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a b s t r a c t

The high-quality CdWO4 crystal of 80–90 mm in diameter and 180–200 mm long has been grown by Low
Thermal Gradient Czochralski technique (LTG Cz). Large area atomically flat CdWO4(010) substrates have
been prepared by cleavage. The CdWO4(010) surface is stable in the air up to 600 1C. At higher
temperatures, the precipitation of WO3 and W19O55 oxides has been detected by RHEED.

& 2014 Elsevier B.V. All rights reserved.

1. Introduction

Cadmium tungstate, CdWO4, related to the family of wolframite-
type crystals A2þWO4 is well-known as one from the best scintil-
lating mediums [1–7]. The potentials of this crystal for Raman laser
systems are under considerations because of good spectroscopic
parameters [8–10]. Effective luminescent powder samples of
CdWO4 were prepared with the help of facile chemical synthesis
methods and good photocatalytic properties were found for the
tetragonal modification [11–14]. Two polymorph modifications are
known for cadmium tungstate where the monoclinic wolframite-
type phase is thermodynamically stable at normal conditions and
the tetragonal structure is observed at pressures beyond 35 GPa
[15,16]. The formation of tetragonal CdWO4, however, is possible
at normal conditions under optimal selection of the chemical route
[13]. The crystal structure of wolframite-type CdWO4 is illustrated
in Fig. 1 [15,17]. The parameters of monoclinic cell of CdWO4 are
a¼5.0400(8) Å, b¼5.8701(6) Å, c¼5.0841(7) Å, β¼91.476(19)1,
V¼150.36(1) Å3, and Z¼2, space group P2/c. A chain-type struc-
ture is formed by parallel zigzag chains of distorted CdO6 and WO6

octahedrons spreading along the c axis. Similar to other crystals
from wolframite family, the CdWO4 crystals are characterized by
good cleavage properties of the (010) planes [8,18–20]. Recently,
the microstructural properties of ZnWO4(010) cleaved surface
were elucidated in details and it was found that large-area atom-
ically-flat surface formation is possible for high-quality ZnWO4

wolframite crystals [21,22]. The CdWO4 and ZnWO4 are from the
wolframite family and similar cleavage properties may be sup-
posed in both materials. Thus, the present study is aimed at the
evaluation of morphological and structural properties, and ther-
mal stability of the CdWO4(010) cleaved surface. The CdWO4

crystals grown by Low Thermal Gradient Czochralski technique
(LTG Cz) were used for cleaved surface preparation. One of the
essential features of the LTG Cz technique is the low thermoelastic
stresses in the crystal. Respectively, the crystals are less suscep-
tible to post-growth cracking and the dislocation density is much
lower in the crystals grown by the LTG Cz technique. The results of
CdWO4 crystal growth along the [010] direction are considered in
this report.

2. Experimental

The high-quality inclusion-free CdWO4 crystal of 80–90 mm in
diameter and 180–200 mm long was grown by LTG Cz. The special
purity WO3 (NIIC SB RAS, Russia) with Si content o50 ppm and
transition metals content o1 ppm was prepared by the original
technology [23]. High purity CdO (99.995%, Toho Zinc, Japan) was
used without further purification. In the LTG Cz technique, the
evaporation and decomposition of the melt is much lower than
that in the traditional version of the Cz crystal growth. Therefore,
the initial charge was prepared in the stoichiometric composition.
CdWO4 synthesis was being carried out in the platinum crucible at
the diameter of 100 mm at 1000 1C for 6 h. The melt was kept at
the temperature above the melting point by 10–15 1C to homo-
genize the melt. The crystal growth was carried out at the ratio of
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crystal diameter to the crucible diameter of 8:10. This diameter
relation significantly decreases the open part of the melt surface
and, therefore, reduces volatile components evaporation from the
melt. The cooling process after the growth was carried out at the
rate of 80 1C/h.

The substrates of CdWO4(010) with dimensions 12�0.7�
12 mm3 were fabricated by accurate cleaving of a single crystal
parallelepiped. The cleavage was produced with a steel knife. After
cleaving, the substrates were washed in acetone and distilled
water to remove the residual crashed material from the surface.
The surface micromorphology was studied by atomic force micro-
scope(AFM) Solver P-47H in the semicontact mode. The top-
surface crystallographic properties were evaluated with RHEED
using EFZ4 device at the electron energy of 50 keV. To see the
thermal stability of the CdWO4(010) surface, a substrate was
annealed in the air over the temperature range of 400–700 1C.
A platinum box was used as a container to avoid the surface
contamination.

3. Results and discussion

The large volume CdWO4 crystal grown by LTG Cz method is
shown in Fig. 2. The main problem of CdWO4 crystal growth along
the [010] direction is the thermoelastic stresses arising in the
crystal due to temperature gradients. Generally, it is particularly
difficult to prepare the layered wolframite family crystals with
perfect cleavage planes by the crystal growth under high tem-
perature gradients. High radial temperature gradients in combina-
tion with the relatively weak (010) interplanar coupling leads to a
splitting of the crystal by the cleavage planes. On the other hand, a
strong connection in the (010) plane provides the surface stability
during crystal growth. When crystals are grown along the [010]
direction with a convex shape of the growth front, it is difficult to
avoid the so-called “facet effect” [24]. When the crystallization
front concaves, this effect appears on the periphery of the crystal.
Evidently, the effect generates the inhomogeneity of the crystal
bulk properties due to different growth mechanisms at the
solidification front and the unstable position of the border coex-
istence faces and rounded shapes. The problem of thermal stress
can be solved by drastic lowering of the temperature gradients
down to o1 1C/cm. In parallel, this opens the opportunity to
realize the layer-by-layer growth mechanism not only for the
(010) plane. When LTG Cz technique is used, the stable

coexistence of the (010), (110), (100) planes and a rounded
surface is observed at the crystallization front of the CdWO4

crystal. The coexistence of facets and rounded shapes at the
solidification front leads to improper result either under high or
low temperature gradients. Due to the high stability of the (010)
plane at the crystallization front, it is relatively easy to imple-
ment the same type of growth mechanism over the crystal-
lization front. Keeping the conditions over the entire length of
the growing crystal can get high homogeneity of physical para-
meters over the crystal bulk in comparison with the crystal
grown by the traditional Cz technique.

The topographical 10�10 μm2 AFM image and surface profile
are shown in Fig. 3. Commonly, the cleaved CdWO4(010) surface
is formed by a system of wide plane terraces with as low
roughness as �0.2 nm and the typical area of 3–10 mm2. The
set of terraces is evident in Fig. 3(a). The elementary level step
between the terraces is very close to cell parameter b, as it is
evident from Fig. 3(b). Thus, the cleaved CdWO4(010) surface can
be considered as the atomically flat one. However, at the terrace
surface, the point defects of 15–30 nm in diameter can be found
by wide AFM observation that is typical of the cleaved crystal
surface [22,25–27]. The system of Kikuchi lines shown in Fig. 4
was found for the CdWO4(010) substrate by RHEED observation,
and that confirms the high crystallographic state of the cleaved
surface [28–31].

The thermal stability of the CdWO4(010) surface has been
traced by annealing in the air over the temperature range of
400–700 1C followed by RHEED analysis. There was not a foreign
phase detected after annealing at 400–600 1C. However, the low-
intensity precipitation of WO3 (PDF 1323Pn) and W19O55 (PDF 45
0167) oxides was found after annealing at 650–700 1C. The related
RHEED pattern is shown in Fig. 5 where the superposition of
Kikuchi lines and point reflexes related to CdWO4 and point
reflexes related to WO3 and W19O55 oxides appeared. The epitaxial
relations obtained for the WO3 and W19O55 precipitates on the
CdWO4(010) surface are reported in Tables 1 and 2. As it seems,
the precipitation of free tungsten oxides is induced by a CdO loss
from the top surface of the CdWO4(010) substrates at high
temperatures.

Fig. 1. Crystal structure of CdWO4, wolframite. Unit cell is outlined. Lone atoms are
omitted for clarity.

Fig. 2. The CdWO4 crystals grown by LTG Cz method.
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4. Conclusions

The high structural quality of CdWO4 single crystals grown by
LTG Cz technique from the melt prepared using high-purity
starting reagents permits the formation of large area CdWO4(010)

substrates by a simple cleavage. The cleaved CdWO4(010) surface
is characterized by the presence of atomically flat terraces. High
crystallographic quality of the cleaved CdWO4(010) surface gives
an opportunity to consider CdWO4 as a promising substrate
material for epitaxial technologies. The CdWO4(010) surface is
stable in the air over the temperatures up to 600 1C.
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Table 1
Epitaxial relations for WO3/CdWO4(010) system.

WO3 CdWO4

(100) (001)
(001) (100)
(010) (010)

Table 2
Epitaxial relations for W19O55/CdWO4(010) system.

W19O55 CdWO4

(100) (010)
(001) (�103)
(010) (301)
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