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The Ert/Yb3t co-doped TeO3—NbsO5—LisO glass is prepared by conventional melting method, and its upcon-

version spectra are measured. The intense green upconversion luminescence upon excitation with a 976 nm laser diode

is observed with the naked eyes. The dependence of luminescence intensity on the ratio of Yb3+ /Er37 is discussed in

detail, and the relationship between the ratio of green luminescence intensity to red luminescence intensity and the ratio
of Yb3+ /Er3t is also studied. The luminescence intensity increases with the ratio of Yb3+ /Er3+increasing. The ratio of

Yb3+ /Er3t plays a more important role than the concentration of Er3t in determining the upconversion luminescence

intensity. The ratio of green luminescence intensity to red luminescence intensity reaches a maximum when ratio of
Yb3+ /Er3t is 3. Thus the glass could be one of the potential candidates for LD pumping solid-state lasers.
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1. Introduction

Rare earth doped glass has attracted much at-
tention for many years, due to its excellent optical
properties and potential applications in the fields of
information process, data storage, display technology,
undersea transmission and medicine.l' ~6 Particularly,
tellurite glass has been extensively investigated in re-
cent years for the optical production of broad-band
EDFA, TDFA and planar waveguides because of their
relative low phonon energy, high refractive index, good
corrosion resistance, high thermal stability and rare-
earth ions solubility.[*®7] The study of Er3t /Yb3t co-
doped materials® 12! is a hot subject because Yb3*
has a high absorption efficiency!®>'4 of 976 nm LD
(laser diode) emission photons, and Er** provides an
intermediate level (41, /2) with long lifetime.

In this work, the tellurite glass was prepared by
using a conventional melting method. Its absorption
and upconversion spectra were measured. Two green

emission bands centred at 523 nm and 547 nm, corre-

sponding to the 2H11/2 —d L5/, and 453/2 —4 Lis)o
transitions respectively, and one red emission band at
657 nm due to the transition of4F9/2 4 I,5/3, are ob-
served. The dependence of luminescence on the ratio
of Yb3T /Er®* is discussed; the relationship between
the ratio of green luminescence intensity to red lumi-
nescence intensity and the ratio of Yb3* /Er®* is also
studied.

2.Experiments

2.1. Glass preparation

The
Er3* /Yb3* co-doped glass were analytical-grade pow-
ders: TeOg, NbyOs5, LioCO3, EroO3 and YbyOgs, and
the glass compositions (in mol%) are 80TeO,—(10-
z — ¢R) NbO5-10LiyO—zEr;O3—2zRYbyO3 (2=0.1,
0.2, 0.3, 0.4 and 0.5; R represents the ratio of
Yb3t /Er3t, R=1/5, 1/4, 1/3, 1/2, 1/1, 2/1, 3/1,
4/1 and 5/1) that are shown in Table 1.

starting  materials for  preparation
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Table 1. The glass compositions (in molar percentage).

No. TeO2 Li2O NbsOs5 Er203 (z) YbsO3 R
TNL1 80 10 9.4 0.5 0.1 1/5
TNL2 80 10 9.5 0.4 0.1 1/4
TNL3 80 10 9.6 0.3 0.1 1/3
TNL4 80 10 9.7 0.2 0.1 1/2
TNL5 80 10 9.8 0.1 0.1 1/1
TNL6 80 10 9.7 0.1 0.2 2/1
TNL7 80 10 9.6 0.1 0.3 3/1
TNLS8 80 10 9.5 0.1 0.4 4/1
TNL9 80 10 9.4 0.1 0.5 5/1

The very well-mixed batch was melted in an elec-
tric furnace at 850°C for 30 minutes, the glass melt
was poured into a stainless mould and annealed in a
muffle oven at their T, points at a rate of 5°C/h. The
annealed glass was cut into 15mmx15mmx1.5mm
pieces and then they were carefully polished for opti-

cal measurements.
2.2. Property measurements

The absorption spectra of the glass samples were
measured with an American Perkin—Elmer-Lamda
900 UV/VIS/NIR spectrophotometer. Upconversion
luminescence measurements were performed with a
system of a 976 nm LD pumping and a Triax-320 spec-
trophotometer detector.

All the measurements were carried out at room

temperature.

3. Results and discussion

3.1. Absorption spectra

The absorption spectra are shown in Fig.1, in
which there appear seven absorption bands: the ab-
sorption peaks are centred at 486 nm, 521 nm, 546 nm,
657nm, 808nm, 977nm and 1533 nm respectively.
The energy level diagram of Er**/Yb3* is shown
in Fig.2, where the data of the energy levels wave-
numbers for the absorption spectra were cited from
Ref.[15]. The seven absorption bands stem from
the transitions of 4115/2 (Er3t) — 4F7/2 (Er3t),
‘Lissa (BEr*T) — 2Hyypp (Er®t), *Ii5,, (Er®t) —
453/2 (EI‘3+), 4115/2 (EI‘3+) — 4Fg/2 (EI‘3+), 4115/2
(Er3+) — 4[9/2 (EI‘3+), 4115/2 (EI‘3+) — 4111/2

(EI‘3+)& 2F7/2 (Yb3+) — 2.F’5/2 (Yb3+) and 4115/2
(EI‘3+) — 4]13/2 (EI‘3+).

tion peak at 977 nm, which is resonance absorption

There exists the absorp-
with the 976 nm incident photons. So we used the
976 nm LD to pump the samples. Compared with
the 977 nm absorption band of Er3* single doped ma-
terial (Fig.3), the corresponding absorption bands of
Er3T /Yb3* co-doped matrix are very intense, this is
because Er** /Yb3* co-doped matrix has a bigger ab-
sorption cross-section. As shown in Fig.1, the 977 nm
absorption bands become more and more predominant
in the sequence of TNLn (n=1, 2, 3, 4, 5, 6, 7, 8 and
9). That is to say, the 977 nm absorption band is be-
coming more and more significant with the ratio of
Yb3t /Er3t increasing from 1/5 to 5/1, which is due
to the transition of ?F7 /5 (Yb**) =2 Fy 5(Yb?T) with
a high absorption efficiency. Take TNL9 and TNLS8
for example (see Fig.4), the absorption integral area
and peak’s height of TNL9 are larger than those of
TNLS.

Ertt: Ly - Lspe

Ybi+: 2Fy y =2 Frpy

Absorption intensity/arb. units

Wavelength/nm

Fig.1. The absorption spectra of TNL glass.
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Fig.2. The simple energy level diagram of Er3+ /Yb3+
co-doped TNL glasses.
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Fig.3. Comparison of the absorption spectra of Er3t/Yb3+
co-doped with those of Er3t single doped tellurite glass.
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Fig.4. The 977nm absorption cross-sections of TNL9 and
TNLS8. The calculated integral areas and heights are shown.

3.2. Upconversion spectra

The upconversion spectra of TNL are shown in
Fig.5, where there exist three emission bands in a vis-
ible light range, at 523 nm, 546 nm and 657 nm respec-
tively. Figure 6 shows the intensity of 546 nm emission
luminescence as a function of excitation power, they
are all the plots of log(l.,) versus log(lir). These
results suggest that the 2H11/2 level is populated

through a two-photon step process. The upconversion

processes®~ 111618 can be described as the following:

GSA 55 (Ex®") + hug — Iy o (Er*T), (1)

2Fr5(YD*) + hug — 2 Fy (YD), (2)
ESA :4I11/2(Er3+) + hvg — 4F7/2(Er3+)7 (3)
ET :2F55(YD™ ) + *I15/5 (E*T) —
)
)

2F7/2(YD*1) + 4111 o (Er® ), (4)
CR ' jo(BEr®1) + 111 o(Ex®T) —

Y72 (Er®) + 41150 (Er™), (5)

Fs2(YD* ) + 4111 o (Er*1) —

2F7/2(Y]33+) + 4F7/2(Er3+). (6)

As has been discussed in Section 3.1, the Yb3t
977nm absorption becomes more and more predomi-
nant with the ratio of Yb3* /Er®* increasing. So the
ET (energy transfer) mechanism should be more dom-
inant: that is to say, the process (Egs.(2), (4) and (6))
should be more dominant with the ratio of Yb3* /Er3+
increasing. Referring to Fig.2 (the above mentioned
processes are all marked in Fig.2), due to the reso-
nance absorption at 976 nm, Yb3* ions strongly ab-
sorb the incident photons of 976 LD, A Yb3t ion
transits from the ground state 2F7/2 to the excited
state 2F5/2, then the excited Yb3T transfers its energy
to Er3* through ET process shown by Eq.(4), thus
causing the Er3* ion to be excited from its’ ground
state 4115/2 to the excited state 4111/2; the Er3t jon
at 4111/2 can be further excited to 4F7/2 through the
CR process shown by Eq.(6).
Er®t ions at 4F7/2 is short, it relaxes rapidly to the

Since the lifetime of

2H11/2 via non-radiative transition. Similarly, those
Er3* ions at the 2Hy, /2 level may also non-radiatively
relax to 453/2 level, and then from 453/2 level to 4F9/2
level. When the ions at the 2Hy; /2 level radiatively
relax to the ground level 4115/2, they emit the 523 nm
green luminescence. Similarly, the ions at levels 4S5 /25
and 4F9/2 transit to the ground level 4115/2, they re-
spectively emit the 546 nm and 657 nm upconversion

luminescences.

The relationship between the upconversion lu-
minescence intensity and the ratio of Yb3* /Er®* is
shown in Fig.7, where the 523 nm, 546 nm and 657 nm
emission intensities increase as R increases. Therefore
the ratio of Yb3* /Er3* plays a more important role
than the concentration of Er®* in determining the up-

conversion luminescence intensity. The trend can be
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log(Intensity)
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obviously seen from Fig.5 and Fig.7.
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Fig.5. Upconversion luminescence spectra of
Er3t/Yb3t co-doped TNL glass excited by
976 nm LD at a pumping power of 800mw.
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Fig.6. The 546 nm upconversion luminescence in-
tensity of TNLn (n=5, 6, 7, 8 and 9) vs pump
power. They are shown in double-log arithmetic co-

ordinates. The pump power is in unit of mW.
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Fig.7. The dependence of upconversion lumines-
cence intensity on R (ratio of Yb3+ /Er3+).

Particularly,

from TNL5 to TNL9, the upconversion luminescence
increases rapidly with R increasing.

In order to search after an excellent candidate
for LD pumping solid-state lasers, especial blue-green
lasers, the relationship between the ratio of green lu-
minescence intensity to red luminescence intensity and
the ratio of Yb3T/Er®* is studied in detail. Such a
dependent relationship is shown in Fig.8, where it is
clearly indicated that a maximum does appear. When
R=3/1, the ratio of green luminescence intensity to
red luminescence intensity reaches a maximum. Thus
the glass could be one of the potential candidates for

LD pumping solid-state lasers.

—u— ratio of green (523+546)/red(657)

Ratio of green/red
o
1
) |

5 T T T T T
0 1 2 3 4 5

Ratio of Yb*t/Er®+

Fig.8. The relationship between the ratio of green lu-
minescence intensity to red luminescence intensity and
the ratio of Yb3t /Er3+.

4. Conclusions

The Er3t/Yb®* co-doped TeO;-NbyO5-LisO
(TNL) is prepared by use of a conventional melting
method, and its absorption spectra and upconversion
spectra are measured. The intense green upconver-
sion luminescence can be observed in all the samples
with naked eyes, which manifests their potential ad-
vantages in the application of LD pumping solid-state
lasers. The dependences of upconversion luminescence
on the Er** concentration and the ratio of Yb3* /Er®+
are studied in detail. The upconversion luminescence
intensities increase as R increases, and the ratio of
Yb3t /Er3t plays a more important role than the con-
centration of Er3t in determining the upconversion
luminescence intensity. The ratio of green lumines-
cence intensity to red luminescence intensity reaches

a maximum when R=3/1 in our work.
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