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Abstract

We report kinetics of rise and decay of up-conversion luminescence in processes involving
Tm?®" ions in fluorophosphate glass upon excitation of Yb3* ions by continuous and pulsed
femtosecond radiation. We observe several characteristic times in time-profiles of up-
conversion rise and decay fronts. Also, the luminescence decay process with continuous
pump behaves in a completely different way in comparison with femtosecond pulsed pump

with increasing pump power.

l. Introduction

Up-conversion (UC) luminescence of
rare earth ions is a promising area of research
in optics and laser physics. Continuous lasers
are widely used to excite UC processes, but
femtosecond lasers are also of interest for
several applications involving UC processes.
Femtosecond laser radiation provides a high
peak power of excitation pulses [1, 2], which
can lead to multi-photon excitation [2, 3] and
decay [4] processes. Direct laser excitation
of thulium ions due to absorption processes
between its excited states, along with the
energy transfer from ytterbium ions, makes it
possible to control the temporal dynamics of
UC processes. One can either enhance or
suppress UC processes using coherent
control methods [2, 4, 5]. Note that the
analysis of the time-hierarchy of UC
processes [6], occurring due to both single-

and multiphoton laser excitation of thulium
ions [4] and energy transfer between
ytterbium and thulium ions [7], becomes
much more complicated when excited by
femtosecond radiation [4, 8]. It is even more
complicated in the presence of several
resonant frequencies [9]. In our case, the
characteristic emission frequencies are
determined by the wavelength of the
femtosecond laser (A = 1038 nm) and the
wavelength of the energy exchange between
ytterbium ions and the thulium ions (A = 975
nm).

Classical analysis of double logarithmic
(log-log) dependences of the intensities of
these luminescence bands in the case of
continuous pumping showed that the
dependences under consideration reflect the
mechanism of sequential nonradiative
energy transfer from Yb%* ions to Tm** ions
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[7, 10, 12]. At the same time, the
dependencies obtained using excitation by
femtosecond pulsed radiation suggest that,
along with this process, significant
contributions can also be made by the
processes of both single-photon and
multiphoton excitation of Tm®*" ions. The
latter can be attributed to significantly higher
peak power of femtosecond pulses [2]. In
addition, an influence of the nonlinear effect
of photobleaching [13], associated with the
saturation of the population of intermediate
levels and leading to a decrease in the slope
of the log-log dependence [14], can also take
place.

Il. Experimental method

In previous studies, we performed a
comparative analysis of the UC processes of
Tm®" ions in fluorophosphate glass upon
excitation of Yb®" ions by continuous

[1,7,10] and pulsed femtosecond [1]
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radiation. The wavelength of CW radiation
pump (975 nm) was in the strong absorption
band of Yb®" ions, and the wavelength of
femtosecond radiation pump (1038 nm) was
into the edge of the absorption band of Yb3*
ions. In addition, 1038 nm wavelength
corresponded to the transitions between
some excited states of Tm3* ions (e.g., °Fs <>
3Fy3 1 *Hs < G4 in Fig. 1a, see Fig. 6 in
[11]). In both cases, bands in the regions of
440-480 nm, 630-670 nm, and 760-840 nm
were observed in the UC luminescence
spectra (Fig. 1b). The distribution of their
respective  intensities  obtained by
femtosecond and continuous excitation
turned out to be different. This indicates
different Kkinetics of the processes of
population of the energy levels of ytterbium
and thulium and a possible difference in the
time-hierarchy of these processes.
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Fig. 1 Absorption spectrum of the sample with excitation wavelengths indicated
(a) and up-conversion luminescence spectra of the sample (b) upon excitation by CW
radiation (black) and femtosecond pulses (red)

I11. Results and Discussions

This short notice presents some
preliminary results of a study of the kinetic
characteristics of UC  luminescence
depending on the power of the exciting
radiation. In the experiments, the laser
sources described in [1] were used to excite
UC luminescence. CW pump was modulated
using a control unit, and femtosecond-pulsed

pump was switched on and off using a
mechanical chopper. Photomultiplier tube
FEU-118 and a TDS5104 oscilloscope were
used to record oscillograms. The
oscillograms of the rise and decay fronts of
UC luminescence at different powers of the
exciting continuous and femtosecond
radiation are shown in Fig. 2. This figure
shows that in the case of excitation by



continuous radiation, the kinetic
dependences are characterized by a sequence
of several sections with different

characteristic times, t, corresponding, for
example, to slow and fast processes (Fig. 2
(a, €)). The presence of a slow component

1,0 -

might be associated with the reverse energy
transfer from Tm3" ions to Yb%. With
femtosecond excitation, this process can be
characterized by a single exponential (Fig. 2

(b, d)).
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Fig. 2 Oscillograms of the rise (a, b) and decay (c, d) fronts of the UC luminescence (475
nm) excited by modulated CW (a, c) and femtosecond pulsed (b, d) pump. For better
clarity, the oscillograms of the fronts are spaced apart, and the corresponding powers of
the exciting radiation are indicated by numbers.

The rise time decreases with increasing power of both continuous and femtosecond

excitation radiation (Fig. 3a).
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Fig. 3 Dependences of the rise time (a) and decay time (b) on the CW pump power of the
exciting continuous (black balls) and femtosecond pulsed (magenta balls) pump.

With CW excitation, along with the energy
transfer from Yb** to Tm®*, the population of
the !G4 level can also increase due to
cooperative processes by transferring energy
from excited pairs of ytterbium ions Yb*-
Yb* [7]. This is possible at a high pump
power and a sufficiently high concentration
of ytterbium ions. With femtosecond pulsed

pump, a sharp jump-like decrease of the
rising-front formation time is observed. The
parameters of the obtained dependencies of
the rise and decay Kinetics of the UC
luminescence for the boundary values of the
studied ranges of the exciting radiation
powers are given in the table.

Characteristic decay and rise times of UC luminescence at different pump powers

CW pump
P, mW Rise time, ms Decay time, ms
60 3 1.23
1750 2.4 1.21
Femtosecond pulsed pump
P, mW Rise time, ms Decay time, ms
300 2.9 3.06
1600 2.2 1.18

It should be noted that the luminescence rise
time decreases with increasing femtosecond
pulsed pump, like how it occurs with
continuous excitation (Fig. 3a). However, the
luminescence decay process with CW pump
behaves in a completely different way in
comparison with femtosecond pulsed pump
with increasing pump power (Fig. 3b). In the
latter case, the change in the decay rate of the
process from the Gy level can be associated
with both the influence of relaxation
processes from higher excited states (*Dz , ls
u 3Po12) and exchange processes involving
other excited states, depending on the pump
power and the concentration of Tm** and
Yb* ions [15]. Thus, the Kinetic
characteristics of the UC luminescence of
thulium ions from the G4 multiples confirm
the difference in the mechanisms of its
population and interaction between Tm®* and
Yb® ions, both depending on the excitation
mode and on the pump power.

IVV. Conclusions

The observed differences in the fronts’
kinetics for CW and pulsed excitations points
to the conclusion that under the femtosecond

and CW excitations the UC dynamics might
by caused by the different physical
mechanisms. Possibly, in the case of
femtosecond excitation occurring on the
time-scale less than the typical decoherence
time, coherent cooperative processes might
influence population exchange. That is the
subject of future work.
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