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Luminescence properties of Elions in KMgF; are investigated by site-selective laser-excitation spectros-
copy. Two different types of Eii centers are identified in KMgFEW* (0.01 mol %). Two lines at 570.16 and
573.87 nm corresponding to two Eucenters are observed in the excitation spectrum of e~ °D, tran-
sition. The former line is much stronger than the latter line. The dominafit &nter is due to the isolated
Ew*-V, (charge-compensating vacangi@air and the other EXi centers are attributable to a clustering of
Euw*-V, pairs. At high concentration of Eu iorfabove 0.5 mol % new excitation lines due to clustering of
Eu*-V, pairs appear in the excitation spectra of fﬁ@—> 5D0 transition. Luminescence from most of the3tu
centers is quenched as the temperature is raised to 305 K. Such a luminescence quenching is explained by an
energy transfer from Eii to an H center formed in the vicinity of Bt+V, pair.
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I. INTRODUCTION isolated C&* ions and complex centers formed by aggrega-
tion of Ce* ions.

Among rare-earth ions, europium can be stabilized in a

rials, they may Sl.JbStit.Ute.for cation sites. If the Vale.nce.Stat%livalent or trivalent state depending on the chemical compo-
of the rare-earth ions is different from that of the cation |0ns,Sition of the host. In the Eu-doped KMgFdivalent eu-

anion or cation vacancies are formed for charge compensa- .~ . : .
. . . 9 P ?’oplum is certainly observed by absorption and luminescence
tion. The charge-compensating vacancies are expected to |

. 2 . ; . gbectroscopy and there are many detailed reports on the op-
cate in the vicinity of the rare-earth ions. The different POSi-yi | properties of E¥ in KMgFs.10-14 Only a few works

tions of the vacancies relative to the rare-earth ions give ris ; 5 . )
to different types of rare-earth centers. In addition to theﬁave been published on Buluminescence in KMgg: Eu.

isolated rare-earth ions with the vacancies, clustering of sucﬁhiran et al®? reported narrow emission bands in the
. N : 9 0T SUCR, ion of 520-630 nm, and Merklet al?! observed weak
rare-earth ions occurs, resulting in the presence of variou

cluster configurations in the host materials such as alka”_ﬁjminescence lines which seem to be due td'Hu KMgFs
metal halideg and alkaline-earth halideé Sommerdijk and Bri? reported the Et emission line due
' to the®D,— 'F,, transition at 578.0 nm in KMgj- However,

Optl_cal properties of rare-earth-doped KMgfave b?’e”. . no figure was presented to show the experimental results in
extensively investigated not only for the purpose of scientific,

. : . . their paper. To our knowledge, no report has been given in
interest, but also from the practical viewpoint of UV . . .

- L . . . detail so far regarding the Buluminescence spectra and the
scintillators and radiation dosimet®&? Divalent europium

- L
and samarium ions substitute for* Kons at the sites with characteristics of the Etiion in KMgFs crystal.

: ; . We used site-selective laser-excitation spectroscopy to in-
cubic (Oy) and three different noncubi€sy, Cy, andCay) vestigate substitution sites for Euand the defect structure
symmetries depending on the location of charge

compensating K-on vacancies in KMgE-1 Doping of of the trivalent europium-ion-doped KMgFcrystals. The

. ! . . harrow 4 —4f transitions characteristic of trivalent eu-
KM.gF3 by tr_walent rare-earth ions is exp_ected to cause qur[(T‘opium in KMgF; offer a convenient method for directly
a different situation from the case of doping by divalent rare

i b REhas diff t ch i ‘monitoring the different sites. Eti has a simple multiplet
earth 1ons because as ditrerent ¢ arge—czompensa Ing pattern of its energy level, which makes this ion particularly
vacancies and ionic radius from the case ofRENo de-

suited as a probe of local structf®* Since each Eli cen-

%r with different crystal-field symmetry possesses a unique
optical transition in the¢'/F,— °D, excitation spectrum, the
evolution of the cluster sites can be reliably followed as a
function of doping concentration of Blions. In this paper,
we show that there exist two different types of®Egenters,
isolated Ed*-V, pairs, and clusters of Bt+V, pairs.

When rare-eartliRE) ions are introduced into host mate-

rare-earth-doped KMgf although various investigations on
the trivalent rare-earth-doped KMgby ESR(Refs. 15-1Y
and optical spectroscopy®'°have been reported. Lumines-
cence properties of Cein KMgF; were investigated by
Francini et al!® and Martini et al® They suggested that a
Ce** ion substitutes for a Ksite and there exist two different
Ce* centers causing the two luminescence bands. Fraetini
al. attributed the two centers to the unperturlgedbic) site
and a site perturbe¢honcubig by two K*-ion vacancies, Single crystals of KMgk doped with europium ions were
while Martini et al. suggested that they are ascribed to thegrown from the melt in Ar-gas atmosphere by the Czochral-

Il. EXPERIMENTAL PROCEDURE
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ski method at Pukyong National University. The concentra-
tions of europium ions were 0.01, 0.5, and 2.5 mol % in the
melt. For comparison with the experimental results on ourg ]
crystals, we took the same measurements on a KV 5 A
(0.25 mol 9% crystal grown by the Stockbarger method at € 40+
Changwon National University and obtained nearly the samez,
results as the results of our samgl@5 mol % Eu-doped
KMgF,). This indicates that the luminescence properties of
Eu** investigated in our KMgk are not dependent on the
individual crystal samples.

Annealing and quenching experiments were taken on theg ] B
samples at argon gas atmosphere. The samples were heat§
up to 700 °C, kept at this temperature for 5 h, and then™ 0l A I\
quenched down to room temperature by letting it cool down
in the platinum boat in which it was heated. The excitation
source was a dye laseiSpectron Laser Sys. SL4000
pumped by the second harmoni&32 nm of a pulsed FIG. 1. Excitation spectrum for thé,— °D,, transition of EG*
Nd:YAG (yttrium aluminum garnétlaser (Spectron Laser in the KMgF; crystal(sample I: Eu concentration of 0.01 mo)%
Sys. SL802G. The laser beam was focused inside theThe spectrum was obtained by monitoring the luminescence due to
sample with a cross-sectional area of about 3°mithe  the®D,— 'F; (J=0,1,2,...,6 transitions in the 560—800 nm re-
pulse energy was about 5 mJ with a 10 Hz repetition rate andion in KMgF; at 10 K. The peaks are labeled ByandB.
5 ns duration. A 355-nm pulsed laser with about 7-mJ pulse
energy was used for UV irradiation on the samples. Thdine (570.16 nm in KMgF3:Eu®* is similar to that of the
beam path of the 355-nm laser beam coincided with that o€EsMgF3: Eu®* (568.1 nm and RbMdF5: EL** (569.1 nm,??
the excitation laser beam on the samples. The samples weirwhich monovalent iongK*, Cs", and RbB) are surrounded
placed in a liquid- helium flow cryostat for measurements inby 12 F ions in these crystals.
the variable-temperature regiqd0—305 K. The lumines- Figures 2 and 3 show the emission spectra of %g
cence was dispersed by a 75-cm monochrom@oton Re-  — ‘F; (J=1,2,...,5 transitions from the individual EXi
search Corp. Pro-7%Gnd observed with a photomultiplier center obtained by tuning the laser to resonance with each
tube (PMT) (Hamamatsu R928with which the signal is de- excitation line in Fig. 1. Emission lines for thsé)oe7F6
tectable up to about 850 nm. The excitation spectra for théransition are expected to appear at longer wavelengths than
7FO—>5D0 transition were obtained by monitoring total lumi- 800 nm, but they were not observed, presumably because
nescence detecting with the monochromator in zero order ahey were too weak. As observed in usual crystals containing
diffraction. Suitable filters were used to eliminate the intenseEw** ions, the5Do—>7F2 luminescence intensity is stronger
scattering peaks in the spectrum due to the scattered laséran the othe'FDOH7Fj luminescence. Each Bucenter ex-
irradiation. The slit widths of the monochromator were hibits numerous emission lines between 12500 and
normally set to give a resolution of 0.025 nm for emission17 500 cm* originating from the’D, level. The energy lev-
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spectra. els of°D, and’F, (J=1,2, ...,5 multiplets of the two E&
centergsitesA andB) were identified from the emission and
IIl. RESULTS excitation spectra. The transitions betwegnp and 'F, and
energy levels are given in Tables | and Il, respectively.
The presence of Etiions in our Eu-doped KMgkcrys- Figure 4 shows the excitation spectra corresponding to the

tals was confirmed by means of absorption and two-photofiF . 5D transition for three KMgF crystals with different
excitation spectroscopy. El absorption bands were the Ey concentrations at 10 K. We refer to samples doped with
same as those observed by Tsuboi and Sc&cthe parity  Eu concentrations of 0.01, 0.5, and 2.5 mol % as sample I,
forbidden 47— 4f' transition of EG" was investigated by sample II, and sample IlI, respectively. With increasing Eu
two-photon excitation spectroscopy and the results were pulkzoncentration, the excitation lingé and B) are broadened
lished in Ref. 10. and the peak height of linB relative to lineA is increased.
Figure 1 shows the excitation spectrum corresponding torhe ratio of the peak height of linB to that of lineA was
the 'F,— °D,, transition at 10 K for the sample with Eu con- estimated to be 1.6 times larger for sample Il than for sample
centration of 0.01 mol %. Two excitation lingtabeledA | and the ratio is much large6.4 timeg for sample lIl. The
andB) are observed in the spectrum. No other line was depandwidth of lineA of sample | is estimated to be 0.92 tm
tected in the temperature range 10-305 K. The dominanind the line is broadened by 2.2 m(sample I) and
excitation line is at 570.16 nntA) and the weak line at 5.1 cn1! (sample 1) [see Fig. 4b)]. New excitation lines,
573.87 nm(B). Each line appearing in the spectrum corre-which are not observed for sample |, appear in the enlarge-
sponds to a different Eti center since the transition between ment of the excitation spectrum for sample 11, although their
the nondegeneraté,— °D, levels can have only one line peaks are very weak, as shown in Fig. 5. The relative inten-
per site. We will call the E¥f ion that gives rise to thé  sities of these lines are increased for sample I, but the lines
excitation line siteA hereafter. The position of the dominant are overlapped by broad and strong lieandB. The peaks
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are labeled byC, D, E, F, G, H, I, andJ, as indicated in Fig. line C. These are also confirmed by the appearance of the
5. Relatively intense but broad lines are observed at 566.38ero phonon line at 570.16 nm for the sAein each emis-
(D) and 567.74 nn{E). Additionally, several weak lines are sion spectrum(see the left side of Fig.)6 The observed
at 564.36 nm (C), 568.45 nm (F), 569.43 nm (G), phonon side bands are at 53¢mE), 75 cm® (F), and
571.40 nm(H), 573.30 nm(l), and 575.51 nntJ). Each line 172 cn* (C,) from the zero phonon liné and at 55 crit
(except for the phonon side banappearing in the spectrum (Cp) from the zero phonon lind®. As a result, there are
corresponds to a different Eucenter. seven measurable Eucenters(i.e., the sitesA, B, D, G, H,
Figure 6 shows the 10 K emission spectra of Hﬁlb I, andJ) in 0.5 mol % Eu-doped KMgfat 10 K.
—>7FJ (J=0,1,2 transitions from individual sites obtained Figure {a) shows the excitation spectrum of tH§0
by tuning the laser to resonance with each excitation line in—°D, transition for the sample irradiated by a 355 nm
Fig. 5. The emission spectra should be different from eactpulsed laser at 10 K. In addition to the lindsand B, new
other if all the excitation lines are responsible for the differ-broadband peaking at 571.7 nm appears with a weak band at
ent EG* centers. However, the emissions obtained by excit573.3 nm. The intensity of these new bands increases by
ing at some excitation lines show the same spectral and teniAcreasing 355 nm pulsed laser output and irradiation time
poral behaviors. The same emission profiles are observed fand is weaker for the sample with low Eu concentration.
the spectra obtained by irradiation with tBeF, andA ex-  When the 355-nm-irradiated sample was heated to room
citation lines. The emission spectrum obtained by irradiatioriemperature, the new bands completely disappeared in the
with the C excitation line consists of the spectrum obtainedexcitation spectrum measured at 10 K. We attribute the new
by irradiation with theD excitation line and the spectrum bands to the EXf centers due to the formation B, ] cen-
obtained by irradiation with thé excitation line. Two exci- ters near the EU-V, which is discussed in Sec. IV. The
tation lines(calledC, andCp, lines) are superimposed at the emission spectrum of th%DO—>7FJ transitions obtained by
broadC excitation lines. From these results, we identify thatexciting at 571.7 nm is shown in Fig(l3). The most intense
the E, F, andC, lines are phonon side bands associated witHuminescence line of theD,— ’F, transition is observed at
the main shar line [zero phonon lingéZPL) A], while the  633.8 nm, which is quite different from those for the sifes
Cp phonon side bands are associated with the zero phonand B, in which the strongest lines of tr?®0—>7F2 transi-

205113-3



SEO, TSUBOI, AND JANG PHYSICAL REVIEW Br0, 205113(2004)

D, —F,{4=1,2....5)

[0 T P

Emisslen Wevalangth {nim } Ervission Wavelength { nm }

?
E F

FIG. 3.°Dy— 'F,; (J=0,1,2, ...,5 emission
spectrum for siteB exciting at 573.87 nm iAD,,

A \ xe at 10 K.

810 540 850 -] B70
Emission Wavalangh {nm } Emissian Wavalengh {nm }

880 710 720 740 760
Emisslan Wavalangth { nm } Emission Wavalangth (rm }

Lo Y

tions are around 610 nm. The decay of fii, level was  spectively, at 10 K and 1.5 ms for sit¢ at room tempera-
single exponential with a lifetime of 790s. ture. Figure 9 plots lifetimes of théDO luminescence for
The excitation spectra of thi&,— D, transition for dif-  sitesA, B, D, andl as a function of temperature. We observe
ferent crystal temperatures are displayed in Fig. 8. The lumia quenching of decay times. The temperatures giving rise to
nescence intensities of all the lines decrease rapidly abovethe lifetime quenching are the same as the temperatures giv-
certain temperature with increasing temperatures. The ling#g rise to the intensity quenching of tﬁ@o luminescence.
B andD disappear in the spectra obtained at 150 and 220 KThe critical quenching temperatures are 60, 150, 210, 230,
respectively. The intensity of the luminescence from the siteédnd 300 K for site®, A, C, andl, respectively. The lifetimes
A drastically decreases with increasing temperature, but it ifor sitesG andH are nearly constant up to about 120 K, but
still detectable even at 305 K. Th& excitation line shifts those were not measurable due to overlapping of those exci-
about 4 cm?® to lower energy with increasing temperature tation lines with the broadenedl excitation line above this
from 10 K to 300 K, as shown in the inset of Fig. 8. A new temperature. It is noted that the site with shorter decay time
line (called K) appears at 569.82 nm above 260 K and itstends to have lower quenching temperature, andksitéth a
peak becomes higher than the peak of lkat room tem- much longer decay time of 1.5 ms exhibits no quenching up
perature. The& line may be hidden under the intensdine  to 305 K.
at low temperature. Th& line was also observed in the

excitation spectrum for sample Il and the intensity ratio of IV. DISCUSSION
the excitation lines between sitésandA is the same as that e -~
of sample II. This indicates that sit& is not due to the A Mg*" ion forms an octahedron composed of six F

cubic-site E8* as discussed in Sec. IV. We note that only ligands in KMgFs. The K" ion has 12 F nearest neighbors
three excitation linegK, A, and ) are observed at room With cuboctahedraD, symmetry and is surrounded by eight
temperature. [MgF¢]™* octahedrons. The small Mgion (ionic radius is
The decay times of th&D, luminescence of all the sites 0-86 A) bonds strongly with the Fligands in the{ MgFs]™*
were measured in the temperature range from 10 to 305 kactahedron, while the large Eu-F distance in fHé& ;]
The decay times for the two major sitdsand B are esti- cuboctahedron and the presence of the surrourfditug=s]*
mated to be 616 and 47@s, and those for the minority sites octahedrons leads to low covalency between the ith
D, G, H, I, andJ are 394, 636, 644, 810, and 788, re- (1.78 A) F.1* Consequently, the site environment of Mgs
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TABLE I. Observed transitions of Efifor the sitesA andB in TABLE II. Energies(in cm™) of the°D, and ’F, levels of EG*
KMgF; obtained from excitation and emission spectra at 10 K.  for the sitesA andB in KMgF.
Site A Site B Site A Site B
7
nm et nm et 7F° 0 0
F. 498 528
"Fy—"Dy 570.16 17539 573.87 17426 678 576
°Dy— Fy 586.81 17041 591.80 16898 696 596
593.07 16861 593.49 16849 7F2 1095 970
593.72 16843 594.21 16829 1114 1066
°Dy—F, 608.12 16444 607.71 16455 1218 1254
608.82 16425 611.27 16359 1718 1624
612.70 16321 618.35 16172 7F3 1971 1717
632.06 15821 623.85 16029 2005 1824
°Dy— 'Fs4 642.34 15568 636.59 15709 2115 2014
643.74 15534 640.96 15602 2354 2170
648.35 15424 648.54 15419 2484 2312
658.55 15185 655.50 15256 7F4 2917 2909
664.21 15055 661.64 15114 2959 2996
5DOH7F4 683.88 14622 688.86 14517 3119 3005
685.89 14580 693.01 14430 3338 3078
693.48 14420 693.44 14421 3386 3269
704.17 14201 696.97 14348 3456 3328
706.57 14153 706.40 14156 7F5 3771 3737
710.10 14083 709.36 14097 3979 3925
5DOH7F5 726.32 13768 730.54 13689 4336 4016
737.45 13560 740.72 13500 4557 4052
757.40 13203 745.72 13410 4701 4140
770.27 12982 747.86 13371 5D0 17539 17426

778.93 12838 752.72 13285

levels of Ed* in KMgF3, we have found the site& and B
significantly different from that of K EW** has an ionic have lower symmetries belonging neither in tetragd@al,)
radius of 1.21 A, which is much larger than RgTherefore, nor orthorhombidC,,) symmetries. We note that the tetrag-
it is reasonable to suggest that an®Eion preferentially onal and orthorhombic sites for Euand Sm* are domi-
substitutes for a larger Kion (1.78 A) as the case of €& nantly identified with cubic symmetr§O;,) in KMgF3: EW?*
ions (1.28 A) in KMgF3 suggested by Francirt all® and  and KMgR,: Sn*.10.11.13

Martini et al?® The induced ED transition cannot occur when the point
The site symmetries of Etican be determined from the group of the site contains a center of symmeeyg., cubic
number of emission lines of theD,—'F; (J=1,2,...,6  symmetry and the’F,— °D,, transition for the cubic site is

transitions® Theoretically, for example, théF, and ‘F,  further forbidden by the selection rules. The MD transition is
multiplets split by crystal-field perturbation into two and four allowed only from the7F1 level to the5D0 level in cubic
sublevels for the tetragonal site and three and five sublevelsymmetry. The7F1 levels of EG* ions can be populated ther-
for the orthorhombic site. Induced electric dipgED) and  mally by theF, levels at high temperature due to the small
magnetic dipoleMD) selection rules predict the permitted energy difference of about 550 ¢l To ascertain the pres-
transitions between exciteﬁ)0 and ground7Fj levels of  ence of cubic-site Eli in KMgF3;, we measured the excita-
EW**. The transitions betweed sublevels are further re- tion spectrum of the'F,—°D, transition at temperatures
stricted by symmetry selection rulésin the case 01‘5DO higher than 150 K. However, no transition line from cubic-
—'F, and °D,— F, transitions of E&* with tetragonal site EG* was observed, but only the lines at 586.8 and
crystal-field symmetry, only two and two transition lines are593.7 nm due to the sitd were observed.

allowed, respectively. It is known that the transitions be- The substitution of Etf for K* gives rise to two K-ion
tween®D, and 'F, (J=0, 1, and 2 states of E&" or Sn?*  vacancies(V,) close to Ed* forming an Ed*-V, pair for
doped in fluoride crystals such as LiYFEW* (Ref. 24 and  charge compensation. The trivalent europium ion is more
KMgF5: St (Ref. 11) strictly obey the induced ED and tightly bound to the vacancies than a divalent europium ion
MD selection rules and the symmetry selection rules. Byin KMgF; because two extra charges on the*Eion in-
applying the selection rules to the transitions frf‘m% to 7Fj crease effectively the Coulomb attraction. The cubic-site
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FIG. 5. Enlarged excitation spectrum for thg,— D, transi-
tion of E* in the KMgF; crystal(sample Il: Eu concentration of
0.05 mol %.

C,y, as discussed above. THg&, symmetry seems to be
distorted by a defect center formed together with the
Eu**-V, pair. One possible defect center is an interstitial
fluorine atom(H centej which enters the KMgk-lattice ad-
jacent to the E®f-V, pair due to enough space created by
two charge-compensating vacancies. It is known that the in-
trinsic interstitial fluorine atoniH centej exists adjacent to

....... LRI T RE——

Luminescence Intensity ( arb. units )

o M > "
569.8 5§70.0 6§70.2 5704
Excitation Wavelength ( nm )

FIG. 4. (a) Excitation spectra for three different KMgFEu
crystals with an Eu concentration of 0.01, 0.5, and 2.5 mol % at
10 K. (b) Extended spectra near site in the spectral range of
569.8—-570.5 nm.

Eu** can be formed by an Etiion with two vacancies lo-
cated far from the Eti ion. However, no cubic-site Etiis
produced in KMgk:EW*, which seems to be due to the
strong electrostatic attraction between®Eand the vacan-
cies unlikely to the cubic sites Euand Sm* produced in
KMgF3 0L E?* and Sm* in KCI, similarly to EG* in
KMgF3, do not occupy a site with cubic symmetry but a site
with C,y or C,, symmetry6

In case of C&-doped KMgFk (Ref. 9 and Cak,® an
increase of C¥ concentration causes significant growth of
clustered sites. In Eti-doped KMgF, the growth of the ex-

Luminescence Intensity ( arb. units )

A

citation lineB relative to the lineA on doping concentration / h

(Fig. 4) is behavior typical of clustering. We thus attribute zAL l A

the siteA to the isolated Eti-V, pairs, while the sit8 and L e NS AC
other minority sites can be attributed to the sites due to the 570 590 610 630

clustering of E&*-V, pairs. The clustering behavior of Eu
is similar to that of C& in KMgF,.

The two charge-compensating vacancies have the same G, 6. Emission spectra for th,— ’F, (J=0,1,2 transi-
charge and so they repel each other. Therefore, the positiofgns of E¢* under the resonant site-selective excitations at 10 K.
where the vacancies are favored lie on the opposite sites ithe excitation lines are indicated at the right side of the emission
terms of an E&" ion giving a C,y site symmetry of E¥.  spectra. Intensities are normalized to the most inteilze— 'F,
However, the crystal-field symmetries of all the sites appearpeak. Zero phonon lingZPL) are designated in the spectaF, E,
ing in the excitation spectra are assumed to be lower thab andC at 570.16 nmR denotes Raman line at 102 thn

Emission Wavelength ( nm)
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FIG. 7. (a) Excitation spectrum of théF,— °D,, transition for
the 355-nm-irradiated KMgEEu crystal at 10 K.(b) Emission
spectrum of the5D0H7FJ transitions obtained by exciting at
571.7 nm appearing itg).

impurity cation ions(Li*,Na") whose ionic radii are smaller
than the K ions in KMgF;.%° The new site in the excitation
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FIG. 8. Excitation spectra for the luminescence due to°Dg
H7FJ (J=1,2,...,6 transitions measured at different tempera-
tures. The temperatures are indicated at the left side of the spectra.
The inset is the extended spectra near the Gitm the spectral
range 569.8—570.8 nm for 10, 150, and 220 K.

the luminescence even from the isolated S, pairs is
guenched at 12 K.Guzziet al. explained the phenomena in
terms of a nearby #5d configuration which thermally de-
populates the emittinéD0 level. In the case of Eti, how-
ever, the nonradiative relaxation processes do not take place
via the thermal population of thefZsd configuration even at
room temperature because thi@diconfiguration of E&" lies
at much higher energy with respect to ﬁmb level.

The thermal quenching of the Euluminescence is as-

spectrum(Fig. 9) obtained after 355-nm irradiation on the cribed to an energy transfer from £uto a defect center such
sample is evidence of the presence of interstitial fluorine atas the H center in KMgf?>2" The clustering of Etf-V,

oms. The interstitial fluorine atom combines with a neighbor-pairs further enhances the energy transfer rate betwe&h Eu

ing fluorine ion to form a molecular ionF,”) by UV

irradiation?2’ The K, molecular ion perturbs the crystal
field at the Ed* ion, resulting in the production of a new

Ewd* center.

Clustering occurs in various rare-earth-doped alkali-metal

halided-2*-8and alkaline-earth halidésThe clustering state

of rare-earth ions in host materials can be changed by ther-
mal treatment, and its behavior depends on the host materi-

als. Santiusteet al* observed different types of Ky (X
=Cl, Br, or |) precipitates in Eff-doped KCI in which the

Ew* luminescence exhibits no temperature-dependent

quenching in the range of 10—300 K, unlike *dumines-

cence in KMghk. The temperature-dependent quenching was

reported for Srfi" luminescence in KCI crystals by Guzet
al.?® and Ramponiet all All the Sn?* centers exhibit
quenching behavior at low temperatures in KCl%nand

g

Decay Time ( ps )
o
8
T
[v]

] 100 200 300
Temperaturs (K )

FIG. 9. Decay times for the site§§ B, D, andl as a function of
temperature. Solid curves are fits to a three-level decay system.
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ions to quench the luminescence at lower temperature i€€** ions and argued that cubic-site Tdons are present.
KMgF5:EW?*. The excited E®f ions due to the F,—°D, We suggest that the clustering of Euwoccurs in KMgF;,
transitions may relax to the ground state by very rapid energglthough the clusters are not destroyed by annealing and
transfer among Bl ions and finally return to the ground quenching treatment, unlike those in KCl:3m
state by transferring their energy to the sink. As shown inThe Ei¢*-V, pairs dissolved by annealing treatment may re-
Figs. 8 and 9, the thermal quenching tends to occur at lowetombine with each other very rapidly or an association en-
temperatures for the sites with shorter lifetimes, except foergy of the clusters is too large to be dissolved by a given
the site K, which exhibits no quenching behavior up to thermal energy in KMgk Ramponiet al® reported that the
305 K. annealing and quenching treatment does not completely dis-
The aggregation of rare-earth ions can be controlled byolve the clusters even by very fast quenching for the an-
appropriate annealing and subsequent quenching proceduregaled sample.
The Snt* clusters in alkali-metal halides are dissolved in
part by annealing and quenching proceggeg., see Ref.)1 ACKNOWLEDGMENTS
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