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Abstract

A novel nanocomposite—thin films of ferroelectric with embedded
semiconductor quantum dots were prepared by Sol-gel process. Composite films with
perovskite BaTiO; and nanocrystalline tetragonal CdS were fabricated successfully.
XRD and DTA-TG were utilized to analyze the crystallization process; SEM,TEM
and Raman spectroscopy were used to investigate the microstructure of the composite
films; While PL and UV spectroscopy were adopted to study the optical properties.

In the Sol-gel process, factors including the spin-coating method, the heat
treatment process, the substrates and composition of the solution had important effect
on the microstructure of the composite. To get smooth composite membranes free of
fracture and with a thickness of about 500-800nm. the following processing
parameters were employed: solution concentration:0.25mol/L; molar ratio of H,0 to
Ti: 8-12: addictive: formamide; spin-coating speed: 5000rpm for about 3-5 times;
sintered at about 750-800 °C with a low heating speed. XRD analysis reveals that the
composite began to crystallize on the silicon substrate at about 660 °C while it started
the crystallization process at 750 °C -on the platinized silicon. TEM and PL
spectroscopy show that the CdS nanoparticles began to coarsen if the heat-treatment
temperature is higher than 800 °C. CdS nanoparticles were dispersed along the
BaTiO, grain boundaries or embedded in BaTiO; grains, with an average grain
diameter of about 50nm.

With DMF as the solvent for CdS suspension to dope BaTiO;, the ratio of CdS to
BatiO; in the composite membrane can reach 10/100 when mixed with supersonic
dispersal. Compared with bulk CdS., the absorption edge of the CdS in the composite
membrane was located ‘at 400nm. The emission peak of the photoluminescence
spectra displays a blue shift of about 30-60nm. The full width half maximum of the

emission peak is about 15-40nm.
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Figl.1 Process of the Sol-gel technique
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Table 1.1 Ferroelectric thin films fabricated through Sol-gel technique

Substrate
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wafer AR | R 810, Oxides
PbTiO, poly Poly e GO GO poly poly -
E.P
PLZT Poly poly | Poly, GO poly poly --- poly(on 10T)
GO GO '
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ferroelectrics | Silicon | PY/Ti/Si MgO | SrTiQ, | Sapphire | Fused | Metals Cond
wafer B | mg Si0, © Oxides
PZT poly’ Poly | Poly | GO poly Poly | poly, poly(on
Am Am Am RuQ,; and
IO
LiNbOQ, poly Am - - EPGO poly poly
GO Am
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Pb;Ge;0p | - .poly ------------------------------

7E: E.P:epitaxial; Poly:polycrystalline; G.O: grain oriented; Ams amorphous
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Tablel.2 methods used to fabricate BaTiO, through Sol-gel process
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Tablel.3 Application field of nanomaterials
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