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Report:

The general goal of the experiment was to identié/ crystallographic polymorphs present in La-dogeo,
and Er-doped Hf@polycrystalline thin films (5-30 nm thick) growm@i(001) and Ge (001) substrates and
annealed at different temperatures up to 900°C. @bal was reached. However a systematic and
comprehensive study of a full set of samples cowitibe satisfied for all materials, due to lacKiofe; in

particular few Er-doped HfOfilms were only quickly measured, asfz

feasibility test measurements. We ran out-of-timginly for two
reasons: (i) finding of proper measurement stratégylonger time
(than expected) for scan acquisitions.

In a first attempt, the grazing incidence geometag adopted, keepin
beam energy at 8 keV, to maintain consistency \&boratory data
and exploring the angular region where overlappedkp from

different phases in laboratory data existed, with &im to separate |
each contribution. This approach failed becauseth& reduced| f

dimensions of the diffracted domains, which iseaetiéd in a peak-ling
intrinsically too broad for the discrimination ofhe separate
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A new strategy was then pursued. Taking advantégjgechigh signal
to noice ratio that was attaineable by working &lE keV, we
concentrated our efforts on the identification afragle, intrinsically of
low intensity, but well isolated, diffraction pedselonging to the

tetragonal component, the t(102) peak, as indicatéty.1 for HfO..

Fig. 1. Powder diffration patterns

as reported in ICSD database f
cubic (orange), monoclinic (red
and tetragonal (blue) Hfophases
The arrow indicates the position

thet(102)reflectior.
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Fig. 2. ZrO, films on Si;|Fig. 3. ZrO, films on Si:| Fig. 4. ZrO, films on Si: tetragonal
structural differences (i.e.tetragonal vs monoclinic phase/s monoclinic phase evolution as
monoclinic phase) is evident jrevolution as function of filmfunction of annealing temperaturg.
films grown using differentthickness. Inset: expanded regipmset: expanded region around t(102)
oxiding agent. around t(102) peak. peak.

This approach was very successful on Za@d La-ZrQ samples grown on Si, which could be systematically
measured and critically analyzed.

It was found that the crystallographic phase ofepairQ; films is highly influenced by the oxidizing agent
used during the deposition process. While the @i8&0 gives films consisting of monoclinic, tetragoaad
cubic polymorphs, the monoclinic phase is not detbin the as-depositeds®ased fiims Fig.2). The clear
detection of the tetragonal t(102) reflection, akal the identification of the ZeQtetragonal phase and to
follow its evolution as a function of film thicknesnd post deposition annealifigg.3 andFig. 4 show that
the tetragonal phase reduces, becoming hardlytdbtecat increasing film thickness and with thaealing,

at the expense of the concomitant development efnibnoclinic phase. The measured dielectric cohstan
values,x ~ 24 ork ~ 30 for the films deposited using® or &, could be correlated with the differences in
the ZrQ observed phases, in particular the increase ofrtbeoclinic phase reducing thevalue. These
results are accepted for presentation at the XT@M 2onference.

Considering films grown on Ge, at 13keV, the cdnitions from both the Ge (311) asymmetric reflactio
and the fluorescence from the excitation of thetdénsition sensibly increased the background,gieduthe
signal to noise ratio. La-Zelfilms on Ge were then evaluated at E=9 keV. A$ team energy, within the
same scan, we could detect the presence of Ettagonal phase and evaluate the development@f Z
monoclinic phase considering the m(-121) and m(I&Hections, which are located and well resolved
around the t(102) peak. This study is particuladievant, as the development of the tetragonal ghas
without any monoclinic contribution, was believedide the origin of the higk-value measured on La-ZsO
films grown on Ge and annealed at 400 °C [1]. Thmsasurementd$-{g.5) are the first direct experimental
evidence that very thin La-Zgdilms, grown on Ge, develop the tetragonal phdiss annealing.
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Fig. 5: GIXRD patterns, taken at 9 keV, of thin La-Zrfdms with different thickness, as grown and after
annealing at 400°C. Left: 14 nm, center 20 nm, trighnm.

Finally, preliminary data (at E=9keV) on Er-dopefOH (Er<10% at) films grown on Si showed the presence
of the tetragonal phase and an unwanted monogimse development after annealing at 900°C. Wdaa@im
systematically investigate the crystalline phasanges in Er-Hf@films grown on both Si(001) and Ge (001)
substrates, as a function of Er content, in therstiéd continuation proposal (Ref. N. 25590).
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