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Abstract: High-brightness orangish red fluorescence emissions were captured in Eu3+ doped 
fluorophosphate (NBFP) glasses with outstanding rare earth (RE) ion solubility under laser 
excitation. Highly efficient emissions of Eu3+ doped NBFP glasses in the wavelength range 
of 580−720 nm make the phosphors potential candidates as a remarkable orangish red 
lighting source. The net emission power and the net emission photon number in 6.0wt% 
Eu2O3 doped NBFP glass were derived to be 6.48 mW and 2.08 × 1016 cps under the 
excitation of 465 nm laser with 53.46 mW optical power, respectively, and total measured 
quantum yield was as high as 54.03%. When the excitation power was increased to 561 mW, 
the luminous flux of 6.0wt% Eu2O3 doped NBFP glass was up to 31.21 lm, demonstrating 
that Eu3+ heavy-doped NBFP glasses are potential lighting source materials. Thus, the laser-
driven high-brightness phosphors originating from the sufficient photon release of Eu3+ ions 
promote further development of orangish red lighting source. 

© 2019 Optical Society of America under the terms of the OSA Open Access Publishing Agreement 

1. Introduction 
Laser-driven rare earth (RE) ions doped glass phosphors are potential illumination materials 
due to their long fluorescence lifetime, high brightness, and lower energy consumption [1,2]. 
With the commercialization of visible laser sources, the research of RE3+ ions (Dy3+, Sm3+, 
Tm3+, Eu3+, Pr3+) doped glasses are promoted [3–7]. Among the RE ions, Eu3+ as a desirable 
activator for numerous hosts has been considered as an excellent luminescent center because 
of its efficient 5D0→7F2 transition and heavy-doped characteristic. Moreover, Eu3+ heavy-
doped glasses can release high-brightness orangish-red fluorescence to serve in various 
fields, such as medical diagnostics, solid-state laser lighting, emissive displays and other 
applications [8–14]. In particularly, Eu3+ ions exhibit admirable high-brightness fluorescence 
at 590–720 nm wavelength, which is situated in the maximum absorption regions of the 
photosensitizer currently employed in therapy and clinical trials. Thus, the exploration 
focusing on high-bright Eu3+ heavy-doped glasses driven by laser becomes urgent. 

For Eu3+ doped glass phosphors, fluorophosphate glasses are promising candidates for 
photoluminescence materials due to their outstanding RE ions solubility, high transmittance, 
excellent thermal stability and high laser-damage threshold [15–25]. Furthermore, the 
fluoride in fluorophosphate glasses effectively reduces the presence of hydrogen and 
hydroxyl ions, which generates stronger fluorescent emission of RE ions [26–28]. In order to 
obtain high brightness in glass phosphors, laser-driven approach is employed due to its 
advantages of strong optical coherence and accurate emission wavelength [29]. In addition to 
this, the residual laser can be easily filtered out by the short-wave cut-off filter [30]. 

In this work, transparent Eu3+ heavy-doped fluorophosphate glasses (NBFP) were 
fabricated and characterized. High concentration Eu3+ ion and strong applicability host 
composition contribute to the generation of high-brightness orangish red fluorescence under 
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the excitation of 465 nm laser excitation. A low non-radiative relaxation rate was identified 
and internal quantum yield of over 96% was derived from the lifetime analysis in the case 
when the Eu2O3 concentration is less than 6.0 wt%, providing an effective approach for 
synthesizing heavy-doped RE fluorescent material. In addition, the emission power and the 
measured quantum yield were calculated to be 6.48 mW and 54.03% under the excitation of 
465 nm laser with 53.46 mW optical power, respectively. Furthermore, 31.21lm radiation 
luminous flux was obtained in 6.0wt% Eu2O3 doped NBFP glass when the excitation power 
was increased to 561mW, which was bright enough to become a practical material for light 
sources. These results indicate that high-bright orangish red NBFP glass phosphors are 
promising candidates to develop illumination devices. 

2. Materials and experiments 
Eu3+ heavy-doped NBFP glasses were prepared from high-purity NaPO3, BaF2 and Eu2O3 
according to the molar composition of 37.5Na2O-25BaF2-37.5P2O5, In addition, 0.2wt%, 
0.5wt%, 1.0wt%, 2.0wt%, 4.0wt% and 6.0wt% Eu2O3 as dopants were adopted in NBFP 
glasses based on the host glass weights, respectively. Firstly, the well-mixed raw materials in 
alumina crucibles were put into electric furnace, then melted at 930 °C for 40 min. Secondly, 
the melts were poured into an aluminum mold for quenching and forming. Finally, the 
glasses were annealed at 390−400 °C for 8 h in order to remove residual stresses within the 
glasses, and after that cooled down slowly to room temperature. For further optical 
measurements, the glass samples were sliced and polished into the pieces with two parallel 
sides. 

Using the Metricon 2010 prism coupler, the refractive indices of 2.0wt% Eu2O3 doped 
NBFP glass were measured to be 1.5479 and 1.5342 at 635.96 and 1546.9 nm, respectively, 
the refractive indices of the glass samples at other wavelengths were obtained by the 
Cauchy’s equation n = A + B/λ2 with A = 1.5314 and B = 6668 nm2 [31]. The density of 
NBFP glass with 2.0wt% Eu2O3 was measured to be 3.31 g/cm3 by Archimedes method, and 
thus the number density of Eu3+ ions was calculated to be 2.22 × 1020 cm−3. Emission and 
excitation spectra were recorded by a Hitachi F-7000 fluorescence spectrophotometer, which 
were corrected with Rhodamine B method. The optical transmission spectrum was presented 
by a Lambda 950 spectrophotometer. The spectral resolutions for optical transmission and 
visible spectra are 0.05 nm and 1.0 nm, respectively. The X-ray diffraction (XRD) pattern 
spectrum was obtained by a Shimadzu XRD-7000 (Cu-Ka, 40 kV, 30 mA) diffractometer. 
Differential scanning calorimetry (DSC) was measured by using American TA company 
SDT-600 with the rate of 10 °C/min from room temperature to 800°C under N2 atmosphere 
(flow of 100 ml/min). Fluorescence decay curves were measured by a Jobin Yvon Fluorolog-
3 spectrophotometer equipped with an R928 photomultiplier tube (PMT) detector, and a 
pulsed Xenon-lamp was adopted as the pump source. The absolute spectral parameters were 
obtained in a 25 cm inner diameter integrating sphere (Labsphere) which was connected to a 
QE65000 CCD detector (Ocean Optics) with a 600 μm-core optical fiber. A 465 nm diode 
laser were adopted as pumping source, and detailed optical powers in operating processes are 
presented in the following text. A standard SCL-050 halogen lamp (Labsphere) was 
employed for calibrating the measurement system. All the experiments were carried out at 
room temperature. 

3. Results and discussion 

3.1 Radiative transition properties of Eu3+ doped NBFP glasses 

The normalized emission spectra of Eu2O3 doped NBFP glasses with different Eu3+ 
concentration are recorded under 395 nm excitation as shown in Fig. 1. The seven emission 
peaks are located at 537, 555, 579, 592, 615, 653 and 702 nm, respectively, which originate 
from the different excited levels of Eu3+ to the lower levels 7FJ (J = 0,1, 2, 4) transitions [32–
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= 1, 2, 4, 6) transitions, respectively, predicting the efficient orangish red emissions of Eu3+ 
ions satisfy some special demands. 

Table 2. Photon number ratios and intensity parameters (Ω2, Ω4 and Ω6) in Eu3+ doped 
NBFP glasses under 465 nm laser excitation. 

Transitions Energy (cm−1) 
Photon number 

ratio 

J−O intensity 
parameter 
(10−20cm2) 

5D0 → 7F1(N1) 16874 − − 

5D0 → 7F2(N2) 16279 N2/N1 = 3.896 Ω2 = 7.461 

5D0 → 7F4(N4) 14248 N4/N1 = 1.668 Ω4 = 6.687 

5D0 → 7F6(N6) 12320 N6/N1 = 0.210 Ω6 = 1.507 

Table 3. Spontaneous transition probabilities Aij, branching ratios βij and radiative 
fluorescent lifetime τrad of 5D0 level in Eu3+ doped NBFP glasses. 

Transition Energy (cm−1) Aij (s
−1) βij (%) τrad (ms) 

5D0→7F1 16874 63.74 15.19 
 

2.38 

5D0→7F2 16279 248.30 59.16 

5D0→7F4 14248 106.36 25.33 

5D0→7F6 12320 1.34 0.32 

 
Fluorescence decay curves of 5D0 level in Eu3+ doped NBFP glasses monitoring at 615 

nm under 465 nm laser excitation are presented in Fig. 6. The experimental average lifetime 
τexp-avg of the 5D0 level for Eu3+ doped NBFP glass can be derived from the fluorescence 
decay curves using the following equation 

 
( )
( )

0
exp

0

d
,

d
avg

tI t t

I t t
τ

∞

− ∞= 


 (3) 

where I(t) is the emission intensity [48,49]. The related results are calculated and listed in 
Table 4. The τexp-avg are obtained to be 2.36, 2.34, 2.32 and 2.29 ms for 0.2wt%, 2.0wt%, 
4.0wt% and 6.0wt% Eu2O3 doped NBFP glass samples, respectively, indicating the effect of 
Eu3+ concentration on the τexp-avg in NBFP glass system is not significant. Based on the τexp-avg 
and τrad, the lifetime-based quantum yields QYL of the 5D0 level for the NBFP glasses in the 
visible region can be obtained by QYL = τexp-avg/τrad, the QYL of 0.2wt%, 2.0wt%, 4.0wt% and 
6.0wt% Eu2O3 doped NBFP glasses are up to be 99.2%, 98.3%, 97.5% and 96.2%, 
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Table 5. Emission luminous fluxes, residual laser luminous fluxes, and total luminous 
fluxes from 2.0wt% and 6.0wt% Eu2O3 doped NBFP glass under the excitation of 465 

nm laser with 561 mW power. 

Eu2O3 concentration 
(wt%) 

Emission luminous flux 
(lm) 

Residual laser luminous 
flux (lm) 

Total luminous flux 
(lm) 

2.0 14.27 17.28 31.55 

6.0 31.21 9.61 40.82 

4. Conclusion 
Eu3+ heavy-doped fluorophosphate glass (NBFP) phosphors were prepared, and the high-
brightness orangish red fluorescence exhibits their potential as light source. Low non-
radiative relaxation rate contributes to the lifetime-based quantum yield of over 96% and 
ultrahigh concentration quenching in the Eu3+ heavy-doped fluorescent material. The net 
emission power and the net emission photon number in 6.0wt% Eu2O3 doped NBFP glass 
were derived to be 6.48 mW and 2.08 × 1016 cps under 465 nm laser with 53.46 mW optical 
power pumping, respectively, and measured quantum yield is calculated to be 54.03%. 
Furthermore, the luminous flux is up to 31.21 lm when the excitation power is increased to 
561mW, which can satisfy the essential demands of practical brightness illumination. The 
high-brightness orangish red fluorescence demonstrates the superiority of laser-driven high-
brightness Eu3+ heavy-doped NBFP glasses as lighting source, which promotes the further 
development of orangish red illumination. 
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