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ZnWO, films were deposited on glass and KCI substrates using ion beam sputtering of
ZnWO, target. After annealing in O, flow at 778 K during 7 hours, films gain the
crystalline structure and luminescent properties which are inherent for ZnWO, compound.

IInenxkun ZnWO, HanBLIEHB HA CTEKJIAHHBIE IOAIOKKM 1 mogmoxku KCl myrem monHOro
pacnsireruns mumtern us ZnWO,. Ilociae otsxura B notroxke O, mpu 773 K B Teuenne 7 uacos
IJIEHKU IPUOOpesIn KPUCTAILIUYECKYI0 CTPYKTYPY U JIIOMUHECI[EHTHBIE CBOMCTBA, XapaKTep-

mere gua ZnWO,.

1. Introduction

Zinc tungstate (ZnWO,, hereafter re-
ferred to as ZWO) is a wide band gap (close
to 4 eV) compound. It has been of a great
practical interest for a long time because of
its attractive luminescent, optical and
chemical properties. It possesses high den-
sity, 7.62 g/cm3, high atomic number, high
chemical stability, high X-ray absorption
coefficient an so on [1-3]. As a self-activat-
ing phosphor ZWO exhibits a broad, intrin-
sic blue emission band near 490 nm [4].

ZWQO has been prepared by different
methods including Czochralski growth [5],
sintering of WO3; and ZnO powders [6], hy-
drothermal reaction [7], molten salt synthesis
[8], RF sputtering of WO5 and ZnO mixture [9].

In this communication we report on the
structural and luminescent properties of ZWO
films produced by ion beam sputtering.

2. Experimental

ZnWO, films were prepared by ion beam
sputtering of the ZWO single crystal as in-
itial material in a vacuum chamber
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equipped with gridless closed drift ion
source "Radical”™ [10, 11] — Fig. 1. This
type of ion source doesn’t require an elec-
tron emitter so it allows to use the different
reactive working gases like O,, N,, CF, and
others. In this work pure Ar and pure O, were
used in the first series of depositions and
pure O, in the second series. Ar pressure was
5104 Torr, O, pressure 41074 Torr. Anode
voltage was 3 kV, ion current 150-170 mA,
current density on the target 10 mA/em?.
Deposition duration was 15 min and 30 min
for the first and second set of experiments,
correspondingly.

Films were deposited on glass and KCI
substrates. The temperature of substrates in
a course of deposition was in a range of
473-573 K. The thickness of the obtained
films was 0.5-0.8 um.

Crystalline structure of the films was ex-
amined by X-ray diffraction using general
purpose X-ray diffractometer operated at
Cu Ko radiation, graphite monochromator
on the primary beam and in a symmetric
6—26 mode.
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Fig. 1. Schematic layout of the ion source
"Radical”. 1 — cooling water; 2 — gas inlet;
3 — cathode; 4 — solenoid coil; 5 — anode;
6 — ion beam; 7 — sputtered target (ZWO);
8 — substrate.

Scintillation amplitude spectra and lumi-
nescent spectra of the films were acquired
to examine their luminescent properties.
The scintillation amplitude spectra were ob-
tained at Pu239 q-particle irradiation and
radioluminescent spectra formed at irradia-
tion of X-ray tube with Cu anode operated
at 25 kV.

3. Resultls and discussion

X-ray diffraction data reveal mainly
amorphous structure of the deposited films
except a weakly developed crystalline com-
ponent in a case of KCI substrate. Further,
obtained films were subjected to a heat
treatment at 773 K during 7 h in an oxygen
flow with the purpose to promote crystal-
lization and prevent the reduction of W6*
ion in ZWO compound. Such treatment
leads to formation of the crystalline phase
in the film — Fig. 2. It consists mainly of
ZnWO,, which Miller indices of diffraction
peaks are designated and additional yet un-
certain crystalline constituent.

Films deposited using Ar ion source were
opaque black that indicate the significant
amount of reduced W8* contained in the
film. Films deposited using oxygen ion
beam were translucent light blue and be-
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Fig. 2. X-ray diffraction pattern of ZWO film
on glass substrate in initial state (a) and
after annealing in O, (b). Miller indices of
ZWO are shown.

came completely transparent after heat
treatment in oxygen ambient. It assumed to
be the result of formation of the wide band
gap crystalline ZWO in the film.
Scintillation spectra of ZWO films ob-
tained at Pu239 g-particle irradiation reveal
extremely low light yield. Appearance of a
detectable peak on the spectrum curve re-
quired 10000 seconds of data acquisition. In
Fig. 3 such spectrum is presented after data
smoothing and background line removal.
This low light yield is possibly due to a
small thickness of the film. The range R of
Pu239 g-particles (5.15 MeV) in ZWO was es-
timated using Bragg-Kleeman rule [12]. Ac-
cepting air as a reference media with known
density (1.23:1073 g/ecm3) and effective
atomic mass (14.6 g/mol), one can get
R=3.2- 10*4@&}3[1”,
p
where p and A, — density and effective
atomic mass, respectively, for compound

and R,;,. is the range for a-particle in air,

r
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Fig. 3. Amplitude scintillation spectrum of
ZWO film on glass substrate after annealing
in O,.

which is 3.68 c¢m for 5.15 MeV particles.
A,sp for compound is

Aot = Zeofi/ @/ Aess (Z/ Aoy = Y wiZi/ Ay
i

where Z,;; — effective atomic number of
compound, w; weight fraction of i-th ele-
ment of compound. Calculated A,¢ for ZWO
is 118.83 g/mol and the value of 5.15 MeV

o-particles range in ZWQO comes to 17 pm.

X-ray tube as a source of ionizing radia-
tion affords almost continuous radiation
spectrum so it excites the most radiation
centers in a specimen. Radioluminescent
spectrum of ZWO film obtained at 25 keV
X-ray irradiation is presented in Fig. 4,
after subtraction of the substrate spectrum.
The specimen represents ZWO film depos-
ited on KCI| substrate using O, ion beam,
annealed in oxygen ambient after deposition.
It is seen that the maximum of observed lu-
minescence band fit to 490 nm that agreed
with with the reference data [13].

4. Conclusions

ZWO films were deposited on the glass
and KCI substrates using ion beam sputter-
ing of ZWO target. It has found that pre-
vention of WB* jon reduction is extremely
important to obtain scintillation of ZWO
film. For this purpose the films were depos-
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Fig. 4. Radioluminescent spectrum of ZWO
film on KCI substrate after annealing in O,.

ited using O, ion beam and subsequent an-
nealing in oxygen atmosphere was applied.
Further X-ray investigations of the films
and examination of their radioluminescent
spectra confirmed the formation of scintil-
lating ZWO films due to application of de-
scribed technique.
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Crpykrypa Ta dayopecuennia niaxisok ZnWO,,
BUPOOJIeHUX I0HHO-IPOMEHEBHM PO3NMUIIOBAHHAM

0.ly606ux, O.Pedopos, K.Kampynos, O./Ie6eduncoxuil,
I'.Oniwenkxo, C.Axoein, O.3uxos

IIniskn ZnWO, mammireHo Ha ckagHi migkaagxm Ta mizxnagku KCl mrsxom iomnoro
posnuiaoBaHa wmimeni 3 ZnWO,. Ilicaa sigmamy y moromi O, mpm 778 K mHa mporasi
7 rogwH ILUIiBKU HaOyJaM KPUCTAJIYHOI CTPYKTYPH Ta CIUHTUJIANINHUX BJIACTUBOCTEIl, II0
xapakTepHi gaa ZnWO,.
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