CHAPTER 2

Preparation and Optical Properties of II-VI Semiconductor Nano

cluster and Polymeric Electro-optic Films

2.1 Introduction

2.1.1 General theories and concepts concerning semiconductor naiooystals
Nanomaterials or quantum dots/clusters have unbgtaperties in comparison
with their bulk counterparts. Considerable theoretical and experimental efforts have been
devoted in this field over the past 15 years, since they have potential uses in many areas,
such as the electroptics and nonlinear opscareas.
Quantum confinement and excitons are the main reasons for etgaticoand
nonlinear optical phenomena. In naagystals, defect (hole) concentration at the
interfaces is very high, and the average free path of electrons is very small. Obtside t
particle, the wave function is zero, corresponding to an infinitely large potential barrier,
and the Coulomb interaction may be neglecté®o the bound electrehole pairs and
exciton concentration is very high. They can be excited to higher |égrtstation levels)
near the conduction band by absorbing optical energy if the optical energy is larger than

the exciton resonant energy. The excitons are not stable, and they may return to the
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ground state and lose some energy by the interaction ofayecdnd phonons. The size
contribution of nanecrystals to electraptic and nonlinear optical effects is much larger
than the intrinsic unit cell asymmetry contribution. So namgstals with symmetric unit
cells (such as a cubic cell) still show electyptic and nonlinear optical effects, but as the
particle size becomes larger, surface defect and exciton concentrations decrease
dramatically, bulk contribution becomes dominant, and elecptic and nonlinear

optical effects may disappear.

In order to understand the electroptic and nonlinear optical effects, the general
physical and chemical properties of naclasters is first reviewed here. The initial
differences between bulk and quantgonfined lowdimensional substances are their
different densites of states. Figure-2 depicts how the expected densities of states vary
with dimensionality. Passing from@mensions (3 D) to 2limensions (2 D) (quantum
well) the density N(E) of states changes from a continuous dependenc&NEE)to a
steplike dependence. The steps correspond to allowed transitions between Azdeadce
states and conductielpand states, while at each step, sharp peaks appear corresponding
to confined electroinole pair (exciton) states. For semimetals, as the crystal thickness
is reduced, both valence and conduction bands will break up into subbands, the bottom of

the conduction band will rise up by an amount
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and the top of the valence band will drop by an amount
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where m and my" arethe electron and hole effective masses, apilthe crystal size.

The band overlap will decrease By= AE. + AE;, so the band gap increases,
leading to metakemiconductaeinsulator transitions; the same effects occur for 1D and
0D systems.

With OD (quantum boxes, dots, clusters, colloids, micrgstallites, etc.) there are
confinements in all three dimensions, and the energy levels for carriers change from
continuous bands to a ladder of discrete levels. There is an enhanced vaumalized
oscillator strength of exciton features as the particle size R is reduced, due to the sharp
electronhole transitions in concentrated oscillator strength. In 0D systems, the primary
energy terms are the electrbole interaction energy, that is to say, the Conifoterm,
and the confinement energy of the electron and hole.

To analyze the relationship between size and energy, suppose parabolic bands and
infinite potential barriers at the surface of a spherical mirgstallite. There are three
cases for differentelative particle sizes R in comparison with the exciton Bohr radius

(as)® , which is effective mass dependent and can be expressed as

a8 = & + a = 4meeh?/me’ + Amge h’imne’ = dnigeh?lue® | (2.3)

where H=my(me+my) (2.4)

a and a are the electron and hole exciton Bohr radii, respectively.
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Fig. 2-1. Densities of states for 3D, 2D, 1D, and OD systems.
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There are three corresponding regions efglnantum confinement effect with
respect to the particle size.

(A):  Weak confinement (R>ag ). Weak confinement of the exciton as a
guasiparticle is preserved, there is a small increase in the exciton energy, and the
features in the optical spectraone slightly to the blue (quantum blue shift).

(B):  Medium confinement (@< R <a). Here the exciton binding energy is not very
large and acan be very appreciable. The confinement effect is assumed to be
important for the motion of the electrons, libe Coulomb force between
electrons and holes is still important as it influences the motion of holes.

(C): Strong confinementR<<ag). Both electrons and holes are quantized
separately, and there is little spatial correction between them. Theneomént
energy is now the major term, and the Coulomb energy may be ignored.

Figure 22 illustrates the enhanced confinement and oscillation strength in
compressed excitons. In bulk crystals, excitons have radiumauantum wells (D)
and naneclustes (3D), the size of materials is comparable to or less thareacitons
are confined in a small region, enhanced electron and hole wave functions result, so the
oscillation strengths of excitons are increased.

There are two major effects which are respible for these size variations in
nanacrystal properties due to changes in state density. First, the intrinsic properties of
the interior of nanecrystals are transformed by the quantum size effect in 1taystals.
Second, the number of surface atoma large fraction of the total number of atoms.

Quantum size effectAs mentioned above, when the particle size is decreased to

a certain value, electronic levels near the Fermi level lecome discreet, and the

19



spacing §) between two adjacent levelaries with the number of electrons (N) in a

system® by

5:43%DV'1 : (2.5)

Thus, from Eq. (2.5), as the number of conduction electrons (N) in a system

becomes infinite, the level sping Q) trends to zero. Instead, for nasszed materials)
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Fig. 2-2. Enhanced confinement and oscillation strength in compressed excitons.
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Table 2.1: Number of total atoms and percentage of surface atoms vary thi radius

of nano-clusters.

Radius of nanocrystals(nm) 10 4 2 1
Number of total atoms 3x10* 4x10° 2.5x10° 30
Percentage of surface atoms 20 40 80 99

may become comparable or even larger than the thermal, magnetic, electric and optical
energies, and thquantum size effect must be considered. This effect may give rise to
large differences of thermal, magnetic, optical, electrical properties between bulk and
nanasized materials. The critical size for quantum size effect can be determined by
takingd KT.

Surface effect At the surface of a solid, the atomic bond structure comes to a
sudden halt. As the radius of nagoystals decreases for crystals of sizes indicated, the
number of surface atoms increases rapidly, as is shown in Table 2

Thus the sulace energy of the nanclusters also increases rapidly, and there are
many unpassivated dangling orbitals. These are highly active, and easy to bond with
other atoms. The periodic array of atoms in the surface region is disturbed, giving rise to
changesn electron spin and energy spectra. In particular, the resulting dangling orbitals
of unpassivated sites on the naciystal surface are highly polarizable, and the electron
distribution around surface atoms is inherently highly noncentrosymmetric. This
sibstantially contributes to a secondder nonlinear respon&® The heavier hole has

been predicted theoretically to have an enhanced probability of presence at the surface;
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this leads to strong electrdmle charge separation in small naciystals. The

corresponding presence of large dipole moments has been repbrted

2.1.2 Synthesis ofsemiconductor naneclusters

There are several methods now available to synthesi¥édemiconductor nano
clusters. Several are based on classical nucleggiowth thery involving separation of
the nucleation from the growth step. A fast nucleation first produces seed crystals that are
almost identical. Then a slow growth period is followed, during which these seeds grow
linearly with minimal broadening of the size ttibution. For device figure of merit
consideration, the generated particles should be pure, monodispersed (narrow size
distribution), with high crystallinity, no or low defect concentration, high stability, and
having robust surface passivation. The tgbioutes are as follows.

Colloidal routes In this method, small particles are generated by the controlled

precipitation of dilute colloidal solutions and the cessation of growth soon after
nucleation. In order to produce naneetric scale particles,ucleation and growth should

be properly controlled. Small crystals, which are less stable, are redissolved and then
recrystallized on larger and more stable crystals by a process which is known as Ostwald
ripening. By employing this route, the quantum diotguestion must have low solubility,
which can be achieved by the correct choice of solvent, the pH, temperature and
passivation agents. Highly monodispersed powders are obtained if the processes of
nucleation and growth are distinctly separatieg] by fast nucleation and slow growth.

Synthesis in confined matricesMaterials which provide distinct defined cavities

have been used to synthesis quantum dots. Thesedeftled zones have been used as
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nanoemetric sized reaction chambers. These matrixamals include zeolites, micelles,
molecular sieves and polymers. The matrix can also determine the final properties of
synthesized particles. For example, CdSe Apaudicles can be produced in this way in
inverse micell solutions. A microemulsion contiaig the metal ion is reacted with a
silylchalogenide, resulting in nanaarticles, and the surfaces capped by phenyl groups.
Growing particles in the internal cavities of zeolites also limits the particle size of
materials, to normally no larger than 20 n@dS naneparticles have been synthesized in
two different zeolites by ion exchange from the sodium cationic form to cadmium
cationicform. Followed by exposure to43 gas, different sized particles were generated

by varying the amount of cadmium used.

Nucleation & growth

in reverse micelle TOPO as surface Surface capped

capping ligand, nanc-cluste

N)K‘J / reaction at 35¢C

CdSe

Fig. 2-3. Formation of surface capped semiconductor namcrystals.
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Metalorganic routes In this method, a volatile metal alkyl (such as

dimethylcadmium) and a chalcogen source is mixed in a solvent, then injected them into
hot TOPO (trin-octylphosphineoxide). Nucleation is achieved by sudden introduotion

the concentrated regents resulting in abrupt supersaturation and the formation of nuclei,
followed by slower growth and annealing. The particles are passivated by a monolayer of
the solvent ligands and hence can be isolated by solvents. Particlesedaduhis way

are highly monodispersed and crystalline, and the particle size can be controlled by
varying the reaction temperature. CdSe naatticles prepared at 300 having around

one defect per nanorystal have been achieved and quantum dots fewler defects,

formed by using higher temperature (369, have been reportéd’®. Figure 23

illustrates the formation of surface capped semiconductor-oaysials.

The growth of nangparticles can be achieved either in a glass matrix at elevated
temperature (> 600C) or in a solution at much lower temperature (<38). These two
approaches are similar in theory, all related to nucleation theory, with the glass acting as
an extremely viscous solvent. Glass and solution methods both have strowgakd
points. For the solution method, we can control the surface of the crystallites and the
generated particles can be extracted from the solution and treated as constituents in larger
material systems. The surface of such particles can be modified iy diferent
solvents and capping agents (ligands), so they can be made water soluble, and the ESA
method (to be discussed later) can be used for thin film fabrication. As for the glass
method, growth occurs at high temperature, and this should help aatrgstallinity and
allow for the growth of larger particles than possible by the solution method.

Single molecule precursor routdhermolysis of the air stable complex such as
[CAd(SCNEL)],, it is safe, easy to handle, and high quality nahesters en be
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synthesized. This process is very attractive because it ikoae, but the precursor is
not commercially available and should be synthesized first.

Much progress in nanrolusters synthesis has been made now: high quality-nano
clusters have beensghesized mainly by two research groups, one is Dr. C. B. Murray’s
group at the Department of Chemistry, MIT. Another is A. P. Alivisatos’s group at the
Department of Chemistry, University of Calfornia, Berkeley. They all used the metal
organic route, anthe single molecule precursor route is also used recently, such as P. O.
Brien’s group at Department of Chemistry, Imperial College of Science, Technology and
Medicine, UK. The key points for synthesis include: controlling reaction conditions such
as tempmature, time, pH value, concentration of solution, and using proper capping
ligands (such as TOPO, PDDA), /solvent (such as pyridine, toluene), to isolate the
particles. Some important facilities are needed, suahfasne hood, high speed
centrifuge (higler than 4000 rpm) and temperature controlany analysis methods,
such asdJV-vis absorption spectra (UVis-abs), photo luminescence (PL), high
resolution transmission electronic microscopy (HRTEM), atomic force microscopy
(AFM), small angle neutron sttaring(SANS) x-ray photoelectron spectroscopy(XPS),
and Xraydiffraction can be used to characterize the synthesized clusters, to determine
particle size, crystallity, surface state, band edge, and volume fraction. Also usedzare M
interferometers, taletermine electr@ptic properties.

2.2 Films Synthesis

2.2.1 Electrostatic selfassembly (ESA) technique

Electrostatic selassembly (ESA) is a type of thin film fabrication technique. It is
based on the electrostatic interaction between anions amhsatilms are grown
monolayer by monolayer, and each layer has a thicknessl6fdm. A wide variety of
thin films with different properties can be made by this technique. Figudearad 25

illustrate the basic schematic of buildup ESA films. Atfijihe cleaned substrate is
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charged by proper chemical processing, so negative surface charges are induced. This
substrate is then dipped into a solution containing polyanions, and a monolayer is
attached on the substrate by electrostatic attraction. igdaen thoroughly rinsed by ion
free ultrapure water to remove any loose molecules, the substrate is then dipped into a
polycationic solution to allow for the formation of another negatively charged monlayer.
Subsequent polycation and polyanion monolayeesadded in bilayer pairs by
alternately dipping the substrate in polyanion and polycation solutions.

For electreoptic and nonlinear optic thin flms made by the ESA technique, we
may use electroptic polymers or surface modified (charged) semicondutanc
crystals (such as CdSe, CdS ngparticles) as polycations, or use other polymers such as
poly(allylamine)hydrochloride(PAH) or polydiallyldimethylammonium chloride (PDDA)
as polyanions, which have no electptic response. This process inheremptiigduces
noncentrosymmetric structures and large dipole moments, and such structure should give
rise to large NLO and electroptic responses. Because the internal electric field is
produced by polycations and polyanions, and this helps to align the dipmieents of
electreoptic polymers and semiconductor naciystals

The ESA technique has many advantages over traditional polymer etgatico
film processe$ ', such as spin coating, which is now most commonly used for
waveguide layer fabricatiomfter electric field poling, spin coated EO polymer films
usually degrade quickly, so that their EO coefficient decreases with time. In some cases,
the EO response may finally disappear. On the other hand, in order to achieve high EO

response, a high polinfield (larger than 20V/micron) is needed, but for E§é&nerated
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EO films, no poling field is needed. Instead, the orientation of dipole moments or the

noncentrosymmetric structure is retained via a strong internal electrostatic field. High
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Charged substra_te and Charged substrate, first mond ayer Charged substrate, first
assembly of first and assembly of second bilayer and assembly of third
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Fig. 2-4. ESA schematic for buildup of multilayer assemblies by consecutive

adsorption of anionic and cationic moleculebased polyelectrolytes.

L,

i?

AN

Charged substrate and Charged substrate, first Charged substrate first bilayer Charged substrate, first
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Fig. 2-5. ESA processing of polymers in combination with watessoluble

nanocluster quantum dots allows wile variation of thin-film properties.
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orientation of the EO polymer can be obtained, and high EO coefficient can be observed
in the absence of external poling field, and, more importantly, it does not degrade with
time. This is very useful for EO relatectdice fabrication. ESA EO films are built up

layer by layer, and each layer has thickness of the orddy Am. The thickness of
waveguide layers in integrated optic circuits #4Q microns, and device performances

are closely related to the layer thiclgse so stringent control of EO active layer thickness
in device fabrication is important. In the spin coating processing, such thickness control
on the order of a micron is difficult. In addition, ESA films are quite homogeneous
leading to low waveguide attering loss. The process is simple and highly repeatable,
low cost, films are made under room temperature, and this processing is easily
compatible with semiconductor VLSI technology. All of these advantages make EO film
fabrication by the ESA technigwery attractive. It is particularly suitable for integrated

optical circuits.

2.2.2 Spin coating of nanoparticle doped polymeric EO films

Spin coating is a very popular film fabrication process. By the utilization of this
technique, a solution or gel shoude made first, composition of films can be easily
controlled by changing the composition of solution or gel. Film thickness can also be
easily controlled over wide range (Amicron) by controlling the viscosity of solution or
gel and the rotation speed e spinner. The uniformity of spin coated films is higher
than many other film processes, such as sputtering or evaporation and many (inorganic

and organic) materials can be spun to form films.
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2.2.3 Poling of spin coated electreoptic films

Spin coated elgo-optic films must be poled in order to induce dipole moments
and dipole orientation so as to result in eleabfaiic response. During poling, the
temperature is raised close to the glass transition temperature. If the temperature is then
lowered well béow the transition temperature, the molecules are frozen into their new
orientation. There are several kinds of poling processes, such as needle electrode corona
poling, and parallel plate electrode poling. The former induces a circular poled region, the
latter causes more uniform poling, but film damage may result, because of higher poling
current, so in practice, the needle electrode corona poling configuration is more popular.
In the case of a thin wire placed parallel to a planar electrode, the ontageof corona

discharge occurs 8

V= (Cix + CoxM2) In(h/a) (2.6)

where x = pa/T, p is the air pressure, T is the temperature, a is the diameter of the wire,

and h is the distance between the wire eladtrand the plate electrode.

Once the corona discharge is initialized, the current produced between electrodes

le=(V - Ve)VuClp 2.7)

where V is the applied voltageg, is the ion mobility, ad C is a geometry dependent

constant.
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Fig. 2-6. Needle corona poling set up.
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When the poling voltage is high, poling should be implenented in an inert
atmosphere to avoid electric shorts. A needle corona poling set up is illustrated in Figure

2-6.

2.3 Characterization of fabricated nano-clusters and eo films

Optical absorption (abs.) and photo luminescence (PL) of fabricatedcaiasiers
and electreoptic films were characterized by UVis absorption spectra 2001
Spectrophotometer, Hitachi Instrument Inc. scan speed 400nm/min and slit width 2 nm)
and photo luminescence spectr&{b00 Fluorescence Spectrophotometer, Hitachi
Instrunent Inc.) , FFIR(FTS 6000 Spectrometer, Hitachi Instrument Inc.). Images were
obtained by atomic force microscopy (AFM) ( NanoScope, Digital Instrunments),
using the tapping mode to image the surface morphology of films with atomic resolution.
Images weralso obtained using high resolution transmission electric microscope
HRTEM (Philips420 T electron microscope) operation at 100kV). HRTEM images were
carried out in bright field. Cluster samples were prepared by first dispersingalasters
in toluene ad then placing a drop of the dilute dispersion of nahgsters on the surface
of carbon coated copper grids. XPS spevutesie used to detect the composition of
samples, using an XPS spectrometer (PeBdmer-5400), equipped with an-Xay Mg
anode, and perated voltage of 14Kv. Data were obtained with Mg&diation
(1253.6eV) at a power of 300 W. Survey scans were collected over the rakifg0CeV.
Closeup scans were collected on the peaks of interest for the different elements with a

71.5 eV pass emgy detection and a resolution of 1 eV. A base pressure 8T was
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maintained during the measurement. Film thickness and optical index were measured
using ellipsometers (Rudolph/Auto EL at fixed wavelength 632.8 nm and Woollam VB

200 at variable wavength 200~1030 nm).

2.4 Experimental procedure
2.4.1 II-VI semiconductor nano-cluster and film preparation

CdS naneclusters have been prepared by the high temperature solution method.
Dimethyl cadmium [Cd(Ch),] and bis(trimethylsilyl) sulfide [(TMS)S] were dissolved

in trioctyphosphine [(CB(CH,)7)sP, TOP], in a nitrogen saturated dry box. They were

CaTe g‘
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(a). 23 nm diameter of CdSe, CdS, (b).CdSe naneparticles at
and CdTe nancpatrticles various sizes

Fig. 2-7. Room temperature absorption spectra of CdS, CdSe and CdTe nano

crystallites with different particle sizes.
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mixed together at room temperature, then injected into preheated trioctyphosphine
oxide[(CH;(CHz)7)sPO, TOPO]. The cadmium and selemium organetallic precursors
immediately deposited at high temperature (3880°C) to form CdS as seeds, and the
solvent TOPO served as a capping agent. It binds to the cadmium sites of the small CdS
seeds by its oxygeatoms, with the octyl groups sticking out. This creates an effective
barrier which remarkably reduces the reactivity of the particles, so the growth speed is
slowed down. The reaction proceeds within several hours, the particle size increases with
time, and the reaction was monitored by measuring the absorption spectrum or
luminescence spectrum of reaction solution regularly. Different particle size corresponds
to different peak positions of absorption and luminescence spectra. Approximate
estimation othe particle size can be obtained simply by watching the color of the
solution. Peak position and particle size of CdS and CdSe-paritcles in absorption

spectra are illustrated in Figure72'**®)

2.4.2 Preparation of electreoptic films by ESA technique

CdSe quantum dots modified with mercaptoacetic acid were prepared by the
addition of 30 mg of mercaptoacetic acid and 30 mg of CdSe quantum dots to 20 ml of
methanol under nitrogen. The pH was adjusted to 10 by addition of
tetramethylammoniumyldroxide, and the reaction mixture was refluxed for 4 hrs. The
mercaptoacetic acigassivated CdSe quantum dots were purified by several cycles of
precipitation with acetone followed by dissolution in methanol. Finally, the CdSe
guantum dots were dissolvaapH 10 water at 2 mg/ml to form a solution for the

formation of ESA films. Poly(diallyl dimethyl ammonium chloride) (PDDA) was
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purchased from Aldrich. PDDA was diluted to 1% and contained 0.5M NaCl at a pH of
7.5. ITO coated glass was used as the sabstMultilayer CdSe/PDDA films were
assembled by following manner: the IT&@ated glass substrates were cleaned thoroughly
using a solution of acetone and isopropyl alcohol, then rinsed extensively with ultrapure
water. The cleaned substrate was firsiriersed in a cationic 1% PDDA (v/v) aqueous
solution for 1 minute, then rinsed extensively in ultrapure water, forming a monolayer of
PDDA molecules. Immersion in the anionic aqueous solution of CdSe-clasters for
one minute, again followed by thorouginsing in ultrapure water, produced a uniform
CdSe cluster monolayer on the top film surface. Subsequent bilayers were added by
repetition of this alternating twetep process, until the desired thickness was achieved.
Polymer films may also be preparéy the ESA process: A number of
commercially available polymer dyes show EO response, such as {gdi9,SolyR478
and PCBS. They are available from Sigikrich, are polycationic and water soluble.
Also PDDA and PAH can be used as polyanion, and thecentrations of these solutions

are approximately $10°—10° M.

2.4.3 Spin coating of naneparticle doped polymeric EO films

Nano-particles were mixed with Norland optic glue with a concentration between
0.5-5 %(vol.). The mixture was stirred laymagnet bar then further mixed by ultrasonic
vibration for 2 hr. Films were fabricated on ITO coated glass, by spin coating. Film
thickness was controlled within- 500 microns by varying the spinning speed.
Transparent ITO coatings served as electrodeslectreoptic response measurement.

Films were cured by UV light at a wavelength of 365 nm for 5 min. This method is
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Fig. 2-8. Pictures of various films ready for measurements.

simple, and easy to control, in comparison with other methods, suttealspersion
nanecparticles in epoxy and polymeric glass (PMMA). The films were subjected to
poling at elevated temperature(=@) for 60 mins, where the poling voltage was 4 kV
and the distance between electrodes was ~2cm. Fig8rehdws various fihs ready for

measurements.

2.5 Results and discussion

2.5.1 Absorption spectrum and nanecluster synthesis
In optical absorption of semiconductor quantum dots, absorption is related to the
excitation of electrons from the ground state to the egcitate, and the absorption

coefficient decreases rapidly with the wavelength of the beams. For bulk semiconductors,
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without the consideration of size effect, near the absorption edge, the absorption

coefficient can be expressed &4

a~(v-Ey) | 2.7)

where v is the photon energy, s the bandgap, anglis a constant.

Near the absorption edge, wheneB;becomes comparable with the binding
energy of a exciton, the Coulomb interactionveeén the free hole and electron must be
taken into account. Fom Ey the absorption merges continuously into the absorption
caused by the higher excited states of the exciton. WherphE; higher energy bands
participate in the transition processaad complicated band structures are reflected in the
absorption coefficient.

On the other hand, optical absorption can be explained with respect to the exciton
oscillator strength model. In bulk materials, the oscillator strength density is uniform over
all K space, so the absorption coefficient is proportional to the density of states in K
space and increases rapidly with energy above the band gap. As a result almost all of the
oscillator strength exists above the gap in transitions creating freeaisand holes. In
the case of excitons, because of the confinement effect in a small space, there are
enhanced overlap of electron and hole wavefunctions. The more compact the exciton
wave function, the higher the values of K space, and the greater thererscillator
strength, so the higher the optical absorption coefficient.

The nanecluster synthesis process can be controlled by means of absorption and photo
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Fig. 2-9. Optical absorption spectrum of CdS

anao-particles dispersedin pridine.
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Fig. 2-10. Luminescence spectrum of CdS solution (CdS dispersed in pridine).

Peak intensity is at 526.6 nm.
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luminescence measurements. Two examples are demonstrated here; one is large CdS
clusters, the other is small CdSe clusters. FiguBeshows the roomeimperature

absorption spectrum of CdS napatrticles synthesized in our laboratory. The threshold is
about 508nm. Figure-20 shows the luminescence spectrum of the same sample, where
the peak position is at 526.6 nm. Comparing this data with the bdge ef bulk CdS

(512 nm, 2.42eV), only a slight blue shift is observed, because the produced particles are
still fairly large. The particle size can be reduced by decreasing the reaction time or
temperature. The reaction and the absorption thresholeBaira diameter CdS is about

420 nni*?, and the exciton Bohr radius of CdS and CdSe are 3 nm and 5.4 nm
respectively. CdS particles having this size have a threshold of about 425 nm. In order to
achieve strong quantum confinement effects, CdS should haa#essize than CdSe;

that is why CdSe nanparticles are more widely be used. But synthesizing CdSe patrticles
is more difficult than CdS, because CdSe is extremely toxic and expensive facilities are
needed. So better control of processing is needed obmagdler, defectree and

impurity-free CdS patrticles.

In order to synthesize high quality quantum dots, it is important to choose proper
precursors, ligands, solvent, control reaction temperature and time. Now the most widely
used precursors are metaganic compounds such as bis(trimethylsigylfid [(TMSi),

S], bis(trimethylsilyl)selenium[(TMSpHSe], and trioctylphosphine selenide[TOPSe] as S
and Se sources, dimethylcadmium[}@el] as a Cd source. They are also used as
precursors in MOCVD to depa<CdS(Se) films, because they are easy to thermolyze at

moderate temperature, and they are stable and easy to prepare. The coordinating solvent
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is critical in controlling the growth process, and stabilizating the resulting CdSe or CdS
nanoclusters, andegtrically passivating the particle surface. TOP/TOPO have been
proved to be good both as solvent and capping groups, because their molten points are
high, and match the nucleation and growth temperatures of CdSe and CdS nanoclusters.
They also provide aantrollable slow and stable growth environment for those nano
clusters, because they can attach to the Cd sites at the cluster surface, cap the clusters,
present a significant steric barrier to the addition of material to the surface of a growing
crystallte, thereby slowing the growth kinetics. Steady controlled growth results in

highly monodisperse particles with consistent crystal structure. Many other solvents /
capping species can not provide steady controlled growth. But these chemicals are in
generalvery toxic, and not stable in air, so particle preparation must be made in a dry box
and well vented fume hood. Recently researchers are seeking less toxic, air stable
chemicals such as CdO as precurdb¥sor using air stable single precursors to iye

the process.

In order to modify the surface properties, TOP/TOPO can be replaced by other
capping ligands right after the reaction. Many ligands are available, but the result
obtained with different ligands are different. Ligands with more steric laincke do not
passivate the resulting naiparticle surface as well as less bulky groups. The solubility
of particles changes with the surface chemistry. Capping ligands with longer-hydro
carbon tails make the particle more soluble in organic solvents.iJ hislpful to keep the
particle from precipitating, so the solution is more stable over time. By means of surface
modification, properties of narparticles can be altered. The photo luminescence

spectrum changes very little, because there is no excitaiamsfer from the nano
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particles to the capping ligands. The absanptedge (so the band gap), and the
absorption oscillator strength are unchanged by different surface chemistries, but better
surface passivation and stronger bond strength enhance luminescence intensity, and the

relaxation time of trap states is somewh#éeted by surface chemistry.

In the case of CdSe narwuster synthesis, small naradusters are obtained.

Figure 211 shows the absorption spectra of CdSe solution and films, it is noted that the
band edge of the lowest 1S1S state is apparently stefi from the nominal value of 716

nm for bulk CdSe (at room temperature, at 15K, it is 680 rfi¥}o about 585 nm, so the
particle size is % nm, which is small compared with its exciton Bohr radius. Strong
guantum confinement is thus expected. FromuFeg2 11, the absorption of a

CdSe/PDDA film made by ESA processing is larger than that of a spin coated CdSe film,
but the thickness of the spin coated film is 400 times thicker than that of ESA films. As a
result the absorption coefficients of ESA filrase much higher than those of spin coated
films. This is one of the most important differences between spin coating and ESA
processing for film fabrication. This is attributed to the related resulting molecular
alignment and will be discussed in detaitsldow.

Figure 212 shows the luminescence spectra of two films. Their peak positions are
quite close to those of absorption spectra, and there is a slight difference of peak position
between the ESA and spin coated films. Mainly, two reasons contributbe$e
differences. First, the structure of ESA and spin coated films are different; this will be
discussed below. Second, ESA films have a lower peak position and threshold, because

the ESA film was made in a water solution, and size selection processisglone
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automatically due to the precipitation of larger particles, and a better size distribution was
reached.

Comparing the absorption and photo luminescence spectra in Figies 20
and Figures 2L1, 212, there are some differences in peak posgiof absorption and in
the spectra. The differences are mainly due to defects or trap states. For ideal crystals
without any defects, only two levels (the ground level and an excited level) exist and
excitation and recombination occur only between theselevels, when the gap
difference is Eg. In this situation, absorption and photo luminescence all correspond to a
direct band transition with the same band gap Eg. But for our+cdusiers, many states
may be created in between the valence band anddhduction band, such as surface
states because of various surface defects, dangling bonds, and various traps (shallow,
deep traps). They give rise to intraband transitions and affect the overall transition band
gap slightly. Besides this, they have di#éat lifetimes and decay rates upon excitation
optically or electrically. Since absorption is effectively the reverse of photo
luminescence, these states perform differently in optical absorption and photo
luminescence. So different absorption and photom@scence peaks result, and the
amplitude of the difference is a measure of the quality of the produced particles, in that
the greater the difference between the absorption and photo luminescence peaks, the
larger the number of defects, and vice versa.

In order to compare the particle size results obtained from absorption spectra,
transmission electronic microscopy (TEM) was implemented to obtain images of CdS
and CdSe nanalusters. Their images and diffraction patterns are showed in Figtt8s 2

and 214.
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Fig 2-13. TEM (A) and diffraction ring (B) of CdS nano-clusters.
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Fig. 2-14. TEM (A) and diffraction ring (B) of CdSe nano-clusters.
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From the TEM image of the CdSe particles, the particle size observed to be
approximately is 4 nm, with narrow size distribution. This resultvsry similar to the
particle size dataobtained from WXs absorption spectra by comparison with other
group’s result$®©.

From the electronic diffraction pattern, there are no sharp diffraction rings. The
broad diffuse rings observed are due to $haall size of the crystallites. The patterns also
show no spottiness. The breadth of the ring pattern depends upon the size and the
number of crystals contributing to the pattern. This ring pattern indicates that the CdSe
clusters are small and uniformlGters synthesized by this method normally possess a
hexagonal structure (HCP). Here this is proven by the ratio of square of radius of 3 rings
(R?: R : Rs?) = 1:3:9. But for very small particles, analysis of diffraction pattern rings
is not appropate, because the size of probe electronic beam is comparable to or even

larger than the size of detected particles.

2.5.2 Analysis of the shifts of absorption spectra because of particle size

Particle sizes measured from absorption spectra and TEgesnare very close.
As demonstrated above, radium change of the rdunsters leads to wavelength shift in
absorption and luminescence spectra. This effect can be analyzed based on the
Schrodinger’s equation in quantum mechanical theory, where the exztobe

described by the Hamiltoni&r

(2.8)
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where mandmeare the effective masses of holes and electrons, respectvslihe
dielectric constant, and Hamiltoniakinetic, Coulomb and patization termsare

include. Thepolarization term can be ignored because it is small in comparison with
kinetic and Coulombic interactions. The wave function of excitons can be found, so the
energy state of the excitons can be determined. With the wangidun, the energy of the

lowest excited states becomes

2 2
ER =E, +NT _LT8% oonee, 2.9)
2R &R
where
11,1 (2.10)
g omoom

This equatn also describes the effect that the band edge of the absorption
spectrum varies with particle size. In equatio,Zzhe first term is the bulk energy gap.
The second term is the kinetic term, corresponding to quantum localization energy
because of theugntum confinement effect, and proportional to?./Fne third term is
the Coulombic term proportional to 1/R, and the last term is correlation energy. As the
particle size is small, the kinetic term predominates. Based on this equation, the
absorption bath edge energy and wavelength shift varying with the particle size of CdS

guantum dots are plotted in Figures 32 and 216.
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Comparing this calculation result with absorption and TEM measurement results,
it can be found that at the same particle size, the actual shift is smaller than the calculated
shift, since thismodel overestimates the shift for smaller clusters. The discrepancy means

that this is a simple model, and that more factors should be considered.

2.5.3. Internal field of films induced by ESA process

Another kind of shift in optical absorption is doethe electreoptic Stark effect.
This effect is also based on the quantum mechanical theory of wave funaimhthe
analysis of several kinds of interaction, as discussed above. But the shift in optical
absorption originates from another factor, naynéte external or internal electrical field
of samples.

In the analysis, the simplified model ignores the Coulomb interaction, and the
anisotropic parts of the whole Hamiltonian. As the field F is applied, some oscillator
strength is redistributed intoansitions that are blocked for the néeald case. The

second order perturbation theory may then be applied, leading to th&8hift

AE(F) =%€FR)Z , (2.11)

1s

where

he 1 1
=—(—*+—) , 2.12
1s 2R2 (me mh) ( )

R is the radius of the particles. From the theory, the gkfiftis proportional to Rand .

F can be either an external applied field, or an internal field. For the molecular or
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polymer Stark effect, F is an ietnal field, which can be caused by a number of factors,
such as the ESA process, or film fabrication under the effect of an external field (field
assisted ESA).

Within this model of the effect, another result is the change of optical density

(OD) in thepresence of an external or internal electrical field. This can be expressed as

C, . d’(0D)

AOD(W):sth " de?

, (2.13)

where h is Planck’s constantyfts the strength of thadld inside the clusters andS a

scaling factor, related to the change in the dipole moffiént

Cy =5Ap*+2Ap? (3cog a-1) , (2.14)

whereaq is the angle between the field and fhelarization vector of the light, anfiu is
the change in the dipole moment. This model is applicable for quantum dots and
conjugated molecular or chromophores.

Figures 217, 218 and 219 show the peak position, optical density (OD) and
wavelength at mamum absorption of PA19/PDDA films. Two kinds of samples were
fabricated and measured: one was made without an external field, the other one was made
in the presence of a 0.47 volt potential during ESA process. The distance between the
film substrate iad the electrode was 5mm. The other conditions are the same between the
two samples. The two samples were made using the sarid ®8nd PDDA solutions.

ITO coated glass substrates were cleaned in the same batch, and the optical absorption
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spectra were measured for the same conditions. Scegults are comparable even
though the difference in results (peak position, OD) are very small.

From these figures, it is clear that there are changes in absorption spectrum: peak
position, optical density and wavelength at maximum absorption. Thayca#lase with
the number of bilayers, films made under an external field have lower absorption and
peak wavelength than those of films without an applied external field. The electrical field
influences the electronic states of the chromophores, inducée@state dipoles and
results in a change in the dipole moment upon electronic excitation. There are permanent
dipoles within the films. They can be aligned upon interaction with the field in one
direction. These dipoles will be aligned with the fieldusing a change in polarization
and change the internal field. But in ground state (O field, no excitation), permanent
dipoles are randomly distributed, and the average orientation angle is 0. This give rise to

the changes in optical absorption spectrurtwaen two samples.
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This measurement is implemented under 0 external field, so the shift of
absorption peak from 0OV field to 0.47 V is clearly due to the internal field deference of
two samples. The ESA thin film technique possess the unique advantagectha
molecular (chromophores) may be aligned by an external field, so the randomly
distributed dipoles (that for no applied field tend to cancel each other, so the overall net
field is zero) are now aligned in the same external field direction. An intéigld is then
created, and the observed spectrum shift is produced. Notice that the shifts are not
apparent. This is due to weak external voltage applied to samples. Higher voltages should
give rise to increased shifts. But in practice, higher voltaggh@r than 0.6 volt) will
cause damage to the electrodes (ITO film), so we can not apply very high voltage to
samples to achieve greater shift. In this case, more sensitive measurement methods are
desirable to detect the molecular or chromophores aligninéatms of average
alignment angle. One of these techniques is the second harmonic generation (SHG)
measurement. By employing this technique, the average tilt &gflenolecular,
chromophores and the dipoles in quantum dots away from the substratal mrm

determined by?®

1
(2 \2
cosé?:{%j | (2.15)

wherex? and x? are second order susceptibility of filras different directions. They

can be obtained by measuring the fundamental and second harmonic intensities-of the P

and S polarized states of light. This is a good method to measure the alignment angle,
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but it is not available in our lab. So this measwent was not performed even though it is
very useful.

It is interest to compare this result with poling experiments of spin coated
electrooptic films implemented by Mortaza{i®. In his experiment, spin coated electro
optic films were poled at elevadldemperatures, and absorption was measured at different
times before and after corona poling. It was found that the absorbance of unpoled films is
lower than for poled films, that unpoled film has the highest absorbance, and that the
absorption peak shétl to longer wavelength. Immediately after poling, absorbance was
reduced to almost half of the highest absorbance, and the absorbance increased with time
to approach the highest absorbance (unpoled films). After 10 days, no further increase in
absorbancevas noticed. The final absorbance reached 78% of the highest absorbance.
This result is similar to results reported here, in that the role of the poling field in his
experiment is the same as the applied external field in my film process. They all aid the
alignment of dipoles in the films. On the other hand, it tells us that absorbance
measurement can be helpful to investigate the dipole orientation.

Based on Boltzmann statistics, the distribution functiof?ls

exp(AW /KT)
[ expe-aW/KT)sinade

9(0) = (2.16)

whereAW = UE is the total interaction energy between the molecule and electric field,
is the dipole moment, E is electric fielfl,is the angle betweemnand E, and k is the

Boltzmann constant. The order parameter, which dessithe orientation of dipoles, is

52



® = 15(3<c0$6>-1) (2.17)

where <co$0> can be determined by

HE, )

=3<cos’ @ >= 3L( : (2.18)

;>|>

and

:g<3|n 9>_—[1 L( ')] : (2.19)

> >

where A, is the absorbance of a poled sample measured with the electric field polarized
parallel to the poling directim, A; is the absorbance of a poled sample measured with

the electric field polarized perpendicular to the poling direction, apg e absorbance

of an unpoled sample. All of these quantities should be measured at maximum absorption

weavlength. Finayl, the order parameter can be determined in terms of absorbance as
o=1-22 (2.20)
A

Since the order parameter decreases WKhncrease of absobance #his agrees
with experimental andterature results. Thus, in the process of film fabrication by means
of ESA, the presence of an external field helps the alignment of molecules or dipoles.
This affects not only the absorption spectrum, but also the elegttio and nonlinear

optic propeties of films. This will be discussed in detail in the next chapter.
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2.5.4 Comparison and process control of film growth by ESA technique

In the ESA process, many factors affect film growth, such as eletteonistry
properties of the solutions (zeta potent@ulomb interaction of cation and anion
solutions), pH value, and the concentration of the solutions. In my study, effects of
solution type, and pH value of solution on film growth are investigated, the purpose is to
make uniform, stable, and thick films.

For polymeric electrapptic ESA films, chromophor R$19 may be selected as
electrooptic polymers. It is dissolved in water as an anion solution, and two cation type
polymers are typically used; one is PAH, the other is PDDA. Figus28 & 223 are the
optical absorption spectra and growth properties of two such polymer elggtimESA
films. It can be seen that both PIS9/PDDA (75 bilayers) and RE19/PAH (200
bilayers) films grow linearly because absorption increases linearly with number of
bilayer. They have their absorption peaks around 477 nm, with a slight differedce (
nm). This suggests that the anions (PDDA or PAH) only cause small shift of the
absorption peak of R$19, because R$19 binds with PDDA or PAH by electrostatic
attracting, noby chemical bonding. But R$19/PDDA film yields a higher absorption
per bilayer (0.0153 abs./ bilayer) than that of PE/PAH film (0.0074 abs./ bilayer) and
also a higher thickness per bilayer (2 nm/bilayer) than that et PBPAH film (1.3
nm/bilayer) because P319 has stronger binding with PDDA than with PAH. The
absorption coefficientt is almost the same&ibsi19/,opa= 0.0076/NMPps119/PDDA=
0.0074/nm).

In comparison with pervious results shown in Figures72 218 and 219, in

which films have greater thickness, the absorbance and optical density do not increase
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Fig. 2-20. Optical absorption spectra of PSL19/PAH films
with different thicknesses (number of bilayers).
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Fig. 2-22. Optical absorption spectra of PSL19/PDDA films
with different thicknesses (number of bilayers).
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Fig. 2-23. Absorption varies with number of bilayers

of PS-119/PDDA films at peak position.
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Fig. 2-25. AFM diagram of PS-119/PDDA film, 75 bilayers.

57



1.0 R MR S

0.8

I —— 40 bilayers
L —— 34 bilayers
I —— 20 bilayers
B — - 13 Bilayers
N Glass Substrate

0.6

Absorbance

0.0 Ll b L T T T b e

400 500 600 700 800

Wavelength (nm)

Fig. 2-26. Absorption spectrum verses nmber of bilayers,

pH value of PDDA solution is 5.8.

0.6 |

0.5 Max abs. wavelength =
0.4 [

03 |

abs

0.2 |

0.1 |

ol
350 400 450 500 550 600 650 700 750 800
Wavelength (nm)

Fig. 2-27. Absorption spectrum verses number of bilayers,

pH value of PDDA solution is 11.5.

58



0.35
0.3
0.25
0.2
0.15
0.1
0.05

O | | | |
10 20 30 40 50

Number of bilayers

Absorbance

o
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position (585 nm), pH vdue of PDDA solution is 5.8 and 11.5.

linearly with the number of bilayers if the number of bilayer is larger than 200. This
means that for thicker films, film growth is not uniform, and absorbance and optical
density per bilayer decreases with film thigss. This nowniformity in film growth will
also affect other film properties. This will be discussed in the follow chapter.

Figures 224 and 225 are AFM images of polymeric electaptic films. From
these pictures, there is no apparent morphologidtdréince, and the film surfaces are
uniform and dense, with no cracks, no pin holes and low roughness.

The pH value of the solution is also an important process parameter that affects
film growth. In our experimental synthesis of naaloister / polymer tms, the anion
solution the same (PDDA), but pH value is different and the effect of solution pH on film
growth has been investigated. Figure2&, 227 and 228 illustrate absorption spectrum

and versus the number of bilayers at different pH values@PBDA solution.
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Absorbance increases with film thickness (or number of bilayers), and the peak positions
are not shifted, but film growth is different. At high pH, each bilayer causes higher
absorbance, but film growth is not uniform. Growth slows dowith@snumber of

bilayers increases. Finally absorbance saturates and thickness no longer increases. In
order to make thicker films, a PDDA solution with a lower pH value was used. The result

is the same as for the electoptic polymeric films, which haveden discussed

previously. Film growth is uniform, absorbance increases almost linearly with number of
bilayers, and no saturation is reached, but absorbance per bilayer is lower than that for the

higher pH value case.

2.5.5 Stability of nano-cluster and polymeiic electro-optic films

A: Thermal, temporal and photo-chemistry stability

Stability of electreoptic and other polymer materials is an important issue for
their practical uses. Now many polymers have been synthesized with supreme properties.
For examplesome polymers demonstrate eleebyatic coefficients 5 to 10 times higher
than those of traditional inorganic electoptic crystals, and they are inexpensive, and
easy to integrate with existing microelectronic processes. But they degrade with time and
temperature, and are susceptible to various light and other electromagnetic ray irradiation
effects.

Much effort has been expended on this problem. For films made by the ESA
process, thermal stability has been investigated by K. L. Cooper and Yanjiameg &iu

(10.23) 1n their experiments, samples were heated up to 150C for several hours, and SHG
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signal intensities were measured right before and after heating. It was found that the SHG
intensity reduced to 75% of its initial value as temperature wasdaBut the SHG

intensity remained extremely stable as the temperature was maintained at 150C, and the
SHG intensity almost returned to its initial value as the temperature returned to room
temperature, with only a 9% loss. It also was reported that fiickhess was decreased

upon heating, and that the contact angle of ESA films changed with temperature, but they
too could almost be restored to their initial values after cooling, and also only with slight
changes. Comparing those experimental results sgth coated film results, it is

indicated that ESA films possess higher stability to maintain their structures. Their
molecular orientation or dipole moment alignment are highly resist to thermal
perturbations and are capable of restoring to their ingtiale, with only minor decay.

As for temporal stability, the UWis absorption of several ESA films at different
times (as long as 12 months after fabrication) were evaluated with no detectable change
in absorption spectra (intensity, peak position , aptical density) found. For spin
coated polymer films, many researchers have indicated that after poling at certain
temperature, the absorption and optical and elegptic properties decayed rapidly with
time. Only after several hours, apparent changesle observed. After several months,
most of their electraptic response may be 1&§3t. By comparison, ESA films are much
more stable than spin coated polymer films. This is one of the most impressive features of
ESA process. It opens a possibilitypooduce highly stable electmptic and other

optical polymer films.

B: Photochemistry stability
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It is found that, through experimental observations, intense optical beams leads to
the darkening of both polymer and naoluster films. The same phenomenas also
observed by other researchers. The darkened samples give low but fastefgctro
response, and the decay time in photo luminescence is also much shorter. This is related
to the recombination of surface and trap states, but the exact reascstsl aot clear. So
during the measurement process, in order to avoid the darkening problem, and obtain
consistent results, the beam intensity cannot be too high. For elsgticocoefficient
measurement, the laser power should be lower than 40 m\Whexnfiokrmed as quickly as

possible.

C: Oxidation - XPS results for CdSe films

XPS measurement was utilized in the study of oxidation of relnsters and the
concentration of nanalusters in filmsFigures 229, 230 and 231 are the XPS results
Concentation units used in these figures are atomic %. From these spectra, one can see
that the concentrations of Cd and Se in ESA films are around 6.10-8nd52 which
change slightly with ESA process parameters (such as pH values of solutions). Note that
notall the Se combines with Cd to form CdSe naslosters. Here only 56.58% of the Se
is alloy (CdSe). The other 43.42% of the Se is oxidized. By simple calculations, the
concentration of CdSe quantum dots in this sample is 2.14%, and soméxSeB)is in
film. The concentration is rather constant over the entire sample area.

From the XPS spectrum of CdSe films, it is seen that Se has two kinds of states: alloy
(CdSe) and oxidized Se. Se has the tendency to bond with both Cd and O to form CdSe

and SeQ. Beause only a small part of the CdSe clusters are covered by polymer ligands
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such as TOPO, it is highly possible that upon exposure to air, oxygen atoms attach onto
the CdSe surface sites. This is accompanied by the transfer of electrons from Se to O,
leadirg to the formation of SeO or Se(Be0 or Se@then increase with time. As the
formed SeO or Sefxleabsorbs to the cluster surface, the fresh CdSe surface is exposed
to oxygen, and more Se atoms are oxidized. From thermodynamics, there are several

possibleoxidization reactions. Each reaction corresponds to a different reaction

activation energy fH 2,,) given by
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Fig. 2-29. XPS spectrum of CdS&?DDA film made by ESA process, pH value of

PDDA solution is11.5, concentrations are: Cd $6.20, Se = 2.08 (atomic %).
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The fourth reaction is most easy, so it is the most likely to occur, but in practice,
most ligands are bonded to Cd, not to Se, so the yield of thisiogastlow. Most of the
reaction takes places according to the third process, and finally Sé@med.

Because of this reaction, in the process of film fabrication, the CdSe solution
should be bubbled under a nitrogen atmosphere to prevent the clinstarsxidizing.

Once oxidized, the surface double electrical layer at the chsstleent interface will be
depleted, the zeta potential will reduce greatly, clusters will precipitate, and the solution
will degrade with time and finally can no longer beed. As a result, thick films (over

100 bilayers) can not be produced.

2.6. Conclusions

II-VI semiconductor nanalusters have been synthesized, with particle diameters
ranging from 4 nm to several tens of nanometers. The diameter can be controlled by
cortrolling reaction time and temperature, and particle size can be monitored easily by
regular UMvis abs. spectrum measurement during the synthesis process. In order to make
high quality naneclusters, the synthesis temperature should be higher then 30@@: T
is a difference in peak positions of absorption and photo luminescence spectra, related to
defects in nanarystals. Larger CdS patrticles have larger differences than small CdSe
particles. Particle sizes measured by absorption spectrum and by HREEMragrclose.
Based on quantum mechanical theory, shifts as a function of particlesize can be
predicted, but the theoretical results are far from the experimental results.

By dispersing nanelusters in a polymer host, two kinds of electipticd films

are fabricated. One is by the ESA process, another is by the spin coating process. ESA
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films have much stronger absorption than spin coated films, and slight blue shift in peak
position wavelength. Photo luminescence spectra also show a bluefdb8tA films
with respect to spun films. One reason for this is an internal field induced shift, due to the
different structure of these two films. Another reason is a particle size induced shift, due
to atomic particle size selection in the ESA processger and poorly capped particles
are precipitated, so particles in ESA films are a little smaller than particles in spin coated
films. Control of the pH value of the cationic solution is important, in that higher pH
results in thicker film per bilayer, hwesulting film growth is not uniform. Growth will
slow down and finally saturate. At low pH, the film grows uniformly, but the thickness
per bilayer is low.

Polymeric electreoptic films may be fabricated by the ESA technique. Effects of
applying an external electrical field during the ESA process on film growth and
properties have also been investigategak position, optical density and wavelength at
maximum absorption, all increase with number of bilayers, and films made under
external field 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 the application of an external field during
theprocess of ESA film growth.

Stability of nanecluster and polymeric electroptic films was also investigated.
XPS spectrum measurement was employed to detect to the composition. It was found that
Se is partially oxidized, only 56% of the Se binds tot6dorm CdSe nanelusters, and
CdSe solution is not stable in air, so the synthesis reaction, solution preparation and ESA

film growth process should be implemented under amafhosphere. The
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thermodynamic mechanism and possible reactions are disc@seaf the most
significant features of films made by ESA techniques is their supreme temperature and
temporal stability, in comparison with spin coated films. However films are sensitive to
various forms of irradiation, and intense beams lead to the dangg@f both polymer and

nanccluster films, and as a result film properties are subject to change.
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