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Er3*-doped phosphor-tellurite glass for broadband
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Er®"-doped phosphor-tellurite glass for broadband short-length Er®*T-doped fiber amplifier (EDFA) is
fabricated and characterized. The differential value (AT) of onset crystalline temperature (7%) and glass
transition temperature (Ty) is 206 °C. The stimulated emission cross section of Er®" is calculated from ab-
sorption spectrum by McCumber theory and is 0.87 x 1072° cm? at 1532 nm. A broad 1.5-um fluorescence
spectrum with 54-nm full-width at half maximum (FWHM) is demonstrated. Especially, the maximum
phonon energy of undoped phosphor-tellurite glass is 1100 cm ™, which restricts the upconversion lumines-
cence. It is possible to pump efficiently at 980 nm. These results indicate Er3T-doped phosphor-tellurite
glass is suitable for fabricating broadband short-length EDFA.

OCIS codes: 160.4760, 160.5690.

Er3*-doped tellurite glasses are promising host materials
for broadband and flat gain optical amplifier applications
to improve transmission capamt?f of wavelength division
multiplexing (WDM) system!! By now, Er3*-doped
tellurite glass fiber amplifier with net gain of 20 dB at
1530 — 1610 nm and noise figure smaller than 6.5 dB
has been reported®. Compared with 1480-nm pump-
ing scheme, 980-nm pumping scheme could provide full
population inversion and a good value of signal-to-noise
ratio. So adoption of 980-nm pumping scheme is essen-
tial. In order to obtain a high gain within an optical
fiber or optical waveguide in the length of centimeters,
the heavy doping of erbium ions in glass is necessary. The
phonon energy of tellurite glass is relatively low (< 800
ecm~1) as a result that its upconverison fluorescence is
very strong and its pumping efficiency is low at 980-nm
pumping scheme. On the other hand, the glass transi-
tion temperature of tellurite glass is also relatively low
(about 300 °C), which makes it liable to thermal damage
at high optical intensities. Many works have been done
for the sake of overcoming these defects. Oxides such
as WOg3, B203, CeOs, and EuyO3 have been added into
glass in order to improve the performance of tellurite
glasses*~7. Among these kinds of glasses, Er>*-doped
phosphor-tellurite glasses which have higher phonon en-
ergy and higher glass transition temperature and can be
heavily doped, were rarely reported®. In this article,
thermal stability and spectroscopic properties of Er3*
doped phosphor-tellurite glass is discussed.

Glass with molar composition of 50%TeO2-20%Zn0O-
5%Nb205-5%B&O—5%W03—15%P205 doped with 0.5
wt.-% ErsOs was prepared. Glass sample was melted
using high purity raw materials in a quartz crucible at
850 °C. The melted glass was poured into a preheated
steel mold, and immediately transferred to a preheated
furnace and annealed at about glass transition temper-
ature. Two big surfaces of glass sample with a dimen-
sion of 30 x 15 x 2 (mm) were polished to high optical
quality and used for the following experiments. The
density of the glass was determined by the Archimedes
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methods with distilled water as the immersion fluid.
The absorption spectrum was recorded with a Perkin-
Elmer 900 spectrophotometer over a spectral range of
350 — 1700 nm. The fluorescence spectrum in the range
of 1400 — 1700 nm were measured with a Jobin-Yvon
Frolog3 spectrofluorimeter upon excitation at 980 nm.
The fluorescence lifetime for the 115 /2 level of Er?t was
measured with light pulses of 980-nm laser diode (LD)
and a HP546800B 100-MHz oscilloscope. The glass tran-
sition temperature (Ty) and onset crystallization tem-
perature (Ty) were analyzed with NETZSCH DTA409
PC/PG at a heating rate of 10 K/min. Thermal expan-
sion coefficient of glass sample was measured on PCY-1
dilatometer at a heating rate of 10 K/min from room
temperature to the soft-point. Raman spectrum was de-
termined from Lambda DP1 Raman spectrometer from
200 to 1500 cm~t. All measurements were taken at room
temperature.

As far as the optical fiber loss is concerned, it is known
that the estimated intrinsic losses of tellurite glasses are
at most comparable to silica glass. However, extrin-
sic losses from microcrystal formed during heating and
quenching cycles in the perform process and fiber fabri-
cation usually dominate the fiber loss, unless the glass
possesses a high thermal stability. The Ty and Ty of
Er?t-doped phosphor-tellurite glass were 418 and 624

°C, respectively. AT = Ty — T, is commonly used to
evaluate thermal stability of glasses from the character-
istic temperatures. The desirable AT for fiber drawing
is understood to be greater than 100 °C. The AT value
here is 206 °C. Obviously, Er3*-doped phosphor-tellurite
glass possesses high AT and is very suitable for fiber
drawing process. The thermal expansion coefficient
was 1.173 x 107° K~!, which is much smaller than the
value of previous tellurite glass (1.469 x 10~> K1)
and comparable to that of Schott phosphate glass IOG-1
(1.123 x 1075 K101,

According to absorption spectrum, the absorption cross
section o, ()\) of Er3* ions was determined. The peak ab-
sorption cross section of Er®t-doped phosphor-tellurite
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glass is around 0.77 x 10720 ¢cm? at 1531 nm. The stim-
ulated emission cross section oe(\) is calculated from
McCumber theory!'!]. Figure 1 illustrates the calculated
absorption and stimulated emission cross sections of Er3+
ions and the maximum stimulated emission cross section
is 0.87 x 10720 cm? at 1532 nm. The high stimulated
emission cross section of Er3*-doped phosphor-tellurite
glass is due to the high value of refractive index n, since
the stimulated emission cross section of rare earth ions
is proportional to the refractive index of glass matrix
[0 ~ (n? +2)2/n]t2,

Figure 2 shows the emission fluorescence spectrum
of Er®t in phosphor-tellurite glasses. Because of the
difference of the emission spectra in different glass hosts,
the full-width at half maximum (FWHM) is often used
as a semi-quantitative indicator of the bandwidth. The
FWHM for Er®t-doped phosphor-tellurite glass is 54
nm, which is larger than those of phosphate glasses and
silicate glasses. The measured fluorescence lifetime of
4113/2 level of Er3t is 3.0 ms, which is comparable to
other tellurite glasses!!3].

Figure 3 shows the Raman spectrum of undoped
phosphor-tellurite glass. The band at 475 cm™! is as-
cribed to the symmetrical stretching or bending vibra-
tions of Te — O — Te linkages!'?. The bands around 685
and 756 cm~! are attributed to TeO, trigonal bipyra-
mid (tbp) units and TeOg trigonal pyramid (tp) units,
respectively['¥. The band at 917 cm~' is due to the
stretching vibrations of W = O and W—O~ bonds associ-
ated with WO, and WOg groups!¥. The broad band from
980 to 1250 cm™! (peak value 1100 cm™!) is assigned
to the symmetrical stretching vibrations of the POy,
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Fig. 1. Absorption and stimulated emission cross sections of
Er®" in phosphor-tellurite glass.
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Fig. 2. Fluorescence spectrum of Er®*-doped phosphor-
tellurite glass.
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Fig. 3. Raman spectrum of undoped phosphor-tellurite glass.

tetrahedra with two non-bridging oxygens!!>16l. The en-
ergy gap of transition 4I11/2 — 4I13/2 is about 3600 cm !
and the lifetime 7 of the %I, s2 level in oxide glasses
is determined almost entirely by the non-radiative de-
cay rate W, which can be estimated from an empirical
formulal!7l:

71 = Wi = Cexp|—(AFE — 2hw)ql], (1)

where C' and « are the characteristic parameters of the
glass-type but independent of the specific electronic level
of rare earth ions from which the decay occurs. For tellu-
rite glass, C and o were given as 10797 s~! and 4.7x 1073,
respectively'8!. AE and fiw are the energy gap and pho-
ton energy of the host, respectively. According to Eq. (1),
the lifetime of the 4114 /2 level of phosphor-tellurite glass
is 7.7 ps, which is much smaller than the lifetime (207.3
us) of the 4111/2 level in 75Te02-20Zn0-5Nas0 glass
(hw = 750 cm~1). So it is possible to efficiently pump at
980 nm. In fact, no obvious upconversion luminescence
was detected at the pump power of 500 mW, which indi-
cated that the introduction of high phonon energy oxide
P50s5 increased the non-radiative decay rate of Er3* ions
and reduced the upconversion luminescence.

In conclusion, Er®*-doped phosphor-tellurite glass has
high thermal stability, large absorption and stimulated
emission cross sections, and a broad emission width
with 54-nm FWHM. The improvement of the maximum
phonon energy of phosphor-tellurite glass reduces the in-
tensity of upconversion luminescence, which makes the
pumping efficient under 980-nm pumping scheme. Con-
sequently, Er3*-doped phosphor-tellurite glass can be
used as a potential host material for developing broad-
band short-length erbium-doped fiber amplifier (EDFA)
in WDM.

This work was supported by the Instrument Science
and Technology Opening Fund of Zhejiang Key Disci-
pline (No. 2006KF05) and the National Natural Science
Foundation of China (No. 50502030 and 60508014). S.
Zhao’s e-mail address is shilong_zhao@hotmail.com.

References

1. S. Tanabe, N. Sugimoto, S. Ito, and T. Hanada, J. Lu-
min. 87, 670 (2000).

2. S. Hocdé, S. Jiang, X. Peng, N. Peyghambarian, T. Luo,
and M. Morrell, Opt. Mater. 25, 149 (2004).

3. A. Mori, K. Kobayashi, M. Yamada, T. Kanamori, K.
Oikawa, Y. Nishida, and Y. Ohishi, Electron. Lett. 34,



. J. S. Wang, E. M. Vogel, and E. Snitzer, Opt. Mater. 3,
187 (1994).

S. Xu, S. Dai, J. Zhang, L. Hu, and Z. Jiang, Chin. Opt.
Lett. 2, 106 (2004).

G. S. Murugan and Y. Ohishi, J. Non-Cryst. Solids 341,
86 (2004).

G. S. Murugan, T. Suzuki, and Y. Ohishi, Appl. Phys.
Lett. 86, 221109 (2005).

H. Sun, C. Yu, G. Zhou, Z. Duan, M. Liao, J. Zhang, L.
Hu, and Z. Jiang, Spectrochim. Acta A 62, 1000 (2005).
H. Yamauchi, G. S. Murugan, and Y. Ohishi, J. Appl.
Phys. 97, 043505 (2005).

278 CHINESE OPTICS LETTERS / Vol. 6, No. 4 / April 10, 2008
887 (1998). 12
4. S. Zhao, X. Wang, D. Fang, S. Xu, and L. Hu, J. Alloys
Comp. 424, 243 (2006). 13.
5. A. Jha, P. Joshi, S. Shen, and L. Huang, J. Non-Cryst.
Solids 353, 1497 (2007). 14.
6. X. Shen, Q. Nie, T. Xu, S. Dai, G. Li, and X. Wang, J.
Lumin. 126, 273 (2007). 15.
7. B. Chen, S. Zhao, L. Hu, and Z. Jiang, Chin. Opt. Lett.
3, 472 (2005). 16.
8. P. Nandi and G. Jose, Opt. Commun. 265, 5838 (2005).
9. D.-D. Chen, Q.-Y. Zhang, Y.-H. Liu, S.-H. Xu, Z.-M. 17.
Yang, Z.-D. Deng, and Z.-H. Jiang, Chin. Phys. 15,
2901 (2006). 18.

10.

11

H. Yang, D. Yang, B. Zhai, Z. Wang, J. Zhang, and H.
Lin, Mater. Rev. (in Chinese) 20, 339 (2006).

. D. E. McCumber, Phys. Rev. A 134, 299 (1964).

R. Reisfeld and C. K. Jorgensen, Handbook on the Physics
and Chemistry of Rare Farth Vol.9 (Elsevier, Amster-
dam, 1987) p.1.



