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X-Ray Storage Luminescence of BaFCI:E&" Single Crystals

Wei Chen*
Nomadics, Inc., 1024 South Invettion Way, Stillwater, Oklahoma 74074

N. Kristianpoller, A. Shmilevich, D. Weiss, and R. Chen

School of Physics and Astronomy, Raymond angeBy Sackler Faculty of Exact Sciences,
Tel-Aviv University, Tel-Aiv 69978, Israel

Mianzeng Su
Department of Chemistry, Peking Uersity, Beijing 100871, China
Receied: January 18, 2005; In Final Form: March 22, 2005

Temperature behaviors of X-ray luminescence (XL), photoluminescence (PL), photostimulated luminescence,
and thermoluminescence (TL) were studied in BaFCItEingle crystals from room temperature to liquid
nitrogen temperature. Six emissions at 275, 315, 365, 385, 435, and 500 nm were observed in the XL spectra
and are attributed to Cl exciton¥(Cl;), the 4f5d! (%e)) — 4" (8S;) transition of E@", and oxygen
vacancies, respectively. Three emission peaks at 315, 365, and 390 nm were observed in the PL and TL
measurements. These three emissions are from the transition$tofH— 4f"(8S;,,), 417 (6P70) — 4f7(8S710),

and 4f5d" (%ey) — 4f"(8S;,) of EW?T, respectively. In our measurements, we observed that the emission of
Ew?t increases in intensity upghtirradiation and did not see any signals related t&'Bons, which indicates

that E¥* ions might not be oxidized to Bt upon X-ray orp-irradiation. Instead, the color centers, Cl
excitons, and oxygen defects are created and are stable at room temperature, and they might play a key role
in the storage luminescence.

1. Introduction and Blassereported that they did not see any change iA'Eu
fluorescence due to X-ray irradiation in their BaFBr?Eu
samples. Thus, they questioned the argument that s
converted into E¥ during X-ray irradiation. The observations
of Su et alf~8 also demonstrate that Euions did not change

Computed radiography (CR) using photostimulable phosphor
storage media allows the combination of highly advanced
photographic technology with digital computer techniques. This

digital X-ray imaging technique is one of the primary candidates their valence state and that the molar ratio of ZEu** holds

to replace the long-established screen-film radiograpRio- constant during X-ray irradiation or photostimulation. Thus, the
tostimulated luminescence (PSL) is a process where exposure

o high-energy (X-ray or UV) photons results in the accumula- interconversion model of Bl < EW®* is questionable. Also,
o hig 9y y P results reported by von Seggern ef an the dependence of

PsL on temperature during stimulation show nearly complete

can then be photostimulated to the conduction band using, fortem erature independence from liquid helium temperature to
example, low-energy visible or near-infrared photons where they P pend ' 19 n temp
room temperature. This, according to them, indicates that no

may recombine with holes to produce visible photostimulated SR . "
luminescencéX-ray storage phosphors such as BaFX-E{X thermal activation is involved in the PSL process. In addition,
— Cl Br andll) have been widely discussed ' numerical calculation shows that the bimolecular recombination

Th, | ’min N nd stor mechani m. fthe BaEXE model leads to a quadratic dependence of the PSL intensity on
phosghL(j)r haessggeﬁir?e sjb?e??(?f sg\c/:egl :tud?es ?—Iosvevéruthethe stimulation intensify rather than the linear relationship

. il ’3 . . .

exact mechanism of the PSL process in this material is still not dbserved:® The fact that the_PS_L decgy "fe“”_‘e IS almost the
very clear. The PSL mechanism of BaFBREinvolving X-ray same as the fluorescence lifetime of?Ewlso indicates that

A C . the electron transfer from the F center to the recombination
Iradiation proposed by Takahashi etalssumes that during center is not via the conduction band. Otherwise, the PSL
X-ray irradiation the E&" ions are partly ionized into their ) ’

trivalent charge state (Bt) and the liberated electrons drift lifetime should be longer than the fluorescence lifetime of'Eu

via the conduction band to form F centers. Upon subsequent _Furthermore, Dong and Su investigated the photoconductivity
photostimulation, the electrons are released from the F centers0f BaFBr:Ed" in more detaif. They observed that, even though
into the conduction band where they recombine witf*Bans the time decay of the photostimulated luminescence is similar
to produce the photostimulated luminescence of'Eat 390 to that of the photoconductivity (PC) during photostimulation,
nm. This model can explain the phenomenon of photostimulated the time dependence of the photostimulated luminescence is

conductivity. It has, however, been criticized by others. Meijerink different from that of the photoconductivity during X-ray
irradiation? In addition, the photostimulated conductivity is

* Author to whom correspondence should be addressed. Phone: 405-t€mperature-dependent, while photostimulated luminescence is
372-9535. Fax: 405-372-9537. E-mail: wchen@nomadics.com. not. These results are different from what Takahashi et al.
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Figure 1. XL Emission Spectra of a BaFCl:Eusingle crystal recorded
at (a) 80 K and (b) 300 K.

reported®1® Therefore, Dong and Su concluded that the
photoconductivity has nothing to do with the photostimulated
luminescence. Théyattribute photoconductivity to impurities
such as @ . Most recently, it was observed by Chen etal.
that the X-ray luminescence of Euin BaFBr powders and
thin films increases in intensity over time. They observed the
same phenomenédhfor a commercial imaging plate purchased
from Fuji. All these indicate that the storage luminescence
processes in BaFX:Eu phosphors are not identified yet. The

Chen et al.

of these emissions excited by X-rays was measured during
cooling from RT to LNT. The 385 nm emission decreased
sharply below 135 K and disappeared at LNT. This behavior is
similar to the temperature behavior of photoluminescence
observed for the 46d" (%ey) — 4f” (8S7/») transition of E&* in
BaFX#

The 435 and 500 nm bands increase in intensity during
cooling from RT to 80 K; however, these two emission peaks
are almost invisible at room temperature. Similarly, the 365 nm
emission is not seen at room temperature, but it appears at about
190 K and increases in intensity during further cooling and
becomes dominant at LNT. These three emissions disappear at
room temperature, indicating that they are not emissions from
EW?' ions; they might be from some species created by X-ray
irradiation that is only stable at low temperatures.

Under X-ray irradiation, defects are created in the crystals.
These defects may yield luminescence. Of them, color centers
are most abundant. In BaFCl crystals, the two common color
centers are F(F and F(Ct) centers with absorption at 440
and 540 nni? respectively. The luminescence of these color
centers has been investigated by Thoms ét alho reported
that the emission wavelengths of these color centers are above
1000 nm and the luminescence is only visible at temperatures
below 100 K. Obviously, these color centers are not responsible
for the two emissions at 435 and 500 nm. These two emissions
might be due to oxygen-related defects in these crystals. It has

present authors have reported briefly on new results of the been reported that oxygen cannot be avoided as a contaminant

storage luminescence of BaFCl#Ewand SrFCI:E&" crystals!?

in barium fluorohalide crystals and the oxygen significantly

In this paper, we present detailed observations and a discussiorenhances F center generation under X-ray irradidfioH. In

on the temperature behaviors of the X-ray luminescence (XL),
photoluminescence (PL), photo stimulated luminescence (PSL)
and thermoluminescence (TL) of BaFCIEusingle crystals
from room temperature (RT) to liquid nitrogen temperature
(LNT).

2. Experimental Details
The single crystals of BaFCl:Etiwere grown by a modified

Bridgman method, and their crystal structures were studied by

Chen in detaif. The X-ray irradiations were performed between
80 and 300 K with a W tube (40 kV, 15 mA), and the
B-irradiations with a S¥ source ¢13 mCi). For the UV
illuminations, a 150 W Xe high-pressure lamp and a 0.25 m

grating monochromator were used. The heating rate above RT

was 5 °C/s. For the low-temperature TL and phototransfer

thermoluminescence (PTTL) measurements, the samples wer

heated at a rate of 20C/min. The emission and excitation
spectra were taken with an Aminco-Bowman 2 luminescence
spectrometer.

3. Results and Discussion

A. X-Ray Luminescence of BaFCI:E@*. The XL at room
temperature is shown by curve a in Figure 1. The emission

BaFCl and BaFBr, oxygen can replace §ites [G—(F7)] and

,CI™ or Br~ [027(CI™) or C¥(Br™)] sites. The emission in the

BaFBr crystal has been assigned t& (F-), and emissions at
505 nnt>17 have been assigned to?@CI~). Through com-
parison, the two emissions at 435 and 505 nm are assigned to
the &~ (F") and G (CI"), respectively.

The 365 nm emission in BaFCI:Eucrystals is similar in
energy, shape, and temperature behavior to the emission band
at around 370 nm observed in BaFCl crystals by Radzhabov
and Egrano¥® and Yuste et al® This 370 nm emission
disappears at temperatures above 200 K, and it was assigned to
the recombination o¥(Cl,) centers with electrons by Yuste
et al1® and off-center self-trapped excitons by Radzhabov and
Egranovi® We tend to support the assignment by Yuste et al.

%)ecause the energy of the 370 nm (3.35 eV) emission is too

ow for the off-center excitons in BaFCl crystals. Theoretically,
the emission energy of the off-center excitons in BaFCl is about
4.5 eV or 275 nm in waveleng#i.Therefore, it is not reasonable

to assign the 370 nm emission to the off-center excitons in
BaFCl. This emission band was attributed to the off-center
excitons by Radzhabov and Egraf®lecause it was the only
emission band that they observed in the BaFCl crystal. However,

consisted of a main narrow band at 315 nm as well as of somethey did point out thait is rather unexpected that the emission

broad bands at about 275, 385, 435, and 500 nm. The XL
emission at LNT differed markedly from the emission at RT;
the main band at LNT was a narrow band at 365 nm (curve b
of Figure 1).

The luminescence of the BaFCl:Euphosphor has been
reported extensivelylt is well-known that BaFCI:E#" has a

energy of BaFCl excitons is lower than the energy of BaFBr
excitonst® All these support the assertion that it is more
reasonable to assign the 370 nm emission to the recombination
of Vi(Cl,) centers with electrons in BaFClI crystals.

The two emissions at 275 and 315 nm are new emissions
that have never been reported before. The intensity of the 275

broad emission peaking around 390 nm that is attributed to the nm band increased continuously during cooling, while the 315

4f55d! (%ey) — 4f7 (8Sy)p) transition of E@'. Accordingly, the
emission at 385 nm of BaFCI:Eusingle crystals is attributed
to the 4f5d! (%e;) — 47 (8Sp) transition of EG". Five new

nm emission decreased gradually. The possible origins of the
275 nm emission might be from Euions at different sites,
self-trapped excitons, or the higher excited states f kans.

emission peaks at 275, 315, 365, 435, and 500 nm are observedE?" in BaFCl substitutes for the site of Bg and BaFCl has

from BaFCI:E@" single crystals. The temperature dependence

only one site for B&". The BaFCI:Ed&" single crystals were
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observed in BaFCl that were assigned to on- and off-center self-
10 trapped exciton®? and two emission bands at 5.15 eV (240.6

, . nm) and 4.2 eV (295 nm) in BaFBr are attributed to the Br
8k a excitons!® The two emissions are related, and the relation
between the two exciton emissions is temperature-dependent.
6l It was observed that there is anticorrelation between the
temperature dependence of the 5.15 eV emission and that of
the 4.2 eV emissio#? That is, as temperature decreases, the
5.15 eV emission increases while the 4.2 eV emission decreases
| in intensity. The temperature behavior shows clearly that the
2r vV a two exciton emissions or configurations can transform into each
| ',wﬂM W”WM other!®~22 The same temperature behavior was observed for
0 - L L ] the 275 nm (4.51 eV) and 315 nm (3.93 eV) emissions in BaFCl:
300 350 400 450 500 550 EW?* crystals as shown in Figure 1. Accordingly, the 275 and
Wavelength (nm) 315 nm emissions are attributed to the Cl excitons in the BaFCl:

Ew* crystals. The assignments of the six X-ray excited emission
Figure 2. PL Emission Spectra of a BaFCl:Euwsingle crystal recorded Y g y

after 10 min of X-ray irradiation and stimulation with 260 nm light at ban(_js are summarized '”_T‘?‘b'e 1. .
(a) LNT and (b) RT. It is noted that all the emissions from the self-trapped excitons

in undoped BaFX are not visible at temperatures above 200
d K,1821.22while the 275 and 315 nm emissions in the BaFCl:
8r AN EWT crystals appear at room temperature. This is probably due

to the trapping of the excitons to the doped*Eions. In pure

6L AV \ crystals, the intrinsic excitons are called free excitons. In doped
c /| crystals, the excitons can be trapped at the dopants, thus forming
' VN trapped excitond?® According to the theory of trapped excitons,
' the oscillator strength of the trapped excitons is much higher
than that of the free excitons. The concept of giant oscillator
strength {ge) for bound excitons was introduced by Rashba and
‘ Gurgenishvili2® which implies that

PL Intensity (arb. units)

PSL Intensity (arb. units)

90 20 0 20 20 30 f =(EX)3f 1)
Excitation Wavelength (nm) -

a
Figure 3. Excitation Spectra of BaFCI:Et for PSL bands: (a) 315 \yheref is the oscillator strength for free excitorsis the crystal
nm, (b) 365 nm, (c) 430 nm, and (d) 385 nm. Curvescavere unit-cell length, andhey is the excitonic Bohr radius. Because
measured at LNT and curve d at RT. . . -
the unit-cell length is almost an order of magnitude smaller than

the Bohr radius, the oscillator strength of bound excitons is about
3 to 5 orders of magnitude larger than that of free excitdns.
The increase in oscillator strength indicates the increase in the
) ) o ) wave function overlap between the electron and the hole of the

It is well-known thg\t the ?H'S split into two levels n the  exciton because the oscillator strength is proportional to the
cryst7aI8f|eId of BaFClZe; and?tzg. The transition of 45d" (°e,) overlap?325.26 Obviously, the increase in the wave function
- 4I (°S72) gives the well-known emission at 385 nm in BaFCl:  gyeriap will enhance the binding energy of the trapped excitons.
EWP*. The energy separation between the two emission bandstherefore, trapped excitons can have higher luminescence
at 275 and 385 nmis about 1.28 eV, which is close to the energy efficiencies and are more stable than free excitons.
spacing between thig, anzd ?tag sta’gef.o It might be possible B. Photoluminescence and Photostimulated Luminescence
that the transition of 46d" (*tzg) — 4f" (°Sy))) gives the emission o BaFCI:Eu2* Single Crystals. The luminescence spectra in
band at 275 nm. However, due to two reasons, thez 275 NM Figure 2 were obtained by monochromatic light excitation at
emission cannot be attributed to the transition (25’54‘? ( IZQg 260 nm. The crystal had previously been exposed to X-ray or
— 4f7 (°Syp). First, the transition rate of the %" (*tzg) — 4f S-irradiation for 10 min to detect the species created by
(®S12) is extremely low because the energy relaxation from the ragiation. The emission spectra show a narrow band at 315 nm,
4f°5d" (*z9) excited state to the #d" (%) emitting state is 3 proad band at 385 nm, and a very broad band centered near
very efficient due to the strong coupling of the'Selectron 430 nm. These bands showed different temperature dependen-
with the lattice phonons. Actually, the emission from th& 4f  cies. The 315 nm emission band, which was strong in XL, was
50" (*tg) excited state of Eif ions has never been observed. relatively weak in PL and appeared mainly at about 140 K. The
Second, the 275 nm emission band is in the same position asnarrow 365 nm band appeared in the PL as in the XL below
the absorption band of the®(" (°t;g) excited state. Theoreti- 190 K, increased strongly during cooling, and became dominant
cally, the emission and the absorption bands of the state cannolt LNT. The 385 nm emission was recorded at RT and
be in the same position because of the strong eleepbonon  disappeared near LNT. The 430 nm emission increased near
interaction. All of these indicate that the 275 nm emission is | NT. These emissions are from the transitions of{&4,) —

not from the transition of #6d" (*tzg) — 4" (°S7) of EWP* 4f7(8S;1) and 4F5d! (2e,) — 4F7(8Syy) of EL2* ions and oxygen

grown at temperatures higher than 12@ In this case, it is
most unlikely that the 275 nm emission is fromZEuons at
different sites.

ions. vacancies, respectively.
Self-trapped excitons in BaFX (¢ Cl, Br, and I) can yield What we should point out is the emission band at 365 nm.
luminescence with wavelengths shorter than 300tH#k22For Even though the XL emission and the PL emission bands are

example, emissions at around 230 and 368 nm have beenpeaking at the same wavelength, 365 nm, they are from two
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TABLE 1: X-Ray Excited Emissions from BaFCI:Eu?" Single Crystals
emission peak (nm) 275 315 365 385 435 500
assignment Cl excitons Clexcitons Vi(Cly) + e 26— 85y, 0 (F) 0% (CIh)

TABLE 2: Luminescence Emission and Excitation Bands in
BaFCIl:Eu?" Single Crystals ]

emission excitation
(nm) assignments (nm) assignments .
315 4f(Blyp) — 47(8Syp) 242 excitons
365  4f(5Pyp) — 4f7(8Sy)n) 263 G~ — h centers

275 4?(887/2) — AfS5f (ztzg) 7

285  4f(3Sy) — 41 (TFe)
385  4F5dl () — 4f7(8Syn) 278 AF(3Syp) — A5 (2tag)
430 (G~ + h) centers 250 (& + h) centers

totally different species. The 365 nm emission in the PL spectra
is much narrower in bandwidth than the XL emission band.
Furthermore, the PL emission at 365 nm is visible at room
temperature, while the 365 nm XL is only visible at temperatures
below 190 K. The photoluminescence line emission at 365 nm
in Figure 2 is actually from the transition of §fi7,) — 4f7(8S;,)
of EW?" ions, while the 365 nm XL emission in Figure 1 is
from the exciton recombination oY/ (Cl,) with electrons.
They appear to be at the same position in the X-ray emission
and photoluminescence emission spectra, but they are from
different luminescence centers based on our observations. . . . . .

Figure 3 shows the excitation spectra of the crystals. As the 300 350 400
four emission bands are from different states or species, they Wavelength (nm)
have different excitation bands. The 365 nm emission band hasgigyre 4. Luminescence emission of a BaFCI% crystal recorded
excitation maxima at 263, 275, and 285 nm. The 315 and 385 during illumination with 250 nm light afteg-irradiation (a) at RT, (b)
nm emissions and the broad emission band near 430 nm havet LNT, and (c) heated te-730 °C and then illuminated at LNT.
excitation maxima at 242, 278, and near 250 nm, respectively.
The excitation band of the 430 nm emission is consistent with luminescence measurement. Figure 4 shows the spectra excited
the 252 nm excitation band of oxygen vacancies in undoped at 250 nm. No strong luminescence signal but just a weak
BaFCl crystalsi® therefore, it is due to the absorption of oxygen background is observed at room temperature. Two sharp
vacancies. Obviously, the 242 nm excitation band is from the emission peaks at 315 and 365 nm and a broad emission band
Cl excitons. The broad band peaking at 275 nm is similar to peaking at around 430 nm were detected at LNT after X-ray
the excitation spectra of the Euemission at 390 nrhand it jrradiation. After being heated to 73@ and cooled to LNT,
is from the 4f (°S7;) — 4f°5d" (*tzg) of EWP*. The origins of  the emission at 430 nm was quenched. This indicates that the
the emission and excitation peaks are summarized in Table 2.430 nm emission is actually a PSL emission generated by

It is noted in the comparison of Figures 1 and 3 that the radiation. The 250 nm excitation peak and the 430 nm emission
exciton emission of the host overlaps largely with the absorption are assigned to oxygen defects (vacancies). In the BaFCl crystal,
band of the 4t (S7) — 4f%5d" (*zg) of EWP*, which enables  oxygen vacancies are actually hole traps because the divalent
very efficient energy transfer from the host to%£dons and  oxygen ion (G-) prefers to capture a hole to balance its charge
makes Eéf-doped BaFX (%= Cl, Br, and I) highly luminescent  \ith the halogen site (Clor F) it occupies. So, the 250 nm
phosphors with promising applications in X-ray intensifier oy itation peak is actually from @O + h) centers. Thus, the
screens, X-ray medical imaging, and radiation detection. 430 nm emission excited at 250 nm is actually a AL

PSL can be divided into electron-stimulated and hole- gmission.
stimulated luminescendeObviously, PSL can result from the
optical release of either electrons or holes. There is no . o
correlation, however, between the identity of the active carriers crystal megsured at LNT with excitation at 285 nm before and
(electrons or holes) and the question of whether the emitted after he_atlng to 73@C_‘ The result shows that before t_he_
light has a longer or shorter wavelength than the stimulating prehgatlng a sharp emission at 365 nm and a broad emission
light. Investigators usually look for cases where the stimulating peaking at 385 nm were observed at LNT. After preheating,
wavelength is longer than that of the emitted light since in this the broad emission at 385 nm was quenched by abot76%.
case they can be sure that it is PSL and not PL. However, higher-Furthermore, it was observed that the 385 nm emission is
energy photons (shorter wavelengths) can easily stimulate lowerincreased afteg-irradiation at room temperature as shown in
energy (longer wavelength) emission, which still depends on Figure 5B. This is an interesting phenomenon. First, the shape
the prior excitation by irradiation, for example. The problem and emission wavelength of the 385 nm band at LNT demon-
here is to distinguish between true PSL and PL, which may Strate that it is from the 48d" (%e;) — 4f7 (8S;)) transition of
occur under the same conditions. Results of annealing andEW" even though it has been reported that tHi&df (%g;) —
reirradiation may be of great help here. To figure out which 4f" (5S;;) emission of E&" at 385 nm was quenched at LNT.
peaks are intrinsic emissions from the sample and which are Second, the decrease in intensity after heating to 730
due to the species excited by radiation, the irradiated crystal indicates that the emission is related to some carriers generated
was heated to 730C and then cooled to LNT for the by radiation. Most likely, this emission excited at 285 nm is

Intensity (a.u.)

T
450

Figure 5A shows the emission spectra of {hérradiated
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Figure 5. Emission recorded of a BaFCl:EBucrystal during illumina-
tion at 285 nm. (A) At LNT (a) without preheating arfdirradiation,
(b) after heating to 730C, and (c) aftes-irradiation (~2 KGy). (B)
At RT (a) without preheating angtirradiation and (b) aftef-irradiation
(~2 KGy).

mainly contributed from PSL. The increase in the emission
intensity after g-irradiation measured at room temperature
supports this conclusion further. The increase in thé Eu
emission at 385 nm upaftirradiation is opposite of the data
reported by Takahashi et &Furthermore, in our measurements,
we did not see any emission signals from*EuAll these in-
dicate that the PSL model for the oxidation of?Euto EW"
upon radiation and the reduction of Euo EW upon stimu-
lation are questionable as pointed out by many investig&térs.
C. Thermoluminescence in BaFCI:Ed". After X-ray ir-
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Figure 6. TL of BaFCI.EW" recorded after 10 min of X-ray irradiation
at LNT.

(=]

120 .
100 -
= b
2 80f
2z |
&EJ‘ 60 -— //'“\ \\\\
= 40t / N a
20+ / \.
0 1 I 1 .\‘HI'"'——-— —l |
250 300 350 400 450 500 550
T(K)

Figure 7. TL of BaFCIEW" recorded after various periods of
p-irradiation at RT: (a) 1 min, (b) 10 min (reduced By), and (c) 30
min (reduced by/).

(Figure 6). After low-dose X-ray irradiation at RT, the main
peak was recorded at 320 K and additional peaks at ap-
proximately 350, 400, and 430 K. With an increased radiation
dose, the 350 and 400 K peaks became dominant, indicating a
different dose dependence of the various peaks (Figure 7).

It is well-known that the glow peaks at 400 and 430 K are
from F(F") and F(CI) centers, respectivelyAs discussed in
subsection A, in addition to color centers (F centers), the Cl
excitons in BaFCI:EY" are stable above room temperature. The
Cl exciton has two configurations corresponding to emissions
at 275 and 315 nm, respectively. The 315 nm configuration is
more stable than the 275 nm configuration. Thus, we assign
the two glow peaks at 320 and 350 K to the 275 and 315 nm
configurations, respectively. It is noted that at low-dose irradia-
tion (1 min) the 320 K peak is stronger in TL intensity than the
350 K peak, while the 350 K peak is stronger at a higher dose
(10 min). This indicates that the two configurations correspond-
ing to the 320 and 350 K peaks can transform into each other.
This phenomenon is similar to the temperature behavior of the
two XL emissions at 275 and 315 nm and supports the idea
that the assignment of the 320 and 350 K glow peaks to the
two configurations of the Cl exciton is reasonable.

A glow peak at 270 K in BaFCI has been observed and was

attributed to the thermal dissociation of thd &F(CI™) pair
defectsl” The X-ray luminescence (435 and 500 nm) of the

radiation at LNT, the main glow peak appeared at 170 K, and oxygen-related defects in BaFCl:Eucrystals is quenched at
weaker peaks were observed at approximately 220 and 270 Kroom temperature as displayed in Figure 1. The quenching
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TABLE 3: Thermoluminescence Glow Peaks of BaFCI:E&" Single Crystals
peaks (K) 170 220 270 320 350 400 430
assignment Vi(F5) Vi(Cl,) 0% (CIn) Cl exciton (275 nm) Cl exciton (315 nm) F(F F(CI)

temperature is close to 270 K, which supports the assignmentemission at 365 nm but not for the "#,,) — 4f'(8S;)
of the 270 K glow peak to oxygen defects. emission at 315 nm. It is also noted that at room temperature
The recombination emission of the electron Witi{(Cl,) at the 4f5d! (%ey) — 4f"(8S;,) emission at 385 nm is dominant,
370 nm in BaFCLE&" disappears at temperatures above 200 but this emission decreases in intensity with decreasing tem-
K. This allows us to assign the glow peak at 200 K to the perature; meanwhile, the 4$P;,) — 4f"(8S;,) emission at 365
recombination of the electron witi(Cl,). Because defects at nm increases in intensity and becomes dominant at LNT. This
F~ sites are less stable than defects at Gites in BaFCl phenomenon is attributed to the difference in the eleetron
crystals? it is reasonable to assign the glow peak at 170 K to ph_onon coupling for the 4f _electrons and the 5d electrons and
the recombination of the electron with(F,). The possible IS illustrated very well by Liu et a4
origins of the glow peaks are summarized in Table 3. Figure 7 D. PTTL in BaFCI:Eu #". The PTTL was measured after
shows that at a low dose of radiation the excitons are dominantX-ray or p-irradiation at RT, heating to a certain higher
in the crystals, while at a high dose the F centers are dominant.temperatureTy), and subsequent monochromatic illumination
This is quite reasonable because the halogen vacancies, which the 200-600 nm region at LNT. The excitation spectrum of
are necessary for the formation of F centers, can only be createdhe total PTTL emission has a main maximum at 260 nm with
at a high dose of radiation. a shoulder at 240 nm and a weaker maximum at 570 nm (Figure
The emission spectrum of the main 170 K TL peak consisted 9). It is well-known that the excitation peak at 570 nm is from
of two strong narrow bands at 315 and 365 nm as well as of a

strong broad band at 390 nm. The spectra recorded at the other 100k
TL glow peaks also showed the strong narrow 315 nm band as
well as a broader band at about 390 nm (Figure 8). The ~ ¢,
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0 — —_— =y F(CI) centersi™* By comparison with Figure 2 and Table 2, it

250 300 350 400 450 500 550 is known that the excitation peaks at 240 and 260 nm are from
Wavelength (nm) Cl excitons and oxygen defects {@CI™)), respectively. It is

Figure 8. BaFCI:E#* TL emission spectra recorded after 10 min of ~assumed that during the X-ray irradiation electréwle pairs

X-ray irradiation at the glow peaks: (a) 170, (b) 270, and (c) 320 K. are generated, the electrons are trapped by anion vacancies,
forming F centers, and the holes are trapped b¥Exesulting

emissions at 315, 365, and 385 nm are from the transitions ofin EW®" ions?2 However, in our measurements we did not see
Af7(Cl710) — AF7(BSyp), 4F7(5Py12) — 4F7(8Sy10), and 4F5d! (%ey) any signal related to Bt ions. This might indicate that the
— 4f7(8S;,) of EL2T, respectively. The TL emission spectra are conversion of some Et ions to Ed*' ions by radiation does
similar to the PL emission spectra as shown in Figure 2. not happen as pointed out by several groups? Instead, the
However, the relative intensities of the twe ffemissions at creation of color centers, excitons, and oxygen defects play a
315 and 365 nm are totally different in the TL and PL emissions. key role in the storage luminescence.
In the PL spectra, the 365 nm emission is dominant and much  Our results showed that essentially the same emission bands
stronger than the 315 nm emission, while in the TL spectra, were emitted in PL, TL, and PTTL after optical and thermal
the 315 nm emission is dominant. More interesting is that no stimulation. PTTL peaks appeared at 170, 220, 270, 320, 350,
f—f emissions are observed in the XL spectra in the same 400, and 430 K. The finding that the PTTL peaks of BaFClI:
sample. The reason for these differences is not clear yet;EW?* appeared at the same temperatures and with the same
however, the phenomenon indicates that the transition processeshermal activation energies as the TL peaks indicates that the
and probabilities are different in the three types of luminescence. same trapping levels were filled by the UV-induced transfer
It has been noticed in our measurements that thé¢ f from the deeper to the shallower traps as by fher X-ray
emissions at 315 and 365 nm are commonly seen in theirradiation.
photoluminescence and thermostimulated emission spectra. Emission spectra recorded at the main 170 K PTTL peak
Regarding the probabilities off and d—f transitions from showed a narrow band at 315 nm and a strong broad band at
Ew?, certain criteria were described by Blagé®©ne of them 390 nm. The 365 nm band, which was relatively strong at the
is that the equilibrium energy of the excitecf3d! state must 170 K TL peak, did not appear in the PTTL peak at the same
be higher than that of the lowest excited’(@P;,) state. temperature. The 320 K PTTL peak consisted mainly of the
Obviously, this criterion is valid for the 4@P;,) — 4f7(8S;),) strong 315 nm band and a broad band at 390 nm. The other
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