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Nd3* strengthens the Er®t:2.7-um emission 10* times in fluorophosphate glass; in addition, it can also
decrease its upconversion effects and the 1.5-um emission accordingly. Cross-relaxation process is the
principal transition mechanism in this codoping system. Compared with Er3* singly doped glass, J-
O parameters along with the A,.q, 3, Tr values of Er®t change markedly in Er®t:Nd3* codoped glass
because Nd*T greatly influences the local environment around Er®*. Results also show that Nd®** has a
good 415 /2 lifetime quenching effect as well as thermal load reduction ability for Er®*:2.7-ym emission.
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Mid-IR (MIR) lasers have significant applications in
many areas, such as medicine, hazardous chemical de-
tection, coherent lidar, remote atmospheric sensing,
pollution monitoring, and MIR laser countermeasures
weapon[' =% Er3+:2.7-um emission is a good MIR laser
source, and has been utilized in many materials!36—10],
Because MIR emission is greath/ influenced by the
phonon energy of the gain medial'>*?, materials with
lower phonon energy are preferable in order to com-
pensate for the large quantum defect of Er3+:2.7-um
emission.  Although the Er®t:2.7-um laser has been
obtained in fluoride glass fiber, its thermal, chemical,
and environmental properties, as well as its prepara-
tion properties, are not suitable for further applications.
Fluorophosphate (FP) glass has been recognized as one
of the most promising materials for MIR fiber lasers
because of its better formation ability, crystallization
stability, and fiber drawing properties compared with
fluoride glass!'3—15],

MIR emission in FP glass has rarely been reported.
In this letter, we evaluate the effect of Nd3T on
Er3*:2.7-um emission in FP glass. Er3*singly doped and
Er3t:Nd3*codoped glass samples, labeled as Er and EN,
were prepared according to the following compositions
(il’l mol%)t 3A1(PO3)3—5SI‘(H2PO4)2-52R1F2—40R2F3
(R1=Mg, Ca, Sr, Ba, Ro=Al, Y)-0.4ErF3-(0,0.8)NdFs;.
The glasses were prepared from reagent-grade fluorides,
phosphates, and high-purity rare-earth fluorides by the
conventional melting and quenching method. After an-
nealing, the glasses were cut and polished to 20 x 10
x 3 (mm) for further measurements. Fluorescence
spectra and lifetime, together with the upconversion
luminescence, were recorded with a spectrofluorimeter
(FLSP920, Edinburgh Instrument, VK) (measurement
range of 200-3 300 nm) under the excitation of a 976-nm
laser diode (LD). Moreover, absorption spectrum was
measured by a UV /VIS/IR spectrophotometer (Lambda
900, Perkin Elmer, VSA) over a range of 300-2 000 nm.

As shown in Fig.1, the 2.7-um fluorescence is nearly
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unobservable in Er3* singly doped glass; however,
Nd3*tstrengthens the fluorescence greatly. The inset
shows the 1.5-pm fluorescence spectra, which is lower in
EN than in Er. We also measured the 4113/2 lifetime,
which were shown to be 10.8 and 2.4 ms in Er and EN,
respectively. Apparently, the reduction of the 1.5-um
emission and the quenched *I;; /2 lifetime in EN indi-
cate that energy transfer process takes place on *I;5 /2
level, which can be depicted as (cross-relaxation) CR1:
Er3+:4113/2+4115/2 —)Nd3+2419/2+4115/2 (See Flg 2 for
energy levels of Er*t and Nd**). Thus, *I;3/5 transfers
its energy to Nd*", which activates the *Iy/o —*Iy5/»
transition while de-exciting itself to *I;; /2 state. This
provides a good explanation why the 1.5-um fluores-
cence and lifetime decrease in EN. Because the particles
on 4113/2 are reduced, the 2.7—,um:4111/2 —>4113/2 transi-
tion is strengthened accordingly.

Figure 3 shows the upconversion luminescence of the
samples. Except for the lower upconversion intensity of
EN compared with Er, both perform similar upconver-
sion characteristics, including the same peak wavelength.
This indicates that they possess the same upconversion
mechanisms. Based on the similar spectra shape, as well
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Fig. 1. Fluorescence spectra of Er and EN around 2.7 um;
inset shows the 1.5-um emission.
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Fig. 2. Energy levels of Nd**and Er3™.
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Fig. 3. Upconversion luminescences of Er and EN, inset is the
fluorescence spectra around 804 nm.

as on the similar upconversion characteristics in Er and
EN, the upconversion luminescence in EN is believed to
be induced by Er3*. The principal upconversion mech-
anisms of Er®t are excited-state absorption (ESA) and
cross-relaxations (CR2) processes; the uses of these mech-
anisms in various glasses have been discussed[!416—18]
The CRI1 process attenuates ESA and CR2 processes,
resulting in decreased upconversion intensity in EN. An-
other possible energy transfer process involves particles
on Er3+:4111/2 de-exciting to 4115/2, which activates the
Nd3+:4115/2 —>2H11/2 transition through CR3 process.
However, the four nonradiative (NR) relaxation pro-
cesses from 2H11/2 to 4F3/2 consume energy; hence, no
upconversion process occurs in Nd3T ions. No other
upconversion luminescence and 1.35/1.8-ym emissions
from Nd3t:*F, s2 were observed. Because the samples
were measured under the 976-nm excitation, whether
the Nd3*: 0.93 and 1.06-um emissions exist could not be
determined.

To analyze the spectroscopic properties in Er and EN,
J-O parameters (€22 4,6) further, spontaneous radiation
probability A,.q, branching ratio § together with the
radiative lifetime 7R were calculated according to the
J-O theory' (refer to Table 1). Figure 4 shows the ab-
sorption spectrum of Er and EN; the absorption bands
of Ert are marked accordingly. First, J-O parameters

significantly change in EN. Researcher know that € 46
are closely related to the local characteristics around
Ert. Because the base glass of Er and EN are com-
pletely the same, the greatly changed 25 4 ¢ values could
only be attributed to the codoping with Nd3*. This is
because, with Nd3t introduced, the local environment
around Er?* becomes changed markedly. The decreas-
ing T value of EN coincides with the measured lifetime,
and the increasing )5 value means that the spontaneous
radiation probability in EN would be higher than that
in Erl2% which corresponds with the calculated results
shown in Table 1. Clearly, the Aaq of “Iy1/2 —*113)2
transition is higher in EN, indicating that the 2.7-um
radiation tends to occur easily in EN. Interestingly, a ra-
diative lifetime of 4I /2 is very high in EN, and has never
been observed before. We then measured the correspond-
ing fluorescence spectra of 4, ,2(804 nm) in Er and EN
glass. The inset of Fig. 3 shows that a much stronger
fluorescence spectrum emerges at 804 nm in EN. This is
believed to be induced by the Nd*T:*Fg /5,*F5 /5 —1g /o
energy transfer process.

Table 1. Ayaq, B, Tr, and Q24,6 of Er and EN

Initial End Er EN
Level Level Apa(s™) 8 7r(ms) Awa(s™) B8 7r(ms)
12824 1 7.8 174.52 1 5.73

4113/2 4115/2

‘Tije “Tise 11852 0.83 7.0 182.66 0.85 4.68
T30 2435 017 31.23 0.15

T/ *Lise 9930 0.70  7.07 48.55 0.56 8.74
Tz, 4079 0.29 64.00 0.43
T, 186 0.01 1.86 0.01

“Foso "Iis;  1181.44 0.91 0.77 1090.7  0.89 0.82
‘i3 5732 0.05 48.18 0.04
T2 5424 0.04 83.57 0.07
Ty, 134 0 1.58 0.00

“Sss2 "lLis;p 1033.65 0.63 0.61 1638.8 0.64 0.39

4113/2 523.03 0.32 829.28 0.32
‘T2 3210  0.02 49.1 0.02
419/2 48.95 0.03 63.9 0.03
Q246 2.77, 1.68, 1.47 3.27, 0.75, 2.33
§=0.17x10"° §=0.78x 1076
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Fig. 4. Absorption spectra of Er and EN glasses. Absorption
bands of Er®" of EN are marked accordingly.
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In conclusion, results show that Nd3' not only
strengthens Er3*:2.7-um emission greatly in FP glass,
but also decreases its upconversion effects, which can sig-
nificantly reduce thermal load of the glass. No other
upconversions or emissions are observed in the glass.
The cross-relaxation process is proven to be the prin-
cipal transition mechanism in this codoping system. The
J-O parameters, along with the A,,q, 5, Tr values of
Er®t, change significantly because the local environment
aro;)md Er3t is influenced greatly by the addition of
Nd3 .
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