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The continual miniaturization of the metal-oxide-
semiconductor (MOS) devices requires the replacement
of SiO, with dielectrics with high-k constant. In the last
decade much attention has been devoted to the study of
high-k dielectrics suitable for producing microelectronic
devices and integrated circuits and featuring properties
equivalent to very thin SiO,.

The dielectric films with high-k must satisfy many
requirements. A very important requirement is that the
atomic structure of the film should be amorphous and has
to have low roughness of the dielectric-silicon interface.

It is well known that the formation of crystalline
grains in the dielectric films leads to oxygen diffusion
along grain boundaries during thermal processing. This
can result in the growth of interfacial SiO4 layer and
increase the possible equivalent SiO, thickness that
should have the high-k materials. Moreover, the grain-
boundary diffusion of other impurities deteriorates the
electrical performance of the MOS devices. Regarding
the roughness it was found that MOS devices with the
ultra-thin gate dielectrics are very sensitive to the rough-
ness of the dielectric film surface and dielectric-silicon
interface. The increase of the dielectric-silicon interface
roughness results in an increased charge state density at
the interface Dy, and therefore, in the scattering of the
carriers on the silicon surface. The scattering becomes
dominant in carrier transport of MOS field-effect transis-
tor (FET) and degrades MOS FET channel mobility.
Moreover, the roughness degrades the time-dependent
dielectric breakdown characteristics of MOS capacitors,
and increases the tunneling current through the dielectric.
Therefore, there is a need for elaborating of technology
of growing the smooth, amorphous or single crystalline
very thin layers of dielectric oxides.

Among the high-k dielectrics under study, Dy,Oy ap-
pears promising due to its relatively high dielectric con-
stant (k = 12) as compared to SiO, (k = 3.9). Therefore,
we have studied the crystalline structure and the surface
morphology of the thin Dy,O, films grown on Si as a
function of the growth conditions. To examine the crys-

talline structure and range of ordering in DyO, layers
prepared at different conditions the synchrotron radiation
diffraction and absorption was used. To study the rough-
ness and morphology of the surface and interface AFM
was employed.

Due to the fact that Dy,O, layers being investigated
were very thin (50 + 120 A) it was not possible to obtain
any meaningful diffraction pattern by conventional X-ray
diffraction techniques. Only the use of GID geometry
and synchrotron radiation resulted in registration of some
diffraction peaks from the layers (Fig. 1).

The quality of the diffraction patterns indicates that
level of film crystallinity is variable and is a function of
the technological conditions. On the base of obtained
diffraction patterns we could identify the crystal structure
of the films as Dy,0s, cubic of la 3 space group with
lattice parameter a = 10.665 A (according to the JCPDS-
ICDD, 22-0612).

On the base of GID studies one can say that the
Dy,O, films obtained with high deposition rate have the
best crystalline structure. The thickness of these films is
around 100 A. The decreasing of the deposition rate
leads to deterioration of the Dy,QO; film crystalline struc-
ture (Fig. 1, sample 1).

The shape of XANES is a fingerprint of the com-
pounds formed, and the appearance of the fine structure
in a spectrum is evidence of formation of long range
ordering. Therefore the L edges of Dy were measured for
thin films together with the stoichiometric Dy,O3 pow-
der. This method is sampling all volume of layer. To get
information about the range of ordering around the Dy
atoms spectra of L, edge (presented in Fig. 2). Changes
observed in the shape of L, edges, indicate that the ox-
ides formed have different level of nonstoichiometry but
none of them is Dy,0s;. The fine structure seen in L;
edges of Dy,03was not found in samples 1 and 6 indicat-
ing the absence of long range order in these samples in
agreement with results of diffraction studies. The re-
versed intensity in the two peak structures at the first
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maximum marked 1 and 2 (Fig. 2) for other samples, is
an evidence of a stoichiometry different from that of
Dy,0s. In L; edge the p-symmetry states in the conduc-
tion bond are examined, and it can be seen that these
states are very sensitive to the level of ordering in the
sample.

Counts

20 (deg)

Figure 1. Grazing incident diffraction pat-
terns for different Dy,O, layers.
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Figure 2. L, edges of Dy in Dy,Oy layers and
Dy,03 powder.

The examples of AFM studies of Dy,Oy films mor-
phology are presented in Figures 3 and 4. The morphol-
ogy of oxide films varies significantly. The surface of the
sample 1 is smooth even at the high magnification
(Fig. 3) but surface of sample 5 (Fig. 4) shows the well
seen crystallites. For a quantitative estimation of the
roughness of formed surface a height profile was made
from four different line at the surface. The mean height
of the roughness was found to be close to 15 A for the
sample 1. Analysis of sample 4 and 5 profiles shows that
the Dy,Oy grows in the form of crystallites with the
height of about 100+£20 A and the width at the bottom of
0.3+0.1 pm. Therefore, the morphology of Dy,O, films
strongly depends on the deposition rate. In the case of
low deposition rate (sample 1) a fine-grained structure
close to amorphous one was obtained, and in the case of
high deposition rate (sample 4 and 5) polycrystalline
structure with large grain sizes was grown. These results
are in agreement with the XRD data.

Figure 3. AFM three-dimensional images of Dy,Oy
film (sample 1) from 2 pm x 2 pm surface.

Figure 4. AFM three-dimensional images of Dy,Oy
film (sample 5) from 8 um x 8 pum surface.

Conclusions

Dy,O, films prepared by thermal evaporation in mixed
Ar-O, atmosphere followed by annealing in oxygen can
be considered as suitable gate dielectric for MOS de-
vices. It is possible to produce thin amorphous films with
the roughness level of about 15 A and with a very
smooth dielectric-silicon interface.

The film structural quality highly depends on the
deposition rate. Low deposition rates result in the growth
of amorphous film, while an increased deposition rate
leads to formation of crystallites inside the layer with the
base size of about 0.3 um and the height of about 100 A.

The annealing in the argon leads to the increase of the
interface dielectric-silicon roughness.

The crystallographic structure of the films was de-
termined as the phase Dy,03, cubic of la 3 space group
with lattice parameter a = 10.665 A, even though the
stoichiometry of all films strongly differs from that of
Dy,0s. The level of non-stoichiometry is a function of
technological conditions.
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