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High dielectric constant and capacitance in
ultrasmall (2.5 nm) SrHfOz perovskite nanoparticles
produced in a low temperature non-aqueous sol-
gel routet
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Strontiurn hafnium oxide [SrHfOS) has great potential as a high-k gate dielectric materia, for use in
rmemories, capacitors, CMOS and MOSFET=. We repaort for the first time the dielectric properties [relative
permittivity and capacitance] of SrHfOz nanoparticles [MPs), as opposed to thin films or sintered bulk
ceramics. These moncdisperse, ultra-small, perovskite-type SrHfO: nanccrystals were synthesised
through 3 nen-aqueous sol—gel process under sohecthermal conditions [at only 220 °C) using benzd
glcohel a5 3 solvent, and with no other capping agents or surfactants. Advanced X-ray diffraction
methods fwhole powder pattern modelling, WPPM), CS-corrected high-rescduticn scanning transmissicn
electron  microscopy  (HRSTEM), diglectric  spectroscopy, and  optical [UV-vis, Raman) and
photoluminescent spectroscopy were used to fully chaacterise the NPs. These SrHfO=z NPs are the
smallest reported and highly monodisperse, with a mean diameter of 25 nm, 3 mode of 2.0 nm and
a small size distribution. The formation mechanism of the MPs was determined using MMR and GC-M5S
analysiz of the species imvotved. Our SrHfO; nancparticles had a dielectric constant of 17, which is on par
with literature data for bulk and thin film samples, and they also had a relatively large capacitance of 95
nfF cm 2. As such, they would be suitable for applications as gate dielectrics for capacitors and in metal-
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Of the various classes of inorganic nanoparticles (NPs), perov-
skite metal oxides NPs are particularly attractive from both the
scientific and technologiel point of view. The unique charac-
teristics of perovskites make them the most diverse class of
materials for use in electronics and fuel cells due o their
optimal optimal, dielectric, ferroelectric, piezoelectric, photo-
electric, mtahtic or magnetic properties.** Recently, much
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oaide semiconductor field -effect transistor [MOSFET) technodogy.

interest has been focused on the synthesis and characteri sation
of mult-metal mide NPs, and significant progress has been
made over the past decade in understanding fondamental
aspects of the synthesis of perovskite nanomaterials. Of these
functional oxides, extensive work is available on BaTi0, (ETO)
and SrTi0, (STO) based nanomaterials as their size-induced
effects can be used to adjust dielectric and ferroelectric prop-
ertics. A perovskite-type strontium hafniate (SrHfO:) nano-
material has also recently attracted a lot of attention due to its
promising electrical and optical properties. StHO, doped with
various ions |particularly Ce and Cu) is established as a good
luminescent material and scintillating material for use in high
energy nuclear medial applimtions. ' However, to date, litte
work has been reported on the synthesis and physical properties
of StHfO; NPs, in contrast to the much-studied BTO and STO
nanomaterials”* What work has been carried out on nano-
scale STHfO, is nearly all on thin films* for high-k gate
dielectric transistors® and photmluminescent properties.
Alkaline earth hafniates have great potential as near-zero
microwave dielectric ceramics,™ and in partcular StHfQ, is
a very promising candidate for the next generation of capaci-
tors, complementary meta l-edd e-se micond uetor (CMOS)* and
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