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Cd3Al2Si3O12 glass
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Laboratory of Excited State Processes, Chinese Academy of Sciences, and Changchun Institute of Optics,
Fine Mechanics and Physics, Chinese Academy of Sciences, 130021 Changchun, People’s Republic
of China

~Received 10 April 2000; accepted for publication 6 September 2000!

In this work, a promising solid-state laser material, Er-doped cadmium aluminum silicate glass, has
been synthesized by solid-state reaction. Very intense emission at 1534 nm, corresponding to the
4I 13/2→4I 15/2 transition of Er31 ions, was observed upon both 488 nm Ar1 laser and 632.8 nm
He–Ne laser excitations at room temperature. Possible cross-relaxation processes in the glass are
discussed. ©2000 American Institute of Physics.@S0003-6951~00!04944-5#
s

n-

te

n

a
e

-
f
o
e

tie
ss

se
de

d
ria

e
re

tin
ai
he
th
n

e

2

8
the
t a
ro-
tted

of
s/
si-

the

ws

2.8

.

en
atly

, a
ing
s in

at

at

n

e

In recent years, Er31-ion-doped polycrystal and glasse
have caught much attention since the 1.53mm emission of
Er31 is incorporated well with the minimum attenuation wi
dow of silica optical fiber and is eye safe.1–7 Spariosuet al.
reported an Er:Ca5(PO4)3F saturable-absorberQ switch for
the Er:glass laser at 1.53mm.8 The erbium-doped phospha
glass waveguide on silicon with 4.1 dB/cm gain at 1.535mm
was reported by Yanet al.9 Therefore, Er31-doped glasses
are promising materials in fiber telecommunications a
other areas.

Compared with polycrystals, glasses have many adv
tageous applications, such as easy-made, scale-varied,
to be optic fiber, and adjustable host composition. Guet al.
reported broadband excitation of Er31 luminescence in chal
cogenide glasses.10 On the other hand, from the viewpoint o
application, the oxide glasses have several advantages
the chalcogenide glasses, including high durability and th
mal stability.

This letter reports the near-infrared emission proper
of Er-doped cadmium aluminum silicate gla
(Cd3Al2Si3O12, hereafter called CAS!. With the excitation of
a 488 nm Ar1 laser or 632.8 nm He–Ne laser, an inten
infrared emission band with a peak at 1534 nm was recor
at room temperature.

The glass samples used in this work were synthesize
high-temperature solid-state reaction. The starting mate
are high-purity CdO, Al2O3, and SiO2, which are mixed with
the stoichiometric ratio as Cd2.97Er0.03Al2.03Si2.97O12. The
Er31 was introduced as Er2O3 with 4N purity. The erbium
dopant concentration in the prepared glass is 1 at. %. W
mixed batches were introduced into a furnace, and were fi
at 850 and 1300 °C for 2–4 h, respectively. Then, the hea
product was cast into thin board. After annealing in
gradually from 600 °C to room temperature for 48 h, t
glass samples were polished carefully in order to meet
requirement for optical measurements. In addition, we fi
that this glass is easy to be fibered.

The transmission spectrum of the sample was perform
by an UV-360 spectrophotometer~data not shown!. The in-
frared emission spectra were measured with a SPEX-1

a!Electronic mail: zhxiao@public.cc.jl.cn
2840003-6951/2000/77(18)/2849/3/$17.00
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spectrophotometer at room temperature. A 488 nm Ar1 laser
~Spectra-physics 171! with a power of 290 mW and a 632.
nm He–Ne laser with a power of 30 mW were used as
excitation sources. The excitation light was introduced a
45° angle to avoid harming the grating of the monoch
mator and Ge detector by the reflected laser. The emi
light was analyzed using a 1 m single-grating monochro-
mator and detected with a cooled~77 K! Ge detector.

For comparison of infrared emission intensity, a kind
laser material, multi-quantum-well material InGaA
InGaAsP grown by metal–organic chemical-vapor depo
tion, which emits near 1550 nm under a 488 nm Ar1 laser,
was measured under the same conditions as that of
CAS:Er glass.

The transmission spectrum of the CAS:Er glass sho
seven absorption subbands due to 4f – 4f transitions of Er31

ions in the glass. The results indicate that both 488 and 63
nm light can efficiently excite Er31 ions in the glass. Figure
1 shows the emission spectra of CAS:Er31 glass with exci-
tation of a 488 nm Ar1 laser at room temperature. In Fig
1~a!, the emission at 856 nm~11 682 cm21! is due to the
4S3/2→4I 13/2 transition of Er31, while the emission near 982
nm ~10 183 cm21! is due to the4I 11/2→4I 15/2 transition of
Er31. Figure 1~b! shows the very intense emission betwe
1400 and 1700 nm. This luminescence intensity has gre
exceeded the measurement range of the device.

In order to verify that the intense emission is due to Er31

luminescence, not the signal from the excitation source
laser excitation monochromator was used in the follow
experiments. The emission spectrum for the CAS:Er glas
the near-infrared region is shown in Fig. 2~a!. The intense
emission peak is located at 1534 nm and the full width
half maximum is ;45 nm, corresponding to the4I 13/2

→4I 15/2 transition. According to Figs. 1 and 2~a!, the emis-
sion intensity at 1534 nm in Fig. 1 is about 1.073105 ~a.u.!,
while that at 982 and 856 nm are about 500 and 260~a.u.!,
respectively. Therefore, the intensity ratio of the emission
1534 nm to the emission at 982 nm~due to the 4I 11/2

→4I 15/2 transition! is about 214:1, while that of the emissio
at 1534 nm to the emission at 856 nm~due to the4S3/2

→4I 13/2 transition! is 412:1. These results indicate that th
9 © 2000 American Institute of Physics
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emission at 1534 nm of Er31 in CAS glass is very intense
emission at the range of 800–1800 nm.

Figure 2~b! shows the emission spectrum of the InGaA
InGaAsP material under the same condition. The spect
consists of a wide band with a peak at 1552 nm, but
intensity of the emission is much weaker than that of
1534 nm emission in CAS:Er glass. The intensity ratio of
1534 nm emission of Er31 in CAS glass to the 1552 nm
emission of InGaAs/InGaAsP material is about 70. This
sult also indicates that the emission at 1534 nm of Er31 in
CAS glass is very intense.

The intense emission at 1534 nm of Er31 was also ob-
served when excited by the 632.8 nm laser~produced by the
He–Ne laser!. The spectrum in the range from 800 to 18
nm is similar to that excited by the 488 nm laser. This res
confirms the intense emission at 1.534mm is due to Er31

luminescence in this glass.
The intense emission at 1534 nm of Er31 in CAS:Er

glass is attributed to the energy transfer effect of the E31

FIG. 1. Emission spectra of CAS:Er31 glass excited by 488 nm Ar1 at room
temperature in the near-infrared region:~a! 800–1200 nm;~b! 1200–1800
nm.

FIG. 2. Emission spectra of two kinds of materials with excitation of a 4
nm Ar1 laser at room temperature:~a! CAS:Er31 glass, emission peak a
1534 nm ~solid line!; ~b! InGaAs/InGaAsP material~multiplied by 70!,
emission peak at 1552 nm~dashed line!. The intensity ratio of~a! to ~b! is
about 70.
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ions. The dominant energy transfers are described as follo
the pump laser excites electrons from the ground state to
4F7/2 excited state, then the excited electrons relax to
lower level by a nonradiative process, and finally to popul
the4S3/2 level. When the4S3/2 level is populated, the follow-
ing possible cross-relaxation processes may occur:11,12

Er31:4I 15/2, Er31:4S3/2→Er31:4I 9/2, Er31:4I 11/2,

Er31:4I 15/2, Er31:4S3/2→Er31:4I 13/2, Er31:4I 9/2,

Both are shown as thin solid lines in Fig. 3. Furthermore,
successive process that depopulates the4I 9/2 level and popu-
lates the4I 13/2 level is as follows:

Er31:4I 9/2, Er31:4I 15/2→Er31:4I 13/2, Er31:4I 13/2

This process is indicated as dashed lines in Fig. 3. Th
three kinds of cross-relaxation processes diminish the l
time of the Er31 4S3/2 level and make the lifetime of the Er31

4I 13/2 level in CAS:Er31 glass increase. Therefore, the pop
lation distributed in the4I 13/2 level becomes very large, th
ratio of the 4I 13/2→4I 15/2 transitions is very high, and very
intense emission occurs.

In summary, a promising solid-state laser material,
doped cadmium aluminum silicate glass, has been syn
sized using solid-state reaction. Very intense emission
1534 nm of Er31 in CAS:Er glass excited by 488 and 632
nm laser was observed at room temperature. This emissio
due to the4I 13/2→4I 15/2 transition of Er31 in the glass. These
results indicate that Er-doped CAS glass is a promising la
material in fiber communications along with its high chem
cal durability and thermal stability.

This work was supported by the Chinese Natural S
ences Foundation.
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