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Infrared and visible luminescence properties of Er 3t and Yb 3™ ions
codoped Ca 3;Al,Ge;0,, glass under 978 nm diode laser excitation

Huang Lihui, @ Liu Xingren,” Xu Wu,” Chen Baojiu,” and Lin Jiuling®
Laboratory of Excited State Processes, Chinese Academy of Sciences, 130021 Changchun,
People’s Republic of China

(Received 15 January 2001; accepted for publication 28 August)2001

Er* and YB' ions codoped calcium aluminum germanate glass has been synthesized by
solid-state reaction. An intense infrared emission at 1534 nm, which corresponds to the minimum
losses of silica based fibers used in optical communications, and visible emissions at 416, 490, 525,
548, and 660 nm, corresponding to thegs,— 115/, 2Hop— 41152, *Frip—*lis, 2Hizo— *liss,

4S5, 4151, and*Fg;,— 415, transitions of E¥' ions, respectively, were simultaneously observed

in this glass under the excitation of a 978 nm diode laser at room temperature. These emissions are
mainly attributed to energy transfer from ¥bions to EF" ions. The up-conversion processes
involve a sequential two-photon absorption for the (@80 nm), the green emission$25 and 548

nm) and the blue emissio@90 nn), and a sequential three-photon absorption for the violet-bluish
emission(416 nm. The up-conversion fluorescence of;88,Ge;0,,:Er,Yb glass can be used to
detect 980 nm infrared laser light. ®001 American Institute of Physics.

[DOI: 10.1063/1.1413494

I. INTRODUCTION CAG) under the excitation of a 978 nm diode laser at room

In recent years, Ef doped glasses have attracted much©MPerature.

interest due to their important optical properties for use in
lasers and devices for optical communicatiofisWith the ||, EXPERIMENT

development of the 980 nm laser diodes, these interests have o .
been stimulated from the view point of applicatfsjnce The glass samples used in this work were synthesized by

Mears et al? reported the operation of the Er-doped fiber Nigh-temperature solid-state reaction. The starting materials

amplifier pumped at a 980 nm wavelength. are high-purity CaO, AlO;, and Ge®, which are mixed
Since the spectral region of tR€;,,— 2Fs, transition of ~ With the stoichiometric ratio as GAl;G&0,,. E’3_+ and

the YB** ion overlaps that of thél,s;,—*1,,, transition of ng_+ ions were introduced as gb; and Y,O; with 4N

the EPF™ ion, it is possible to achieve an effective Yb to Er PUrity. EF* and YB'" doping concentrations in the prepared

transfer mechanism of the excitation enetgy. the last few ~ 9lass are 0.4 at.% and 3.2 at. %, respectively. Well-mixed

years, many authors have demonstrated pulsed, as well hatches were introduced into a furnace, and were fired at

continuous, wave operation of Er and Yb codoped glas§90°C, 1300°C, and 1520°C for 2 h—4 h, respectively.
laser<10 Then, the heating product was cast into thin board. After

On the other hand, the up-conversion luminescence fror@Nnealing in air gradually from 600 °C to room temperature
Er3*-doped glass has caught much attention for the purposior 48 h, the glass samples were polished carefully in order
of developing infrared laser pumped solid state up-l© Mmeet the requirement for optical measurements. In addi-
conversion lasers:2An efficient up-conversion laser at 540 tion, we found that this glass can be drawn into fibers easily.
nm when pumped with a laser diode at 800 nm has been The visible and near-infrared absorption spectra of the
realized and has shown a higher efficiency than harmoni€ample were measured at room temperature using a Perkin-
generation techniqués.So far, most efforts have been paid EImer Lambda 9 spectrophotometer over a spectral range of
to fluoride systems owing to their relatively lower phonon300-1800 nm. The emission spectrum by direct excitation

energy. But oxides are much more appropriate than fluoride&as performed at a Hitachi F-4500 fluorescence spectropho-
as host materials for practical applications due to their eastometer. The up-conversion luminescence spectra were re-
of fabrication, high chemical durability, and thermal stability. c0rded by a Hitachi F-4000 fluorescence spectrometer. The
Several up-conversion studies in oxide glass systems haJBfrared emission spectra were measured with a Spex-1269
shown efficient up-conversion even at room temperattte. ~SPectrophotometer. A 978 nm diode laser with a maximum
This article reports the up-conversion emissions and th@ower of 1 W was used as the excitation sources in the

Stokes emission of Bf and YB* ions codoped calcium aforementioned measurements. The excitation light was in-
aluminum germanate glag€a;Al,Ge;0,,, hereafter called troduced at a 45° angle to avoid harming the grating of
monochromator and the Ge detector by the reflected laser.
o]  mail: 2hia0@public.co The emitted near-infrared light was analyzed gsan1 m

ectronic mail: zhxiao public.cc.jl.cn H H : H i
YAlso at: Changchun Institute of Optics, Fine Mechanics, and Physics, Chi-SI.ngle grating monochromator and detected with a |IQUId
nese Academy of Sciences, 130021 Changchun, People’s Republic dlitrogen-cooled Ge detector. All measurements were per-
China. formed at room temperature.

0021-8979/2001/90(11)/5550/4/$18.00 5550 © 2001 American Institute of Physics
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FIG. 2. Emission spectra of £ ions for the E¥* and YIB" codoped CAG
glass under 49@solid line) and 520 nm(dashed ling excitation at room
temperature.

from #S;,, level to the ground-statdis, level was observed
upon the excitation of 520 nm liglitlashed ling There is no

__/__/! evidence that emissiofue to the*Fg,—*1;5/, transition of

] Er*" ion around 660 nmis recorded under the two afore-

250 1000 7200 1200 1600 mentioned excitations. These results indicate that*fg
level is not populated by relaxation or any other processes
from the*F, level in the sample. On the other hand, relax-
FIG. 1. Absorption spectra of & and YI* ions in the range ofa) 300to  ation or any other process from the upgé,, level can
750 nm and(b) 770 to 1100 nm and 1350 to 1650 nm for the CAG glass populate theZHll/2 level and483,2 level.

hickness=1.98 m room temperature. Absorption bands of Eion . . -
e o, FIJLE 3 SO the Up-conversion emission spectra of
[~ log(l/1g)]. Er** ions in the range of 400 to 700 nm for the®Erand
Yb3* ions codoped CAG glass sample under the excitation
of a 978 nm diode laser at room temperature. The up-
Ill. RESULTS AND DISCUSSION conversion emission bands centered at 416, 490, 525, 548,
and 660 nm are attributed to the transitions from the excited
states?Hgy,,*F7/2,2H11/2,*S32, and*Fgy, to the ground-state
41,5, of E™ ion, respectively. However, the emissions cen-
tered at 416 and 490 nm are much weaker than the other
é:_missions. In addition, the up-conversion fluorescence is too
weak to be recorded in Ef single-doped CAG glaséer-
bium concentration is 0.4 at.paunder the same excitation
conditions. This confirms that there exists an effective Yb to

Wavelength(nm)

Figures 1a) and 1b) show the absorption spectra of
Er* and YB* ions for the CAG glass sample at room
temperature. The absorption spectrum of 'Eion consists
of 11 absorption bands centered at 18310, 804, 650,
544, 520, 488, 451, 406, 377, 365, and 356 nm, correspon
ing to the absorptions from the ground staths, to
the excited states*l13*lor2,*For2,*Ssp,°Ha1/2 *Frr2,*Fsp2
+*Fa2,Her2, *G11/2,°Gop2, and ?K ot *Gypp, respectively.
The absorption spectrum of Yb ions shows an intense ab-
sorption band centered at 980 nm in the sample, due to the
2F,,— 2Fg, transition of the YB™ ion. Certainly, the absorp-
tion band centered at 980 nm is also partially attributed to the
absorption of Et" ion due to the®l 5,—*l,, transition of 10
the EF* ion. However, the 980 nm absorption of the’Er
ion is much weaker than that of the ¥Ybion. These results
indicate that YB* and EF" ions in the CAG glass can be
excited by 978 nm light simultaneously.

The emission spectra of £F ions for an Ef* and YB'*
codoped CAG glass sample in the range of 520 to 700 nm 2'
under the direct excitation at 490 nfexcited in the*F;, S
level) and 520 nm(excited in the?H,,, level) at room tem- =
perature are shown in Fig. 2. Under 490 nm excitat®olid
line), there are two emission subbands centered around 530 Wavelength(nm)

; 4 4
and 546 nm, corresponding to thely;;,—l15, and *Sy; FIG. 3. Up-conversion emission spectra of Eiions for the E¥* 3m and

4 .y + - .
—"l152 j[ra_nsmon of EF lon, respectively. However, Only_ Yb3* codoped CAG glass under the excitation of a 978 nm diode laser at
one emission band peaking at 546 nm due to the transitiorbom temperature.
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FIG. 4. Infrared emission spectra of*Erions for the CAG glass under the
excitation of a 978 nm diode laser at room temperature in the range o

1300-1700 nm.
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FIG. 6. Energy level diagram of Ef and YB* ions and luminescence
mechanisms of Bf and YB* ions codoped CAG glass under a 978 nm
diode laser excitation at room temperature. The solid lines stand for the
absorption and emission transitions forErand YB* ions. The dashed
lines stand for energy transfer from ¥band EF* ions. The curves repre-

Er transfer mechanism of the excitation energy. The upsent the nonradiative relaxations.
conversion fluorescence of CAG:Er,Yb glass can be used to

detect a 980 nm laser light.

A near-infrared emission spectrum ofEremission in

cited state’l,,,, by one of the three processes: ground state

the range of 1400 to 1700 for the Er and Yb codoped CAGAbsorption, phonon-assisted energy transfer from the
glass under the excitation of a 978 nm diode laser at roonYb®>" *Fs); level, and energy transfer from e, level of
temperature is recorded, as shown in Fig. 4. There is aBn adjacent B ion. Among the three processes, the
intense emission centered at 1534 nm with the full width aPhonon-assisted energy transfer from an®¥ton is the

half maximum is about 54 nm, corresponding to ftey,

main one, since the ¥b ion has a larger absorption cross

—4135, transition of EF* ion, which corresponds to the Section than the Bf ion around 978 nm in the CAG glass
minimum losses of silica based fibers used in optical comhost[see Fig. )] and the up-conversion fluorescence in

munications.

Er’* singly doped CAG glass under the same excitation con-

The pump power dependence of the aforementionedlitions is very weak. Secondly, the populafig, level was
three up-conversion signals was analyzed and the results af&cited to thé'F;; level by the same three processes: excited
depicted in log—log plots of Fig. 5. According to Fig. 5, the State absorption, phonon-assisted energy transfer from a
fluorescence emissions intensities presented a quadratic déb®” ion, and energy transfer from an adjacent Eion.
pendence upon excitation intensity at 978 nm. This behaviof he populatedF, level may mostly nonradiatively relax to
indicates the participation of two 978 nm excitation phonongwo lower levels:?Hy;, and “S,, which produce the two

to populate the emittingH,,,, *S;,, and*Fg, excited-state

green up-conversion emissi®b25 and 548 nm however, it

levels. According to the energy matching conditions and théeldom relaxes radiatively to the ground stdg,, produc-
quadratic dependence on 978 nm pump intensity, the uphg very weak emission at 490 nm. On the other hand, the
conversion mechanism in this system under 978 nm exciteE" " ion populated'l;, level mostly relaxes nonradiatively
tion could be explained as illustrated in Fig. 6. Firstly, theto the long-living*l,5, level. The populatedi s, level may

Er™ ion was excited from the ground stdtlgs, to the ex-

[ |O 525nm Slope=2.15 ' _ .', -
- [ (O 548nm Slope:1.98 = B
= | | 660nm Slope=2.05 .
g _--T -EF-
=y - a8
g 100 - - Fag -
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%OO 300 400
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FIG. 5. Log-log plot of up-conversion fluorescence emission intensity as a

function of pump intensity at 978 nm.

be excited to théF, level by the same three processes. On
one hand, the populatetFy,, level of the EF* ion mostly
relaxes radiatively to the ground-state, level, which
causes emission around 660 nm. On the other hand, it may
be excited to théHy,, level by a third phonon absorption by
the same three processes, producing weak blue emission at
416 nm. In addition, the red intense emission at 660 nm can
readily be seen by the naked eye, for pump powers lower
than 150 mW.

As mentioned, the populatéd, 5, mostly relaxes to the
ground state, producing 1534 nm emission, because of the
high multiphonon decay rate of the excited EF1,;,, mani-
fold into the #l,5,, level due to the high effective phonon
energies of the germanate glass host.

IV. CONCLUSION

Er* and YB* ions codoped CAG glass has been syn-
thesized by solid-state reaction. An intense infrared emission
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