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Investigation results of absorption, X-ray-, photo-, and thermally stimulated lumines-
cence spectra of CdWO, crystals are presented as depending on the growing features
thereof. Essential changes in relative intensity of some emission bands under X-ray and
N,-laser excitation have been observed. The raw material purification in the course of the
preliminary recrystallization has been shown to result in an enhanced X-ray luminescence
intensity in the blue-green spectral region and in decreased thermal glow peaks responsible
for the slow luminescence components.

IIpencraBienbl pesyJbTATBHI HCCIENOBAHUS CIIEKTPOB IOTJIOIIEHUS, PEHTreHo-, (oTo- u
TepMOCTHMYTMPOBAHHON JoMuHecneHnuu Kpucrannios CdWO, B 3aBUCHMOCTH OT TEXHOJO-
ruyecKux ocobeHHocTell mx BeIpamuBauus. OOHAPYIKEeHbl 3HAUNTEJIbHbIE N3MEHEeHUS OTHOCH-
TEJbHOU MHTEHCHBHOCTU OT/IEJBbHBIX II0OJIOC CBE€YEHUS OOPAasIOB IPU BOBOYIKIAEHUU DPEHTTEHOB-
ckumu aydamu u N,-masepom. IToxkasaHo, 4TO OYMCTKA CBIPBA B IIPOIIECCE IIPEIBAPHUTENLHOMN
HEPEeKPUCTAIINSAIUY [IPUBOAUT K IIOBBIMIEHUIO WHTEHCUBHOCTU PEHTIE€HOJIOMUHECIEHIIUU B
CHHe-3eJIeHOIl 00JIacT! CIIEKTPA U OCJA0JEeHUI0 ITMKOB TePMOBBLICBEUMBAHMSA, OTBETCTBEHHBIX
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3a MeIJIeHHble KOMIIOHE€HTHI CBEYEHMA.

Cadmium tungstate CdWO, (CWO) is
used widely in X-ray computer-aided to-
mographs [1, 3], in nuclear well logging [2],
and in low-background scintillation spec-
trometers [4]. The improved technology of
the single crystals made it possible to en-
hance the scintillation efficiency of dark-
yellow CWO samples that was about 18 %
relatively to Nal-TI [2] up to 38 % for mod-
ern crystals that are almost colorless [3].
The main emission band of CWQO at room
temperature is at about 480-490 nm and is
overlapped with a less intense band peaked
at 580 nm [5]. In some crystals, a "red
emission” that is believed to be due the
structure defects [6] was observed along
with the above bands.
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The main drawback of CWO scintillators
is a rather long decay time (12 to 15 pus)
that limits the maximum possible counting
rate [4]. For tomographic measurements
where the current recording regime is real-
ized in fact, a long afterglow is of more
importance. The afterglow intensity 8 ms
after the excitation is over should not ex-
ceed 1:107% of the initial value [1]. The de-
tectors of computer-aided tomographs are
designed as scintillator/photodiode optoelec-
tronic couples. Since the sensitivity maxi-
mum of silicon photodiodes lies in the red
spectral region, it is important to elucidate
the relation of long-wavelength emission
bands and slow decay components with the
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Table 1. Characteristics of CWO crystals

Sample Technology features
No.
0 "0Old" light-yellow crystal
1 Recrystallized material without CdCO,

additive

3 Recrystallized blend with 1.1 mass.%
of CdO added

4 Mixture of CdCO5; and WO, powders

raw material quality and technology fea-
tures of the single crystal growing.

The large-size CWO crystals (60 to
65 mm in dia., the cylindrical part length
150 mm) were studied. The crystals were
grown by Czochralski technique at SRC
"Karat”, Lviv, using the equipment from
Physiterm, France. The details of the blend
preparation and growth procedures were
published before [7]. The characteristics of
individual crystals wherefrom the samples
for the study were cut out are presented in
Table 1.

The samples shaped as 10x10x1 mm3
were cut out of the cylindrical part and
polished up to optical quality grade. The
facial side of the plate corresponded to the
(100) plane of the crystal. The optical ab-
sorption of the samples was calculated bas-
ing on the transmission spectra measured
using a Specord M 40 at room temperature.
To examine the X-ray luminescence (XRL)
and photoluminescence under Ns-laser exci-
tation, a setup basing on a quartz mono-
chromator SF-4A was used. The X-ray exci-
tation was done by a microfocused X-ray
tube with copper anticathode through beryl-
lium window of a cryostat, the tube oper-
ated at 45 kV, 0.8 mA. The thermal glow
(TG) was recorded in linear heating regime
at the temperature increase rate of 0.2 K/s.
The TG curves were recorded both in the
integral mode and at discrimination of indi-
vidual spectral ranges with monochromator.
The luminescence spectra were corrected for
the monochromator dispersion and the spec-
tral sensitivity of the PMT.

The absorption spectra of CWO single
crystals grown with different technological
features are shown in Fig. 1. In the spec-
trum of the "old”™ crystal No.0 grown from
a mixture of tungsten oxide and cadmium
carbonate of 99.99 % purity (curve 1), a
broad band peaked at 365 nm is overlapped
with a weaker one near 470 nm that is re-
sponsible for the appreciable yellowish color
of the crystal. The crystal obtained from
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Fig. 1. Absorption spectra of CdWO, single
crystals Nos. 0(1), 1(2), 3(3), 4(4). Inset;
emission spectra of CdWO, single crystal
No.3 under X-ray excitation.

the recrystallized raw material shows a
faint yellowish-green color (curve 2). The
Samples Nos.3 and 4 are essentially color-
less in the visible spectral region and the
absorption coefficient at 365 nm for those
crystals does not exceed 0.3 ecm™1.

The inset in Fig. 1 presents the XRL
spectrum of a CWO crystal at room tem-
perature. The dashed lines show the elemen-
tary Gaussian bands resulting from the
spectrum expansion. The positions of the
band maxima were improved by averaging
the measured results for crystals of differ-
ent origins. The maxima of two main bands
in the room-temperature XRL spectrum an-
swer to the quantum energy values of 2.51
and 2.17 eV at half-widths of 0.54 and
0.50 eV, respectively. The temperature low-
ering down to 100 K causes an insignificant
shift of the short-wavelength band towards
lower energy (2.47 eV) and the band half-
width decrease to 0.51 and 0.44 eV, respec-
tively. The data obtained are in a good
agreement with literature ones [5, 6]. The
intensity ratio of the yellow and blue-green
bands in the XRL spectra at room tempera-
ture varies for different crystals within
limits of 0.31 to 0.39 without any apprecia-
ble correlation with technological features.
At T = 100K, the yellow emission drops by
13 to 20 % relatively to the major band.

Fig. 2 presents the emission spectra of
CWO crystals excited by a nitrogen laser
(A =337 nm) at 100 K. In the PL spectra, a
new band peaked at 1.81 eV of 0.41 eV
half-width is observed along with the two
ones observed under X-ray excitation. This
"red” band dominates in the emission spec-
trum of the crystal No.0 where its intensity
exceeds almost twice that of the 2.47 eV
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Fig. 2. Emission spectra of CdWO, single
crystals Nos.0 (a), 1 (b) and 3 (¢) under exci-
tation by N,-laser at 100 K.

band. It is to note that the relative inten-
sity of the 2.17 eV band increases also
under the laser excitation. This result is in
agreement with literature data on the fea-
tures of optical excitation of individual
CWO bands [5, 6].

In the crystals grown from the recrystal-
lized material, the relative intensities of the
long-wavelength emission bands drop
sharply. This is true, in particular, for the
1.81 eV band. This fact may be due to the
material purification attained by the recrystal-
lization and to the improved scintillator qual-
ity as a whole. The data on relative intensity
of the 680 and 570 nm emission bands as com-
pared to the major 490 nm one for various
CWO crystals excited by nitrogen laser are
presented in Fig. 2. The Table 2 shows also
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Fig. 3. Thermoluminescence glow curves of
CdWO, single crystals No.0 (a) and No.3 (b)
after X-ray irradiation at 100 K: I, inte-
grated intensity; 2, wavelength resolved
measurements with A, . = 670 nm.

the XRL intensity in the blue-green region
at room temperature.

The light yield of the crystals growth by
the improved technology is in correlation
with the data from [7] that were obtained
under excitation with 89Co gamma quanta
and o particles. The XRL intensity is in-
creased by a factor of almost 1.5 as com-
pared to the "old” crystals.

Fig. 3a shows the thermal glow curve of
the crystal No.0. When the integral inten-
sity of TSL is recorded (curve 1), a strong

Table 2. Relative intensities of CWO emis-
sion bands under nitrogen laser excitation
(T =100 K) and the intensity of the main
band in the XRL spectrum (T = 293 K)

Crystal | Is;0/I1490 | I6g0/L490 XRL
No. intensity at
max
490 nm at
293 K
No.0 0.6 1.72 100
No.1 0.17 0.06 143
No.3 0.19 0.24 168

Functional materials, 12, 2, 2005



A.P.Luchechko et al. /| Effect of the growing ...

05

0.0 1
hv,eV

16 18 20 22 24 26
Fig. 4. TSL emission spectra of CdWO, single
crystal No.3 at temperatures (K): 174 (1),
255 (2).

overlapping of several TG peaks is ob-
served. The peaks have maxima at 140,
174 and 200 K and an inflection near
210-220 K. The curve 2 in Fig. 3a is ob-
tained when recording the emission passed
through the SF-4 monochromator in the
spectral region centered at A = 668 nm at
the slot width of 1.0 mm. In this curve,
there is no peak at 140 K and the relative
intensity of the 230 and 255 K TG peaks is
increased considerably, while these peaks
were almost unobservable in the integral re-
cord.

To ascertain the emission spectral compo-
sition in the individual TG peaks, the
curves were measured at different fixed
wavelength values. Fig. 4 presents the TSL
spectra in 174 K (curve 1) and 255 K
(curve 2) peaks. In low-temperature TG
peaks, in particular, in the 174 K one, the
stored light sum is emitted mainly in the
blue-green spectral region at hv,,.  about
2.4 to 2.5 eV. The long-wavelength emis-
sion curves arise when the carriers are re-
leased from the traps associated with 235
and 255 K peaks.

Fig. 5 illustrates the effect of annealing
in reducing atmosphere on the TG curves of
CWO crystals. One of the samples cut out
of adjacent crystal area was annealed in
vacuum at 400°C for 5 h. The TG curve of
the initial untreated crystal No.4 (Fig. 5,
curve 1) differs somewhat from those pre-
sented above. In this curve, the 170 K peak
dominates, the 215 and 235 K peaks are
absent while low ones at 135 and 245 K
remain. In the TG curve of the vacuum-an-
nealed crystal, almost all the peaks ob-
served for the untreated sample become
vanished while a new intense peak at 220 K
arises. The total TSL intensity is increased
by about one order, the sample is slightly
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Fig. 5. Thermoluminescence glow curves of
CdWO, single crystals No.4 after X-ray irra-
diation at 100 K obtained in integrated re-
gime of registration: 1, as grown, 2, annealed
in vacuum.

darker visually and its emission intensity
under X-ray excitation is decreased almost
by a factor of 3.

To explain the results obtained let us
proceed from the models of the emission
centers and the recombination excitation
mechanisms thereof proposed in [5, 8]. Let
be assumed that the blue-green lumines-
cence results from the recombination of free
holes with intrinsic defects related to WOgq
groups. The yellow luminescence arises at
the recombination of free electrons with
holes localized at tungstate groups where
the oxygen ion is absent [5].

In our opinion, when a vacancy arises at
the site of O2-, one of WB* cations sur-
rounding the anion site may change its co-

ordination and transit into the W state.

This corresponds to formation of a donor-
acceptor complex that is converted into a
neutral center as an electron is localized
near to the oxygen vacancy (W\5,\*,'s+— F+).
Being in the charge state neutral in relation
to the lattice, such a defect is able to cap-
ture both an electron and a hole, the cap-
ture probability of the one or another charge
carrier is defined by the capture cross-section
and the free carrier concentration.

The recombination of an electron with the
trapped hole can be presented as a reaction

(Weis: — FHp + e — [(Wiis:)* — Fl.

The cation WS* transition from the ex-
cited state 5dl into the ground one is ac-
companied by emission in the yellow spec-
tral region. Recombination of a hole with
captured electron results in the blue-green
emission peaked at 480 nm. The recombina-
tion channel of that emission does not ex-
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clude the existence of other ones, e.g., self-
localization of elementary excitations. As to
origin of the 1.8 eV emission band, it can
be assumed to be associated with the iron
impurity in the crystal due to raw materials
used to synthesize the raw blend. It is just
iron that is believed to give rise to similar
bands in emission and absorption spectra of
the isostructure zinc tungstate [9].

It is known [10] that the slow emission
components with decay time exceeding 10 ms
at room temperature are possible when the
traps are present that are demonstrated
themselves in TG peaks at T > 200 K. In our
crystals, such traps are visible as TG peaks
at 225 and 255 K hat emit in yellow and
red spectral regions.

The result obtained evidence that the im-
provement in the raw material purity pro-
vides a substantial decrease of thermal
glow. The effect of the growing atmosphere
and heat treatment on the TSL and afterglow
of tungstates is worth to further studies.
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Bniue oco0auBOCTEli BUPOIIYBAHHA HA
JIOMiHECHE€HI[il0 Ta TEPMOBHCBIYyBaHHS
cuuHTHIAANiiENX Kpucraxie CAWO,

A.Il.JIyuweuro, A.M.3axapxo, I.M.Convcruil,
M.B.Ilawkoécvruii, 10.B.3openko

IlpencraBieno pe3yiabTaTH [OOCHIIKEHHS CIEKTPIB IIOrJIMHAHHS, PEHTreHo-, (G)oTo- Ta
TePMOCTHUMYJBLOBAHOI JiIOMiHecIieHI[il Kpucraiis CdWO4 B B3QJEXHOCTI BiJ TeXHOJIOriuHMX
ocobamBOCTEH iX BUPOIIyBaHHsS. BusiBjieHO cyTTeBi 3MiHM BiZHOCHOI iHTEHCHBHOCTI OKpeMUX
CMyr cBiueHHs 3pasKiB mpu 30ymKeHHI peHTreHiBchKuMHu npomeHamu Ta N,-rasepom. IToka-
3aHO, IO OUMCTKA CHUPOBUHU Yy IMIpolleci IomepegHbol IepeKpucTaaisallii mpuUBOAUTL 0
OigBUIleHHA IHTEHCUBHOCTI PEHTTeHOJIOMiHecIleHIlii y CUHBbO-3ejIeHilt obJacTi cmekTpa Ta
nocyabIeHHI0 MiKiB TepMOBUCBiUyBaHHA, K1 BiAMOBiLalOTh 34 MOBLIbHI KOMIIOHEHTH CBiUeHHI.
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