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Abstract

Substitutional disordered crystals KLafKLF) have Cak-type crystal structure with space group@f where K and L& ions occupy
randomly cation sites. Since the nearest environment of Smpurity ions differs from site to site producing different crystal fields of
Sn*, the 4f and 4P5d! energy levels of SA1 are distributed. The optical absorption and fluorescence spectra?dBSerinhomogeneously
broadened. The KLF:Sthcrystal was irradiated by light emitted from a laser diode at 681.6 nm with 40 mW for 30 min. The fluorescence
intensity excited at 681.6 nm after 30 min was reduced with an amount of 30% compared with that before irradiation, whereas those excitec
at other wavelengths were almost not influenced by the 681.6-nm irradiation.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction However, the detailed mechanism has not been made
clear.

The spectral hole burning (SHB) phenomenon is inter-  Substitutional disordered crystals KLafKLF) with the
esting not only as a method for spectroscopy but also as anCaR-type crystal structure where*kand L&" ions occupy
application to high density optical memories. SHB character- randomly cation sites are a candidate for PSHB materials
istics of several SRT-doped glassdd—5] and crystal$§6,7] because the optical spectra of Snin KLF show inhomo-
have been reported by many authors. It has been understoodeneous broadening. In this paper, we report the tempera-
that the holes are burned in tfEy—°"Dg transition line of ture dependence of the lifetimes and the intensities of the
Sn?* by the one photon or two-photon absorption. Recently, S fluorescence obtained by site selected excitation and the
persistent SHB (PSHB) has been also observed in tH&-Sm PSHB spectra observed in KLF:$fmand propose a PSHB
doped glasses at room temperati&®]. Room-temperature  mechanism.
observation of PSHB and a high ratio of the inhomogeneous
line width to the homogeneous line width are required for an
application of PSHB to optical memories. 2. Experimental procedure

PSHB mechanisms of Stfrdoped crystals and glasses
have been proposed to be caused by the one-photon or The KLF crystal structure belongs to space grougf
two-photon absorption, followed by trapping of an ex- Sn?* ions substitute for K or La®* ions. For example, if
cited electron of SR to Sn#* sites or unknown defects.  Sn?* substitutes for L&, La3* ions are slightly rich in

the surrounding of SAT because L% ions play a role as
charge compensators of $mThe KLF crystals doped with
* Corresponding author. Tel.: +81 58 293 3052; fax: +81 58 2033052,  1—4 at.% SrA* were grown in a reducing atmosphere by spon-
E-mail address: yamaga@cc.gifu-u.ac.jp (M. Yamaga). taneous crystallization from slowly cooled melts.
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The fluorescence due to thBo—'F; transitions of SrA™
in the KLF crystal was detected using a fiber multi-channel
spectrometer (Ocean Optics USB2000) in the range of
680-740 nm with a resolution of 5 nm. Site selected excita-
tion was performed using a Micro Laser Systems laser diode
(LD) with tuning wavelengths of 679—683 nm obtained by
controlling temperature of an LD.

The lifetime of the fluorescence due to the—°D5 tran-
sition with the site selected excitation was measured using a
Hamamatsu Photonics R943-02 photomultiplier tube at the
exit slit of a 1/4 m monochromator connected with a Yoko-
gawa DL1700 digital oscilloscope. The lifetime was mea-
sured in the temperature range of 12—-300 K.

3. Experimental results

3.1. Temperature dependence of lifetime and intensity of
SDo—"F> transition of Sm**

The nearest environment of $mimpurity ions differs
from site to site. Different crystal fields of S produce
the distribution of the #fand 4P5d! energy levels of SAT.
Then, the fluorescence spectra of%mre inhomogeneously
broadened. A site selected excitation method is a useful tool

to reveal the electronic state of the disordered system. Before
the measurement of PSHB, the temperature dependence of

the lifetime and the intensity of the 718-nm fluorescence line
(seeFig. 2) due to theDo—'F> transition of SM* in the KLF
crystal were measured.

Fig. 1(a and b) show the lifetimes and the normalized
intensities of the fluorescence due to¥Be—’F, transition of
Sn?* in KLF obtained with site selected excitation of 681.7,
682.4 and 683.0 nm as a function of temperature, respectively.
The lifetime,z(T), and the intensity(T), of the fluorescence
as a function of temperaturg, are given by[8]:

11 + L exp(M) , (1)
o(T) w(T) =R kT
10 =12 @

wheretr(7T) and tnr are radiative and nonradiative decay
times, respectively, andE is an activation energy. When
the temperature is decreased toward 0K, the nonradiative
decay component is negligibly small, giving rise to the rela-
tion of £(0) =tr(0). Assuming that(0) =tr(0)~ 7(12) and

Io~ I(12), aratio of the normalized lifetime to the normalized
intensity is given in the form of:

Ry = (D/T2) _ (D)

= 10)/112) ~ w(0)° )
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Fig. 1. Temperature dependence of (a) the lifetime and (b) the normalized
intensity of the fluorescence due to fidy—"Fo transition with three differ-

ent excitation wavelengths of 681.7, 682.4 and 683.0 nm. (c) Temperature
dependence of a ratio of the normalized lifetime to the normalized intensity
represented in E¢3). Solid curves are calculated using Et) and parame-

ters of ¢r(0) [ms], tnr [ps], AE [cm~1]) = (4.9, 3.1, 1100), (4.4, 6.8, 850)
and (4.2, 23, 590), for site selected excitation of 681.7, 682.4 and 683.0 nm,
respectively.

[ms], Tnr [ps], AE [em™1]) = (4.9, 3.1, 1100), (4.4, 6.8, 850)
and (4.2, 23, 590), for the site selected excitation of 681.7,
682.4 and 683.0 nm, respectively, assuming that the radiative
decay timezr(7), is independent of temperature and equal
to Tr(0). In the case ofr(T) = constant, Eq(2) shows that

I(T) is proportional tor(7). However, there is a big differ-
ence between the observed curve#®@j andz(7) as shown

in Fig. 1(a and b). Ratios of the normalized lifetimes to the
normalized intensities are plotted fitg. 1(c). The large de-
viation of the ratio from unity with increasing temperature
above 70K suggests that the radiative decay time has also
temperature dependence. However, this behavior is reverse

R(T) represents the temperature dependence of the radiativeo shortening the radiative decay time through electric dipole

lifetime.
The three solid curves iRkig. 1(a) fit the observed data
points calculated using Eql) with parameters ofr(0)

transitions induced by odd-parity vibrations. These experi-
mental results deduce another optical quenching other than
the phonon-assisted nonradiative decay process, which may
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Fig. 2. Fluorescence spectra due to ¥Dp—'F; (/=1, 2) transition at 12K by site selected excitation before and after hole burning. Excitation wavelengths
of 679.4, 680.7 nm and 681.6 nm are distinguished &yfor fluorescence measurements argg for spectral hole burning. Burning time is 30 min for the
three steps.

be strongly associated with a mechanism of PSHB discussed The intensity ratios of the fluorescence at 718 nm due to

below. the Do—'F> transition of SM* before and after burning are
. o plotted inFig. 3. The first hole at 681.4 nm was burned after
3.2. Fluorescence by site selected excitation one hour. In following second and third steps, the holes at

680.8 and 682.3 nm were burned after one hour each, respec-
_ - . ) i tively. The depth of the first hole at 681.4 nm is about 7.5%,
(J__l’ 2) transitions with the site selected excitation of whereas the depths of the second and third holes at 680.8
’ex=679.4, 680.7, and 681.6nm before and after the hole and 682.3 nmis about 10 and 7%, respectively. Although the

burning. Herejex and Aspg are distinguished by fluores- | o ein e b e ved data point§ig. 3is not largeFig. 3
cence measurements and spectral hole burning, respectively.

In inhomogeneously broadened spectra, the longer wave-

length of excitation leads to the longer wavelength of fluo- (B e R R
icti i - I — — —M After first burning -

rescence. However, the dlst|.nct pegk shift of the fluore§ce.nce | ¥ — —y Afier third burning ]

was not clearly observed with an increase of the excitation ‘

wavelength because a resolutions(nm) of a fiber multi- L FIrst: Ay =08 1.4 nm |

Fig. 2a—c) show the fluorescence spectra oftg—'F;

A

Normalizied intensity
T
~

L Third: Agyp=082.3 nm |
the fluorescence. i K i
First, the KLF crystal was irradiated using LD light with L 1 7_
sites after burning was measured by monitoring the fluores- . P
cence intensities excited Bg;=679.4, 680.7 and 681.6 nm. L \\. | j i
L -u , N
. . - v i
reduced with an amount of 30% compared with that before L \ 7/ v
burning as shown in the top figure &fg. 2(a). When the - ! u
the burning wavelengthigyg), the fluorescence intensity
was the same before and after burning, as shown in lower e b b b cr
gSHB.: 679':]1 nm and:.helthltlfjhbu]crlnlng}eéHB: 6.80t'7 nT_fOI’ fit Fig. 3. Ratios of fluorescence intensities between before and after hole-
min €ach, respectively. € liugrescence Intensities a erburning at 12 K. A hole at 681.4 nm was burned for 1 h at first step (square),

) / 3 Second: A___=680.8 nm
channel spectrometer is beyond the line wid#l gm) of 105 [~ S .
Asug=681.6 nm and power of 40 mW for 30 min. This is - _/ \ ” .
called as a burning process. The distribution of variou$'Sm 1.00 I 1 E] /'
- 4

When the monitoring excitation wavelength was coincident \
with the burning wavelength, the fluorescence intensity was 095 ™ ! \ A \I’ ’

v’ ]
monitoring excitation wavelength.{y) was different from i V 7
parts ofFig. 2@a). Fig. 2b and c) show the difference of the 080 o8l 682 o83
fluorescence spectra before and after the second burning at Wavelength [nm]
the second and third burning were reduced with amounts 0f ang holes at 680.8 and 682.3 nm were burned for 1 h each at second and third
13 and 24%, respectively. steps (triangle).
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of the®D;(41%) and 4P5d! excited states are shifted to lower
Fig. 4. Normalized intensities of the fluorescence at 696 nm due to the energy. Such a configuration of é“rncorresponds to site 3
5 7 ozl I 0 .
o?g;rrfilntratin;gmn excited atsp =681.7,682.4and 683.0nmasafunction i, rig '5 The radiative decay time for site 3 is expected to be
gime. shortened through mixing of parity-allowed electric dipole
transitions induced by odd-parity distortions. According to
shows that the second and third burning processes hardly af2n increase of the crystal field, the energy level of the lowest
fect the first ones. 4f55d! excited state is also shifted to lower energy, resulting
Fig. 4 shows the normalized intensities of the fluores- N an decrease GhE as shown irFig. 5 This expectation is
cence at 696 nm due to tD—"F; transition excited at N agreementwith the fitting parameters of Et).for the site
AsHp=681.7, 682.4 and 683.0nm as a function of burning S€lected excitation ifig. 1.
time. The decrease from unity corresponds to the depth of the  AS shown inFig. 4, site 3 with the lower energy level
burning hole. The hole depth and the burning rate strongly ©f “Do is €asily burned. We consider a PSHB mechanism,
depend on the S#i sites. The deeper hole and the faster taking into account the above fluorescence experimental re-
buming rate are achieved by the lower energy excitation. This SUlts. The 5d wavefunction extends from the central ion to-
result seems to be strongly associated with the temperaturevard ligand ions. The 5d wavefunctions of thesi" ex-
dependence of the fluorescence intensity with the site se-Cited states are mixed into the wavefunction of g ex-
lected excitation irFig. 1where the intensity excited at the ~ Cited state by odd-parity distortions or thermal population of

. . ) . 1 avei i
longer wavelength is more rapidly decreased with an increasethe 4P5d" excited states according to the decrease\ At
of temperature. If electron trapped centef], for example, F vacancies

or St ions, are located nearby $i the excited elec-
tron of Snf* moves easily to the electron trapped centers.
If the trapped electrons are stable below room temperature,
then PSHB can be observed below room temperature. In or-
der to confirm this PSHB model, further ESR experiments
are required to identify the structure of the electron trapped
center.

4. Discussion

The strong absorption bands with peaks at 350 and 500 nm
in the range of 220-680 nm are due to th&-4f°5d! parity-
allowed transitions. The fluorescence from thes4f level is
expected to appear with short lifetimes and strong intensities
with an increase of temperature. In contrast with this expec-
tation, the broadband fluorescence could not be observed af. Conclusions
high temperature and the fluorescence due tc®e-'F;
transitions were drastically decreased above 50 K. This be- The SHB spectra in KLF:Sfi have been observed at
havior is pronounced for the lower energy excitation as shown 12 K through 1 h irradiation of light emitted from an LD at
in Fig. 1 681.4 nm with 40 mW. The S site with the lower energy

Fig. 5 shows schematic diagrams of theé® &ind 4P5d! level of °Dy is easily burned. An PSHB model that the hole
energy levels for various sites of $rin KLF. Inthe case of ~ burning occurs through an excited electron ofStnansfer-
alarge crystal field including lower symmetry distortions, the Ting via the 4P5d" excited state to electron trapped centers,
7F; ground state is split widely, while the lowest energy levels for example, F vacancies or St ions is proposed.



770 K. Ito et al. / Journal of Alloys and Compounds 408412 (2006) 766-770

References [5] K. Nouchi, T. Mitsuya, K. Hirao, M. Watanabe, K. Muta, Opt. Com-
mun. 168 (1999) 233.

[1] A. Kurita, M. Tanaka, T. Hayama, A. Hada, T. Kushida, J. Lumin. [6] H. Song, J. Zhang, S. Lu, L. Sun, S. Huang, J. Yu, Solid State

64 (1995) 167. Commun. 99 (1996) 759.

[2] GJ. Park, T. Hayakawa, M. Nogami, J. Lumin. 106 (2004) [7] N. Umezu, T. Asatsuma, Y. Takemoto, M. Kaneko, J. Lumin. 64
103. (1995) 195.

[3] H. Song, M. Nogami, J. Non-Cryst. Solids 297 (2002) 113. [8] M. Yamaga, Y. Gao, F. Rasheed, K.P. O’'Donnell, B. Henderson, B.

[4] D.H. Cho, K. Hirao, N. Soga, J. Non-Cryst. Solids 189 (1995) Cockayne, Appl. Phys. B51 (1990) 329.
181. [9] H. Song, T. Hayakawa, M. Nogami, Phys. Rev. B59 (1999) 11760.



	Site selected excitation of Sm2+ in substitutional disordered crystal KLaF4
	Introduction
	Experimental procedure
	Experimental results
	Temperature dependence of lifetime and intensity of 5D0-7F2 transition of Sm2+
	Fluorescence by site selected excitation

	Discussion
	Conclusions
	References


