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The first observation of absorption, red-orange luminescence, and decay kinetics of
Cag gsEug 35F 5 35 single crystal is reported. The emission spectrum of excited directly in
absorption bands consists of narrow bands at ~590, 614 and 690 nm caused by 5DJ - 7FJ
transitions typical of Eu3* ion. The same luminescence was found under UV, X- and
y-excitation. The optical parameters of x-ray irradiated crystal remain unchanged at dose
increasing up to 104 Gy. That is, the compound holds a high radiation damage threshold.
It can be presumed that this multicomponent solid solution may be used as a converter of
UV and ionizing radiation into visible photons with high quantum efficiency.

Brnepsele mpejcTaBieHbl JaHHBIE O IOTJIOI[EHHM, KPACHO-OPAHMKEBON JIOMUHECHEHIIUN U
KHHETHKe BhICBeUMBaHUA MOHOKpHucTamioB CaggsEuqy3s5F, 35. IIpu BosOysxmennn B mosocax
IOTJIOIEHNS B CIIEKTPE MBJIYUYCHUSA MPOSBIAIOTCSI y3KHE II0JIOCHI ¢ MakcumyMmamu mpu ~590,
614 u 690 HM, 00yCJIOBIEHHBIE 5DJ - 7FJ mepexojaMu B MOHAX Eu3*. Amanornuynas JIOMU-
HecleHITUS uMeeT MecTo npu Y®P, peHTreHOBCKOM- u Y-Bo30y:kAeHusx. IIpu obGaydeHuu
PEHTTeHOBCKUM H3JyYeHHEM OIITHUYECKUe IapaMeTphl OCTAlOTCI HEU3MEHHLIMH [0 103
104 I'peit, uTo cBUIETENBLCTBYET O BBICOKOI paAMallMOHHOI CTOMKOCTHM MaTepuaja. Ilokasa-
HO, uTo Kpmcramn CaggsEuq 35F5 35 Moser GbITH MCIONBL30BaH B KauecTBe d(P(EKTHBHOrO
KOHBEPTUPYIOIIET0 MaTepuaia AJs IpeoOpasoBaHusa Y® M PEHTTeHOBCKOTO H3JIyUYEeHUU B
BUIUMBIHA CBeT.

© 2004 — Institute for Single Crystals

Solid-state inorganic phosphors, in par-
ticular, lanthanide-doped materials, are
used as X- or y-radiation-to-light converters
in medical diagnostic imaging detectors
[1-4]. The main role of these phosphors is
to reduce the exposure of the patient to
X-rays, while preserving the quality of the
X-ray image. Phosphor intensifying screens
absorb, amplify, and convert X-ray photons
into hundreds of visible photons that are
then recorded by optical or electronic detec-
tors (e.g. photographic films, photomulti-
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pliers, or photodiodes) incorporated in diag-
nostic imaging systems. Presently, conven-
tional medical screening and film imaging
methods are among the most widely used
and cost-effective diagnostic tools available
in radiology.

Vacuum ultraviolet (VUV) transparency
of CaF, crystals (up to 130 nm) makes them
promising candidates as hosts for phosphors
in mercury-free discharge lamps, converting
the broad =xenon discharge emission
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Fig. 1. As-grown Ca gsEU 35F 5 35 single crystal.

(172 nm) into visible photons at a high
quantum efficiency.

Bright blue emission (430 nm) resulting
from 5d—4f transitions of Eu?* ion is inherent
in CaF,:Eu crystals used to detect B-rays and
low-energy Yy-quanta [5]. Obviously, during
crystal growth and after the special treat-
ment, a fraction of Eu ions enters the host
in trivalent state (Eu3*). In that case, the
luminescence spectrum consists of the nar-
row lines located in the red-orange wave-
length region resulting from the transitions
of Eu3* ion [2, 3, 6]. The excitation energy
values typical of the 4f6-4f55d transitions
in trivalent europium ion in fluorides lie in
VUV (8.6-10.0 eV), UV (~5 eV) and VIS
ranges [7]. Their positions agree closely
with Eu3* absorption.

Active optical media suitable in develop-
ment of optical amplifiers in the red spec-
tral region of the high sensitivity of photo-
diodes are now a subject of interest. This
motivates the investigation of Eu3* ions
doped into CaF, crystals, providing strong
spin-allowed f—d absorption in VUV /UV and
f—f emission in the red-orange range. As far
as we know, up to date, there is no publi-
shed information devoted to lumines-
cence of highly concentrated solid solu-
tion Ca;_ Eu,F,,, with 0.1 <x<0.45. In
this article, we represent the results of
Cag g5EUg 35F > 35 single crystal study demon-
strating the bright red emission under UV,
X- and y-rays excitations.

The crystals were grown in a Czochralski
system with a 30 kW R.F.-generator. High
purity powders (>99.99 %) of commercially
available CaF, and EuF; powders were used.
CaF, and EuF; were weighted and mixed in
composition ratio Ca:Eu = 0.65:0.35 (at.%).
The raw materials were purified in a glassy
carbon crucible by heating at 800°C for
12 h under vacuum (~10"3 Pa). This vac-
uum level, obtained by a rotary pump and a
diffusion one, was necessary to eliminate
effectively the water and oxygen present in
the chamber and raw materials, since even
traces of those are well-known to be very
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Fig. 2. Optical absorption spectrum of

Cag g5Euq 35F 5 35 single crystal.

detrimental for the optical quality of fluo-
ride crystals. Subsequently, high purity CF,
gas (99.99 %) was slowly introduced into
the furnace and the powders were melted.
The growth temperature was approximately
1400°C. After seeding, the crystal rotation
rate was fixed at 15 rpm, and the pulling
rate was 2 mm/h. Crystals of 1 inch in di-
ameter and several centimeters long were
grown. Fig. 1 shows an  as-grown
Cag g5EuUg 35F 2 35 single crystal. This crystal
was yellowish in color and was transparent,
free of bubbles and cracks. An inductively
coupled plasma (ICP) technique was used to
determine the chemical composition of the
grown crystal. With this result, the effec-
tive segregation coefficient of Eu was deter-
mined to be 0.826.

A SPECORD M40 spectrophotometer
used to measure the crystal optical absorp-
tion at 300 K in 190-1100 nm range. Pho-
toluminescence and excitation spectra were
studi-ed using a setup described elsewhere
[8]. To perform time-resolved measurements
at photo-excitation, the VARIAN CARY
ECLIPSE Fluorescence Spectrophotometer
was employed. The stationary y-lumines-
cence was measured with 24'Am source. The
luminescence kinetics under X-ray pulsed
irradiation was measured using a setup de-
scribed in [9]. Radiation damage experi-
ments were performed with irradiation of
samples by an X-ray pulse tube (160 kV,
10 Gy/min).

The absorption spectrum of
Cao_65EUo_35F2_35 crystal is shown in Fig. 2.
The most intense wide band is in UV region
with a maximum near 250 nm. Besides,
there are several lines overlapping the main
band and a number of distinct long-wave-
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Fig. 3. Excitation spectrum of emission with
maximum at 592 nm (left) and luminescence
spectrum at excitation by 394 nm (right).

length lines in the visible range. The line
positions agree well with the known transi-
tions in Eu3* ion in different europium
doped matrices [3, 6, 7]. The luminescence
and excitation spectra are demonstrated by
Fig. 3. The brightest duplicated emission
lines take up the positions at 589-592 and
614-618 nm whereas less intensive ones are
situated at 649-652 and 683-692 nm. The
excitation is performed by lines located in
350-500 nm range and by light correspond-
ing to the main UV absorption band as well.

As follows from the spectra represented,
5Dg - "F; (j = 0-4) optical transitions of
Eus* ion are revealed in investigated sam-
ples. Unlike CaF,:Eu crystal, the "blue”
emission resulting from transitions of biva-
lent europium was not found in the multi-
component compound studied.

The radioluminescence spectra of the
Cag g5EUq 35F 5 35 crystal under x- and y-exci-
tation exhibit the typical Eu3* red-orange
luminescence (Fig. 4). At the same time, the
long-wavelength (680-700 nm) contribution
is noticeably higher in y-luminescence. The
spectrum structure of x-ray emission is evi-
dently similar to that at y-irradiation. The
line positions fit with those observed under
direct photo-excitation. This means that in
these crystals the recombination mechanism
of the energy transfer from the host to the
impurity RE ions can excite the Eu3* to its
5d levels resulting in the appearance of
5Dy - 7Fj luminescence of the respective
ion. The luminescence decay kinetic fea-
tures under photo- and x-ray pulse excita-
tion are shown in Fig. 5. Under the photo-
excitation (394 nm) of Eu3* ion emission,
the leading decay time (T) is equal to
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Fig. 4. Spectra of CagggEUq35F, 35 emission
excited by x- (dotted) and Yy-(solid) rays.
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Fig. 5. Decay curves of CajgsEUq 35F, 35 cTys-
tal emission excited by A =394 nm (1) and
x-ray (2) pulses.

~1.34 us, while x-ray excitation gives rise
to pulse with ~1.64 ps. These values agree
approximately with the ordinary transition
times of trivalent europium ions in differ-
ent matrices [1, 6].

The radiation damage in Cag gsEuq 35F5 35
crystals was studied to provide data on
light yield losses and color center forma-
tion. As was found, the optical transmission
and luminescence spectra of samples remain
unchanged at irradiation dose increasing up
to 104 Gy.

Thus, the compound studied shows a suf-
ficiently high radiation damage threshold
and therefore is applicable in radiation en-
vironment. From the results obtained, it
can be deduced that due to bright Eu3* ion
luminescence under UV and ionizing irra-
diations, the CaggsEUq 35F5 35 single crystal
is of good prospects as a red phosphor and
display material. It is to note that the crys-
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tal emission region is in good agreement
with the photodiode detector sensitivity. It
is known that the most effective excitation
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HoBuit uepBonuiui ¢gocdop:
MOHORPHCTAJI Ca065EuO35F235

K. Hlimamypa, H. Hllupan, O. I'ekmin, B. Boponosa,
B. Hecmepkina, H. ITwunosa, E. Bunopa, T. Iliwido

Vmepire mpeacTaBIeHO JaHI PO HOTVIMHAHHSA, YePBOHO-’KOBTOTAPAYY JIOMiHECHEHIIil0 i
KineTuKy BHUcBiTIOBaHHA MOHOKpucTaniB CaggsEUq 35F5 35. TIpu 30ymxenHi y cmyrax mo-
TJINHAHHA y CIEKTPi BUNPOMIiHIOBAHHA HPOABJIAIOTHCSA BY3bKi CMyrum 3 MaKCUMyMaMW IIpHU
~590, 614 Ta 690 M, 00yMoOBIeHi 5DJ - 7FJ mepexozamu B iomax Eu3*. Amasoriuna mromi-
HeclieHIia Mae wmicnme mpu YP, x- i y-30ymxenHax. IIpm oumpomineHHI peHTreHiBCBKUM
BUIPOMIHIOBAHHAM ONTHUHI IapaMeTpy SajdIIaoTbei HesMimauMuz no gos 10% Tpeit, mo
CBiuUMTh IIPO BHCOKY pafialniiiny crifikicte wMarepiany. Ilokasamo, II0 KpucTaa
Cag gsEug 35F > 35 Mose OyTu BUKOPHUCTAHWE B AKOCTI e)eKTHBHOTO MaTepiany [Jaa IepeTBo-
peHHsA Y@ i peHTreHiBCbKOTO BUIIPOMiHIOBaHb y BUAMME CBiTJIO.
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