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ABSTRACT

Perovskite ferroelectric thin films and oxide nanocrystalé have attracted great
interest for their potential and wide applications in microelectronic, optoelectronic and
photonic d'evices.‘_ In this dissertation, nonlinear optical properties, photoluminescence
(PL) and pnonon natures of these materials are investigated in detail. The main work
and results are as follows: ' |

1. Perovskite ferroelectric SrBlzTazo (SBT) PLZT BaTi0, and Ce: BaT10 thm
films were grown on fused silica substrates by using pulsed laser deposmon (PLD)
technique, respectlvely For the first time, their third- order optical nonhnearltes and
‘dispersion properties of the basic optical constants were studied by means of single-
beam Z-scan and optcal transmittance methods, respectively. The SBT and PLZT films
both exhibited pronounced self-defocusing effects under 1. 064 pm laser lrradxatlon, and
no nonlinear optical absorption at 1.064 pm. Their nonlinear indices (n,) were
determined to be 1.9x10°and 1.3x10®esu, respectively. The mechanism responsible for

negative nonlinear index of the PLZT thin films was postulated to be resonant electron-
 transition process. The band gaps of the SBT and PLZT thin films were obtained to be
-3.35 and 3.46 eV, respectively. These two thin films ‘both have excellent optical
transparency for shorter-wavelength light than absorption edge. The optical constants

(linear index and absorption coefficient) were calculated and their dispersion properties

were elucidated according to Sellmeier-type relationship based on the single-electron |
oscillator model. The BaTiO; and Ce:BaTiO, (~20 ppm) thin films of ferroelectric
' 'tetragohal structure showed markedly reverse-saturation absorption properties. The Ce
. doping enhanced absorption effects of BaTiO, thin films due to the increase of effective
trap density and elect_ro-opﬁc coefficient. The nonlinear optical absorption was well
explained in terms of two-photon absorption (TPA) process induced by impurites. The
TPA coefficients of the undoped and Ce-doped BaTiO; thin films were calculated to be
31.7 and 69.3 cm/GW, respectively. We also investigated PL and nonlinear optical
properties in BaTiO; nanocrystals prepared by SAG method. An intense visible
emission band and clear nonlinear opﬁcal absorption behaviour similar to that obsérved
in BaTiO; thin films were found in the BaTiO, nanocrystals The radiative
recombination is completed through intermediate energy levels within the forbldden'
gap. Such a physical process of PL supports the impurity-induced TPA model. The |

obtained TPA coefficient of BaTiO; nanocrystals is 12.6 cm/GW, smaller than that of
BaTiO, thin films.
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2. Strontium titanate (SrTiO,) and titanium dioxide (TiO,) nanocrystals with
{zarious grain sizes were prepared by a stearic-acid gel (SAG) method and a hydrolysis
process of titrabutyle titanate, Ti(OC,H,),, respectively. X-ray diffraction (XRD),
fourier transform infrared (FTIR) and Raman spectroscopies were employed to examine
the microstructures of the SrTiO; nanocrystals heat-treated at various temperatures. The
pure SrTi0; nanocrystals with cubic perovskite structure can be formed at 650°C, while
OH- defects in the SrTiO; nanocrystals were fully removed after heat-treatment at
750°C. X-ray diffraction and Raman scattering showed that the as-prepared Ti'O2
nanocrystals are of anatase structure and the monophase anatase nanocrystals with grain

sizes from 6.8 to 27.9 nm can be achieved through a series of annealing treatments
| b.elow 650°C. The anatase-rutile structural transformation in the TiO, nanocrystal was
investigated by XRD and Raman spectroscopy, and displayed some new characteristics,
different from a bulk TiO, emerged, for instance, both the beginning and ending
temperatures of anatase-rutile transformation are reduced for smaller-size nanocrystals. -

3. PL pmpérties of the SrTiO; and TiO, nanocrystals were investigated at different
annealing temperatures and grain sizes. The SrTiO; nanocrystals exhibited a broad and -
structureless band appearing around 480 nm, strongly dependent on annealing and grain
size. This PL band is attributed to the radiative recombination of self-trapped excitons
(STE’s) associated with oxygen vacancies. The dependences of the PL band on
excitation photon energy investigated at room temperature and 77 K, respectively,
manifested that there exist a series of the STE levels within the forbidden gap. We
meéasured PL spectra of anatase TiO, nanocrystals at various annealing temperatures

and grain sizes. Under 2.41-2.71 &V laser iradiation, TiO, nanocrystals gave strong
 visible emission bands located at 2.15-2.29 eV. The PL spectra exhibited clear
dependence on annealing temperature and grain size. The strongest emission appeared
in the TiO, nanocrystals annealed at 300°C, with a grain size of 7.9 nm. The PL spectra
also displayed a sublinear intensity dependence on the excitation power, a peak-position
dependence on the excitation photon energy, and a large decay with laser-irradiation
time. These experimental data enable to us to conclude that observed visible
luminescence in the anatase TiO, nanocrystals is governed by the recombination via the
localized levels within the forbidden gap of some defect-related centers which
presumably reside in the surface region of TiO, of nanocrystallites. |

4. The lattice dynamics of pure and Ca, Ba, Pb, Y, and La-doped SrTiO,
nanocrystals was studied by Raman scattering. The Pb-doping has a large influence on
the phonon features of SrTiO, nanocrystals for its different electronic configuration
from those of Ca and Ba. The doping with Y and La reduces intensities of the broad
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.sec-ond—order Raman band of the SrTiO; nanocrystals and induces first-order Raman
scattering which is forbidden due to cubic-symmetry in bulk SrTiO,. The trivalent ion
~doping causes the appearance of Sr** vacancies and the formation of the associate

- defects Y*-Vs, or La™*-V, which distorted the oxygen octahedra and produced more
thar one off-center positon for some Ti* ions. And the off-center La** ions and La*-Vj,
_centers will form dipoles and thus set up local electric fields and/or strain fields, leading

to the change of local symmetry. Raman investigations on TiO, nanocrystals showed
- fhat the evolution of the anatase phase in th_e TiO, nanocrystals- was characterized by the
* change of the lowest-frequency E, Raman mode with annealing treatment. With a
decrease of grain size, the frequency and linewidth of ’_ché lowest-frequency E, mode
was increased and reduced, respectively. A combined mechanism involving phonbn _
. confinement and nonstoichiometry effects was proposed to interpret the blueshift and
broadening of the lowest-frequency Eg Raman mode in TiO, nanocrystals. The
influence of interfacial vibrations on the Raman linewidth was also considered.
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BE . A (IR ) E B A SR T T B . 7 BaTiO, P45 A& (~20 ppm)
BIHI(Ce), BERAMERBMEBENE. BRRMARFTERE N, %
%EﬁfﬁEMﬁﬁﬁm%%ETCemﬁkﬁme%ﬁMﬁﬁ%WW
R RB SN,
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 WHREATHYELE. MEZENATERNEN. BRLAHMHE
%N R A0, B A BaTiO, AT S/ A RBENE S,
EEEDEMATRE. AENS. BREAETE. LAXBHBU
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- PLD"*'SL, MOCVD! 105 SREE % J 4T (rf magnetron sputtering) "**1% 77
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ﬁ%?%ﬁi%&#ﬁ‘]‘rﬁg NATRT BaT:Osfﬂ Ce: BaTiO; HRE %M RAT
ST AR . BB K P (SHG) S M RIS AT T iR
AWTR, BREBOZHEER 2 RERHA LR,

BaTiO, 4 AN 72 6 % FF 5 MG 22 FR R 28 07 T AL 8 76 10 A A AR,
MXENARYEEMES RS RZRE, XBET AN
BaTiO, 3¢ 4 1 2 Wt SR MR S48, 3 EFFR T T MK 1.5 pm
WKW TREOFR TS, EhEd, ROMA PLD BARERR
FERELEKT BaTio, F Ce:BaTiO, B, MH%E z HHHARFR
THBEM=NEREAEER AEATENEFHRMNALELRER
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Fig. 4.1 Raman specira of BaTiO s and Ce-doped BaTiO  ceramics.
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Fig. 4.3 Optical transmittance spectra of BaTiO, (solid line) and
CF.-:Ba'ﬁO3 (dashed line) thin films on quartz substrate.
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Fig. 5.1 XRD pattems of SITiO, specimens heat-treated for 3
hours at various femperatures from 450 to 900¢C.
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Fig. 5.2 FT infrared spectra o{‘ SrTio 3 specimens heat-treated
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Fig. 5.3 Raman spectra of SrTiO 3 specimens heat-{reated at various
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Fig. 54 The x-ray diffraction pattern of the unannealed SrTi03
nanocrystals.
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Fig. 5.5 Transmission electron micrograph (a) and selective-area electron
diffraction patiern (b) of SrTiO, nanocrystais after heat-treatment at 750°C.
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Fig. 5.6 (a) Lineshapes of (110) peaks at various annealing temperatures: solid
curves stand for the Lorentzian fits. (b) FWHM values of (110) peaks as a function
of annealing temperature.
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Fig. 5.7 The PL excitation spéct;um (a) and emission sepctrum {(a) of the
unannealed SrTiO3 nanoctystals. Excitation and emission spectra were

_recorded for emission at 480 nm and excitation at 398 nm, respectively.
Curve (c) shows the PL emission spectrum of single-crystal SrTi03.
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