
phor materials for white LEDs should have high con-
version efficiency, and emit suitable colours with high
brightness [2-12]. The solid-state lighting will even-
tually displace all other conventional technologies
in lighting application.

The main goal of current researchers working on
lighting and phosphors technology is to produce
maximum efficacy using LEDs. Their interest is to
produce white light with LEDs by converting the LED
emission into the desired visible light spectrum us-
ing phosphors. There has been extensive research
and development for phosphors in LFLs/CFLs, cath-
ode-ray tubes (CRTs), and X-ray films, but most of
these phosphors materials are not suitable for pc-
LEDs. So, pc-LEDs demand phosphors materials
with special characteristics such as high photolu-
minescence quantum yield; high luminous efficacy;
high CRI and low CCT; low thermal quenching; no
unwanted absorption; low reflectance at the excita-
tion wavelength; excellent chemical and thermal
stability; excellent photostability; long lifetime; low
light scattering etc. Most the phosphors available
are not fulfilling all these characteristics. There are
efficients Ce3+/Eu2+-doped sulfide phosphors, but
their synthesis require toxic H

2
S atmospheres or

may create H
2
S as a by-product, sulfide phosphors

are moisture sensitive and degrading in humidity
conditions. Most commercially available LEDs also

use garnet materials doped with Ce3+ like YAG:Ce
as the yellow broadband emitter. This phosphor
material has excellent thermal and chemical stabil-
ity but lack of emission in the red spectral range,
its application is limited to cool-white light with low
CRIs (<75). Red phosphor technology plays a fun-
damental role enabling high quality LED lighting with
high colour rendering index (CRI). Currently, the main
challenge being faced to improve the efficiency of
LED-based white light is the development of more
efficient red emitting phosphor material. Large num-
ber of red-emitting materials has been investigated
by the lighting industry but without fulfilling their re-
quirements, like chemical and thermal stability,
quantum efficiencies close to 100%, and excellent
thermal quenching behaviour. It is a need to develop
highly-efficient red phosphors with sufficient chemi-
cal durability, small thermal quenching, and ideal
luminescent properties. Although many red emit-
ting phosphor systems (i.e. suitable host-dopant
combinations) have been reported in the literature
by different authors, a relatively small number of
phosphors are actually suited to fulfil all requirements
to arrive at an efficient white LED, with perfect white
colour and good colour rendering.

Most oxide phosphors, like YAG:Ce, have emis-
sion energies fall in the blue-to-yellow region of the
spectrum. But obtaining a emission in the red re-
gion requires a strong crystal field from increased
covalency of the host crystal. Nitride materials had
been studied for many years due to their high
strength and durability [13,14] and these materials
have recently been explored as phosphor hosts
[6,7,15,16]. Due to the high thermal stability of ni-
trides, LEDs may operate at higher temperature,
power and light output per unit, lowering the costs
of lighting. Thereby, a number of multinary nitrides
(e.g., nitridometallates) emerged as attractive host
lattices for doping with rare earth element (e.g., Eu2+),
resulting in interesting red luminescence charac-
teristics. The employment of nitride based red phos-
phors will increase the luminous efficacy of pc-LEDs
as compared to the available.

Recently great progress has been made about
the nitride based red phosphor materials. But in
comparison to oxides and halides, the number of
known nitride phosphors is small, but the interest
of many researchers in new nitrides, and their po-
tential applications is a rapidly growing topic. Ni-
tride based red emitting phosphor materials have
received increased attention of researchers, and their
outstanding properties make them suitable for mod-
ern LEDs.
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The nitride phosphors show some additional
important features such as strong covalent bonding
between rare earth and ligand or the large crystal-
field splitting results in the significant red shift of
excitation and emission spectra, strong absorbance
near UV or blue light strongly, small stokes shifts,
high conversion efficiency, small thermal quench-
ing which make them suitable as down-conversion
materials for white LEDs. Few nitride based red-
emitting phosphor materials are studied so far such
as M

2
Si

5
N

8
:Eu2+ (M=Ca, Sr, Ba); MAlSiN

3
:Eu2+

(M=Ca, Sr, Ba); M[Mg
2
Al

2
N

4
]:Eu2+ (M=

Ca, Sr, Ba, Eu); M[Li
2
Al

3
N

4
]:Eu2+ (M=Ca, Sr);

Ba[Mg
2
Ga

2
N

4
]:Eu2+; M[Mg

3
SiN

4
]:Eu2+ (M=Sr, Ba);

CaMg
2
AlN

3
etc. Therefore there is need to review

the research work performed on the nitride based
red phosphors. So in this article, we have discussed
and reviewed the recent progress in the field of ni-
tride based red-emitting phosphors materials.

2. NITRIDE BASED RED EMITTING
PHOSPHORS

2.1. M2Si5N8:Eu2+ (M=Ca, Sr, Ba)

Schlieper and Schnick [17,18] investigated the crys-
tal structure of M

2
Si

5
N

8
 (M = Ca, Sr, Ba) material.

The Ca
2
Si

5
N

8
 nitride has a monoclinic crystal sys-

tem with space group of Cc, and Sr
2
Si

5
N

8
 and

Ba
2
Si

5
N

8
 nitrides both have an orthorhombic lattice

with space group of Pmn21. One half of the nitro-
gen atoms connect with the two silicon neighbours
and the other half of the nitrogen atoms connect
three silicon neighbours. In Ca

2
Si

5
N

8 
material, each

calcium atom is coordinated to seven nitrogen at-
oms, while Sr in Sr

2
Si

5
N

8
 and Ba in Ba

2
Si

5
N

8
 are

Fig. 1. Fluorescence excitation and emission spec-
trum of Ba

1.89
Eu

0.11
Si

5
N

8
. [Hoppe, H.A., Lutz, H.,

Morys, P., Schnick, W. and Seilmeier, A. // Journal
of Physics and Chemistry of Solids 61 (2000) 2001]
© 2000 Elsevier Science Ltd.

coordinated to eight or nine N atoms. The lumines-
cence characteristics of Ba

2
Si

5
N

8
:Eu2+ and

M
2
Si

5
N

8
:Eu2+ (M = Ca, Sr, Ba) phosphors was re-

ported by Hoppe et al., [19] and Li et al., [20] re-
spectively. The excitation and emission spectra of
Ba

1.89
Eu

0.11
Si

5
N

8
 is shown in Fig. 1 [19]. Li  et al.,

[20] prepared undoped and Eu2+-doped M
2
Si

5
N

8
 (M

= Ca, Sr, Ba) materials by solid-state reaction of
MN

x
, EuN

x
 and -Si

3
N

4
 powder at 1300-1400 °C un-

der N
2
-H

2
 (10%) atmosphere and investigated the

influence of the type of the M ion and the Eu2+ con-
centration on the luminescence characteristics and
conversion efficiency. In the excitation spectra of
M

2
Si

5
N

8
:Eu2+ (M = Ca, Sr, Ba) phosphors, the posi-

tions of bands (at 250, 300, 340, 395, and 460 nm)
are almost independent of the type of the M ion, the
Eu concentration and the crystal structure. The Eu2+

emission band position is strongly dependent on
the type of M ion and the Eu concentration. The
M

2
Si

5
N

8
:Eu2+ phosphor shows broad band emission

in the spectral range from orange to red  570–680
nm). With increasing the concentration of Eu, the
emission band shifts to longer wavelength side de-
pending on the type of M ion and the Eu concentra-
tion. The Sr

2
Si

5
N

8
:Eu2+ phosphor shows quantum

efficiency of 75–80% for 465 nm excitation and ex-
cellent thermal quenching behaviour. Piao et al., [21]
prepared Eu2+ doped Sr

2
Si

5
N

8
:Eu2+ phosphor mate-

rial by carbothermal reduction and nitridation method
and it shows two absorption bands near 330 and
420 nm and the emission peak position of
(Sr

1-x
Eu

x
)

2
Si

5
N

8
:Eu2+ series varied from 618 to 690

nm with increasing concentration of Eu2+ ion. Piao
et al., [22] synthesized Ca

2
Si

5
N

8
:Eu2+ phosphor by

the carbothermal reduction and nitridation method
and reported its photoluminescence properties. This
phosphor material showed a broad absorption band
between 250 and 550 nm with the excitation of 400-
470 nm and a strong emission band near 600 nm
with FWHM of 80 nm. Xie et al., [23] reported the
preparation of Sr

2
Si

5
N

8
:Eu2+ red phosphor material

through the chemical reaction of SrCO
3
, Eu

2
O

3
, and

Si
3
N

4
 at 1600 °C under 0.5 MPa nitrogen pressure.

This phosphor material (Sr
2
Si

5
N

8
:Eu2+) shows strong

emission in the red region of 616-670 nm depend-
ing on the Eu2+ concentration when excited with 450
nm. Romer et al., [24] prepared HP-Ca

2
Si

5
N

8
 through

high-pressure and temperature (6 to 12 GPa, 900
to 1200 °C) starting from the ambient-pressure
phase Ca

2
Si

5
N

8
. With 365 nm of excitation, the HP-

Ca
2
Si

5
N

8
:Eu2+ shows emission at 627 nm with

FWHM of 97 nm, similar to the ambient-pressure
phase Ca

2
Si

5
N

8
:Eu2+. Li et al., [25] studied the influ-



137Recent progress in nitride-based red emitting phosphors

ence of the replacement of Sr by Ca on structural
and luminescence characteristics of Sr

2
Si

5
N

8
:Eu2+

phosphor and reported the orientation of the posi-
tion of the emission band of Eu2+ through partial
replacement of Sr by Ca in Sr

2
Si

5
N

8
:Eu2+, resulting

in red-emission shifting from 620 to 643 nm. Jang
and Park [26] synthesized Ca

2
Si

5
N

8
:Eu2+ phosphor

material using Eu
2
O

3 
for doping and this phosphor

shows high excitation around 400 nm and a wide
band of emission (588-613 nm). Lei et al., [27] pre-
pared Ca

2
Si

5
N

8
:Eu2+,Tm3+ reddish-orange phosphor

by solid-state reaction using CaH
2
 as calcium

source. The Ca
2
Si

5
N

8
:Eu2+,Tm3+ phosphor gave a

broad emission band with peak at 600 nm under
UV light excitation. Teng et al., [28] synthesized
(Sr

1–x
Ca

x
)

2
Si

5
N

8
: Eu2+ red phosphors through high-

temperature solid-state reaction method and reported
the broad emission bands and the variation of emis-
sion peak as a function of Ca2+ concentration. Wei
et al., [29] reported the synthesis of Ca

2
Si

5
N

8
:Eu2+

phosphor through the direct reaction among CaSi
2
,

Eu
2
O

3
 and Si

3
N

4
 at 1873K in a nitrogen atmosphere

and investigated the characteristics of Eu2+ emis-
sion and absorption at low temperatures. Between
10 K and 300 K, the Ca

2
Si

5
N

8
:Eu2+ phosphor shows

a broad red emission at ~1.97 eV–2.01 eV. Piao et
al., [30] synthesised Sr

2
Si

5
N

8
:Eu2+ red phosphor

using strontium acetate as both the reducing agent
and strontium source. The Sr

2
Si

5
N

8
:Eu2+ (2 at.%)

phosphor shows an excitation spectrum in the range
of 300-500 nm and high intensity emission at 619
nm. Chen et al., [31] prepared M

2
Si

5
N

8
:Eu2+ (M=Ca,

Sr, Ba) redemitting phosphors using nitrate reac-
tion of M(NO

3
)

2
 (M=Ca, Sr, Ba), -Si

3
N

4
, and

Eu(NO
3
)

3
 and their photoluminescence characteris-

tics were evaluated. The effects of the precursor
material on structural characterization and the ef-
fect of europium content on the emission and exci-
tation spectra have also been investigated. The
M

2
Si

5
N

8
:Eu2+ (M=Ca, Sr, Ba) phosphors emitted in-

tensively in the region of 580-670 nm under the ex-
citation of 465 nm. Eeckhout et al., [32] synthe-
sized M

2
Si

5
N

8
 (M = Ca,Sr,Ba) materials using solid

state reaction, doped with Eu, and also co-doped
with Nd, Dy, Sm and Tm. All these phosphors show
persistent luminescence, but very weak for M = Sr
substitution. The emissions were recorded for exci-
tation of 400 nm, and observed the emission at 610
nm for M = Ca, at 620 nm for M = Sr and at 580 nm
for M = Ba. Hayk et al., [33] synthesized
Sr

2
Si

5
N

8
:Eu2+ red-emitting phosphor material using

solid-state combustion technique (combustion tem-
peratures from 1750 to 1900 °C). This phosphor
shows emission at 630 and 650 nm for 0.04 and

0.15 mol. of Eu substitution respectively under the
excitation of 450 nm. Luong et al., [34] synthesized
Sr

2
Si

5
N

8
:Eu2+ phosphor with different Eu2+ concen-

trations using a multi-step heat treatment. The ex-
citation of Sr

2
Si

5
N

8
:Eu2+ phosphor shows broad

bands by both UV and blue light and as Eu2+ ion
concentrations increased, the emission peak posi-
tion shifted from 613 to 671 nm. Teng et al., [35]
synthesized Sr

2
Si

5
N

8
:Eu2+ nitride phosphor by the

high temperature solid-state reaction technique and
the emission is observed near 612 nm as strontium
nitride is excessive. Chung and Chou [36]
synthesised Ca

2
Si

5
N

8
:Eu2+ phosphor by combustion

synthesis method and investigated its photolumi-
nescence properties. This phosphor shows absorp-
tion in region of 300-520 nm and emission in the
region of 500–670 nm. Li et al., [37]prepared red
emitting phosphors (Ca

1-x
Eu

x
)

2
Si

5
N

8
 (x = 0.002,

0.005, 0.008, 0.01, 0.02-0.09) via solid-state reac-
tion method. This phosphor material shows broad
emissions and a high absorption and with increased
Eu2+ concentration, its emission peaks shift from
603 to 617 nm. The Ca

1.96
Eu

0.04
Si

5
N

8
 shows a strong

excitation bands from the UV to the visible region
and emission band with peak at 607 nm. Song et
al., [38] prepared Ba

2
Si

5
N

8
 phosphor with various

Eu compositions by normal pressure sintering. The
Ba

3
N

2
, Si

3
N

4
 and Eu

2
O

3
 were sintered at a high tem-

perature in a mixture of N
2
 and H

2
. This red-emitting

phosphor shows a broad excitation as well as high
quantum output. Liu et al., [39] synthesized
Sr

2
Si

5
N

8
:Eu2+ red emitting phosphor through direct

silicon nitridation and gas-reduction method. The
Sr

2
Si

5
N

8
:Eu2+ phosphor shows a board red emis-

sion band centred at 625 nm under the excitation of
near-UV to blue light. Duong and Lee [40] synthe-
sized Sr/SmSi

5
N

8
:Eu2+ as red-emitting phosphor

using multi-step high frequency induction heat treat-
ment. With the increase of Eu2+ ion concentration,
the emission peak position was shifted from 613 to
671 nm. Lin et al., [41] prepared Eu2+ and Mn2+ ions
co-doped Sr

2
Si

5
N

8
 phosphors. With the excitation

of 420 nm, the Sr
2
Si

5
N

8
:Eu2+ shows an emission at

615 nm and the Sr
2
Si

5
N

8
:Mn2+ shows emission

around 608 nm. An increase in the emission inten-
sity in the red region was observed when Mn2+ ions
were incorporated into Sr

2
Si

5
N

8
:Eu2+, because of the

energy transfer from Mn2+ to Eu2+ ions. Wang et al.,
[42] prepared Ca

2
Si

5
N

8
:Eu2+ phosphors by gas-

pressed sintering method. Under the blue excita-
tion, the red-shift of the emission band from 608 nm
to 622 nm is observed, and a large enhancement in
the emission intensity is obtained by using BaF

2
.

Wang et al., [43] synthesized SrCaSi
5
N

8
:Eu2+, Tm3+
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solid solution through high temperature solid-state
reaction method. The SrCaSi

5
N

8
: Eu2+, Tm3+ phos-

phor materials show strong photoluminescence (PL)
and weak photo-stimulated luminescence PSL
(

em
 = 647 nm). At various stimulating conditions

(UV excitation, in dark, laser stimulation after UV
irradiation), thermoluminescence (TL) glow curves
show the same peak positions at 345 K and 360K
but show differences in the intensities. Zhang et al.,
[44] synthesized and analysed reddish-orange af-
terglow emitting (using 365 nm UV light) nitride phos-
phors Ca

2
Si

5
N

8
:Eu2+, Tm3+ (CSN:E, T) and

Ca
2
Si

5
N

8
:Eu2+, Tm3+, Dy3+ (CSN:E, T, D) through

solid-state reaction method. Comparing with the
CSN:E, T, the CSN:E, T, D phosphors show higher
afterglow intensity and longer duration time. The
introduction of codopants into the Ca

2
Si

5
N

8
:Eu2+

phosphor scarcely changes the emission position
but decreases their intensities. Hu et al., 2014 [45]
annealed available Eu2+-activated nitride red phos-
phors (Sr

1.95
Si

5
N

8
:Eu

0.05
, Sr

1.85
Si

5
N

8
:Eu

0.15
 and

Ca
0.99

AlSiN
3
:Eu

0.01
) at different temperatures and in-

vestigated the dependence of their luminescence
performance and structure variability on the tem-
perature. It was concluded that the activator Eu2+

ions are more stable in CaAlSiN
3
:Eu than Sr

2
Si

5
N

8
:Eu

due to their crystal surroundings.

2.2. MAlSiN3:Eu2+ (M=Ca, Sr, Ba)

The luminescence characteristics of CaAlSiN
3
:Eu2+

phosphor was studied and presented by Uheda et
al. [46]. With the excitation of 450 nm, a broad
emission band with maximum at 650 nm is observed.
The emission intensity of CaAlSiN

3
:Eu2+ phosphor

material measured at 150 °C, is about 89% of that
measured at room temperature. By the partial sub-
stitution Sr for Ca, the emission of CaAlSiN

3
:Eu2+

phosphor was blue-shifted, which can improves the
luminous efficiency of white LEDs. Piao et al., [47]
prepared Ca

1-x
Eu

x
AlSiN

3
 (x=0-0.2) europium-doped

nitride phosphors by the self-propagating high-tem-
perature synthesis technique using Ca

1-x
Eu

x
AlSi al-

loy as a precursor. The Ca
0.98

Eu
0.02

AlSiN
3
 phosphor

shows red emission with peak at 649 nm. Watanabe
et al., [48] synthesized Sr

0.99
Eu

0.01
AlSiN

3
 material,

by heating a mixture of binary nitrides at 2173K and
190 MPa N

2
 of pressure. Under the excitation from

UV to 525 nm, this material shows an orange-red
photoluminescence at 610 nm. Watanabe and
Kijima [49] synthesized Sr

0.99
Eu

0.01
AlSiN

3
 material

by heating a single phase Sr
1-x

Eu
x
(Al

0.5
,Si

0.5
)

2
 inter-

metallic compound at 2173K under N
2
 gas pres-

sure of 190 MPa. It shows an intense orange-red

photoluminescence at 610 nm under the excitation
from UV to 525 nm. Watanabe et al., [50] reported
the synthesis of europium-doped SrAlSiN

3
 nitride

through the low-temperature ammonothermal
method. It was concluded that the crystallinity and
nitrogen defect of the SrAlSiN

3
 are strongly affected

by heating temperatures and heating methods. The
light-emitting wavelength of the Eu-doped SrAlSiN

3

is 580 nm with 460 nm excitation and the peak
emission position and intensity changes with the
Eu concentration. Zhang et al., [51] reported the
synthesis of Yb-activated CaAlSiN

3
, and studied its

photoluminescence properties which show an in-
tense red emission at 629 nm under 529 nm of ex-
citation. Kim et al., [52] synthesized CaAlSiN

3
:Eu2+

phosphor using CaCN
2
, CaCO

3
:Eu3+, AlN, and Si

3
N

4

by a carbothermal reduction and nitriding method
under normal N

2
 pressure (0.1 MPa) and tempera-

ture of 1600 °C. This phosphor shows an intense
red emission band at 650 nm. Dierre et al., [53]
reported the luminescence characteristics of Eu-
doped CASN by low-energy SEM-CL. The  4 m
size particles (CASN) emitted a large band centred
at 635 nm with a shoulder at 540 nm, and 1 m size
particles (Al-rich Ca-Al-Si compounds) emitted large
bands at 290-350 and 645 nm and author concluded
that the disorder in the CASN matrix can greatly
affects the luminescence properties. Cai et al., [54]
prepared red-emitting CaAlSiN

3
:Eu2+ phosphor at

1550 °C under NH
3
 atmosphere from CaC

2
, CaCO

3
,

Si
3
N

4
, AlN, and Eu

2
O

3
 and this phosphor emit strong

red light under 450 nm excitation. The excitation
band lie between 250 to 470 nm and phosphor shows
a broad emission band centred at about 645 nm.
Chung and Huang, [55] reported the combustion
synthesis method for the preparation of
CaAlSiN

3
:Eu2+ phosphor and studied its lumines-

cent properties. The CaAlSiN
3
:Eu2+ phosphor ab-

sorbs in the region of 200-600 nm and shows emis-
sion in 500–800 nm region. This phosphor doped
with Eu2+ at the optimized molar ratio of 0.04 is ex-
cited by 460 nm and shows emission near 650 nm.
Author concluded that the internal quantum effi-
ciency of the this phosphor material is 71%, com-
pared to 69% of the YAG:Ce3+ (P46-Y3). Nonaka et
al., [56] synthesized SrAlSiN

3
 material at low tem-

perature (1073K) through an ammonothermal
method with Sr as a mineralizer and investigated
the impact of mineralizers (NaNH

2
, Na, and Sr) on

the physical properties of SrAlSiN
3
:Eu2+ phosphor.

This phosphor shows an emission at 590 nm when
illuminated with 460 nm. Peng et al., [57] reported
the correlation between luminescent properties and
crystalline structure with particle size of
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(SrCa)AlSiN
3
: Eu2+ and examined their packaging

efficiency and effects on the optical performance of
the COB LED device. Zhu et al., [58] reported the
moisture-induced degradation of (Sr,Ca)AlSiN

3
:Eu2+

red phosphor by treating under severe conditions
with high-pressure water steam and concluded that
the degradation of the phosphor was initiated at 150
°C of temperature, and the luminescence was
quenched quickly.

2.3. M[Mg2Al2N4]:Eu2+ (M=Ca, Sr, Ba,
Eu); Ba[Mg2Ga2N4] :Eu2+

Pust et al., [59] reported the luminescence charac-
teristics of Eu2+ doped nitridomagnesoaluminates
Ca[Mg

2
Al

2
N

4
], Sr[Mg

2
Al

2
N

4
], Eu[Mg

2
Al

2
N

4
],

Ba[Mg
2
Al

2
N

4
] and nitridomagnesogallate

Ba[Mg
2
Ga

2
N

4
]. The M[Mg

2
Al

2
N

4
]:Eu2+ (M =Ca,Sr,Ba)

and Ba[Mg
2
Ga

2
N

4
]:Eu2+ show red colour and red

luminescence under excitation with UV to green
light. At nominal doping level of 2%, the
Ba[Mg

2
Ga

2
N

4
]:Eu2+ phosphor shows an emission

band at 649 nm with FWHM of 2168 cm”1 when ex-
cited with 440 nm. The excitation, emission and
reflectance spectra of M[Mg

2
Al

2
N

4
]:Eu2+ (0.1%, M

= Ca,Sr,Ba) phosphors are presented in Fig. 2 [59].
With increasing the alkaline earth atom size, the
298 K emission bands show a red shift with peak
positions at 607 nm (FWHM ~1815 cm-1) for M =
Ca, 612 nm (FWHM ~1823 cm-1) for M = Sr, and

Fig. 2. Excitation, reflectance (dashed curves), and
emission (

exc
 = 440 nm) spectra of

M[Mg
2
Al

2
N

4
]:Eu2+(0.1%) (M = Ca,Sr,Ba) phosphors

at room temperature. Ca[Mg
2
Al

2
N

4
]:Eu2+ orange,

Sr[Mg
2
Al

2
N

4
]:Eu2+ green, and Ba[Mg

2
Al

2
N

4
]:Eu2+

blue. Reprinted with permission from Pust, P.,
Hintze, F., Hecht, C., Weiler, V., Locher, A.,
Zitnanska, D., Harm, S., Wiechert, D., Schmidt,
P.J. and Schnick, W. // Chem. Mater. 26, (2014),
6113. Copyright © 2014, American Chemical
Society.

Fig. 3. Normalized emission spectra for T = 300K
and T = 7K of M[Mg

2
Al

2
N

4
]:Eu2+ (0.1%, M =

Ca,Sr,Ba) phosphor. Reprinted with permission from
Pust, P., Hintze, F., Hecht, C., Weiler, V., Locher,
A., Zitnanska, D., Harm, S., Wiechert, D., Schmidt,
P.J. and Schnick, W// Chem. Mater. 26, (2014),
6113. Copyright © 2014, American Chemical
Society.

Fig. 4. Temperature dependence of emission inten-
sity for M[Mg

2
Al

2
N

4
]:Eu2+ (0.1%) (M = Ca,Sr,Ba)

phosphors. Reprinted with permission from Pust,
P., Hintze, F., Hecht, C., Weiler, V., Locher, A.,
Zitnanska, D., Harm, S., Wiechert, D., Schmidt,
P.J. and Schnick, W// Chem. Mater. 26, (2014),
6113. Copyright © 2014, American Chemical
Society.

666 nm (FWHM ~2331cm-1) for M = Ba. The tem-
perature dependent emission measurements are
shown in Fig. 3 [59]. Phosphors for M =Ca and Sr
show a significant spectroscopic red-shift of emis-
sion at low temperatures, below 100 K both these
phosphors show identical spectra at 625 nm with
FWHM of 1715-1785 cm-1. The intensity of emis-
sion remains unchanged up to 100K for both phos-
phors and drops sharply as the temperature in-
creases (Fig. 4) [59]. The Ba[Mg

2
Al

2
N

4
]:Eu2+(0.1%)
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Fig. 5. Excitation and emission spectra of a
Ca[LiAl

3
N

4
] (5 mol.% Eu). Reprinted with permis-

sion from Pust, P., Wochnik, A.S., Baumann, E.,
Schmidt, P.J., Wiechert, D., Scheu, C., and Schnick,
W. // Chem. Mater. 26, (2014), 3544. Copyright ©
2014 American Chemical Society.

phosphor also shows a red shift of emission at low
temperatures (244 cm-1 from 300K to 7K). At room
temperature the quantum efficiency of
Sr[Mg

2
Al

2
N

4
]:Eu2+ was observed 18% for 440 nm of

excitation. Authors concluded that with respect to
the emission maximum and the FWHM, the lumi-
nescence properties of M[Mg

2
Al

2
N

4
]:Eu2+ (M =

Ca,Sr,Ba) and Ba[Mg
2
Ga

2
N

4
]:Eu2+ phosphors are

comparable to other red emitting phosphors [e.g.,
Ba

3
Ga

3
N

5
:Eu2+ (ca. 2 mol.% Eu; emission maxi-

mum at 638 nm and FWHM of 2123 cm -1),
(Sr,Ba)

2
Si

5
N

8
:Eu2+ (emission maximum at 590-625

nm and FWHM of 2050-2600 cm -1),
(Ca,Sr)AlSiN

3
:Eu2+ (emission maximum at 610-660

nm and FWHM of 2100-2500 cm-1].

2.4. M[Li2Al3N4]:Eu2+ (M=Ca, Sr)

Pust et al., [60] reported the red-emitting
nitridolithoaluminate Ca[LiAl

3
N

4
]:Eu2+ phosphor,

which shows narrow-band red emission. The
Ca[LiAl

3
N

4
]:Eu2+ was synthesized by firing a mix-

ture of AlF
3
, LiN

3
 EuF

3
 and metallic Ca in an arc-

welded tantalum ampule and followed the appropri-
ate conditions (like inert gas atmosphere, tempera-
ture (1000 °C) etc.). The Ca[LiAl

3
N

4
]:Eu2+ phosphor

is in structural relation with Sr[Mg
3
SiN

4
]:Eu2 and

consists of a highly condensed rigid framework of
AlN

4
 and LiN

4
 tetrahedra with Ca atoms positioned

in vierer ring channels along [001]. In
Ca[LiAl

3
N

4
]:Eu2+ material, the Eu2+ activator occupy

the Ca positions. This phosphor material shows red
luminescence with blue light of excitation (Fig. 5)

[60]. When excited with 470 nm, it shows an emis-
sion peak at 668 nm with FWHM of 1333 cm-1 (~60
nm) and CIE colour coordinates of x = 0.720 and
y = 0.280. The excitation spectrum shows two
maxima near 485 and 560 nm. In comparison to
(Sr,Ba)

2
Si

5
N

8
:Eu2+, Ba

3
Ga

3
N

5
:Eu2+, (Ca,Sr)-

AlSiN
3
:Eu2+, the Ca[LiAl

3
N

4
]:Eu2+ shows narrow

FWHM, which make it appropriate for application in
warm-white pc-LEDs. The high condensation of this
phosphor material is beneficial for reducing struc-
tural relaxation around the activator in its excited
state. All these important features and structural
relaxation of this phosphor material is helpful for
small Stokes shifts and narrow emission bands. A
good absorption in the blue to green spectral region
makes this phosphor material suitable for pc-InGaN
LEDs [60].

Pust et al., [15] synthesised and reported envi-
ronmentally friendly, next-generation red-emitting
Eu2+ activated nitridolithoaluminate phosphor mate-
rial. The Sr[LiAl

3
N

4
]:Eu2+ (SLA) was synthesized by

heating a mixture of LiAlH
4
, AlN, SrH

2
, and EuF

3
 for

two hours to 1,000 °C in a forming gas atmosphere
(N

2
:H

2
 = 95:5) at a rate of 50 °C min-1 in a radio-

frequency furnace. This red phosphor material shows
red-emitting narrow-band (FWHM ~1,180 cm-1, ~50
nm), great luminous efficacy and colour rendition
(CRI > 90). The two crystallographic Sr sites, each
coordinated by eight N atoms in a highly symmet-
ric cuboid-like environment, is extremely favourable
for narrow emission bands. As the ionic radii of Eu2+

 1.25 Å) and Sr2+  1.26 Å) are identical, the Eu2+

dopant can replace Sr ions. The introduction of ni-
trogen in classical (oxo)aluminates is helpful for high
degree of condensation, high stability of the materi-
als, high rigidity of the host lattice and limited local
structural relaxation of the Eu2+ site in its excited
state which result for small Stokes shift and nar-
row-band emission [15]. Tolhurst et al., [61] studied
the electronic structure of SLA through experimen-
tal soft X-ray spectroscopy measurements and den-
sity functional theory calculations. Fig. 6 shows the
excitation and emission spectra of SLA phosphor
with a 0.4% dopant concentration. The SLA phos-
phor exhibits an excitation minimum at 375 nm and
maximum at 466 nm and at 654 nm, the maximum
of the emission observed with a FWHM of 1180
cm-1. The reported external and internal quantum
efficiency of SLA are about 52% and 76% respec-
tively for excitation of 440 nm. This red-emitting
phosphor shows a 14% increased luminous efficacy
and excellent colour rendition. From the tempera-
ture dependence of the relative integrated photolu-
minescence intensity of SLA (Fig. 7) [15], we have
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observed that the integrated light output drops by
only 5% at 500K, comparable to the Ce3+ doped
garnet phosphors and the change in chromaticity
with temperature is low. In the temperature range of
303K to 465K, the emission band shifts only by ~1
nm towards higher energies while the spectrum
broadens by 374 cm-1. This phosphor shows low

Fig. 6. Excitation (SLA, blue; CaAlSiN
3
:Eu2+, light

grey) and emission spectra for 
exc

 = 440 nm of SLA
(pink) and of CaAlSiN

3
:Eu2+ (dark grey) phosphors.

Dotted line is the upper limit of sensitivity of the
human eye. Reprinted with permission from Pust,
P., Weiler, V., Hecht, C., Tucks, A., Wochnik, A.S.,
Henß, A.K., Wiechert, D., Scheu, C., Schmidt, P.J.
and Schnick, W. // Nature Materials 13, (2014), 891.
Copyright © 2014, Nature Publishing Group.

Fig. 7. Temperature dependence of the relative in-
tegrated photoluminescence intensity for SLA. Re-
printed with permission from Pust, P., Weiler, V.,
Hecht, C., Tuc]s, A., Wochni], A.S., Henß, A.K.,
Wiechert, D., Scheu, C., Schmidt, P.J. and Schnick,
W. // Nature Materials 13, (2014), 891. Copyright ©
2014, Nature Publishing Group.

fluctuations of the local activator chemical environ-
ment as compared to other phosphor materials such
as M

2
Si

5
N

8
:Eu2+ (M = Ca, Sr, Ba) or MSiAlN

3
:Eu2+

(M = Ca, Sr). This phosphor material (SLA) fulfils
the requirements for a red emitter in illumination-
grade, high-power pc-LED applications and shows
superior emission properties such as 

max
~650 nm,

FWHM~1,180 cm-1, high thermal quenching tem-
perature (>95% relative quantum efficiency at 200
°C), high colour rendition and great luminous effica-
cies etc.

2.5. M[Mg3SiN4]:Eu2+ (M= Sr, Ba)

Schmiechen et al., [62] reported the synthesis and
structural characterization of nitridomagnesosilicate
Sr[Mg

3
SiN

4
]:Eu2+ which shows narrow band red lu-

minescence and discussed its application for illu-
mination-grade white pc-LEDs. The details of syn-
thesis process are given in well form by the authors
in their article [62]. The nitridomagnesosilicates
M[Mg

3
SiN

4
] (M = Ca,Sr,Eu) are isotypic to the

lithosilicate Na[Li
3
SiO

4
] and exhibit ordering of Mg

and Si atoms. The compounds M[Mg
3
SiN

4
]:Eu2+ (M

= Ca,Sr) show red colour. Under UV to blue irradia-
tion, the M[Mg

3
SiN

4
] (M = Ca,Eu) material shows

no luminescence; in contrast, Sr[Mg
3
SiN

4
]:Eu2+

exhibits luminescence in the red region. Fig. 8 [62]
shows the excitation and emission spectra of a
Sr[Mg

3
SiN

4
]:Eu2+ phosphor, the excitation spectrum

shows a broad band with maximum at 450 nm and
with excitation with 440 nm, the emission spectrum
shows a narrow band peaking at 615 nm with
FWHM ~1170 cm-1 (~43 nm). The Sr[Mg

3
SiN

4
]:Eu2+

phosphor shows small Stokes shift (~772 cm-1) lead

Fig. 8. Excitation and emission spectra of
Sr[Mg

3
SiN

4
]:Eu2+ (2 mol.% Eu2) phosphor. Reprinted

with permission from Schmiechen, S., Schneider,
H., Wagatha, P., Hecht, C., Schmidt, P.J., and
Schnick, W. // Chem. Mater. 26, 2014, 2712. Copy-
right © 2014 American Chemical Society.
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to a good thermal behaviour. It was noted that the
emission maxima are slightly shifted from 615 nm
(at room temperature) to 610 nm (at 6K of tempera-
ture) and the FWHM is reduced from ~1170 cm-1

(~43 nm) to ~900 cm-1 (~33 nm) (Fig. 9) [62]. The
emission intensity of this phosphor increases sig-
nificantly by cooling, and relative quantum efficien-
cies close to 100% are being reached at low tem-
peratures. The Sr[Mg

3
SiN

4
]:Eu2+ has the potential

to fulfil the requirements as a next generation red
phosphor material with a FWHM ~1170 cm-1 (~43
nm).

Schmiechen et al., [63] reported the synthesis
and characterization of a nitridomagnesosilicate
Ba[Mg

3
SiN

4
]:Eu2+ phosphor and discussed its lu-

minescence properties and structure-property rela-
tionship. The Ba[Mg

3
SiN

4
] was obtained by a solid-

state reaction of BaF
2
, Mg

3
N

2
 and Si(NH)

2
,  LiN

3
,

EuF
3
. The Ba[Mg

3
SiN

4
]:Eu2+ phosphor show lumi-

nescence in the red region under blue excitation.
The excitation and emission spectra of
Ba[Mg

3
SiN

4
]:Eu2+ are shown in Fig. 10 [63]. Low-

temperature emission spectra of the
Ba[Mg

3
SiN

4
]:Eu2+ phosphor between 7 and 300K at

450 nm of excitation are shown in Fig. 11 [63]. The
Ba[Mg

3
SiN

4
]:Eu2+ phosphor can be efficiently ex-

cited with blue light and the excitation spectrum
shows a broad band with a maximum at 465 nm.
Excitation at 450 nm results in an emission in the
red region centred at 670 nm with FWHM of ~1970
cm-1. As the dopant concentration increasing to 2.5

Fig. 9. Low-temperature emission spectra of
Sr[Mg

3
SiN

4
]:Eu2+ (2 mol.% Eu2+) between 6 and

300K at 
exc

 = 440 nm. Reprinted with permission
from Schmiechen, S., Schneider, H., Wagatha, P.,
Hecht, C., Schmidt, P.J., and Schnick, W. //Chem.
Mater. 26, 2014, 2712. Copyright © 2014 American
Chemical Society.

Fig. 10. Excitation and emission spectra of
Ba[Mg

3
SiN

4
]:Eu2+ (black: 0.5 mol%, red: 2.5 mol.%

Eu2+). Reprinted with permission from Schmiechen,
S., Strobel, P., Hecht, C., Reith, T., Siegert, M.,
Schmidt, P.J., Huppertz, P., Wiechert, D. and
Schnick, W. //Chem. Mater. 27, 2015, 1780. Copy-
right © 2015 American Chemical Society.

Fig. 11. Low-temperature emission spectra of the
Ba[Mg

3
SiN

4
]:Eu2+ phosphor between 7 and 300K at

450 nm excitation. Reprinted with permission from
Schmiechen, S., Strobel, P., Hecht, C., Reith, T.,
Siegert, M., Schmidt, P.J., Huppertz, P., Wiechert,
D. and Schnick, W. // Chem. Mater. 27, 2015, 1780.
Copyright © 2015 American Chemical Society.

mol.%, shift was observed in the emission maxi-
mum to 680 nm with constant FWHM. The quan-
tum efficiency of the Ba[Mg

3
SiN

4
] phosphor doped

with 0.5 mol.% Eu2+ was observed to 32%. At low
temperatures, the emission maximum of this phos-
phor is red-shifted by ~220 cm-1 and the FWHM is
reduced to ~1290 cm-1.
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2.6. CaMg2AlN3

Kubus et al., [16] synthesized CaMg
2
AlN

3
 in a closed

system by solid state reaction technique. This
nitridomagnesoaluminate (CaMg

2
AlN

3
) was prepared

at 1100 °C from Mg
3
N

2
, Ca

3
N

2
, and AlN (1) as.

3 2 3 2 2 3
2Mg N Ca N 3 AlN 3CaMg AlN .

The crystal structure of CaMg
2
AlN

3
 is closely re-

lated to the structures of ScAl
3
C

3
 material. The ex-

citation, emission and reflection spectra of
CaMg

2
AlN

3
 are presented in Fig. 12 [16]. The re-

flection spectrum has an absorption edge at 350
nm, with an onset at 370 nm and the excitation
spectrum shows band at 330 nm and FWHM of 152
nm.

3. CONCLUSION

Red-emitting nitride phosphors have been emerged
as a new class of luminescent materials, because
of their bright photoluminescent characteristics, but
still requires a deep investigation of the fine struc-
ture of doped materials by taking advantages of
advanced techniques and simulations. Nitrides have
been demonstrated to be good host lattices for lu-
minescent materials but in comparison with other
phosphors, the synthesis of nitride based phosphors
is usually costly and ineffective therefore, it is there-
fore necessary to develop novel methods to produce
nitride phosphors cost-effectively with high lumines-
cence behaviour. As a new class of luminescent
materials, nitride based red phosphors are attract-
ing attentions due to their great suitability in white

Fig. 12. Excitation, emission, and reflection spectra of CaMg
2
AlN

3
 material (

em
 = 630 nm and 

ex
 = 330

nm). Reprinted with permission from Kubus, M., Levin, K., Kroeker, S., Enseling, D., Justel, T. and Meyer,
H.J. // Dalton Trans. 44, 2015, 2819. (c) 2015 The Royal Society of Chemistry.

LEDs. In addition, it will be an interesting topic for
developing more nitride based red phosphors to
enhance the LEDs efficiency.
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