CHAPTER 5

Conclusions

In this dissertation, optical and electoptic properties ofl-VI semiconductor
nancclustersand electreoptic polymers arénvestigated, electroptic films are
fabricated by ESA procesandthe unique structure and propies of ESA films are
explored.

II-VI semiconductor nanalustershave been synthesized, with particle diameters
ranging from 4 nm to tens of nanometeanghich arecomparable witlihe Bohr radii of
CdSe and CdS crystal$he diameter can be controllég controlling reaction time and
temperatureln order to make high quality nardusters, the synthesis temperature
should be higher then 300C. There is a difference in peak positions of absorption and
photo luminesence spectra, related to defect stabasanccrystals. Particle sizes
measured by absorption spectrum and by HRTEM are very close. Based on quantum
mechanical theoryyavelengthshifts as a function of particleize (blue shift)can be
predicted, but the theoretical results are far from tkgeeimental resultssincein
practice, more factors other than particle size affect the.shift

By dispersing nanelusters in a polymer host, two kinds of electiptical films
are fabricated. One is by the ESA process, another is by the sgiimggrocess. ESA

films have much stronger absorption than spin coated filmsaasfight blue shift in peak
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position wavelength. Photo luminescence spectra also show a blue shift of ESA films
with respect to spun films. One reason for this is an intefiall induced shift, due to the
different structure of these two films. Another reassa iparticle size induced shift.
Control of the pH value of the cationic solution is important, in that higher pH results in
thicker film per bilayer, but resultinglin growth is not uniform absorption and film
thickness do not increase linearly with the number of bilayer (or dipping tirAg¢$pw

pH, the film grows uniformly, but the thickness per bilayer is low.

Polymeric electreoptic films may be fabdated by the ESA technique. Effects of
applying an external electrical field during the ESA process on film growth and
properties have also been investigated. Peak position, optical density and wavelength at
maximum absorption, all increase with numbeibdayers, and films made under
external fields have lower absorption and peak wavelength than those of films fabricated
without an external field. These results are related to the order parameter, and indicate
that molecule alignment can be improved by dpplication of an external field during
the process of ESA film growtlandthese results can be used to explain the unusually
electreoptic properties of nanaluster and polymer films fabricated by ESA

CdSe nanelusters have a much higher electrptic coefficient than their bulk
crystal counterparts. They have totally different origins in their elecpiic effects. For
both naneclusterand chromophorbased ESA films, their electroptic coefficients are
higherthan those of spitoated films, anaho poling voltage is needed. Thgof spin
coated films vay with nanacluster concentration, and there is a critical concentration at

which the maximum electroptic coefficient can be obtained.
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Electrooptic coefficient decreases with frequenapdCdSe quantum dots need
17. 5 ms to complete their physical orientation due to a rotation of its permanent dipole
moment. Therefore, at lower frequencies (<100Hz), elecpiic modulation mainly
stems from the orientation of the permanent dipole momenire§uencies higher than
100 Hz, the electrmptic modulation mainly arises from the induced dipole moment
orientation and pure electron movement.

The ratio of the electroptic coefficients $33r113 > 3. This means that ESA films
cannot be treated as a@real isotropic system with thes® symmetry, and interactions
should be considereQuadratic Kerr electroptic coefficients have a similar frequency
dependence to that of the linear eleetqatic coeffidents gszand k13 This indicates that
the orientational distribution of the Cdgeantum dots particularly contributes to the
guadratic electrapptic modulation

The stability of electrenptic polymer films is studied?roton irradiation can
break the N=N double bonding mconjugated bridges, leading to damage of the
conjugating stucture, so causing a decrease of the EO coefficiBmtrmal and temporal
stability of ESA films are much betté¢han that of spin coated filmshis is a significant
feature of ESA technique

Based on the properties of electgptic films, the applicabns of polymer and
nanaccluster electreoptic films are discussed. The focus has been on the basic
configurations and dimensions of MZI electoptic intensity modulators. Nanduster
CdSe electraptic film has a higher refractive index than the-BP3 polymer film,
which are close to that of silica glassessilica glasses are the ideal substrates for those

films, while semiconductor wafers are not useful. By analysis, the cutoff thickness was
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determined, for singlenode (m=0); they are approximatel)0 nm for CdSe film and
2500 nm for PSL19 film.

The effective refractive index as a function of the sizes of wavegarde
calculated The aspect ratio wi/t, w, and t are determined versus the refractive index of the
electrooptic films. We have considev/t=4.1 for PS119film, and w/t=1.1 for CdSe
film. For high speed operation, traveling wave electrode designs were considered, based
on effective refractive index and impedance matching. The effective dielectric constant
and characteristic impedance afiaction of electrodestructurewere diagramed, and
this served as a basic design suggestion for traveling wave elect@oi®pared to
electreoptic inorganic crystalglectraoptic polymer and nancluster based composite

films are easer to achieve bettdevice performance.
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