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ABSTRACT

Most laser gain media are characterized by emission quenching in the mid-IR wavelength region as a result of the
high phonon structure of such media. The need for more emission in the mid-IR region has made the
development of low phonon hosts a major research interest. In this work, we compared the infrared emission
properties of Ho™* doped low phonon halides (KPb,CL) with those of their fluoride counterparts. Results show
that mid-IR emission wavelengths that appeared in the halide hosts were effectively quenched in the fluorides.
Furthermore, the emission lifetimes of the halides did not vary significantly with temperature, indicating that
they were not susceptible to much non-radiative decay as it was found in high phonon crystals.
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INTRODUCTION

The mid infrared wavelength region has lately
become important for several portable
applications (Joullie ez a/, 2003). This has turned
research attention to the development of portable
lasers that can operate in the mid-IR wavelength
region (Kalisky, 1999). Available mid-IR lasers are
either too bulky for portable application or they
require cryogenic cooling, making them
unsuitable for outdoor use (Tittel ¢z al., 2007). The
viable alternative is to develop portable diode-
pumped solid state (DPSS) lasers. Trivalent
lanthanide ions (L.n”") have been found to produce
emission from UV to IR wavelength range when
embedded in suitable hosts (Diening ez a/, 1997).
The challenge however is the quenching of mid
infrared emission experienced in several hosts as a
result of their high phonon structure, which
makes them susceptible to high multi-phonon
relaxation processes (Heo, 1997). Of current
research interest is the development of suitable
low phonon hosts that will allow emission in the
mid-IR wavelength region (Schneider e# a/., 1997).
Such novel materials are found in the halide family
and of particular interest are potassium lead
chloride (KPb,Cl.) and potassium lead bromide
(KPb,Br,) with maximum phonon energy of ~
203 cm” and ~ 140 cm’” respectively (Isaenko ez al.,
2002). Literature abounds on the synthesis and
properties of these halides as host matrices for
La’" ions (Rademaker ¢ al., 2005; Nostrand ez al.,

2001; Isaenko ez al, 2001). In this paper, we
compared the spectroscopy of Ho’:KPb,Cl,
(hw,,~203 cm) with that of Ho: CaF,
(ho,,.~500 cm’) to see the effect of the phonon
structure of the host matrix on mid-IR emission.

MATERIALSAND METHOD.

The details of the material synthesis and growth
of Ho:KPb,Cl. and Ho :CaF, have been
described elsewhere (Oyebola ¢z al, 2010). Ho™
absorption peaks were obtained from
transmission studies carried out with a Cary 5000
UV-VIS-NIR spectrophotometer and
corresponding absorption coefficients deduced
using the Beer-Lambert law.

Spectral emission measurements were carried out
using the schematic setup shown in Figure 1. The
laser beam from the pump source was focused on
the sample through the lens and mirror
arrangement. An optical chopper was placed in
the line of the excitation beam for modulation of
the CW laser. The emission produced by the
sample was then collected and focused through
another lens arrangement into the spectrometer.
An appropriate long pass filter was placed at the
entrance slit of the spectrometer to block
unwanted signals. The signal collected by the
detector was sent to the oscilloscope for display
and to the computer through a lock-in amplifier
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for data analysis. Samples were excited and
scanned over the (750 -1750 nm) near infrared
(NIR) region and the (1800 — 4500 nm) mid
infrared (MIR) region. For time-resolved
experiments, the setup was similar to Figure 1,
except that the pump source was replaced with a
pulsed laser, and there was no need for a
modulating chopper. The transients of the various
NIR emission peaks were captured on the

DETECTOR LPF Filter

OSCILLOSCOPE
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oscilloscope and their data recorded for lifetime
analysis. Temperature dependent emission and
lifetime studies were also carried out on the
samples. For temperature dependent
measurements, the sample mount was enclosed
inside a closed cycle helium refrigerator that
reduced the temperature of the sample to as low
as 10 K.

Lenses
Sample

Optical Pump
Source

Figure 1. Schematic Setup For Spectral Emission Measurements.

RESULTS AND DISCUSSION

The efficacy of low phonon hosts in producing
mid-IR emission was clearly demonstrated by the
compatrison of emissions from Ho': KPC and
Ho™": CaF, (ho,, ~500 cm") as shown in Figure 2.
While the 1.6 um emission from the I, excited
state is intense in Ho': KPC, it is almost
completely quenched in CaF,. Similarly, the 3.9 pm

max

mid-IR emission, also from the I excited state is
intense in Ho™: KPC and almost completely

quenched in Ho'": CaF,. At the same time, the 2.9
um emission is very strong in Ho'™": CaF, but
almost entirely quenched in Ho™": KPC.

This observation is consistent with the energy gap
law (Kaminskii, 1996) as illustrated in Figure 3.
The energy gap between the 'I, and the I, levels is
~2500 cm’. For the calcium fluoride, this is an
energy gap of about five phonons while in the
potassium lead chloride over twelve phonons are
required to fill the same energy gap.
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Figure 2. Comparison of Near-IR and Mid-IR Emissions in Ho™": KPC and Ho™": CaF,, Showing the
Quenching of the 'L, Transitions From Ho™": CaF..

Hence the KPC host allows radiative transitions  phonon relaxation process from the I, to the I,
of 1.6 um to the I, level and 3.9 um transition to  level so that strong 1.2 um and 2.9 um emission
the I, level, whereas in the calcium fluoride host, are observedin Ho'': CaF,.

these emissions are quenched because of multi-
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Figure 3. Comparison of The Dominant IR Transitions in Ho: KPC and Ho: Cak'..
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Temperature dependent lifetime measurements
of the I, level were cartied out for Ho’": KPC and
monitored at ~ 1.7 um for temperatures between
10K and 300K (to room temperature) in order to
determine the extent of non-radiative decay
occuring from thatlevel.

The experimental lifetime is a combination of the
radiative and non-radiative lifetimes and the non-
radiative decay rate is usually expressed in the form
of multi-phonon relaxation (MPR) processes
(Pujol ez al, 2002). Multi-phonon relaxation
processes are generally expected to reduce at low
temperatures due to a reduction in lattice
vibrations (Orlovskii ef al, 2002). Therefore, a
noticeable temperature dependence of the
measured lifetime, especially significantly longer
measured lifetimes at low temperatures may
indicate considerable emission quenching at room
temperature arising from multi-phonon relaxation
(Brown ez al., 2007). The temperature dependent
decay transients of the I, level in the Ho™": KPC
crystal for representative temperature values
(10K, 150K and 300K) is shown in Figure 4 while
the variation lifetime with temperature for the
entire temperature range (10K ~ 300K) is shown
in Figure 5. For hosts in which multiphonon
relaxation is significant at room temperature, the
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low temperature lifetime is usually greater than
room temperature lifetime by a factor of ~5
(Brown et al., 2007). Contrary to the expectation
that the lifetimes of excited states should increase
at low temperatures, the "I level in the Ho™": KPC
shows an unusual but slight increase in lifetime
towards room temperature. This phenomenon is
not totally uncommon as it has been observed in
other rare earth doped crystals. Eu”* doped CaF,
was found to show increase in lifetime with
increasing temperature from about 10K to room
temperature (Duan e a/, 2006). It has been
suggested that this reduction in lifetime as
temperature decreases is probably due to the
existence of states of lower oscillator strength
lying just above the lowest excited level (Kisliuk e#
al., 1968). However, the point for us here is the
fact that the observed lifetime is nearly
independent of temperature, as the difference
between low temperature lifetime and room
temperature lifetime is only about Ims,
suggesting that the contribution of non-radiative
decay to the overall lifetime of the crystal may be
insignificant. In other words, the transition from
that energy level is predominantly radiative, and
that may account for the strong 3.9 um emission
arising from thatlevel in the halide crystal.
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Figure 4. Temperature Dependent Decay Transients of "I, Emission in Ho™": KPC @ 10K, 150K &
300K.
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Figure 5. Emission Lifetime of The ’I, level in Ho™": KPC as a Function of Temperature.

CONCLUSION

The emission properties of low phonon
Ho ":KPb,Cl, and high phonon Ho: CaF, were
compared. While the 3.9 pm mid-IR emission was
quenched in the CaF, host it was significantly
observed in the KPb,Cl; host. This was atributed
to the low phonon structure of the KPb,Cl; host
matrix which allowed radiative transition from the
I, level as opposed to the CaF, host whose
phonon structure could only allow multi-phonon
relaxation from that level. Time resolved analysis
of the Ho :KPb,Cl, further confirmed the
dominance of radiative transition from that level.
It may therefore be concluded that host matrices
with low maximum phonon energies are suitable
gain media for mid infrared diode-pumped lasers
as observed in this work.
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