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ABSTRACT 
 
 Upconversion properties of the glass with the composition 70GeO2+ (29.5-x) PbF2+ 0.5 Er2O3 + x Yb2O3 
glasses, where x= 0, 0.5 and 1.5 mol. % under 808 nm excitation was investigated. The intense green (534 and 
550 nm) and red (639 nm) emissions corresponding to the transitions 2H11/2 →

4I15/2, 
4S3/2 → 4I15/2 and 4F9/2 → 

4I15/2, respectively, were simultaneously observed at room temperature. The PbF2 content offered an important 
influence on upconversion luminescence emission effectiveness. With increasing PbF2 content, the intensities of 
the green (534 nm) and red (639 nm) emissions increase slightly, while the green (550 nm) emission increases 
significantly. The results were explained on the basis of electron-phonon interaction. 
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Introduction 
 
 Infrared to visible upconversion has been studied in rare earth ions doped glasses, for their potential 
applications towards solid state lasers, Information processing, display and other photonic devices (Sun et al., 
2005; Lio et al.,2007; Xu et al., 2005; Kassab et al., 2005). On the other hand, rare-earth doped optical glasses 
are important materials for color display, infrared pumped visible lasers for high density optical data storage, 
optoelectronics, medical diagnostics, sensor, undersea optical communication, high resolution printing, 
biomedical diagnostics, high density optical data reading storage, biomedical diagnostics, infrared laser viewer 
and indicators (Sun et al., 2006; Gouveia et al., 2004; dos Santos et al., 2002; Sun et al., 2005; Gouveia et al., 
2009; Gouveia et al., 2008; Liang et al., 2006). Effective upconversion emission happens only in matrices 
having low phonon energy, for the reason that the reduction of multiphonon emission rates and enhance of the 
lifetime for the metastable levels make the upconversion emission more efficient (Zhu et al., 2005). Optical 
properties of trivalent lanthanide ions such as Er3+, Yb3+, Tm3+, Ho3+, and Nd3+ in glasses have been extensively 
studied to develop up-conversion visible or ultraviolet lasers which can be operated at room temperature (Sun et 
al., 2005). The host material systems most widely studied are fluoride crystals and glasses because fluoride have 
low non-radiative relaxation rate (Pan et al., 2007) due to their lower phonon energies (Balda et al., 2003). This 
can reduce the multiphonon relaxation and thus achieves strong upconversion luminescence (Sun et al., 2006) 
and lead to higher emission efficiency (Sun et al., 2005). Rare earth doped germanium oxide glasses are of 
concern due to low phonon energies ranging (between 740 cm-1 and 880 cm-1) (Dzik et al., 2008). These glasses 
exhibit potential candidates for applications in optical devices and spectroscopic properties (Kassab et al., 2006; 
Nikonorov et al., 2003), together with their attractive environmental resistance and mechanical properties (Jha et 
al., 2012; Sun et al., 2005). Though fluoride glasses have been studied due to low phonon energies, oxide 
glasses are more appropriate for practical applications due to their high chemical durability and thermal stability 
(Wang et al., 2011). Among oxide glasses, lead-germanate glasses combine high mechanical strength, high 
chemical durability and better temperature stability (Sun et al., 2006). Effective Er3+ upconversion florescence 
has been observed in fluoride, chalcogenide, chloride, bromide, and iodide glasses. While halide glasses possess 
low cutoff phonon frequency, they are hygroscopic and are of limited use. Alternatively, Fluoride glasses are 
relatively more stable (Sun et al., 2005). 
 The studies for appropriate host materials are also very important. Among the dopants as the absorption and 
emission centers, Er3+ ion has been mostly widely studied for its rich energy levels in the trivalent rare-earth 
ions. Yb3+ ion has unique advantages of high absorption cross-section (Sun et al., 2005) as well the efficient 
energy-transfer from Yb3+ to Er3+ ions. This is in addition to that Er3+/Yb3+ co-doped glass, there exists optimal 
Yb3+ doping content, were it can perform as an efficient sensitizer to other rare-earth acceptor ions (Liang et al., 
2006). For optical telecommunications, the wavelength of interest is 1.5 μm, which corresponds to the 4I13/2 → 
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4I15/2 transition of Er3+ ions. For such emission Dantelle et al., (2006) choose to pump the 4I13/2 level via the 
upper 4I11/2 level (i.e. at 980 nm) because such excitation wavelength was easily reached with commercial 
diodes. However, the Er3+ absorption in the 4I11/2 level was weak. The addition of Yb3+ ions, with an absorption 
cross-section 5 times higher than Er3+ ions at 980 nm, was required to obtain a higher pumping rate (Dantelle et 
al., 2006). 
 In the present work glass system of the main composition (GeO2+PbF2) was selected in order to study the 
effect of the amount of PbF2 content on the efficiency of Infrared to visible light upconversion when doped with 
Er2O3 + Yb2O3. 
 
2. Experimental: 
 
 The glass system prepared has the following composition in molar fraction: {70GeO2+ (29.5-x) PbF2+ 0.5 
Er2O3 + x Yb2O3} glasses, where x= 0, 0.5 and 1.5 mol%. The starting materials are anhydrous powders of 
germanium oxide of 99.999 % purity, similar to that for all the other used oxides namely PbF2, Er2O3 and Yb2O3 
respectively. All used oxides are productions of Aldrich Chemical Company, Inc.  Batches of 10 g were mixed 
together and melted in porcelain crucibles at 1150 oC in an electrically-pre-heated furnace in the air atmosphere. 
Therefore, it is necessary to shorten the melt time as short as possible; 30 min were assured in this work to 
obtain transparent and homogeneous samples, where the melt was frequently stirred to insure complete 
homogeneity of the melt. The glass molten were removed from the electrical furnace and then rapidly quenched 
in air by pressing between two copper plates which was kept at room temperature; i.e. hammer and anvil 
technique. The results were a transparent greenish sheets of glass about 0.5 mm thick, and which were polished 
to meet the requirements for optical measurements. The upconversion emission spectra were obtained on 
excitation by 808 nm laser diode. The re-emitted - fluorescence - light from the samples were analyzed with 
monochromator type - Spex 750 m. While the upconverted light signals were detected by a photomultiplier and 
finally recorded and amplified by a lock-in amplifier (SR 510). All measurements were taken at room 
temperature.  
 
Results and Discussion 
  
 The upconversion fluorescence spectrum in the range of 500–700 nm is shown in Fig. 1, of the Er3+/Yb3+ 

codoped lead fluoride germanate glasses under 808 nm excitation. Three intense emission bands centered at 534, 
550, and 639 nm corresponding to the transitions 2H11/2 →

4I15/2, 
4S3/2 → 4I15/2 and 4F9/2 → 4I15/2, respectively, were 

simultaneously observed. The broad emission bands at about 680 nm upon excitation at 808 nm are due to the 
overlap of the 639 nm red emission and the strong pump light tail of 808 nm of Infrared laser diode. It is 
important to show that the green emission is bright enough to be observed by the naked eye at excitation power 
as low as 5 W for Er3+/Yb3+ co-doped lead fluoride germanate glass at room temperature. The dependence of 
upconversion luminescence intensity on PbF2 content is shown in Fig. 2. The intensities of the green (534 nm) 
and red (639 nm) emissions slightly increased with increasing PbF2 content, while the green emission (550 nm) 
increases extensively as clearly shown. It was suggested that PbF2 has more influence on the green (550 nm) 
emission than the green (534 nm) and red (639 nm) emissions. For our doped samples no upconversion signal 
was observed from Yb3+ which may be due to the high phonon energy of the host structure. Upconversion 
emission (not showed here) was observed for Yb3+ - Er3+ co-doped samples indicating that the Yb3+ content play 
an important role in the dynamic of the Er3+ emission by using source having low phonon energy. 
 

 
Fig. 1: Upconversion luminescence spectra of Er3+/Yb3+-codoped lead fluoride germanate glasses under 808 nm 

with a power 8 mw at room temperature. 
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Fig. 2: Dependence of upconversion fluorescence intensities on excitation power under 808 nm excitation for 

lead fluoride germanate glasses. 
 
 In an upconversion mechanism the upconversion emission intensity IUP will be proportional to mth power of 
the IR excitation intensity IIR; i.e. 
 
IUP α I m

 IR           (1) 
 
where m is the number of IR photons absorbed per visible photon emitted. A plot of log IUP versus log IIR 
produce a straight line with slope m (Sun et al., 2004). The results are depicted in log–log plots of Fig. 3. shows 
such a plot for the 534 and 550 and 639 nm emissions respectively. Table 1 present the obtained values of the 
parameter m. As can be seen, all the three emissions may be described by an almost quadratic exponent 
dependence on the excitation power, which indicates that two photon steps are involved for the upconversion 
process (Kassab et al., 2005). 
 
Table 1: 

λ nm M 
28.0 PbF2 29.0 PbF2 29.5 PbF2 

534 1.91 1.63 1.77 
550 1.85 1.67 1.88 
639 2.2 1.82 1.80 
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Fig. 3: Logarithmic plot of the integrated intensities of the upconverted emission from 4S3/2 (534 nm), 4I15/2 (550) 

and 4F9/2 (659 nm) levels obtained under excitation at 808 nm for the sample doped with PbF2 ions. 
 
 To explain the obtained results the two basic mechanisms of upconversion are due to excited state 
absorption and energy transfer between excited ions (Pan et al., 2007), i.e. through cross over transition. With 
the help of the energy diagram of Fig. 4 (Pan et al., 2007; Pan et al., 2006; Balda et al., 2003)  the excitation 
processes for the green emissions at 534 could be explained as Er3+ ion excited initially from the ground state 
4I15/2 to the 4I9/2 state in the ground-state absorption process under the 808 nm excitation. Absorption of 808 nm 
photons raises Er3+ ions from ground state to the 4I9/2 state, which undergoes multiphonon relaxation to its lower 
state of  4I11/2 with a high rate. The excited ion at the 4I11/2 state further absorbs a second photon, i.e. excited state 
absorption, and is promoted to the 4F3/2,5/2 state and then relaxes non-radiatively very fast to the intermediate 
state 2H11/2 due to a mutliphonon relaxation process; finally, the transition 2H11/2→ 4I15/2 shows the 534 nm green 
emission. The excited state absorption from the 4I11/2 state should also be considered for the green emissions: 
Er3+ (4I11/2) + Er3+ (4I11/2) → Er3+ (4F7/2) + Er3+ (4I15/2), while its contribution is much smaller than the excited 
state absorption. Er3+ ion at the 4F7/2 state can also decay down to the 4S3/2 state, and the 4S3/2 → 4I15/2 transition 
reveals the 550 nm green emission. The estimated energy gaps between the 2H11/2 state and the next lowest state 
4S3/2 is around 800 cm-1; therefore, the MRP rates are very large and the 534 nm emissions intensity is 
significantly reduced. Since the energy gap below the 4S3/2 state and the next lowest state 4F9/2 is larger (about 
3200 cm-1), the multiphonon relaxation rate from 4S3/2 becomes smaller. Therefore, the accumulation of 
population at this state gives a very strong 550 nm green emission. For the red upconversion emission, Er3+ ion 
is first excited from the ground state 4I15/2 to the 4I9/2 state through the ground-state absorption process under 
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excitation of 808 nm. The ion then decays to the 4I13/2 state due to the mutliphonon relaxation process, and is 
promoted to the 4F9/2 state by another excited ion, and finally the 4F9/2 → 4I15/2 transition gives the 639 nm red 
emission. The dominant population of the 4F9/2 state is the total result of excited state absorption and energy 
transfer from the 4I13/2 state, and also a contribution from a higher energy state through a nonradiative relaxation. 
The energy transfer process can be described by Er3+ (4I13/2) + Er3+ (4I11/2) → Er3+ (4F9/2) + Er3+ (4I15/2). 
 

 
 
Fig. 4: Schematic energy level diagram of Er3+/Yb3+-codoped lead fluoride germanate glasses under 808 nm 

excitation. 
 
 The possible upconversion mechanism for the green–red emissions upon excitation at 808 nm Infrared laser 
diode could be written as follows: 
Ground state absorption: Er3+ (4I15/2) + a photon-Er3+ → (4I9/2), 
Excited state absorption: Er3+ (4I13/2) +a photon → Er3+ (2H11/2), and Er3+ (4I11/2) + a photon → Er3+ (4F3/2). 
The energy transfer: Er3+ (4I13/2) + Er3+ (4I11/2) → Er3+ (4F9/2) + Er3+ (4I15/2), and Er3+ (4I11/2) + Er3+ (4I11/2) → Er3+ 
(4F7/2) + Er3 + (4I15/2). 
 
4. Conclusions: 
 
 The fluorescence properties of Er3+/Yb3+-codoped lead fluoride germanate glasses were investigated. Three 
upconversion emissions have been observed centered at around 534, 550 and 639 nm. The green emissions at 
534 and 550 nm are due to the 2H11/2and 4S3/2 transitions, respectively. The red upconversion emission at 639 nm 
has been associated with the 4F9/2 transition of Er3+ ions. The quadratic dependence of fluorescence on excitation 
laser power confirms that two-photons contribute to the upconversion of the green and red emissions.  
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