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2-µm emission performance of Tm3+–Ho3+

co-doped tellurite glasses
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The emission properties of 2-µm region fluorescence of Tm3+–Ho3+ co-doped tellurite glasses are in-
vestigated. Introducing F− ions to the composition of tellurite glasses plays a positive effect on the
2-µm emission. A maximum intensity of 2-µm emission is achieved when 1.5-mol% Tm2O3 and 1-mol%
Ho2O3 concentration are doped in the glasses. The emission cross section and gain coefficient of the
5I8→5I7 transition of Ho3+ are calculated. The emission cross section has a maximum of 1.29×10−20 cm2

at 2048 nm wavelength. The results indicate that Tm3+–Ho3+ co-doped tellurite glasses are suitable for
2-µm application.
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Recently, 2-µm region laser emission is of great inter-
est for its numerous potential applications, such as
eye-safe laser lidar, remote sensing, and biomedical
applications[1−4]. Tm3+ and Ho3+ ions play the most
important part to achieve 2-µm emission because of
the Tm3+:3F4 → 3H6 and Ho3+:5I7 → 5I8 transitions.
Tm3+ ions can be pumped directly into the 3H4 level
with an 800 nm source, and will show 1.8-µm emission.
However, Ho3+ ions cannot directly absorb the pumped
beam of 800 nm or other most common commercial laser
diodes (LDs), due to the lack of an appropriate absorp-
tion band. Therefore, Ho3+ ions sensitized with Tm3+

ions are always considered. In a Tm3+–Ho3+ co-doped
glass, Tm3+:3H4 level is populated by the 800 nm pump
source and a quenching mechanism transfers energy to
Ho3+:5I7 level which then radiatively depopulates to the
ground state of Ho3+:5I8, giving rise to 2-µm emission[5].

Tellurite glass has several properties, which make it an
interesting candidate to investigate the emission proper-
ties of rare earth ions for compact fiber laser applications.
The main advantages of tellurite glasses over other laser
glasses, such as silicates, are large rare earth ion solubility
and extended infrared cut-off which are both compara-
ble with fluoride hosts, and moderate phonon energy
(600 – 800 cm−1) which is significantly lower than
both of germinate glasses (880 cm−1) and silica glasses
(1100 cm−1)[6]. Moreover, tellurite glasses are investi-
gated extensively due to their high refractive index, high
dielectric constant, good corrosion resistance, and ther-
mal and chemical stability[7].

However, there is a very important disadvantage in tel-
lurite glasses that it is difficult to remove OH− groups,
which plays a detrimental effect on optical properties. Up
to now, there are many reports about Tm3+–Ho3+ co-
doped tellurite glasses[8−10], nevertheless few researches
about the effect of introducing F− on 2-µm emission by
eliminating OH− groups in tellurite glasses are operated.
This letter aims to investigate the difference of 2-µm

emission with introducing F− and the optimization of
rare earth ions doped concentration in tellurite glasses.

The compositions of tellurite glasses are shown in
Table 1. All started materials are of analytical grade.
Well-mixed batches were melted in a platinum crucible
at 750–900 ◦C for 30 min while being bubbled with
dry oxygen gas; then the liquids were cast into graphite
moulds. The obtained glasses were annealed for several
hours at the glass transition temperatures before they
were cooled to room temperature at a rate of 15 ◦C/h.
Finally, the samples for optical and spectroscopic prop-
erties measurements were cut and polished with the size
of 15×10×1 (mm).

Table 1. Composition of the Tellurite Glasses

Code Glass composition(mol%)

TF1 70TeO2-10ZnO-10ZnF2-4.5PbO-3Nb2O5-

1Ho2O3-1.5Tm2O3

TF2 70TeO2-5ZnO-15ZnF2-4.5PbO-3Nb2O5-

1Ho2O3-1.5Tm2O3

TF3 70TeO2-0ZnO-20ZnF2-4.5PbO-3Nb2O5-

1Ho2O3-1.5Tm2O3

TFH0 70TeO2-19ZnF2-4PbO-3Nb2O5-3La2O3-

1Ho2O3

TFH1 70TeO2-19ZnF2-4PbO-3Nb2O5-2.5La2O3-

1Ho2O3-0.5Tm2O3

TFH2 70TeO2-19ZnF2-4PbO-3Nb2O5-2La2O3-

1Ho2O3-1Tm2O3

TFH3 70TeO2-19ZnF2-4PbO-3Nb2O5-1.5La2O3-

1Ho2O3-1.5Tm2O3

TFH4 70TeO2-19ZnF2-4PbO-3Nb2O5-1La2O3-

1Ho2O3-2Tm2O3

TFH5 70TeO2-19ZnF2-4PbO-3Nb2O5-0La2O3-

1Ho2O3-3Tm2O3

1671-7694/2010/010078-04 c© 2010 Chinese Optics Letters



January 10, 2010 / Vol. 8, No. 1 / CHINESE OPTICS LETTERS 79

The absorption spectra were recorded with a Perkin-
Elmer Lambda 900 UV/VIS/NIR spectrophotometer in
the range of 350 – 2200 nm. The emission spectra were
measured with a Triax 550 type spectrometer (Jobin-
Yvon., France) upon excitation of 800 nm LD in the
range of 1.6 – 2.2 µm. All the measurements were per-
formed at room temperature.

Figure 1 presents the emission spectra of TF1–TF3
samples in which ZnO is substituted by ZnF2 in turn.
It can be found the intense double peak at 2 µm corre-
sponding to Ho3+:5I7 → 5I8 transition and a little feeble
peak at 1.8-µm corresponding to Tm3+:3F4 → 3H6

transition. The spectra show the 2-µm emission inten-
sity increases with the decreased ZnO content, and when
ZnO is completely substituted by ZnF2 in TF3 sample,
the intensity becomes largest. The inset in Fig. 1 illus-
trates how the peak intensity increases with the ZnF2

content. It indicates that the introduction of F− into
tellurite glasses can affect 2-µm emission actively. As is
known, a considerably high amount of OH− groups is
present in tellurite glasses while the glasses are melted
in air. OH− plays a detrimental effect by quenching the
emission of rare earth ions[11]. However, F− ions and
OH− groups are isoelectronic with a similar ionic size, so
that the OH− groups can be easily replaced by F− ions
by the equation OH−+F− → HF+O2−. Therefore, with
F− ions introduced in tellurite glasses, 2-µm emission
becomes intense. From the results, the composition of
tellurite glass with high substituting ZnF2 content should
be chosen.

In Fig. 2, the absorption spectra of Ho3+ doped TFH0
and Tm3+–Ho3+ co-doped TFH1-TFH5 samples over
the wavelength region of 350 – 2200 nm are shown. The
shapes of the spectra for TFH1–TFH5 samples are sim-
ilar, with no shift in the wavelength of the absorption
peak. Several important absorption bands of Tm3+ and
Ho3+ are indicated in the spectra, and the absorption
intensities of Tm3+ are in proportion to the doped mole
fraction of Tm3+, while the intensities of Ho3+ are al-
most the same. The absorption spectrum of Ho3+ doped
TFH0 is measured to calculate the absorption cross sec-
tion. Identified from the absorption spectra, the energy
levels of Tm3+ and Ho3+ are illustrated in Fig. 3. Tm3+

ions can absorb 800-nm pumping beam, transfer en-
ergy to Ho3+ ions, and then emit 2-µm fluorescence.
The pumped schemes and energy transfer processes have

Fig. 1. Emission spectra of Tm3+–Ho3+ co-doped TF1–TF3
samples pumped by 800 nm. Inset shows the peak intensity
with the ZnF2 content varying.

Fig. 2. Absorption spectra of Ho3+ doped TFH0 and Tm3+–
Ho3+ co-doped TFH1–TFH5 samples.

Fig. 3. Energy level diagrams of Tm3+ and Ho3+ in tellurite
glass (CR: cross-relaxation, ET: energy transfer).

Fig. 4. Emission spectra of Tm3+–Ho3+ co-doped TFH1–
TFH5 samples pumped by 800 nm. Inset shows the rela-
tionship between the 2-µm emission intensity and CTm/CHo,
and the peak intensity ration of 2-µm emission with respect
to 1.8-µm emission I 2.0/I 1.8.

been discussed in many researches[5,12].
Figure 4 shows the emission spectra of TFH1–TFH5

samples, with the radio of Tm2O3 concentration with re-
spect to Ho2O3 concentration (CTm/CHo) varying from
0.5 to 3. The intensities of two emission peaks at 1.8 and
2 µm are changing by varying CTm/CHo. Emission at
2 µm, firstly increases, up to a maximum for CTm/CHo

at 1.5, and then decreases. Similarly, emission at 1.8 µm
is also found to increase firstly, and then decreases, but
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the maximum emission is recorded for CTm/CHo at 2.
The inset of Fig. 4 shows the relationship between the
2-µm emission intensity and CTm/CHo. The largest in-
tensity reaches to 141.8 when the CTm/CHo is 1.5 in the
TFH3 sample. On the one hand, these suggest the pres-
ence of energy transferred from Tm3+ to Ho3+, as shown
in Fig. 3. According to the researches of Peng[13], the
energy transferred from Tm3+:3F4 to Ho3+:5I7 is very ef-
ficient when the CTm/CHo is relatively small, and the en-
ergy back-transferred from Ho3+:5I7 to Tm3+:3F4 is low.
This is the reason that 2 µm emission intensity increases
before CTm/CHo exceeding 1.5. On the other hand,
when the CTm/CHo is larger than 1.5, the energy back-
transferred from Ho3+ to Tm3+ enhances, meanwhile the
cross-relaxation of Tm3+:3H4+3H6 → 3F4+3F4 (Fig. 3)
strengthens, leading to the increase of 1.8-µm emission
and decrease of 2-µm emission. Finally, while CTm/CHo

reaches to 3, 1.8 and 2-µm emission intensities both
weaken, resulting from concentration quenching. An-
other following elaboration of the results is also carried
out by reporting the peak intensity ratio of 2-µm emis-
sion with respect to 1.8-µm emission (I 2.0/I 1.8). The ob-
tained data are also reported in the inset of Fig. 4. The
maximum for CTm/CHo at 1.5 is clear, and I 2.0/I 1.8 de-
creases monotonously with CTm/CHo increasing. This
indicates that, when CTm/CHo increases, it causes the
negative change in I 2.0/I 1.8. However, the I 2.0/I 1.8 of
TFH3 sample is still 7.3, meaning that the intensity of
2-µm emission is 7.3 times as large as 1.8-µm emission,
where the strongest 2-µm emission is achieved; conse-
quently it is large enough to be accepted. In a word,
from the application point of view the emission spectra
show that TFH3 sample exhibits a large emission spec-
trum from 1900 to 2100 nm and appropriate intensity
radio of 2-µm emission to 1.8-µm emission, therefore it
is an excellent candidate for tunable laser source.

Figure 5 presents the absorption cross section and emis-
sion cross section of Ho3+:5I8 → 5I7 transition at the
2-µm region. The absorption cross section (σa) can be
deduced from the absorption spectra using

σa(λ) =
2.303 log( I0/I )

Nl
, (1)

where N is the concentration of Ho3+, l is the thick-
ness of the samples, and log( I 0/I ) is the absorptivity
from absorption spectra, respectively. The McCumber
formula [14] is used to calculate the emission cross section

Fig. 5. Absorption cross section and emission cross section of
Ho3+:5I8 → 5I7 transition at 2-µm region.

(σe) from the absorption section:

σe(λ) = σa(λ)× Zl

Zu
× exp

[
hc

kT
× (

1
λZL

− 1
λ

)
]

, (2)

where Zl and Zu are the partition functions respectively
for the lower and upper levels involved in the considered
optical transition, T is the temperature (here is the room
temperature), k is the Boltzmann constant, and λZL is
the wavelength for the transition between the lower Stark
sublevels of the emitting multiplets and those of the re-
ceiving multiplets. As shown in Fig. 5, the emission cross
section of Ho3+:5I8 → 5I7 transition has a maximum of
1.29×10−20 cm2 at 2048 nm. This value is about two
times as large as that in fluoride glass[5], and also a little
larger than that of Te-W-Zn glass[15], but smaller than
the value of Ge-Ga-S glass[16].

To calculate the gain coefficient, the reabsorption of
the signal beam by the ground-state absorption should
be considered since the terminal 5I8 level of the 2-µm
emission is the ground state of Ho3+. Therefore, the
gain coefficient can be calculated by[17]

G(λ) = n(5I7)σe(λ)− n(5I8)σa(λ), (3)

where n(5I7) and n(5I8) are the electron population den-
sities of the 5I7 and 5I8 levels in Ho3+, respectively. As-
suming electrons in Ho3+ are only in either the 5I7 or 5I8
state, Eq. (3) can be simplified to

G(λ) = N [ pσe(λ)− (1− p) σa(λ)] , (4)

p =
n(5I7)

N
, (5)

where N is the total concentration of Ho3+. By assum-
ing several different p values, the values of G(λ) can
be calculated as shown in Fig. 6. As the value of p
decreases, the peak wavelength at which the maximum
values of G(λ) occur shifts to longer wavelengths. This
variation is a typical feature of the quasi-three-level laser
system[17].

In conclusion, the 2-µm emission properties of Tm3+

–Ho3+ co-doped tellurite glasses are investigated. In tel-
lurite glasses, the introduced F− plays a positive impact
for 2-µm emission. Therefore, the composition with high

Fig. 6. Gain spectra of Ho3+ at 2-µm region.
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substituting ZnF2 content is chosen. A maximum 2-µm
emission intensity for 1.5-mol% Tm2O3 concentration
and 1-mol% Ho2O3 concentration doped is obtained,
when the emission properties of different rare earth ions
doped tellurite glasses are investigated. In addition,
the emission cross section, absorption cross section, and
gain coefficient of Ho3+:5I8 → 5I7 transition are calcu-
lated. The emission cross section of this tellurite glass
is 1.29×10−20 cm2 at 2048-nm wavelength with a typi-
cal gain of the three-level laser system. Therefore this
Tm3+–Ho3+ co-doped tellurite glass is an excellent can-
didate for 2-µm region application.
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