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Abstract: Reducing the hydroxyl group content in tellurite glass fibers is 
essential to exploit the intrinsic mid-infrared transparency of tellurite glass 
for optical fiber devices. We report the first extruded tellurite glass fibers 
with low hydroxyl (OH) group content using dry atmosphere for glass 
melting. For small melt volumes, optimized melting conditions have been 
identified that enable the absorption at the OH peak at 3.3 µm to be reduced 
by more than an order of magnitude compared with glasses melted in open 
air. Annealing and dehydration of tellurite glass in open air was found not to 
change the OH content. The loss of optical fibers drawn from extruded rods 
was reduced from ~20 dB/m at 2.0 µm for glass melted in open air to 0.8 
dB/m for glass melted in dry atmosphere. 
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1. Introduction 

Tellurite glasses have been demonstrated to be attractive materials for high nonlinearity fibers 
and rare earth doped fiber lasers and amplifiers [1–19]. This stems from the fact that they have 
unique properties that set them apart from other oxide glasses such as silicates, borates and 
phosphates. Of all oxide glasses, tellurite glasses exhibit the widest transmission range of 0.3-
4 µm [20,21]. The mid-infrared transmission at 2-4 µm is of particular interest, as this cannot 
be achieved with silica, which is the most widely used fiber material. Compared with other 
mid-infrared transmitting glasses such as fluorides and chalcogenides, tellurite glasses 
demonstrate higher corrosion, crystallization and thermal stability [22]. In addition, they are 
non-hygroscopic, which allows storage in ambient air without degradation. Of all oxide 
glasses, tellurite glasses exhibit the highest linear and nonlinear refractive indices [20,21], 
which has attracted growing interest for supercontinuum generation [1–9] and Raman lasers 
[12–14]. Tellurite glasses also show advantages as host materials for rare earth laser ions [14–
19,23]. High concentrations of rare earth ions can be incorporated in tellurite glass without 
clustering, rare earth ions show broad emission bands in tellurite glass, and tellurite glasses 
also exhibit the lowest phonon energy among oxide glasses [20–22]. 

In recent years, the use of tellurite glass fibers for supercontinuum generation and lasing in 
the mid-infrared >2 µm has attracted particular interest, as this cannot be achieved with silica 
fibers. However, the exploitation of tellurite glass in the mid-infrared is hampered by the fact 
that tellurite glasses exhibit high water content when melted in ambient atmosphere. Water in 
the raw materials or atmosphere is incorporated into the glass as hydroxyl (OH) groups that 
show broad and intense absorption at 3-4 µm with peak at 3.3 µm [24–33]. Several methods 
have been investigated to fabricate tellurite glasses with low OH content. One effective 
method is to use fluorides in the glass batch, i.e. to fabricate fluorotellurite glasses [24–27]. 
However, this changes significantly the glass properties, making them more similar to those of 
fluoride glasses [24], which does not fully exploit the advantageous properties that tellurite 
glass offers compared to fluoride glass. In particular, the decrease in glass transition 
temperature and linear and nonlinear refractive index [24] is undesired for high gain lasers 
and nonlinear devices. Other techniques include melting in dry atmosphere or bubbling of 
reactive gases through the melt [27–33]. Purification of raw materials and drying of raw 
material batches in vacuum have also been reported [28,30,32,33]. For fluoride-free tellurite 
glasses, the use of ultrahigh-purity raw materials combined with melting in dry atmosphere 
resulted in glasses in which the absorption due to OH groups was reduced to a few dB/m at 

3.3 µm (corresponding to an absorption coefficient of ~0.001 cm
−1

) [32,33]. Using such 
purified tellurite glasses, multimode polymer-clad fibers made using cast preforms or using 
the crucible method demonstrated losses of 0.2-0.4 dB/m at 1.5-2.0 µm [32]. The lowest loss 
achieved for a multimode tellurite fiber with tellurite glass cladding is 0.02 dB/m at 1.56 µm 
[13,28]. This fiber was made using the casting technique for the core/clad preform fabrication 
and ultrahigh-purity TeO2 raw material for glass fabrication. However, such ultra-high purity 
raw materials are not commercially available and raw material purification is resource-
intensive, which limits the development of optical tellurite fibers with tailored fiber design 
and low OH content. 

In this paper, we report the first extruded tellurite glass fibers with low OH content. Using 
commercial raw materials, we explored dehydration of tellurite glass and fabrication of optical 
fibers using the tellurite glasses with low OH content. We used the extrusion technique for 
preform fabrication as this technique has been demonstrated to be a viable method for the 
manufacture of microstructured tellurite fibers that show great promise for lasing [34] and 
supercontinuum generation [1–4,8,9,28]. For the investigations, we selected the known glass 
composition 73 TeO2 – 20 ZnO – 5 Na2O – 2 La2O3 (in mol%) that was found to be an 
attractive glass for rare earth doped fiber lasers [23] and nonlinear devices including 
supercontinuum generation [8,9], and which can be extruded into a variety of preform 
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structures [34,35]. We investigated the impact of melting time, melt volume and swirling on 
the OH content of the fabricated glass. In addition, we explored effect of preform extrusion 
and fiber drawing on the OH content. Furthermore, the correlation between the loss at the OH 
peak at 3.3 µm in the glass and the infrared loss (up to 2.4 µm) of the corresponding fibers 
was studied. 

2. Experimental approach 

The properties of the selected glass composition (73 TeO2 – 20 ZnO – 5 Na2O – 2 La2O3 in 
mol%) when melted in ambient atmosphere are reported in [23]. The glass samples were 
prepared using 30-100 g batch weight. The commercially available raw materials (Alfa Aesar, 
Sigma-Aldrich, International Laboratory, Suzhou Sinosun) used were TeO2, ZnO, Na2CO3 
and La2O3 with 99.99% or higher purity. The majority of the glasses reported here were 
melted in gold crucibles. A few melts were also performed within platinum crucibles. All 
glasses were melted at 850-900 °C, cast into preheated brass moulds and annealed at 315 °C. 
The glasses were batched, swirled, cast and annealed in a glovebox purged with dry nitrogen 

(≤10 ppmv water). The glasses were melted within a silica liner that was located inside a tube 
furnace (hereafter referred to as melting furnace). The melting furnace liner was attached to 
the glovebox in a gas-tight configuration, and was (independently of the glovebox) purged 
with 4 L/min of a gas mixture with similar composition to air, i.e. 80% nitrogen (99.99% 
purity) and 20% oxygen (99.9% purity). Both gases were dried using a molecular sieve before 
entering the melting furnace liner. The water content of the thus dried gas mixture was 
measured to be 10 ppmv. This dry gas mixture is hereafter referred to as ‘dry air’, and hence 
the glasses melted in dry air and the corresponding rods and fibers made from these glasses 
are hereafter referred to as ‘dry air’ samples. For swirling and casting, the crucible with the 
glass melt was moved from the melting furnace liner into the glovebox. 

For comparison, we also prepared glasses (made from the same raw materials) that were 
melted, cast and annealed in ambient atmosphere. These glasses and corresponding rods and 
fibers are hereafter referred to as ‘open air’ samples. We fabricated two different types of 
glass samples: rectangular glass blocks of dimensions 15x10x30 mm

3
 for spectroscopic 

measurements and cylindrical glass billets of 30 mm diameter and 20 mm height for fiber 
fabrication. 

To fabricate unstructured fibers from these cylindrical billets, we first extruded the glass 
billets into 10 mm diameter rods using the billet extrusion technique [36]. The billets were 
extruded through stainless steel dies at 354 °C with a speed of 0.2 mm/min. The extrusion 
body and the space beneath the extrusion die were purged with nitrogen (99.99% purity, 50 
ppmv water). The rods were annealed at 315°C in ambient atmosphere and drawn down to 
unclad fibers of 160 µm outer diameter using a fiber drawing tower. The tower furnace body 
was purged with nitrogen or a mixture of 70% nitrogen and 30% oxygen, which had the same 
purity as the gases used for glass melting. 

To evaluate the OH content of the glasses and extruded performs, we measured the 
transmission spectra in the mid-infrared at 2-6 µm, where OH groups show strong absorption. 
For measurements of the transmission spectra, polished glass samples of 2-20 mm thickness 
were prepared from the glass blocks, billets and extruded glass rods. The samples were 
polished using aqueous ceria slurry and stored in ambient atmosphere. Transmission spectra in 
the wavelength range of 2-10 µm were measured using commercial FTIR spectrometer 
(PerkinElmer FTIR 400). Background absorbance due to Fresnel reflection and sample 
surface imperfection were subtracted from the measured spectra prior to calculation of the 
attenuation loss. The measurement error is ± 5 dB/m. 

To evaluate the impact of OH content and choice of crucible material on the attenuation of 
the fibers made, we measured fiber loss spectra using the cutback technique and commercial 
optical spectrum analyzers (OSAs) ranging from 400 to 1700 nm and 1200-2400 nm. We used 
two different white light sources – a tungsten filament bulb together with the 400-1700 nm 
OSA and a supercontinnuum source (KOHERAS SuperK

TM
 Compact) together with the 1200-

2400 nm OSA. The supercontinuum light source resulted in larger noise. For each fiber, 
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cutback lengths of ~2 m were used. The number of cutbacks required depended on the fiber 
loss. We performed 3 cleaves for each cutback length to ensure that cleave variability did not 
impact the results. The fiber output was coupled to the OSA using a bare fiber adaptor. The 
measurement error is 10%. 

3. Impact of glass melting conditions 

Using 30-50 g batches, we explored the impact of two different ‘dry air’ melting methods. 

(i) 900 °C melting temperature and using a crucible lid 

(ii) 850 °C melting temperature without using a crucible lid. 

Method (i) resembles the melting procedure we have been using for ‘open air’ glasses, where 
900 °C melting temperature, a crucible lid and manual swirling for melt homogenization is 
employed. For swirling the melt, the crucible was taken out of the furnace, the lid was 
removed, the crucible was swirled manually for approximately 5-10 s and finally the crucible 
with lid was placed back into the furnace. For method (ii), the crucible lid was removed 5-10 
min after the furnace reached the melting temperature of 850 °C. As no crucible lid was used, 
we used a lower melting temperature compared to method (i) to minimize possible 
evaporation during melting. 

The mid-infrared absorption spectra of the thus made glasses are shown in Fig. 1(a). For 
comparison, the spectrum of a glass melted in open air is also shown. The spectra are 
composed of two OH bands at 3.3 µm and 4.4 µm. In addition, there is a shoulder in the 
spectrum at 3.0 µm. The shape of this spectrum is similar to that found for 10 Na2O – 10 ZnO 
– 80 TeO2 glass [26]. For this glass, deconvolution of the band at 3.3 µm demonstrated that it 
is composed of a narrow, lower-intensity band at 3.0 µm, which was ascribed to free OH 
groups, and a broad, high-intensity band at 3.3 µm due to weakly hydrogen bonded OH 
groups. The band at 4.4 µm was attributed to strongly hydrogen bonded OH groups [26]. As 
the extinction coefficient for OH absorption in tellurite glass is unknown, we used here the 
peak loss value of the most pronounced OH band at 3.3 µm as a relative measure of the OH 
content in the glasses [37]. Another reason for investigating the OH loss and not the absolute 
OH content is that for the use of the glasses and fibers in the mid-infrared applications the loss 
caused by OH impurities determines the suitability of a glass or fiber for mid-infrared 
applications. In Fig. 1(b), the peak loss values are plotted as a function of melting time and 
number of times the melt was swirled. 
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Fig. 1. (a) Loss spectra of glass samples (1-10) made from 30 to 50 g batch melts using 
different fabrication conditions as detailed in the legend. (b) Loss of the OH absorption at 3.3 
µm as a function of melting time for 30-50 g batch melts (samples 1-10). The grey region at 
1200-1400 dB/m designates the loss of ‘open air’ glasses. The � data point refers to the 
sample made via remelting of an ‘open air’ glass in dry air. 

Figure 1 demonstrates that the OH content strongly decreases with melting time and 
number of times the melt was swirled. For short melting time of 30 min, using a crucible lid 
and only swirling the melt once, the OH content of the 50 g batch melt (sample 2) was only 
reduced to ~600 dB/m, a reduction by approximately a factor of 2 relative to ‘open air’ 
glasses. Use of a smaller batch weight of 30 g (and thus larger surface-to-volume ratio) led to 
a larger reduction in OH content (down to ~300 dB/m for sample 3). Longer melting time of 
60 min and/or removal of the lid or larger numbers of melt swirling significantly reduced the 
OH content to 200-70 dB/m (samples 4-6). A further increase in the melting time and/or 
number of times the melt was swirled was found to lead to only a slight additional reduction 
of the OH content (samples 7-10), with losses at the OH absorption peak of 60-40 dB/m for 
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such samples. Using similar melting time, number of melt swirling and melt volume, we 
observed that the remelting of an ‘open air’ glass in dry air led to a similar OH content 
compared with melting of a batch in dry air (Fig. 1(b)). 

As all raw materials were handled and batched in dry atmosphere, the relatively high OH 
content that is observed when short melting times are used in dry air implies that the raw 
materials contain a significant amount of water, which becomes incorporated into the glass 
network during melting. Using the average extinction coefficient of 70 L/mol/cm for silica 
[37] and the density of our tellurite glass (5.35 g/cm

3
), the OH peak loss value of 1200 dB/m 

of the ‘open air’ glass corresponds to ~30 ppm (weight) water in the glass. We assume this 
amount of water to stem from the commercial raw materials. As described above, when an 
‘open air’ glass is remelted in ‘dry air’, this remelted ‘dry air’ glass exhibits a similar OH 
content as the corresponding batch-melted ‘dry air’ glass (sample 7). This result indicates that 
the batch and the ‘open air’ glass contain similar OH content, which supports the assumption 
that the OH content in ‘open air’ glass mainly originates from the water in the raw materials 
batch. 

The OH groups in the glass melt can react with each other and form water molecules that 
can be released from the melt. Vice versa, water vapor in the atmosphere can react with the 
glass melt and form OH groups. According to this reversible reaction, the OH content in the 
melt can be reduced via decreasing the amount of water vapor above the glass melt. 
Churbanov et al. [33] demonstrated that the OH content in a tungsten-tellurite glass decreased 
as the water pressure over the glass melt was reduced. For our experimental conditions, when 
melting in open air, the moisture content in the air hinders the removal of water from the glass 
melt. When melting in flowing dry gas, the absence of water in the atmosphere above the 
glass melt forces the water out of the glass melt with increasing melting time until a steady-
state is achieved. This process will become faster when the released water can be more 
efficiently removed from the atmosphere above the glass melt. For melts performed without 
lid, the water that evaporates from the melt is readily conducted away by the constant flow of 
dry gas. For the melts performed with a lid on the crucible, each time the melt is swirled (i.e. 
when the crucible is taken out of the furnace and the crucible lid is removed for the time the 
melt is swirled), the moisture above the melt is removed. Thus the more often the melt is 
swirled, the more water can be removed. In addition, larger surface-to-volume ratio of a glass 
melt facilitates water removal. Despite larger batch weight (and thus smaller surface-to-
volume ratio), the 77 g remelt shows similar (and not significantly higher) OH content 
compared with the corresponding 50 g batch melt (sample 7). For the remelt, shortly after the 
crucible with the glass is placed in the furnace, the glass is already fully molten, whereas for a 
batch melt approximately 10-20 min are required to completely melt all raw materials and 
form a homogeneous liquid. The shorter time to form the glass liquid in case of the remelt 
would result in an effectively longer time available for dehydration, which would 
counterbalance the larger melt volume. 

For our melting conditions using dry gas flow of 4 L/min and 30-50 g batch in a 100 mL 
crucible, the lowest water content that can be achieved is 40-50 dB/m. Further water removal 
is expected to require the use of higher gas flow rates or a vacuum or drier gas. 

As not only water but also glass constituents can evaporate from the melt, efficient water 
removal may be accompanied by larger glass melt evaporation and hence possible change in 
glass composition. In our case, the maximum evaporation is 2.0 wt% for 5 h melting time at 
850 °C without lid. Of all glass components, TeO2 has the lowest melting point and thus is 
assumed to be preferentially evaporated. However, as TeO2 is the main component (82 wt%), 
preferential evaporation of 2 wt% TeO2 is expected not to change significantly the glass 
composition, which agrees with the fact that the density variation between glasses melted with 
or without lid is the measurement error of ± 0.02 g/cm

3
. 
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4. Fabrication and characterization of optical fibers made from ‘open air’ and ‘dry air’ 
tellurite glass 

The fibers were fabricated using glass billets made from 100 g batch weight. The fibers 
reported here are listed in Table 1 and their loss spectra are shown in Fig. 2. The loss spectra, 
in particular for the ‘open air’ fibers, demonstrate a distinct peak at 1.48 µm. This peak is 
attributed to the overtone of the vibration of free OH groups at 3.0 µm. 

Table 1. Fabrication Conditions and Properties of Fibers Made 

Billet 
Rod 
Fibre 
No. 

TeO2 
purity 
(%) 

crucible 
material 

melting 
atmosphere 

billet: 
loss (dB/m) 

of OH peak at 
3.3µm 

rod: 
loss (dB/m) 

of OH peak at 
3.3µm 

fiber: 
loss (dB/m) 

of OH peak at 
1.5µm 

fiber: 
minimum 

loss 
(dB/m) 

 

#1 

 
99.99 Au open air n/m n/m 1.02 0.26 

#2 

 
99.99 Pt open air n/m n/m 1.08 0.50 

#3 

 
99.999 Au open air n/m 1400 0.90 0.05 

#4a 

 
99.999 Au dry air 90 90 0.31 0.28 

#5b 

 
99.999 Pt dry air n/m 250 0.22 0.10 

#6c 

 
99.999 Pt dry air 100 100 1.41 1.27 

acrack in rod 
blower meting temperature of 700-800°C for 1h 
cbubbles in rod due to crack in billet 
n/m … not measured 

For ‘open air’ glasses, we found that the choice of the crucible material affects the fiber 
loss in the UV-visible range. The fibers made from glasses melted in a gold crucible show a 
relatively weak absorption band at 600-700 nm, while the fibers made from glasses melted in 
a platinum crucible demonstrate a broad and intense absorption in the UV-visible range (Fig. 
2(a)). For WO3-TeO2 glasses melted in gold and platinum crucibles, presence of gold and 
platinum impurities in the glasses was determined using x-ray powder diffraction and laser 
ionization mass spectroscopy [38,39]. In phosphate glasses, platinum ions are known to cause 
broad absorption over the UV-visible range due to charge transfer and d-d transitions [40]. 
According to these results, we hypothesize that the UV/Vis absorption of our tellurite glasses 
is affected by the presence of gold and platinum species in the glasses as a result of crucible 
corrosion by the glass melt. Further work is in progress to determine the gold and platinum 
impurity levels and identify the species responsible for the UV/Vis absorption in our glasses. 
Note that the lower loss of fiber #3 compared with fiber #1 is attributed to the use of higher 
purity TeO2; the billet of fiber#1 was made from 99.99% TeO2, whereas the billet of fiber #3 
was made from 99.999% TeO2. 

To gain insight into the impact of the crucible material when melting in dry air, we used 
both gold and platinum crucible for the fabrication of billets in dry air. We commenced by 
melting in a gold crucible. The batch of billet #4 was first melted at 900 °C for 1 h using a lid 
and swirling the melt four times. Then the lid was removed and the melt kept at 900 °C for 1 h 
before casting. The next melt (billet #5) was produced using a platinum crucible. The glass 
was also melted for approximately 2 h. However, due to temporary malfunction of the furnace 
set-up, the melting temperature for the first 1 h was only 700-800 °C and for the second 
melting hour the lid was not removed. The third ‘dry air’ melt (billet #6) was also undertaken 
in a platinum crucible using the same melting conditions as for the first ‘dry air’ melt (billet 
#4) undertaken in a gold crucible. 

For the ‘dry air’ fibers #5 and #6, we evaluated the OH content of the corresponding 
billets and rods via measuring the OH peak loss at 3.3 µm. In both cases, the rod and 
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corresponding billet exhibit the same OH content within the measurement error of ± 5 dB/m. 
This result indicates that annealing of the rods in open air did not increase the OH content in 
the glass. Another noteworthy result is that for the same melting time of 2 h, billets #5 and #6 
have higher OH content (90-100 dB/m) than the glass blocks presented in Section 3 (50-60 
dB/m). This is attributed to the larger batch weight of the billets (100 g) compared with the 
glass blocks (50 g). As the same crucible was used, the larger batch weight results in a smaller 
surface-to-volume ratio, which makes removal of water more difficult. 

 

Fig. 2. Fiber loss spectra in the range 500-1700 nm for (a) ‘open air’ fibers #1-3 and (b) ‘dry 
air’ fibers #4-6 relative to ‘open air’ fiber #3. The loss numbers given in the legends refer to the 
loss of the OH peak at 3.3 µm of the extruded rods used for drawing the fibers. 

Billet #6 and rod #4 exhibited a crack after annealing, which suggests that the procedure 
for annealing in dry atmosphere requires improvement. Possibly the removal of water from 
the glass changed the glass transition temperature (Tg) and therefore the annealing procedure 
needs to be modified. In the future, glass properties such as Tg, viscosity and thermal 
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expansion coefficients for ‘open air’ and ‘dry air’ glasses will be explored. Due to the crack in 
billet #6, bubbles were formed in the corresponding rod #6 during extrusion. 

Figure 2(b) shows the loss of fibers #3-6 in the wavelength rage of 500-1700nm. These 
fibers were made using the same raw materials. As mentioned above, comparison of ‘dry air’ 
fibers #1 and #2 demonstrates that the use of a platinum crucible results in higher loss in the 
UV-visible range up to ~1400 nm. Comparison of ‘dry air’ fibers #4 and #5 that were made 
from glasses melted in a gold and platinum crucible, respectively, also shows additional loss 
in the UV-visible range <600 nm for the fiber #5 made from glass melted in a platinum 
crucible. However, the loss in the wavelength range 600-1400 nm is similar for both fibers. 
This is in contrast to ‘open air’ fibers #1 and #2. Further investigations are required to identify 
if the use of different raw material purity and/or the use of different melting atmosphere is the 
cause for the difference in loss in the 600-1400 nm wavelength range for the two fibers #2 and 
#4 made from glass melted in a platinum crucible. 

Next we consider the loss of the ‘dry air’ fibers #4-6 relative to the ‘open air’ fibre #3 
(Fig. 2(b)). ‘Dry air’ fiber #5 shows approximately the same loss at 800-1400 nm as the ‘open 
air’ fiber #3. ‘Dry air’ fiber #4 shows a slightly elevated loss in this wavelength region and a 
significantly higher loss for <700 nm relative to fiber #3. There are two possible reasons for 
this higher loss: firstly the crack in the corresponding rod resulted in defects in the fiber and 
secondly presence of gold particles in the glass. Both defects and gold particles would 
increase scattering loss. ‘Dry air’ fiber #6 shows considerably higher loss than both the ‘open 
air’ fiber #3 and ‘dry air’ fibers #4 and #5. Rod #6 contained bubbles that are considered to 
cause pronounced scattering loss. All three ‘dry air’ fibers #4-6 demonstrate significantly 
lower loss for the OH peak at 1.48 µm and at longer wavelengths. For fibers #4 and #6, the 
OH peak is barely visible, whereas fiber #5 shows a distinct OH peak though with 
significantly lower intensity relative to the ‘open air’ fiber #3. This difference in the peak 
intensity at 1.48 µm agrees with the variation of the OH peak intensity at 3.3µm for the rods 
and billets (Table 1). The higher OH content for fiber #5 relative to the other ‘dry air’ fibers is 
attributed to the lower melting temperature of the corresponding billet #5. As a result, the 
glass melt viscosity was higher, which hinders the removal of water from the melt. 

To investigate the impact of melt dehydration on fiber loss at longer wavelengths, we also 
measured the loss for fibers #3 and #4 in the range of 1500-2400 nm (Fig. 3). Dehydration of 
the melt led to considerably reduced loss at longer wavelengths. For fiber #4, the loss is 0.8 
dB/m at 2.0 µm and 1.7 dB/m at 2.3-2.4µm. Compare the ‘open air’ fiber #3 has an order of 

magnitude higher loss: 9 dB/m at 2.0 µm and ≥20 dB/m at 2.3-2.4 µm. The ten times loss 
reduction at 2.0-2.4 µm from ‘open air’ to ‘dry air’ fiber is consistent with the ten times loss 
reduction of the 3.3 µm fundamental OH absorption band. This indicates that the broad 
absorption between the overtone and the fundamental absorption is directly linked to the 
fundamental absorption at 3.3 µm. 
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Fig. 3. Fiber loss spectra for ‘open air’ and ‘dry air’ fibers in the range of 1500-2400 nm 
measured using supercontinuum white light source. For comparison, the loss spectra measured 
up to 1700 nm using tungsten filament bulb and different OSA are also shown. The loss 
numbers given in the legends refer to the loss of the OH peak at 3.3 µm of the extruded rods 
used for drawing the fibers. 

5. Conclusions 

Using a dry atmosphere glass melting process, we fabricated tellurite glasses and extruded 
tellurite fibers with significantly reduced OH content compared to melting in open air using 
the same commercial raw materials and comparable melting temperatures and times. For 
small glass melts of 30-50 g, the use of long melting times and either frequent swirling of the 
glass melt or removing the crucible lid resulted in a decrease of the OH content by more than 
an order of magnitude. To the best of our knowledge, we achieved the lowest reported OH 
content in a fluoride-free tellurite glass using commercial raw materials. 

We also successfully reduced the OH content in larger glass melts of 100 g. This size 
allows the fabrication of long fiber length (>100 m) using the extrusion technique for preform 
fabrication. The extruded fibers made from ‘dry air’ glass demonstrated significantly lower 
absorption for the OH vibration overtone at 1.48 µm. In addition, the lower OH content 
reduced the loss at wavelengths >1.5 µm by an order of magnitude compared with fibers made 
from ‘open air’ glass. We achieved fiber losses of 0.8 dB/m at 2.0 µm and 1.7 dB/m at 2.3-2.4 
µm for our extruded fibers. The significant lower loss of the ‘dry air’ fibers for wavelength 
>1.5 µm opens up applications for these fibers including efficient supercontinuum generation 
extending into the mid-infrared. In addition, the lower loss opens up the prospect of tellurite 
fiber lasers that operate more efficiently in the near-infrared up to ~2.5 µm, beyond which rare 
earth emission is limited by multiphonon relaxation. 

In the future, we will extend the fabrication of tellurite glass with reduced OH content to 
larger melt sizes in order to pave the way towards low-OH microstructured tellurite fibers that 
will demonstrate efficient lasing and supercontinuum generation in the near- to mid-infrared. 
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