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A B S T R A C T

This work presents the structural, morphological and luminescent, properties of SrGe4O9 (SGO):Er3+,Yb3+

phosphors. These phosphors were synthesized by simple combustion synthesis and subsequently annealed at
1100 °C. The XRD patterns revealed that all the SGO samples doped with Yb3+ concentrations from 2 to 10 at.%
presented a trigonal pure phase (the Er3+ concentration was fixed to 1 at.%). The morphology of the SGO
samples was analyzed by scanning electron microscopy and found that they are formed by microparticles with
irregular shapes and average sizes in the range of 0.2 μm–3 μm. The luminescence measurements of the
SGO:Er3+,Yb3+ samples showed the presence of two main emission bands at 551 nm (green) and at 662 nm (red)
under excitation at 980 nm, which are associated to Er3+ transitions. For Yb concentration of 2 and 3 at.% the
green band dominated, but the red band became more intense for Yb concentrations above 5 at.%. As result, the
CIE coordinate changed from the green to the yellow region. The increase for the Yb content from 2 to 10 at.%
also enhanced of the NIR emission of Er3+ ≈5 times and the maximum upconversion emission was observed for
8% of Yb concentration. Further, the surface of the SGO samples was analyzed by the FTIR technique in order to
find OH groups which are common luminescent quenching centers, but these groups were not detected on the
samples. Since the SGO samples presented tunable emission, absence of OH groups on their surface and stable
crystalline structure for high Yb dopant concentrations, they could be good candidates as phosphors for solid
state lighting or displays applications.

1. Introduction

The study of luminescent materials is still of great interest for the
development of lighting devices, biomarkers, sensors etc. [1–3]. Some
rare earth (RE) doped materials such as SrAl14O25: Eu2+, SrAl2O4:
Eu2+, Dy3+, YAG: Ce3+ have been successfully used for white illumi-
nation, displays and advertisement [4]. Particularly, the upconversion
(UC) phosphors excited with infrared light (980 nm) present applica-
tions in optical thermometry, biosensors and solid state lighting [5–9].
These upconversion materials are commonly metallic oxides doped
with rare earths, such as Er, Yb, Tm and Ho [10–13]. Recently, some
micro/nano phosphors have been reported with remarkable

upconversion properties. For example, SrAl2O4:Er3+,Yb3+ phosphors
have been prepared by a solid state reaction method and their color
emission was tuned from red to green by adding different concentration
of Zn2+ ions [14]. In addition, it has been reported Er-doped and Er/
Yb-codoped CoAl2O4 pigments synthesized by a co-precipitation
method [6]. An increase of Er concentration in the pigments did not
change their crystalline phase or color properties but enhanced their
upconversion luminescence intensity, reaching a maximum at 1mol.%
of Er dopant. Regarding the research related with UC phosphors for
different applications: it has been published studies about SrLaA-
l3O7:Er3+,Yb3+ phosphors with strong yellow/red emission, which do
not present cytotoxicity, suggesting their use for imaging of biological
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tissues [15]. Another work presented δ-Sc4Zr3O12 Er3+,Yb3+ phosphors
for optical temperature sensing via an fluorescent intensity ratio (FIR)
technique in the range of 303–793 K, where the calculated maximum
sensitivity was 0.00634 K−1 at 573 K [16]. Additionally, upconversion
materials such as NaYF4:Er3+,Yb3+, Na5Lu9F3:Er3+,Yb3+ and BiVO4:
Er3+,Yb3+,Tm3+ have been reported with quantum efficiencies of
2–8% for light emission, which make them good candidates for appli-
cations of biolabeling, displays of electro-optical devices and security
printing [17–19].

The ultimate trend for upconversion materials points out that
porous upconversion nanoparticles able to deliver a drug slowly could
be useful for the treatment of intestinal infections and colorectal cancer
[20]. There are also emerging applications such as volumetric displays,
multimodal imaging, single molecule imaging, real time monitoring of
drug transport and release as well as NIR responsive biosensors which
need highly efficient upconversion nanocrystals [21,22]. However, the
main limitations of the current UC nanoparticles are the capacity for
tailored emission color, methods for mass production and upconversion
efficiency [21]. Therefore, the current efforts are focused to increase
the UC emission intensity. An approximation already reported for this
purpose, involves the fabrication of large welded nanostructures on
nanosheets of VO2:Er3+,Yb3+ using laser ablation, this new nanos-
tructured material had enhanced absorption properties, which in turn,
increased its UC luminescence [23].

An alternative material with good thermal and chemical stability
which has been scarcely explored as a host for REs is the ternary
strontium tetragermanate (SrGe4O9) [24]. This last material contains
the Ge element, which has been attractive the last years for the fabri-
cation of GeO2 based anodes employed in highly efficient Li ion bat-
teries [25]. In fact, the Ge element has 104 times higher electrical
conductivity than Si (a common material used in semiconductor in-
dustry), which can favor the luminescent properties [25]. The presence
of Ge also helps to reduce the thermal quenching as demonstrated in
other germanate phosphors such as K2MgGeO4:Bi3+, Bi4Ge3O12:Eu3+

and BaZrGe3O9:Eu3+, this in turn, increases the thermal stability of
LEDs made with these materials [26,27]. Moreover, the Ge element can
be obtained at low cost for optoelectronic structures from precursors
such as Ge3H8 and Ge4H10 or from sulfides ores of Zn, Pb, and Cu
[28,29]. Thus, the use of Ge element could be cost-effective for the
synthesis of Ge based upconversion phosphors.

According to literature, SrGe4O9 nanotubes has been employed for
the detection of ammonia (NH3) at room temperature in facilities of
hospitals and industrial buildings [30]. Further, there are reports about
SrGe4O9:Mn4+ phosphors with intense red emission at 655 nm under
excitation with UV-blue light [31,32]. SrGe4O9:Eu3+ phosphors can
also emit red emission under excitation of UV light at 303 nm (the
maximum emission intensity is reached with a Eu content of 3mol%)
[33]. These results demonstrated that the RE doped strontium germi-
nates can generate light by downconversion processes, which could be
useful for solid state lighting sources. However, there are not studies
about the use of SrGe4O9 as upconversion emission material to the best
of our knowledge. For this reason, we report in this work a systematic
study about the upconversion emission properties of SrGe4O9:Er,Yb
phosphors. These phosphors were synthesized by a simple and fast
combustion method and fixed the Er concentration to 1.0 at.% while the
content of Yb varied from 2 to 10 at.%. Basically, we found that the
maximum green/red emission intensity is achieved for an Yb con-
centration of 8mol% and the color emission was tuned from green to
yellow by controlling the Yb content. The fact that a high content of Yb
dopant produced the highest emission intensity, overcomes one of the
main problems in upconversion phosphors, that is, the concentration
quenching, since most of hosts have their highest emission intensities
typically with less than 8% of Yb dopant [34,35]. Another important
finding was the fact that our germanate phosphors did not present OH
groups after their synthesis, which are considered quenching centers for
the luminescence [35]. Thus, the results presented here demonstrate

that the SrGe4O9: Er,Yb phosphors can produce upconversion emission
efficiently, opening the possibility for its use in biomedical or lighting
applications.

2. Experimental

2.1. Synthesis of SrGe4O9:Er3+, Yb3+ phosphors

The reagents used for the synthesis of strontium germanates were
purchased from Sigma-Aldrich: Strontium nitrate [Sr(NO3)2, (99.0%)],
germanium oxide [GeO2, (99.99%)], erbium nitrate [Er(NO3)3,
(99.9%)], ytterbium nitrate [Yb(NO3)2, (99.999%)] and urea [CH4N2O,
(99.0%)]. The SrGe4O9:Er3+,Yb3+ (SGO:Er,Yb) samples were prepared
by a combustion method. The pure SrGe4O9 without dopants was syn-
thesized as follows: Firstly, all the nitrates were dissolved in deionized
water (15ml) and stirred for 30min. After this, the solution was placed
into a preheated furnace at 600 °C and the combustion process occurred
after 3min. Subsequently, a white foam is obtained and was grinded in
an agate mortar for 20min. Afterwards, the powders were annealed in
air 1100 °C for 6 h and grinded again. This annealing route would
produce germanate phosphors with a single crystalline phase, high
upconversion emission and low content of impurities [23–25]. In the
case of the samples synthesized with Er and Yb dopants, the Er and Yb
nitrates were added to the aqueous mixture solution in such a way that
the Er3+ atomic concentration (x) was fixed at 1% and the Yb content
varied from 2 to 10 at.%. The value of 1 at.% for Er was selected be-
cause it is considered as the optimum to obtain the maximum emission
in other host lattices such as LaSr2AlO5, Gd2(MoO4)3, Y2O3 and CoAl2O4

[5–7,36]. The sample without dopants is named SGO-0. The samples
with 2%, 3%, 5% 8% and 10 at.% of Yb dopant are named SGO-2, SGO-
3, SGO-5, SGO-8 and SGO-10, respectively.

2.2. Structure and morphology

The crystalline structure of the samples was analyzed by using a
diffractometer Bruker D2, using Cu-Kα radiation (λ=1.5406 Å). The
X-ray diffraction data were collected in the 2θ range from 20 to 70° with
increments of 0.025°. The morphology of the samples was visualized by
Scanning electron microscopy using a JSM-7800F microscope.

2.3. Optical and luminescence characterization

The absorbance spectra were measured by using a UV–Vis Cary
5000 Agilent spectrophotometer in the range of 200 nm–1600 nm. The
emission spectra were obtained through an optical arrangement com-
posed by an IR laser diode of 980 nm (excitation source) and an Ocean
Optics USB65000 spectrophotometer (detector). All the emission
spectra were recorded at room temperature. The FTIR (Fourier trans-
form infrared) spectra of samples were recorded from 400 to
4000 cm−1 on a PerkinElmer (BX-FTIR) spectrophotometer using the
KBr method. The CIE coordinates were obtained using a CS-2000
Konica Minolta spectroradiometer.

3. Results and discussions

3.1. Structural and morphological properties

The strontium germanate SrGe4O9 present a trigonal lattice with
space group of P321(150) and cell parameters: a=b= 11.344 Å,
c=4.75 Å [24]. The structure for SrGe4O9 was simulated by using the
Diamond 3.2 software and it is observed in Fig. 1. The positions of each
atom were obtained from Ref. [24]. The green, blue and red spheres
represent the Sr, Ge and O atoms, respectively. This arrangement con-
tains two different types of structured sheets alternately stacked along
the c axis. One sheet is formed by GeO6 octahedra (red area) and SrO8

polyhedra (yellow area) while the second sheet contains three rings of
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GeO4 tetrahedra (blue area). The ionic radius of the Sr2+ is 1.32 Å, this
value is similar to these for Er3+ (1.14 Å, 8-coordinate) and Yb3+

(1.12 Å, 8-coordinate). Thus, it is possible to assume that Er3+and Yb3+

ions will substitute the Sr atoms into the SrGe4O9 crystalline lattice.
Fig. 2a shows the XRD patterns for the undoped and Er/Yb doped

SGO samples. As observed, the pure SGO sample without dopants
presented diffraction peaks corresponding to the trigonal phase

according to the JCPDS 96-200-5541 card. The main peaks in the dif-
fractograms corresponds to the crystalline planes: (121), (1̄31), (2̄40),
(3̄31), (2̄41), (3̄42), (3̄61) and (060). It is worthy to mention that no
additional diffraction peaks associated to impurities were observed
even for Yb concentrations as high as 10 at.%, indicating the high sta-
bility of our system. Further, the position of the diffraction peaks is shift
by 0.4642° from Yb3+ concentration of 3 at.%, which suggests a con-
traction of the crystalline network [33]. To confirm this last assump-
tion, the volumes of the crystalline lattices were calculated for all the
SGO samples and are depicted as a function of Yb concentration em-
ploying the Bragg law [37] and the most intense diffracted peaks: (3̄31)
and (1̄12). Fig. 2b shows that the volumes of the crystalline lattice for
SGO-0, SGO-2, SGO-3, SGO-5, SGO-8 and SGO-10 were 600.28 Å3,
598.90 Å3, 587.37 Å3, 585.47 Å3, 586.81 Å3, 586.80 Å3, respectively.
Thus, the volume decreases with the increase of Yb content, in ac-
cordance with the contraction of the crystalline network suggested by
the XRD patterns. The contraction of the crystalline network could be
explained taking into account that the ionic radius of the Er3+ and
Yb3+ ions which will substitute the Sr2+ are smaller. Additionally, if we
consider that the Pauling electronegativities for Sr (0.95) is smaller
than that for Er (1.24) and Yb (1.1), this will provoke a superior at-
traction of electrons to the surroundings of Er and Yb ions, resulting in a
contraction of the crystalline lattice. Fig. 3 shows the SEM images for
the undoped and Er/Yb doped SGO samples. The SGO-0 sample pre-
sented coalesced grains with irregular morphologies and average size of
0.2 μm, see Fig. 3a. When the Yb concentration is increased from 1 to
10 at.% in SGO:Er3+,Yb3+ samples (see Fig. 3b–f), the content of ir-
regular grains is reduced and a higher coalescence of grains is observed.
The few irregular particles in SGO-2, SGO-3, SGO-5, SGO-8 and SGO-10
had average sizes of 0.247 μm, 0.256 μm, 0.415 μm, 0.634 μm and
0.827 μm, respectively. This result confirms that a higher Yb content
increases the size of SGO microparticles. The same effect has been ob-
served in other Eu doped materials such as SrTiO3 and GaN [38,39].

3.2. Optical and luminescent properties

The absorbance spectra of SGO samples in Fig. 4a showed peaks at
378 nm and 521 nm as well as a band centered 1533 nm which corre-
spond to the absorption of Er3+ ions [14]. The peak at 977 nm corre-
sponds to the absorption of Yb3+ ions [40], while the peaks located at
211 nm, 258 and 267 are attributed to germanium oxides [41–43]. The
optical band gap for was calculated for each sample with Tauc plots
((αhν)1/n versus energy in eV), where α is the absorption coefficient
obtained from the absorbance spectrum, h is the Planck constant and ν
is the frequency associated to each wavelength. The values of n were 2
for SGO-0 (indirect band gap material with allowed transition) and 3
for SGO-2, SGO-3, SGO-5, SGO-8 and SGO-10 (indirect band gap ma-
terial with forbidden transitions), respectively. The intersection of the
linear section in the Tauc plots with the energy axis X give us the optical
band gap (Eg) [44]. These plots are showed in Fig. 4b and c. The optical
band gap was 5.3 eV for SGO-0. In the case of SGO-2, SGO-3, SGO-5,
SGO-8 and SGO-10 samples, their optical band gap was Eg ∼4.3 eV,
which means that the Eg values for doped samples did not change sig-
nificantly with the Yb3+ concentration.

The emission spectra of the SGO:Er3+,Yb3+ phosphors excited by a
laser diode of 980 nm are shown in Fig. 5a. As observed, there are two
main emission bands centered at 551 nm (green emission) and at
662 nm (red emission) corresponding to the Er3+ transitions 2H11/

2+4S3/2→ 4I15/2 and 4F9/2→ 4I15/2, respectively [5,7,36,45]. There is
another less intense peak located at 412 nm which is associated to the
2H9/2→

4I15/2 transition. According to Fig. 5a, the highest emission
intensity is reached for an Yb concentration of 8 at.% (SGO-8 sample).
The fact that the strongest emission intensity was observed at high Yb
dopant indicates that the germanate host can be heavily doped without
observing the concentration quenching effect for luminescence, which
is a current problem in upconversion phosphors as previously reported

Fig. 1. Simulated crystalline structure of SrGe4O9. The green, blue and red
spheres represents Sr, Ge and O atoms, respectively. (For interpretation of the
references to color in this figure legend, the reader is referred to the Web
version of this article.)

Fig. 2. a) XRD patterns of SGO:Er3+,Yb3+ phosphors samples as a function of
Yb concentration (SGO-2 to SGO-10), and the undoped SGO-0 sample. (b)
shows the volume of the SGO samples with Yb3+ concentration.
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[34,35]. The integrated upconversion intensity was calculated for the
green and red bands of SGO:Er3+,Yb3+ phosphors and displayed in
Fig. 5b. Both, the green and red emission bands increase their intensity
with the Yb concentration. The SGO-2 and SGO-3 samples presented
similar intensities for the green and red bands. However, the intensity
of the red band dominates over the green band for Yb concentrations
from 5 at.%. In fact, the red band emission is≈ 20.23% more intense in
SGO-8 sample. When the sample is doped with 10 at.% of Yb, the
overall emission intensity decreases at about 14% in SGO-10 sample.
Such increase of red emission intensity whereas the green emission
intensity decreases has been observed in other hosts doped with Yb and

Fig. 3. SEM images of the a) undoped SGO-0 sample and (b–f) the SGO:Er3+,Yb3+ samples.

Fig. 4. a) Absorbance spectra of the undoped and Yb/Er doped SGO samples.
Tauc plot for b) pure SrGe4O9 and c) Er3+ and Yb3+ doped samples.

Fig. 5. c) PL emission under IR (980 nm) excitation of the SGO:Er3+,Yb3+

phosphors. b) Integrated PL emission for the green and red band as a function of
the Yb3+ concentration in the SGO samples. (For interpretation of the refer-
ences to color in this figure legend, the reader is referred to the Web version of
this article.)
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Er ions such as: ZrO2, LiTaO3, GdPO4 and zeolites [6,45–50].
In order to explain the emission mechanism in SGO, an energy-level

diagram was proposed (see Fig. 6a). After excitation of Yb3+ ions with
980 nm, successive energy transfers (ET) occurs (from ET1 to ET3) to
populate the 2G9/2+2G7/2 levels. After this, phononic relaxations are
carried out toward the 2H9/2 level and a radiative emission happens to
produce the violet emission at 412 nm, see Fig. 6a. In the case of green
and red emissions, two consecutive energy transfer occurs (ET1 and
ET2) to reach the 4F7/2 level. From here, phononic relaxations produces
the population of the 2H11/2+4S3/2 and 4F9/2 levels, from which the
green and red emissions are generated. This last process of two con-
secutive ET from Yb ions produce the green and red emissions from Er
ions has been commonly reported in literature [47–50]. According to
previous publications, systems with low concentrations of Yb ions can
hardly keep population in the 4I11/2 and 4F7/2 levels [51], therefore, the
ions in the 4F7/2 level will preferably relax to the mixed levels 2H11/

2+4S3/2 to produce green emission. For this reason, we observed a little
higher green emission intensity in SGO-2 and SGO-3 samples in com-
parison with the red band, see Fig. 5b. However, for Yb concentrations
from 5 at.%, the emission mechanism changes. At higher Yb con-
centrations, the ET process from Yb3+ to Er3+ becomes more active to
populate the excited levels, this in turn, produces an additional me-
chanism of cross relaxation (CR) to populate preferably the 4F9/2 level
related with the red emission band. This CR1 relaxation process would
be: Er3+(4F7/2)+ Er3+(4I11/2) → Er3+(4F9/2)+ Er3+(4F9/2) [51]. This
last process would enhance the red emission intensity respect to that for
the green band in SGO-5 and SGO-8 samples. When the Yb concentra-
tion is too high (up to 10 at.%), there a dramatic decrease of both

emission bands. This can be explained as follows: For Yb concentrations
of 5 and 8 at.%, the CR1 process dominates as mentioned above,
however, another cross relaxation mechanism (CR2) would appear with
a higher Yb content (SGO-10 sample), this would be: Er3+(4I15/
2) + Er3+ (4S3/2) → Er3+(4I9/2) + Er3+(4I13/2). This last process would
reduce the population in the levels related with the green and red
emission and would enhance the population in the 4I13/2 related with
the NIR emission of Er3+. The proof for this effect is showed in Fig. 6b.
As observed, there is an increment of the emission intensity for the
emission band centered at 1536 nm (at about 5 times for Yb con-
centrations from 2 to 10 at.%), which is attributed to Er3+. For better
visualization, the inset of Fig. 6b shows the integrated emission in-
tensity of that NIR band. This last plot confirmed that the increase of
the Yb content also favors the NIR emission of Er3+. For concentrations
below 5 and 8 at.% the CR1 process dominates, therefore, the emission
intensity for the green and red band still increases as depicted in
Fig. 6b. Nevertheless, the CR2 become the main process when an Yb
concentration of 10 at.% is reached, this promotes a high NIR emission
(Fig. 6b) while the green and red emission bands diminished (Fig. 5b).
Other reason for the decrease of visible emission could be the con-
centration quenching among Yb ions and back transfer processes [52].
It is worthy to notice that the FTIR spectra of all the samples did not
show OH bands which are commonly considered as quenching centers
of luminescence [53], see Fig. 7a. The absence of OH groups could be
attributed to the insolubility of germanium in water, which produces
hydrophobic surfaces [54–58]. This is a huge advantage over previous
systems such as NaYF4: Er3+,Yb3+ and Y2O3:Er3+,Yb3+, since their
visible emission was quenched due to the presence of OH groups
[53,59]. The FTIR spectra also showed Ge–O bonds located at
587 cm−1 and 916 cm−1 [60] as well as C–H bonds located at
826 cm−1 and 853 cm−1. In addition, there are characteristic peaks of C
= O and C=C bonds at 739 and 1455 cm−1, respectively [61–63].
Finally, the CIE chart is presented in Fig. 7b for the different
SGO:Er3+,Yb3+ samples. The color coordinates were: (X=0.347,
Y=0.606) for SGO-2; (X= 0.348, Y=0.616) for SGO-3,
(X=0.372,Y= 0.603) for SGO-5, (X= 0.369,Y=0.603 for SGO-8,
and (X=0.378, Y= 0.591) for SGO-10. According to this chart, the
green color dominates for SGO-2 and SGO-3 samples but it changed to
the yellow region in samples SGO-5, SGO-8 and SGO-10 due to the
increase of intensity for the red emission band. In order to understand
the color tunability in SrGe4O9:Er3+,Yb3+ upconversion phosphors.
The green to red intensity ratio (IG/IR) was calculated for each sample
with different Yb3+ concentrations, see Fig. 7c. As observed, the values
of (IG/IR) decreases drastically from 1.35 to 0.6 after increasing the Yb
content from 2 to 10 at%. This means that the green component is being
reduced with respect to the red component with the Yb concentration
and this allows the color shift from green to yellow. This color tun-
ability property has also been observed in other materials such as
ZnWO4:Er,Yb, Sr2LaF7:Er,Yb and Sr2ScF7:Er,Yb [64–66], where the
change of color depended on properties such as pH, pumping power or
Yb content. Particularly, the Sr2LaF7:Er,Yb and Sr2ScF7:Er,Yb phos-
phors presented color tunability for Yb concentrations in the range of
1–30%. In our case, we observed the color change with Yb concentra-
tions from 2 to 8%. Hence, the color tunability in the
SrGe4O9:Er3+,Yb3+ phosphors is a suitable characteristic that can be
useful for bio-imaging and solid state illumination applications [21,66].

4. Conclusions

In summary, SGO:Er3+,Yb3+ phosphors were synthesized for the
first time using a simple combustion method. According to the XRD
measurements, all the samples presented a trigonal phase even for high
concentration of Yb dopant (10 at.%). All the samples presented a
morphology of irregular grains and their coalescence increased with the
Yb content. Interestingly, the optical band gap was reduced from 5.3 to
4.3 eV only when the Yb and Er ions are introduced in the SGO host

Fig. 6. a) is the Energy level diagram which shows the emission mechanisms of
SGO:Er3+,Yb3+. b) PL emission of the of the SGO:Er3+,Yb3+ phosphors in the
NIR region. The inset shows pictures of the color emission for the
SGO:Er3+,Yb3+ phosphors with different Yb concentrations. (For interpretation
of the references to color in this figure legend, the reader is referred to the Web
version of this article.)
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with a concentration of 1 at.%. A subsequent increase of Yb dopant did
not change the values of optical band gap. Furthermore, the lumines-
cence studies demonstrated the generation of green and red emission
bands by upconversion processes. For initial concentrations of 2 and
3 at.% of Yb dopant, the green emission dominated but a higher in-
crease of the Yb dopant (5 and 8 at.%) produced a more intense red
emission band. This increment was favored by the cross relaxation
process (CR1): Er3+(4F7/2)+ Er3+(4I11/2) → Er3+(4F9/2)+ Er3+(4F9/2).

A further increase of the Yb concentration up to 10 at.% quenched both,
the green and red emissions but enhanced even more the NIR emission
of Er3+ at 1536 nm. This occurred because a second relaxation process
(CR2) Er3+(4I15/2) + Er3+ (4S3/2) → Er3+(4I9/2) + Er3+(4I13/2) ap-
peared. The maximum upconversion emission intensity was found for
8% of Yb concentration, indicating that the germanate host can be
highly doped without observing the concentration quenching effect for
luminescence, which is a common problem in upconversion phosphors
as previously reported. Moreover, the systematic increase of Yb content
tuned the color emission from green to yellow. The results presented
here indicate that the SGO:Er3+,Yb3+ phosphors could generate up-
conversion emission, thus, they could be good candidates for lighting or
displays applications or can be potentially doped with other REs such as
Tm3+ for white light generation.
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