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Abstract

Up-conversion in LaGt U3* single crystal was observed. It was found that up-conversion mechanism depends on excitation mode; pulse
excitation leads to cross-relaxation up-conversion, for the case of continuous excitation excited state absorption dominatesiorretdlaCl
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction high and low up-conversion rate depending on work regime
of the excitation source.

Emission of higher energetic photons than excitation’s
photons has been investigated widely since many years in
crystals and glasses doped with rare-earth ions and transitior2. Experimental
metal elements. This phenomenon sometimes is very useful
to obtain anti-Stokes emission, sometimes is less favourable The LaCk crystal was grown by the Bridgman method,
when efficiently depopulates emitting lejé&l. In practical the concentration of uranium ions was 1wt.%. The sample
applications two up-conversion mechanisms are consider-was cleaved to rectangular form with size (15 m@mmx
able: energy transfer up-conversion (ETU) and excited state3 mm) and closed in a quartz ampoule filled with He gas.
absorption (ESA). ETU proceeds in a pair of ions; ESAis  The emission spectra were recorded on a TH 1000
a one-ion process. The energy conservation principle couldmonochromator equipped with an R928 Hamamtsu photo-
not be broken, therefore, both processes requires a least twanultiplier. A Continuum Surelite | pulse dye laser pumped
low energetic photons to achieve upper level. The numberby a Continuum ND60 Nd:YAG (9ns pulse width) laser
of photons involved in the process is derived usually from was used for excitation. A homemade Ramandell was

an allometric function: used to enhance the tuning range of the dye laser. Con-
; tinuous excitation was performed with a Spectra Physics
Tem = Iex (1) Ti-Sapphire laser pumped by an argon laser. The sample

was cooled down in a helium cryostat. All experiments
were done at 10K. Both excitations, pulse and continuous
was focused on the sample with an 8cm lens.

Decay profiles were recorded on a Lecroy digital oscil-
loscope. Time resolved spectra were collected in a Boxcar
Averager Model 162 by Princeton Applied Research. A PC
drove the whole system.

wherelen is intensity of the emissiorlgy intensity of the
excitation andch understand as number of photons involved
in the process. Pollnau et §2] discussed recently intensity
of up-conversion in function of excitation power.

The up-conversion in Lagi U+ were already investi-
gated[3-10]. In this work, we present the results of experi-
ments of pulse and continuous up-conversion in kasih-
gle crystal doped with & ions. The crystal was excited in
the IR region at about lm. Two limits were observed of

3. Results
* Corresponding author. Pulse as well as continuous wave (cw) excitation at about
E-mail addressderen@int.pan.wroc.pl (P.J. Deren). 1pm produces strong emission in the visible (ség. 1).
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Fig. 1. Time resolved up-conversion emission of La@l3t at 16 K, Lexc = 978.39 nm.

Three narrow lines in the excitation spectrum labelied  three lines are observed (sEg. 2). When excitation was

b, ¢ (seeFig. 2) do not correspond to the) absorption tuned to higher energies, the up-conversion emission be-
spectrum from the ground level. They were attributed to the comes stronger and reaches its maximum for the 1002.2 nm
absorption from the excited states and two-photon absorp-excitation (sed-ig. 3).

tion within U+ [10]. The up-conversion emission intensity Integrated up-conversion emission intensity versus exci-

in function of excitation power had almost quadratic depen- tation power, contrary to the cw excitation has almost linear

dence indicating on two-photon procgg$. dependence.

Excitation by a pulse laser at aboufuin produces also Emission decay profiles were very helpful to explain the
strong visible emission of the LaglU3t, but contrary mechanism of pulse up-conversion emission. They are dif-
to the previous one the pulse excitation spectrum is broadferent for Stokes and anti-Stokes emission (Siee 4). First
and has a maximum at 978.3nm, no characteristic narrowof all the green Stokes emission decays very fast, its decay
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Fig. 2. Excitation spectra of anti-Stokes emission of la@3t, T = 10K, upper curve-pulse excitation, lower curve continuous excitation.



P.J. Deren et al./Journal of Alloys and Compounds 380 (2004) 357-361 359

Pulse Excitation Spectrum I
° LaCl,: U™

i T=16 K
- N =552 nm
| mon
6 — s.=0.05 mm
— -25
:? i X
3 i
> i
2 4]
8 -
= i
2 -
04

|
990 1000 1010 1020
Wavelength [nm]

Fig. 3. Pulse excitation spectra of LaClU3t, T = 10K.

time was only 100 ns. However the up-conversion emission depending on excitation regime, i.e. cw or pulse. The exci-
appeatrs just after the excitation pulse and at the beginningtation spectra are different, for cw—excitation narrow lines
decays fast (100 ns), it lasts much longer. Decay constant ofare observed, which origin is due to ESA, for the pulse
second component was equal to 388 The red anti-Stokes  excitation instead of three lines one, broad line is observed.
emission has relatively long—s rise time, time constant  Pulse excitation spectrum recorded for broader range shows
is equal 14us. lines due to absorption from tffég/z ground level to the

In the green region, the emission, however, is observed4F5/2 one at 9975 cm! (1002.2 nm) (se€ig. 3). Line at
not only from the2K15/2 term, but also from the upper 10254 cnT! (975.2 nm) is due to vibronic component of the
2H11/2 level (seeFig. 2). The up-conversion emission from 4F5/2 level; it is 20 times weaker then main electronic one.
this level is characterised by short decay time, exactly the The green up-conversion emission decays longer than

same as Stokes one, it disappears afies {seeFig. 1). Stokes one indicating on energy transfer in a cross-relaxation
up-conversion. This resonant process is described as follows
(seeFig. 6):

4. Discussion (PHoy2, 2Hos2) — (*lojz, *K1s)2)

1
Following the energy level assignment reported by Car- 9444 9444— 208 18 680+ 416(cm™~)

nall [11] line a, b and ¢ correspond to ESA10]. Possible

. . ) and could be described by following equation set:
mechanisms are shown ifig. 5. The linea corresponds to

theZHg/.z — ?Hll/z transition. . dnz — —konp — 2kcpn,
The lineb is only involved in the red emission and was cﬂf (2)
attributed to the following resonant procedisa 2 — *Fg2. d—:’ = —kanz + kcrn3,

The linec is due to two-photon absorptiofitg/> — 2Ds/2.
The results collected inSection 3 show that the  wheren; andk; are population and transfer rate, respectively,
up-conversion emission is excited by different mechanisms of level “i”, kcg is cross-relaxation transfer rate. T?Hg/g
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Fig. 4. Decay profiles of Stokes and anti-

level is populated via nonradiative transition from ﬂr@/z
one.

First of the equation set has solution after supposition,

thatnz(0) = N andkcr is small and than negligible:

no(r) = Ne k!

3)

Putting this into second equation and after suppositig)
= 0 it is possible to obtain population of the level 3:

NszR
2kp — k3
One can see that decay time of the up-conversion emissio

from the 2K1s/2 term (level 3) is equal half of théHg,
decay time (level 2) and has rise timgk}. This rise time

(6_2k2t _ e—k3t)

(4)

n3(f) = —

Stokes emissions of4:a@S, T = 10K.

9444 10254— 19698+ 39(cm™1).

The question arises, why the slope is different for the same
emission depending on the excitation regime? Pollnau et al.
[2] showed that only in the case of weak up-conversion rate
(ESA or cross-relaxation) the slope of the up-conversion

emission intensity versus excitation power is equal with the

number of photons involved in the process and it is observed
in the cw excitation experiment. In the pulse experiment,

the cross-relaxation up-conversion is much more efficient
than nonradiative transitions to the lower levels, therefore
nthe “slope” was close to 1. When pump power increases
competition between up-conversion and linear decay and
consequently slope of the emission versus excitation power

is not observed because is hidden in an ESA process (Seéjecreases.

Fig. 6):
(®Ho/2, +pumpling — 2H112

In our experiment, we changed only the regime of the
excitation from continuous to pulse. In both cases, we pre-
served the same conditions, like: temperature, polarisation
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Fig. 5. Possible mechanisms of up-conversion emission excited by con-
tinuous excitation.
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Fig. 6. Possible mechanisms of up-conversion emission excited by pulse
excitation.

361

and wavelength of the excitation. In both experiments, the
excitation was focused on the sample by the same manner.
Excitation power was 7-200 mW for cw excitation, for the
pulse excitation the energy of the pulse was fromJ7to

40 mJ, it gives for the 7 ns pulse range from 10 up to 570 kW
per pulse.

5. Conclusions

It was shown, on LaGt U3t example, that nature of the
excitation imposes the nature of the up-conversion. Contin-
uous wave excitation leads to excited state absorption, while
pulse excitation provokes cross-relaxation up-conversion.
The cross-relaxation up-conversion is not observed in the
case of cw excitation, if it would had been present the ex-
citation spectra would have been the same in both cases.
The cw excitation spectrum is due to transition between the
excited levels. On the other hand, for the pulse excitation
the excitation spectrum is due to transition from the ground
level.

The ESAis one ion process, cross-relaxation up-conversion
occurs in a pair of ions. Therefore, we may conclude that
cooperative processes are better observed in the case of
pulse excitation. For the continuous excitation one ion ESA
process dominates in the LaQGirystal.
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