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ABSTRACT

Semiconductor nanostructures (quantum dots) have received much attention
from chemists and physicists in the last decade due to the fact that their
electrical .and optical properties are very different from those of bulk
semiconductor crystals. The optical and electrical properties of semiconductor
nanostructures can be tailored to a large extent by the dimensions of the
crystals. The various effects that occur due to spatial confinement of electrons
in such structures are of scientific importance. In addition, semiconductor
nanostructures are very promising for a number of applications in the opto-
electronic industry. Semiconductor nanostructures will show size-dependent
properties different from those of a macroscopic semiconductor if one or
more dimensions of the structure are in the same range as the length scale of
a physical quantity (e.g. wavelength of light, wavelength of electrons,
electrostatic length scales). A crystalline material which is size-restricted in
three dimensions such that the electron wave functions are confined within
its volume is called a quantum dot (QD). The II-VI nano crystals have a direct
band gap which can be tuned in a broad range (up to 4 eV) by their size. This
makes them suitable candidates for applications in opto electronic and
electronic devices.

In this work optical characterization of chemically synthesized
different II-VI semiconductor quantum dot samples are discussed. The role of
interfacial charge transfer is discussed through electrical properties in the
form of I-V and C-V characteristics.

The optical properties of quantum dots are discussed mainly on the
basis of two properties of quantum dots eg. size quantization and presence of
surface states. For size quantization optical absorption studies have been
done. X-Ray diffraction has been employed as first hand approach to



determine the sizes of the quantum dots. However accurate size and shape of
the particles (quantum dots) have been estimated with the help of
Transmission electron microscopy (TEM). The presence of electronic states
called surface states within the band gap of semiconductor nano particles
(quantum dots) has been investigated through photoluminescence and
thermoluminescence studies.

Three undoped II-VI semiconductor quantum dots samples, namely
ZnS, CdS and ZnO and two doped samples vig. Cu doped ZnS quantum dots
(ZnS:Cu) and Fe doped ZnS quantum dots (ZnS:Fe)) are investigated. The
average size of the particles obtained from XRD, Optical absorption and TEM
has been found almost similar for a particular sample. The blue shifted
absorption edge obtained for the samples is the signature of size quantization.

It is significant that, the size of the particle has been successfully
controlled by varying pH value of the solution and the surface temperature
and found that the sample having higher pH value and temperature has
smaller particle’s size.

The photoluminescence studies of Cu doped ZnS and Fe doped ZnS
quantum dots systems show enhanced luminescence intensity. Three distinct
luminescence peaks are seen in luminescence spectra of ZnS:Cu quantum
dots system. The peak at 480 nm is obtained due to transition from
conduction band to an intermediate level of excited copper ion in the band
gap of ZnS. This luminescence intensity at 480 nm is very sharp in
comparison to other two luminescence peaks obtained, one due to donor-
acceptor pair emission and other due to presence of surface states. However
three observed peaks in luminescence spectra of Fe doped ZnS quantum dots
sample are not very sharp in comparison to that in Cu doped ZnS. From the
thermoluminescence study it is found that CdS sample contains deep surface

states.
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The effects of ion-beam irradiation on some doped quantum dot
samples are discussed. Two doped samples (ZnS:Cu and ZnS:Fe) and
undoped ZnS quantum dots samples have been irradiated with 150 MeV Ti
ion selecting four different ion fluences. The sharp and enhanced
luminescence peaks are observed in the photoluminescence spectra of the
samples irradiated with higher fluence. The magnetic force microscopic
(MFM) study has been carried out to find some magnetic properties for
possible electrical applications. The aligned and elongated domains obtained
in the sample irradi;alted with higher ion fluence have got application in
magnetic tapes and magnetic recording. .

By fabricating Schottky junctions of Ag and nano ZnS and Ag and Cu
doped nano ZnS the electrical properties are studied in the form of I-V and C-
V characteristics at different frequency range. It is observed that the trapped
carriers play dominant role in current growth at higher frequencies. Further,
current establishment in these devices is dependent either on signal
frequency or on doped element.

The photo induced current measured (against applied electric field) in
nano ZnS/Polyaniline composite shows higher rate of growth irradiated with
laser. This device shows interesting class of field dependent charge
generation and photo conductive property. When irradiated with laser, the
nano crystals in conducting polymer, isolated from each other are responsible
for the charge generation and the polymer is responsible’ for subsequent
charge transport.

The nonlinear nature corresponding to charging and discharging
within a given range of forward bias for highly ordered quantum dots has
been reported to have application in single electron device, nano junction
diode etc. This property is observed in I-V studies for different frequency
range. Further fast photo induced current observed in nano ZnS/Polyaniline
composite is very important criteria for electro photographic application. On
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the other hand the sharp rise in current in high frequency range and in Cu
doped nano ZnS/Ag junction is a strong candidate for fast switching.
Moreover utilizing the photoluminescence property of the nanoparticles the
quantum dots can be used as frequency converter and optical switch.

In comparison with other compound semiconductors, II-VI
semiconductors possess high value exciton binding energies (and that is why
excitonic absorption can be visible at room temperature) and therefore,
further research is essential in the areas of single electron devices, fast optical
switching. The research on electrical properties of ion irradiated samples will

also open the door in this respect.
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Chapter 1

INTRODUCTION

The wizardry of medern semiconductor technology makws it possible
fabricate particles of metals or “pools” of electrons in a semiconductor that
are only a few hundred angstroms in size. Electrons in these structures can
display astoundjng behavior. Such structures, coupled to electrical leads
through tunnel junctions, have been given various names: single electron
transistors, quantum dots, zero-dimensional electron gases and coulomb
islands. Like natural atoms, these small electronic systems contain a discrete

number of electrons and have a discrete spectrum of energy levels.

Recently semiconductor nanostructures have received much attention
from chemists and physicists in the last decade due to the fact that their
electrical and optical properties are very different from those of bulk
semiconductor crystals. The optical and electrical properties of
semiconductor nanostructures can be tailored to a large extent by the
dimensions of the crystals. The various effects that occur due to spatial
confinement of electrons in such structures are of scientific importance. In
addition, semiconductor nanostructures are very promising for a numnber of
applications in the opto-electronic industry. Semiconductor nanostructures
will show size-dependent properties different from those of a macroscopic
semiconductor if one or more dimensions of the structure are in the same
range as the length scale of a physical quantity (e.g. wavelength of light,

wavelength of electrons, electrostatic length scales).



1.1 Characteristic features of quantum dots

A crystalline material of which size is-restricted in three dimensions such
that the electron wave functions are confined within its volume is called a
quantum dot (QD). Due to this confinement the electronic properties of
quantum dots depend on their size in the nanometer regime.l2 This effect,
now called 'size-quantization’, was first observed in 1926 with CdS colloids?,
but was only properly recognized in the 1980's.4> Chemists and physicists
have studied nanostructures extensively in the past two decades in order to
understand the size-quantization effects in semi conducting and metal
quantum dots. Due to their extremely small sizes and their interesting
electronic properties, quantum dots are promising building blocks for the
fabrication of electronic and- optoelectronic solid state devices. Integrated

circuits (ICs) might be further miniaturized by using nano crystallites.

The main feature of quantum dots (QD)s is real discrete energy
specrum of electrons and holes. In quantum well (QW) carriers are
confined only in one direction (Figurel.1) while in the plane of QW their
motion is free and is characterized by continuous energy spectrum. In
quantum wire (QWR), carriers freely move along its axis. It means those
carrier energy spectra in QWs and QWRs are continuous and there is
overlapping of energies of confined states and delocalized states. Such
overlapping results in very fast processes of carrier transition between
confined and delocalized states as well as between ground and excited

states.
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Figure 1.1 Density of states for ideal crystal structures having different dimensions: (a)
three-dimensional or bulk, (b) two-dimensional or quantum well, (c) one-dimensional or

quantum wire and (d) zero-dimensional or quantum dot.

The II-VI nano crystals have a band gap which can be tuned in a
broad range (up to 4 eV) by changing either their size or chemical
composition; this makes them suitable candidates for applications as a Light
Emitting Diode (LED) & 7, a Single Electron Transistor (SET) 810,
chromophores in solar cells'!5, or as a 'building block' for photonic
crystals's. Recently, a LED with an efficiency of 10 %, based on CdSe
nanocrystals in a semi conducting polymer matrix, was fabricated!’:8. The
output colour could be tuned in the entire visible range. A critical parameter
for the performance of a SET, the principle of which is based on the
Coulomb blockade effect, is the capacitance of the quantum dot, which is
determined by its size. Quantum dots can be applied as stable fluorescent
indicators in biological research; core-shell quantum structures of CdSe/ZnS

have a very high luminescence quantum yield (up t0100%). Since they can



easily be attached to DNA?? or proteins by a sulphide bond they can act as a
luminescent label to monitor biological reactions. Semiconductor colloids
can also be employed in photo catalysis; TiO2 colloids irradiated with UV-
light can photo-oxidize organic contaminants 2. Methods for the
preparation of large quantiies of well-defined nanoparticles have been
developed in order to study the size-quantization effect A techniqu; to
grow low-dimensional structures, Molecular Beam .Epitaxy (MBE), was
developed at the end of the 1960's?: 2. Arrays of quantum dots on
substrates can be prepared by MBE or lithographic dry-etchingZ-24.
Alternatively, quantum dots can be formed in the gas phase by laser
vaporisation?* or as colloids in suspension? 2. Chemists have succeeded in
greatly improving the mono dispersity in size and shape of colloidal
semiconductor quantum dots in the past decade?’. High-quality suspensions
can now be synthesized and the size distribution can be further

narrowed by size-selective precipitation or photoetching2s-30,

In Quantum dots the electron and hole, confined in a space with
dimensions smaller than the Bohr radius of the exciton, cannot however be
considered as independent particles; the Hamiltonian must be expanded by
two-particle kinetic terms and the Coulomb and confinement potential. This
leads in the Brus model to an expression for the energy of the ground state

of the electron-hole pair (1selsh or first excited state),

R ) ¢
Eils Is,p== 1:',%———-’. st A Eq 1.1)
o I R, o) e R (Eq 1.1)

in which the second term describes confinement and the third the Coulomb

electron-hole interaction. The coefficient A corresponds to 1.786 for the



1selsh state and has values between 1.6 and 1.9 for other states.3l. The
equation implies that the gap between the filled valence band levels and the
empty conduction band levels increases when the radius of the particle
decreases. Due to the electron-hole Coulomb interaction, the measured

optical band gap has a slightly lower energy than the 'actual' electronic band

gap-

(@ (b) {©

1d,

Energy

cB

— 15

L 15,
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R>>ag R ~ag R << 3g

1. Figure 1.2 The effect of size on the electronic structure of a semiconductor crystal
for three different size-ranges. (a) a macro crystalline semiconductor (R>>ag). (b)
Semiconductor nanocrystal with a weak size-quantization (R~ag) (c) highly
quantized dot (R<<ap) with discrete atomic-like energy levels and optical
transitions
The figure 1.2(a) shows a macro crystalline semi conductor (R.>> ag) with

continuous energy band with filled valence band (VB) and empty conduction

band (CB) and the band gap energy.

Weakly quantized quantum dots with R~ag contain a large number of atoms
and unit cells, therefore Bragg reflection at the periodic lattice lead to
continuous energy levels. Only the levels at the top of the valence band and
bottom of the conduction band, which corresponds to the most delocalised

electron wave function, will be discrete (figure 1.2 b).



ultimately influences the luminesﬁ:ence property®. The fast trapping
and detrapping process of electrons in the traps is useful for fast
optical switching,.

v} Change in opioelectronic and electronic property:

-




The figure 1.2(c) shows the discrete atomic like energy levels for highly

quantised semiconductor quantum dots.

1.1.1 Properties of quantum dots

Due to quantum confinement quantum dots exhibit the following properties
(i) Enhancement in band gap:
As a consequence of quantum confinement, the continuum of states
in conduction and valance band are broken down into discrete states
with energy spacing relative to the band edge, which 1s
approximately inversely proportional to the square of the particle
radius resulting in widening the band gap in comparison to the band
gap of the bulk32.
(i1)Blue shift:
As the band gap of quantum dot enhances, the strong absorption of
optical signal occurs in UV or shifts towards UV region. That is why
quantum dot possess blue shift in UV /VIS absorption spectra3337
(ii1) Large surface to volume (S/V) ratio:
Another important property associated with quantum dot is the
existence of large surface to volume ratio (S/V) which results in
producing electronic states within the band gap of the
semiconductor. These are called surface states, commonly called
Trap'®.
(iv) Change in photoluminescence property:
Due to the occurrence of surface states unlike in bulk specimen, in
quantum dot excited electrons are captured by the surface states,

either before or after the direct radiative recombination which



ultimately influences the luminescence property3. The fast trapping
and detrapping process of electrons in the traps is useful for fast

optical switching.
(v) Change in optoelectronic and electronic property:

Unlike bulk material, electronic transition between surface states and
valance band as well as surface states and conduction band is faster
rather than band edge transition. This is due to fast trapping and
detrapping of charge carriers by surface states’>. This property of
quantum dots makes it very efficient for fast optical and photonic

switch.

The increase of the band gap and the transition from continuous
energy bands to discréte energy levels upon a decrease of particle size has
been observed by optical absorption spectroscopy in many semiconductor
systems.?839 The absorption and emission spectra of different II-VI
semiconductor (ZnS, CdS) quantum dots of different sizes were studied in
this work. Upon a decrease of the particle radius, the onset of the absorption
and the emission maximum shift towards higher energies. A clear structure
in the absorption spectra is observed for the smallest particles,

corresponding to discrete optical transitions.
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Figure 1.3 Absorption (solid lines) and emission (dotted lines) spectra of ZnS$S
quantum dots, showing that the absorption edge shifts towards higher energies with
respect to bulk ZnS (3.54 eV) and that discrete energy bands become more pronounced

as the particle size decreases.

The figure 1.3 shows the absorption and emission spectra of ZnS quantum dots. The
absorption edge shifts towards higher energy with respect to that of bulk ZnS.

1.1.2 Theoretical Support

The Mott-Wannier exciton is a weakly bound e- h* pair created by photons
coupled to a material (figure-1.4). It can be represented in a simple
hydrogen like picture, it has energy levels E, proportional to n2 (n =1, 2, 3..).

The corresponding Bohr orbital have the radii R® in units of nm given by



Figure 1.4 Exciton formation in a spherical quantum dot having di- electric constant

g, embedded in a matrix of dielectric constant €4

£
R™ =05—%n’ 12

m (Eq1.2)
where & is the relative dielectric constant of the material, m" is the reduced
effective mass of the electron and hole in units of the rest mass (mo) of the
electron and is given by

1 m, m,

—=—+ (Eq1.3)

m m, m,

e

Let us consider a semi conducting material in the form of a sphere of radius
R, which is of the order of (or less than) the first Bohr radius of the exciton,
R®. Then the exciton states will surely depend on the magnitude of R. We
term such samples as spherical quantum dots. The exciton Hamiltonian is
the sum of the kinetic energies of electron and hole, the Coulomb interaction
energy (V.) of the e-h* pair, the potentials V.(r.) and Vi(rs) experienced by

the electron and the hole respectively due to the barrier. Thus, we write



2 2
N 2 M 2
H=- Vv, - V,+V.+V,(r)+V,(r ,
2m, e 5 ) h c (r.)+V,(r) (Eq1.4)

subject to the confinement potential for the quantumn dot given by
V() =0,forri<R, (i=e h) (Eq1.5)
V()= forri>R, (i=¢h) (Eq 1.6)

Neglecting the coupling between electron and the hole (V. = 0) one can
represent the exciton wave function as a product of the individual particle

wave functions expressed by

Wre, 1) = @l(re) . ou(rs) (Eq17)

where g (7.) and gn(rn) being electron and hole wave functions respectively.
The individual wave functions for the electron and the hole are given in
terms of Bessel functions and spherical harmonics, which read as 383940

2 ) J (e, (r/ R))
R’ Jia (a,u ("/R)) "

o (r>=[ (Eq18)

The quantum numbers [, m and n are restricted to -l <m <; 1 =01,2..;n =
1,23.... Here ]; are the Bessel functions of order I, and Yix avre spherical

harmonics. an is the n? zero of the spherical Bessel function of order [.

_ The spherical Bessel functions, ji(x}, are related to the Bessel functions

of the first kind

10



i) = (-2’-’;) J oy ® (Eq19)

The values of aniand corresponding energy levels are given in Table 1.1

Table 1.1 Energy levels of a spherical quantum dot of radius R

n [ level a1 Es E,
| | 2 2
1 0 1s 3.1416 _ 986965 n | - 9.86965 ' ez,
m,  \2R° m, \2R
. 2 o
11 1 sape 20190640 W ) 20190641 n” VB
m, 2R m, 2R? )
2 2 ' 2
1 2 4 sres  _S293( M7 ) 3321793 ' ) o
‘ m, \2R*) m \2R?) ¢
2 2
2 o 2 gy 32AT860( ' ) 39.47860( w* ) ..
’ my 2R2 m, 2R2 &
2 2
2 1 2p 77253 - 59.68026( 71 _ 59.68026( n v E
m, 2R2 me 2R2 g
82.71902( v’ 82.71902( o’
2 2 2d 90950 — B g
mh 2R2 me 2R2 e

As the potential at the surface of the spherical quantum dot suddenly
becomes infinite, the chance of finding the electron there must be nil.

11



Mathematically, this can be represented as a boundary condition on the

solution of the wave equation stated as

so that one can obtain energy levels for the electron and hole given by

2 2
Egf =1 [a””J (Eq1.11)

2m¢'h EZ—

To understand the above facts more precisely, we consider a specitic
example by assuming a spherical CdS quantum dot of radius R nm having

bulk band gap E; = 2.42 eV at room temperature. For CdS system, my = my,
me = 0.667 my. Then, the energy values (in eV units) may be usefully

expressed for the various states (r, I) in terms of R by3”

( A

E,’,'_, __ 0.0382 a':,, (Eq1.12)
i3 R?
\ M

;

0.0382 (Eq1.13)

n, R?
my
Quantum mechanics selection rules state that the electron jumps only
to those levels that obey the conditions dn = 0 and & = 0. In otherwords,
1s(h) <> 1s(e), 1p(h) < 1p(e), etc. transitions are supposed to be allowed.
That is why the absorption or emission spectra would exhibit a blue-shift as

the size (R) of the quantum dot is suppressed 3. Therefore, electron inside a



outside due to band gap enhancement.

1.2 Motivation of the work

The aim of the research in this field is to look for a suitable chemical way for
fabrication of quantum dots. Since different [I-VI binary semi conducting
materials have received much attention due to their various device
applications, so these materials have been chosen and tested for fabrication.
We have also planned to control the size of the particles by changing
different factors like pH value, temperature and reaction time. We have
chosen the chemical method for preparing the samples because of its
simplicity of fabrication, possibility of large scale productions and
possibility of doping of large number of materials (Mn, Ni, Fe, and Cu etc.)
even at room temperature. We consider nano particles of semiconductors
with sizes typically smaller than 10 nm, which is the range where size effects
become observable. The quantum size effect (QSE) predicts the formation of
a band gap with decreasing particle size for metals and widening of the
intrinsic gap for semiconductors. The band gap for semiconductor quantum
dots is usually quite well described by an extended effective mass
approximation (EMA). This describes a band gap, which gradually increases
for smaller sized particles. Therefore we have planned to characterize the
prepared samples by various optical studies like optical absorption, X-ray
diffraction, transmission electron microscopy, thermo luminescence and
photoluminescence to know the particles’ size, shape and formation of
discrete energy levels within the band gap. The probing of the particles of

nano scale and carrier transport in nano structured films is impossible due

CENTRAL LIBRARY, T. .,
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to the presence of weak link boundaries. But things get improved if one has
a few number of arrayed quantum particles separated by thin dielectric
medium under the influence of high intensity light (basically, hi-power
pulsed laser). The interfacial charge transfer could be detectable through
photocurrent generation in the external circuit, connected to a biasing
source. Previously, the interfacial charge transfer has been reported in
coupled, coated and layered systems. In this work we want to study the
various electrical properties of semi conductor quantum dots for potential
use in electrical devices. For which we want to observe the role of interfacial
charge transfer by studying frequency dependent electrical properties of
nano ZnS/Ag and nano ZnS:Cu/Ag system in the form I-V and C-V
characteristics across different ranges of frequency, since these unusual
characteristics known as single electron effects are the prerequisites for

single electron transistors (SET).

1.3 Overview of the work

In this work the optoelectronic properties of semiconductor quantum
dots, and charge transfer between such structures and a conducting
substrate were studied in a novel way. For this purpose, conducting
polymer and conducting glass substrates were provided; the opto electrical
properties of the systems were investigated by studying photo induced

current.
An attempt has been made to synthesize II-VI semiconductor

quantum dots. Because of the wide band gap and its efficiency in using with

the device in the optical range from uv to visible upon quantum

14



confinement 3% 33, We have chosen these compounds. We have synthesized
three undoped quantum dots (ZnS, CdS, ZnO) and two doped quantum
dots (ZnS:Cu, ZnS:Fe).FurEher doped samples have been irradiated with ion
beam to see the modification of properties of the particles.

The increase of band gap and the transition from continuous bands to
disc;ete energy levels upon a decrease of particle size has been observed
from optical absorption spectroscopy 3%-34. The presence of surface states has
been confirmed from photoluminescence and thermo luminescence studies.
The sizes and shapes of the dots have been obtained from X- ray diffraction
(XRD) and Transmission electron microscopy (TEM). To observe any change
in properties of quantum dots upon irradiation of ion beam, undoped and
doped samples of ZnS quantum dots have been irradiated with 150 MeV Ti
ion beam. The Atomic force microscopy (AFM) has been used to see the
surface roughness. To exploit the magnetic properties Magnetic force
microscopy (MFM) studies have been carried out. The electrical properties
have been explored by studying V-Z characteristics for different capacitive
structures of dots. Form the studies I-V and C-V characteristics of nano
ZnS/ Ag and nanoZnS:Cu/Ag across different ranges of frequency, the role

of interfacial charge transfer has been observed.

In chapter 2 the basic synthesis processes are summarized. The
chapter 3 deals with the characterization of quantum dots. The effects of
swift heavy ions on the samples are investigated in chapter 4.The electrical
properties of quantum dots are discussed in chapter 5.The chapter 6
contains the applications of quantum dots. Finally the conclusion and

perspectives for future investigations are mentioned in chapter 7.
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Chapter 2

SYNTHESIS OF II-VI SEMI
CONDUCTOR QUANTUM DOTS

The prehistory of quantum dots began in the early 1970s with nanometer-
thick foils called quantum well where charge carriers (electron and holes)
become trapped in a few nanometer-thick layer of wells. By the end of 1970,
nanostructures could be fabricated in such a way that the mesoscopic
variation of the material composition gave rise to the desired electronic
potentials, eigen energies, tunneling probabilities and opfical abscrption
The quantum engineering of microelectronics materials was promoted by
the Nobel prizes awarded in 1973 to L Esaki for the discovery of the
tunneling in semiconductors and in 1985 to Kvon Klitzing et al for the

discoverv of quantum Hail effect Rapid progress was made in the

and chemical vapour deposidon {CVD) made it possible to grow

semiconductor crystals at one mono iayer accuracy.

The other common methods to synthesize semiconductor quantum dots are
1. Vapor phase epitaxy
2. Magnetron sputtering
3. Radio frequency sputtering
4. Optical ablation and
5. Chemical method

19



Due to several advantages, chemical route is now-a-days followed for
growing semiconductor nanoparticles. Before discussing the synthesis of
our quantum dots, let us have an over view of the quantum dot preparation

technique, adopted by other workers:

Y.C Zhang et al synthesized InAs quantum dots on GaAs substrate
using RIBBER 32 MBE technique'. S. Benerjee et al prepared ZnSe
nanoparticles with d.c magnetron sputtering2. Nayoki Veda et al used rf
sputtering to obtain CdO nanostructure3. L patrone et al. fabricated Si
nanoclusters by laser ablation?. Similarly, Y Marfaing used optical source to
control. the growth of ZnSe crystal®>. Among these methods Chemical
method for quantum dot preparation has been popular and adopted by

many workersS. Here is an over view of that:

P Nandakumar et al and Y.V.GS Murty et al. synthesized CdS
quantum dot using polymer perfluroethylene sulfonic acid”. Wei Chen et al
prepared ZnS quantum dots where the particle size was varied by changing
the reaction temperatures. S.B. Qadri et al synthesized ZnS quantum dots by
using some lipids and surfactants that act like Matrix®. Similariy 1. Nanda
prepared ZnS nanocrvstal with 1-thvglvcolas caping agent’®. Using poiv

vinvl pvrolidane as caping. S. Mahamuni et ai obtained ZnO auanium doitt.

Both large scale synthesis and preservation of nanoparticles is
important from application point of view. In order to improve rigidity and
to protect nanoparticles from environmental attack, embedding them in

glass, zeolites or in polymer is desired.
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It is clear that the organic ligand environment used to encapsulate
and passivate semiconductor nanoparticles is for future developments in the
field, as the ligands establish the solution properties of the nanoparticles, aid
in their luminescence by quenching surface defects and maintain their
Nanoscopic integrit.y by preventing aggregation 1215, One of the most
promising topics in organic-inorganic hybrid materials is found in attempts
to integrate semiconductor nano crystals and pclymers. The unique
properties of polymers, including their thermai behavior and ability to
assemble into ordered structures, offer the potential for compatibilizing
nanocrystals, directing their assembly and hence provide a mechanism for
charge transport. Confirmation of theoretical predictions of the spatial
distribution of nanoparticles within polymer hosts'¢ will to some extent
depend on the interactions between the ligand periphery and the polymer
environment. Indeed, polymer-nanocrystal composite materials are already
finding applications ranging from electronically active materials to the

biological sciences.17-20

Since different II-Vi binary semi conducting materials have received
much attention due to their various device applications, so these materials
have been chosen and tested for fabrication. Wide gap 1I-VI compounds are
characterized by the direct band gap with either zinc blend or wurtzite
structures and large exciton binding energy. The table 2.1 summarizes band
gap energy and exciton binding energy of typical II-VI compounds and
some other ll[-V compounds which have similar band gap energies. As a
general tendency, the exciton binding energy of II-VI compounds is larger
than that of IlIl-V compounds with similar band gap energy. These
properties make the materials very attractive both from scientific point of

views and optical device application.
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Table 2.1 band gap energy and exciton binding energy of typical II-VI compounds and

some other II-V compounds

Energy band gap at room
Exciton binding energy
Compounds temp.
(meV)

(eV)
Zn0O 3.37 60
ZnS 3.54 39
ZnSe 2.70 20
CdSe 1.74 16
Gahs 143 " 42
GaN 3.39 21

The synthesis of II-VI semiconductor quantum dots in Nafion® and
Syrlyn® membranes 22 was satisfactorily done to obtain stable
nanoparticles. We have selected wide and direct band gap II-VI group
semiconducting systems, as such systems in reduced dimensionality case
are capable of showing excitonic absorption even at room temperature due

to enhancement in excitonic binding energies.

The chemical routes for the preparation of the samples have been
opted because of its simplicity of fabrication, relatively shorter synthesis
time, large scale production and possibility of doping. We have used
polyvinyl alcohol (PVOH) as polymer matrix for sample preparation

22



2.1 Properties of polymer matrices used

Structurally, the polymers possess arbitrary coil shaped shapes (figure-2.1).
The free end groups, the number and size of the coils can be controlled as
they depend on the molecular weight as well as synthesis parameters
(concentration, density and nature of the solvent etc). Thus, they provide
unique scope for atomic layer dispersion to form ranoparticles when a
proper stoichiometry is maintained in choosing respective salts and

solvents.
2.1.1 Polyvinyl alcohol (PVOH)

Unlike many polymers, it is a water soluble solid. It dissolves slowly in cold
water but at higher temperature it goes fairly fast into the solution.

PVOH Matrix: —CH; —CH —

[ )

Cds
Cds

CdCl; mixed with PVOH solution CdS dispersed in PVOH

CdClz + H2S - CdS +2 HCl
Figure 2.1 Cadmium sulphide quantum dots dispersed in PVOH

PVOH solution like starch solution, gives an intense blue colour reacted

with iodine. PVOH is a good protective colloid for aqueous emulsions and is



employed for this purpose in a large variety of emulsion and suspension
systems. It also finds use in wet strength adhesives. Further, it is used in the

manufacture of textile fibres, where one major aspect to be taken care of is
that the fibre as the final product should be made insoluble in water. PVOH
fibres have excellent dimensional stability. They can be easily washed and

dried. The fibres are also found to possess excellent resistance to abrasicn

and remarkable tenacity.

The physical properties of the polymer (PVOH) used in the

fabrication process are given below in table-2.2.

Table 2.2 physical properties of dielectric PVOH

Physical properties
Glass transition temperature (K) 343
Melting temperature (K) 413
Refractive index 1.55
Specific gravity 1.30
Specific heat (J/ gm-K) 1.66
Thermal conductivity (W m-1K?) 2.0
Molar mass a single structure unit (g) 58.2
Dielectric constant 20
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2.1.2 Polyaniline

Polyaniline is composed of aniline repeat units connected to form a
backbone of alternating nitrogen atoms and benzene rings. In the last few
years, polyaniline has emerged as the class of conducting polymers with the
highest potential for technological applications as this material combines
ease of process ability, is of synthesis, satisfactory environmental stability
and chemical versatility. Polyaniline is found to be suitable for a number of
applications in computer manufacturing processes. Polyaniline can play
significant roles in the lithographic processes used to fabricate integratéd
circuits. Thin films of conducting polyaniline are found to be effective
discharge layers for electron- beam lithography. Polyaniline provides
attractive chemical flexibility and processing options, including secondary
doping. It also provides an opportunity for use in welding of thermoplastics
and thermosets. The structure of polyaniline is shown in figure 2.2.

Figure 2.2 Structure of polyaniline

We have grown thé following quantum dots in the dielectric host
matrices by chemical processes. The sizes of the nano particles have been

controlled by vai'yin'g pH value and surface temperature.
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Sample prepared

ZnS

CdS

ZnO

ZnS:Cu (Copper doped ZnS)
ZnS:Fe (Iron doped ZnS)

AR o o

Substrate used: Simple glass and ITO glass
Matrix used: Polyvinyl alcohol (PVA), Poly aniline

2.2 Chemical synthesis

2.2.1 Synthesis of CdS quantum dots with PVA matrix

5 grams of PVA were measured by using digital balance [Mettler Toledo
SNR-11170663322] and then put into 100 ml double distilled (D/D) water.
Then the whole solution was stirred in a magnetic stirrer with stirring rate
of 200 rpm at constant temperature of 70 ® C for three hours. Thus a
transparent D/ D water solution of PVA was prepared. Next the solution has
been put in dark chamber at room temperature for 12 hours. This solution is

called 5 wt% solution of PVA.
In parallel 2 gms of CdCl: powder was mixed with 100 ml D/ D water
by means of stirring for half an hour at the rate of 50 rpm, at 40°C. Like PVA

solution, this solution was put in the same condition.

Also 2wt % solution of NazS was prepared just by mixing 2 gms NaxS
with 100 ml D/ D water.
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Next, PVA solution and CdCl; solution were mixed in the volume
ratio of 2:1 and stirred at the speed of 250 rpm at a constant temperature of
550C, then Ns3S solution was put into it, by means of a dropper up to its
maximum absorbance i.e. unless the whole solution turns yellow. This
solution was again put in a dark chamber at room temperature for 12 hours

for its stabilization.

After that, it was cast over the glass substrate and then dried in oven

at 50° C. This film contains CdS quantum dot embedded in the PVA matrix.

CdCl,(in PVA solution)+ Na,5 —————— CdS + 2NaCl

2.2.2 Fabrication of ZnS quantum dots

The aqueous solution of 6 wt % of poly vinyl alcohol (PVA), 2 wt % of Zinc
chloride (ZnClz) and 2wt % of Sodium sulfide (NazS) were prepared and
then PVA solution and ZnClz solutions were mixed in the ratio of 2:1.The
solution was then stirred at a constant stirring rate for 4 hours and NazS
solution was dropped up to maximum absorbency and kept in a dark
chamber for 12 hours. The film was deposited over glass substrate and dried
in oven. The particle sizes were controlled by varying the surface

temperature and pH value.

ZnCl, (in PVA solution)+ Na,S ZnS + 2NaCi

2.2.3 Synthesis of Cu doped and Fe doped ZnS quantum dots

ZnCl2 and CuCl2 aqueous solutions were prepared and mixed in a ratio

99.5:0.5.This solution was then mixed with aqueous solution of 7.5 wt %
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PVOH in ratio 1:2 and stirred for 4 hours at constant temperature. After
adding NaS solution drop wise up to maximum absorbency it was kept for
24 hours for casting on glass substrate. For doping iron the same procedure
was adopted, but 0.01% (by volume) of FeCls was added to 50 % (by

volume) of ZnCl,.

2.3 Quenching Method

In quenching method bulk semi conductor is heated at a very nhigh
temperature (below its melting point) for a long period of time and then
immediately put into a very cold host (matrix.). Sudden cooling will cause
the fragmentation of the material into smaller parts in ‘nm’' range and then
enter into the gap of matrix, to produce nano structure\(quantmn dots). In
this method the particle size can be varied by changing -

i) The temperature at which bulk material is heated

ii) The heating duration

iii)  The temperature of the host matrix.

2.3.1 Preparation of ZnO quantum dots using PVOH matrix
(Quenching method)

0.05 g-mol ZnO powder (99.99% pure, Merck) was taken in a quartz crucible
and heated in a furnace slowly up to a maximum temperature of 800 °C for 6
hours in N; atmosphere. 8 wt% aqueous PVOH was made and kept in a
specially designed ice-cold environment. The sintered powder was
quenched into the aqueous PVOH followed by moderate stirring for about 2
hours. The whole process was carried out in a dark room to avoid the effect
of light exposure on the growth mechanism of quantum crystals of ZnO in
the polymer host matrix.
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The sample is heated gradually until the temperature reaches to 8000 C
Initially the temperature is increasing with heating period and once it
reaches the desired temperature ( 800° C) then maintained at that
temperature , after that it is constantly heated for 6 hours keeping the
temperature fixed.
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Chapter 3

CHARATERIZATION

The quéntum dots are well characterized by their optical and electrical
properties. In this chapter we have tried to summarize the optical properties
of the quantum dots.

The study of optical properties of nano crystals (qd) have become a
topic of both theoretical and experimental interest. It is known that the semi
conductor quantum dots exhibit the “quantum confinement effect”?-3 which
results widening of band gap compared to that of the bulk. We have
described three different methods to confirm the formation of nano

particles.

Another important factor associated with quantum dots is large
surface to volume ratio which results in electronic states within the band
gap of semiconductor nano crystals!. These states are called surface states
and influence photoluminescence and thermoluminescence. The excited
electrons are captured by surface states either before or after the occurrence
of direct radiative recombination which ultimately influences the
photoluminescence intensities. This property of the quantum dots has been

explored through thermo luminescence and photoluminescence studies.+6
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3.1 Size Determination

Three different methods used for size determination of the quantum dots
are X-Ray diffraction (XRD), Optical absorption and Transmission electron
microscopy (TEM).

3.1.1 X-Ray diffraction

X-ray diffraction (XRD) is the first-hand approach for crystal size
investigations. We have used this method for estimating average size of
ultra small crystallites (quantum dots). In a bulk system, one observes a set
of narrowed peaks corresponding to a definite crystal structure. However,
the diffraction lines at subsequent peaks are found to be broadened with

size reduction.

X-ray can be diffracted by crystals in the same way as that of the
visible light diffracted by diffraction grating. Our goal with the diffraction of
X-ray by crystals is only in connection with direct exploration of 'the interior
of crystals. ie, in connection with finding out the different crystal
parameters like-crystal size, crystal structure, face, and lattice parameters.
Such study is possible because of the fact that the intensities of the diftracted
beams and their direction angles are related to atomic arrangement in
crystals. Thus, measurement of their intensities and directions would
provide the desired information about crystals. The diffraction occurs
aiccording to Brégg’s law

2dSinf=nA (Eq3.1)
Where, n=1, 2, 3..., the order of diffracted beam.

d = inter planner spacing



X-ray diffractometer detects the diffracted ray from the crystal and
gives a plot between intensity and diffraction angle. Intensity is given in
terms of counts and the angle in degrees. This plot is called X-ray
diffractogram. Figure 3.1 shows a schematic diagram for diffraction pattern
of X-ray.
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Figure 3.1 XRD pattern

—>
(9]

j

\

[}

:

|

:

|

.'

)

:

|

|

]

]

(]

. 5

g :

£ =

€ P i

c '

3 A e {=mm s : A\ @

2 / : :

] i : '

& : ' '

¢ ! | i

g ] : {

3 RN N ;
9 R S

Diffracion angle 2O mdegree)
Figure 3.2 Single XRD peak
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This diffractogram is used to analyze the various properties of crystals

3.1.1.a Sample identification :

The standard values of diffraction angles for any particular sample are
compared with the standard diffraction angles. A matching between
practical and theoretical values of diffraction angles is needed to identify

any specimen.

3.1.1. b Size Estimations:

X-ray diffractogram is extensively used to calculate particle size using
Debye-Scherrer equation’ which gives reasonably accurat;e particle
diameter’d’. The equation can be written as
4= u?éije
Where d is the particle diameter in nm.
A is the wavelength of X-ray used.
W is the Full Width at Half Maximum (FWHM)

(Eq32)

0 is the diffraction angle in radians.
The above parameters can be obtained from X-ray diffractogram, in

the following way.

(1) Full Width at Half Maximum (FWHM):

As shown in figure 2, the maximum height of an XRD peak is BC, OB is
the noise. Half of the maximum height is either AB or AC. i.e., the
middle point of the peak is A. Two more points P and Q are taken on the
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plot collinear to point A. Lines from P and Q are drawn which cut the
angle axis perpendicularly at the points R and S respectively. The
segment RS represents the required Full Width at Half Maximum in
degrees. Finally, this value is converted into radian which gives the
actual required FWHM (W).

(it) The value of diffraction angle 0:

In the diffractogram, the angle axis is calibrated in terms of ‘26’ in
degrees. The obtained 6 is converted in to radian. The wavelength of X-
ray used is noted as 1.541A° Finding the above-mentioned parameters,
the particle size can be assessed. Various data obtained from XRD study
for any specific specimen may slightly differ from the actual values due

to the following reasons.

1. Instrument calibration error
ii.  Instrumental error
iii. Sudden power fluctuation during experiment

iv.  Due to external noise

The XRD pattern obtained for different samples are explained below. By

using Scherrer formula (equation 2) particles’ sizes are obtained. The

wavelength (A) of the x-ray source is 1.541 A.

3.1.1.1. Sample (a) Zinc Sulphide (ZnS) in PVOH

We have synthesized two ZnS samples by varying surface temperature and

pH value as shown in the table 3.1
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Table 3.1 Samples with different temperature and pH value
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Figure 3.3 XRD Images of different ZnS quantum Dot Sample

The fhgure 3.3 shows the XRD pattern of two samples of ZnS
quantum dots .It is found that the peaks are broadening and their width
become larger as the particle’s size become smaller The particles’ sizes have
been estimated as 6.2 nm and 7.1nm for two ZnS samples of different pH
values. It is also revealed that the particles exhibit a zinc-blende crystal
structure. The three different peaks correspond to (111), (200) and (311)
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planes of cubic crystalline ZnS respectively. The sample S1 having higher
pH value has smaller particle size. Semiconductor nano crystals embedded
in polymer matrix shows quantum size effect. We have observed the change
in particle size when pH value is changed. It has also been observed that the
particle size at pH value 7.00 has smaller size than at 6.5. It is believed that
when the pH approaching neutral value the critical binding is triggered by
polymer matrix and therefore there is more surface aggregation of the nano
particles in the polymer.3 It suggest smaller size of the particle at neutral pH

value.

3.1.1.2. Sample (b): Cadmium Salphide (CdS) in PVOH

111

311

{a)

Intensity m mbih v wut

(b)

20 ’ 30 T 40 ) 50
20 m degrees

Figure 3.4 XRD peak for (a} CdS quantum dots (b) bultk CdS

X-ray diffraction peaks (111), (220) and (311) of CdS quantum dots in
polymer corresponding to 26 = 26.89, 44.59 and 53¢ suggest the possibility of
cubic -f phase. The average size of CdS has been found to be 5.8 nm (figure -
3.4).
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3.1.1.3 Sample (c): Zinc oxide (ZnO) in PVOH
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Figure 3.5 XRD peak for ZnO quantum dot

XRD peaks of ZnO quantum dots (figure 3.5) exhibit the formation of
wurtzite phase. Our result is very similar to the report by Spanhel et al. °.
The diffraction peaks are relatively wider and reflection corresponding to
(002) plane appears to be a shoulder. The size has been calculated as 9.6

nm.
3.1.1.4 Sample (d):Cu doped Zinc Sulphide (ZnS:Cu) in PVOH

The XRD peak of ZnS:Cu quantum dot exhibits zinc blende structure like
that of ZnS. Because the doping percentage of Cu is very small, so there is
no any change in the structure. The particles’ average size has been found as -
7.4 n (Figure 3.6).
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Figure 3.6 XRD peak of ZnS:Cu quantum dot

3.1.1.5.5ample (e):Iron doped Zinc Sulphide (ZnS:Fe) in PVOH

The XRD study of ZnS:Fe qﬁantum dot also reveals the Zinc blende
structure. The particles’ size has been calculated as 7.6 nm.( Figure 3.7)
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Figure 3.7 XRD peak of ZnS:Fe quantum dot
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3.1.2 Optical absorption

3.1.2.a Information about band gap:

It is reported earlier that the reduction in particle size i.e., size quantization
results in increase of band gap. The energy band gap of semiconductor
quantum dots (Ey) is greater than that of the bulk (Eg) .The electrons n
conduction band and holes in valence band experience an overall confining
potential due to the finite size of the quantum dots. As a result there will be
size dependant discrete states in the conduction and valence band resulting
in the effective enhancement of the band gap. That is why E;'is greater than
Eg.
If Eg be the band gap of a bulk specimen, and E;" be that of quantum dot,
then

Eg" > Eg

If hv and hv' be the required energy to excite the electrons from

valence band to conduction band in bulk and quantum dot samples, then
obviously

hv >hv

vi>v

Aa” < Aa

Where, Aa” and Aa are the absorption edges of quantum dot and bulk

sample. This infers that optical absorption edge in quantum dot is blue
shifted. From this blue shift, the band gap and particles’ size can be
estimated.
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For estimating particle size from blue shift, a theoretical model has
been proposed. This model is known as high parabolic band model'® and
the radius of the particle can be written as.

i 21n°h’Eg
m* (Egn2 - Egbz)
where R is the particle radius
Egp is the bulk band gap

(Eq3.3)

Egn is the quantum dot band gap
h is planck’s constant

m* is the effective mass of the specimen
The standard value of m* is expressed in terms of electronic mass me.

Bulk band gaps and effective masses of three semiconductors CdS, ZnS,
ZnQO are listed in the table 3.2

Table 3.2 Band gap and effective mass of different II-VI semiconductors

Name of the Bulk Band gap | Effective mass Values of
samples (eV) (m*) effective mass
Cds 242 0.2 me 1.82 x 1031 Kg
ZnS 3.54 0.4 me 3.64 x 1031 Kg
ZnO 3.2 0.27 me 245x1031 Kg

me ~ mass of electron (9.1 x 1031 Kg )
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The proposed model gives the approxﬁnéte size of particles,
sometimes with a deviation from the accurate size by 2 to3 nm. This is due
to lack of uniform particle distribution in the polymer matrix and its non-
spherical geometry. But, as the particle size increases, the results from the

model tend to accuracy in spite of the said factors.

ZnS quantum dot

Optical absorption was studied at room température using UV/VIS
spectrophotometer in the wavelength raﬁge 200-700 nm. Fig 3.8 shows the
room temperature absorption of the different ZnS quantum dors samples.
The plot (c) for bulk ZnS gives the usual inter band absorption spectnuﬁ.
The plots (a) and (b) stand for the sample S1 (ZnS / PVA) at higher pH
value and S2 (ZnS / PVA) at lower pH value respectively. Both the plots
infer the strong blue shift of the particles (qd) with an absorption edge of
270 nm and 300nm corresponding to an energy gap of 4.60 eV and 4.14 eV

respectively.
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Figure 3.8. Absorption spectra of ZnS quantum dot & bulk ZnS (a)for S1,(b) for S2 and
(c) for bulk
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The absorption edge for bulk ZnS occurs at 346 nm corresponding to
a band gap of 3.54 eV. The increase in band gap of quantum dots by 1.06 eV
and 0.6 eV for the samples with different sizes is significant. The strong blue
shift obtained due to decrease in particle size establishes size quantization

effect

CdS and ZnO quantum dots

The optical absorption of CdS and ZnO quantum dots show absorption edge
at 418 nm and 350 nm respectively in figure 3.9 resulting increase in band

gap compared to their bulk counter part.

The ZnS, CdS films are expected to consist of a large number of
quantum crystallites with varying shape and sizes and so the absorption
peaks corresponding to level to level inter band transitions are less sharp

due to the enhanced phonon broadening and inhomogeneous broadening

effects 1213,

Synthesizing hydroxyl free ZnO always needs many precautions. It
has been reported that ~ 4 nm sized ZnO quantum dots exhibit excitonic
absorption features at about 330 nm with and without capping agents 4. We
have found that ZnO quantum crystals supposed to be hydroxyl free
(prepared by sintering followed by quenching on polymer matrix) show
absorption edge at ~ 350 nm (figure-3.9). The delayed stronger blue shift in
ZnO is attributed to discrete excitonic states and less concentration of

surface states with respect to CdS and ZnS samples.
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Figure 3.9 Optical absorption spectra of (a) CdS, (b) ZnO quantum dots

ZnS:Cu quantum dot

The absorption spectrum of ZnS:Cu quantum dot doped with copper is
shown in figure 3.10. The single absorption peak observed at 280 nm is an
indication of the existence of a narrow size distribution of quantum
particles. The absorption is essentially similar to that of the undoped ZnS
quantum dot. This is due to the fact that the doping concentration is very
small and is effective only in altering the luminescence properties of the
material and not the quantum particle size under similar synthesis

condition.
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Figure 3.10 optical absorption spectra of ZnS:Cu quantum dot

3.1.3. Transmission electron microscopy

Neither UV-visible absorption spectroscopy nor XRD is a direct probing
method for accurate size determination, but it is important to know the
accurate size of the nanoparticle to study their properties. Since optical
microscopy has several limitations with respect to magnification and
resolution; it cannot give accurate result in the nm range. However, electron

microscopy is the appropriate tool for accurate size determination.

Transmission electron microscopy allows imaging of individual

crystallites and the development of a statistical distribution of the shape of
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the particles in a sample. High magnification imaging with lattice contrast
allows the determination of individual crystallite morphology®®.

The shapes of the particles are found generally as spherical
although a few are uregular in shape. The careful size measurements have

been done by taking 20 to 40 individual nanocrystals in a single image.
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Figure 3.11 TEM image of (a) Sample S1 and (b) Sample S2 of ZnS qd

Figure 3.12 TEM image of (a) CdS (b) ZnO quantum dot
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(@) (b)

Figure 3.13 TEM image of (a) ZnS:Cu (b) ZnS:Fe quantum dots

The figure 3.11(a) and 3.11(b) depict TEM images of two ZnS
samples. The sizes of the nanoparticles have been estimated as 6 nm and 7.4
nun respectively. The sizes of the particle for CdS and ZnO quantum dots
have been calculated as 5.8 nm and 9.6 nm respectively (Figure 3.12 (a) and
3.12 (b)).The particle size for ZnS:Cu (Figure 3.13 (a) ) and ZnS:Fe (Figure
3.13 (b)) have been found as 7.8 nm and 9.2nm.

The particle sizes estimated from XRD, Optical absorption and TEM
for different samples are shown in the table 3.3. It is seen that XRD and TEM
show almost same size of the particles, but a small variation of size is

noticed in case of optical absorption study.



Table 3.3 Comparison of particle sizes

Size from optical
Sample Size from XRD absorption Size from TEM
(HBM)
ZnS (S1) 6.2 nm 7.1 nm 6 nm
ZnS (52) 7.1 nm 8.2 nm 7.4 nm
Cds 5.8 nm 7.9 nm 5.4 nm
ZnO 9.6 nm 10.2 nm 9.2 nm

3.2. Surface States

The electronic states within the band gap of semiconductor nanocrystals are
created during sample preparation. The existence of these electronic states
called surface states have been confirmed through photoluminescence and

thermo luminescence studies.

3.2.1. Photoluminescence

Luminescence in solid is the phenomenon in which electronic states of solids
are excited by some energy from an external source and the excitation
energy is released as light. the energy comes from short-wavelength light,

usually ultraviolet light, the phenomenon is called photoluminescence.
Luminescence is one the most important methods to reveal the

energy structure and surface states of these particles. The fluorescence of

semiconductor nanoparticles has been studied extensively!® 16. It is reported
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that the fluorescence process in semiconductor nanoparticles is very
complex and most nanoparticles exhibit broad and Stokes-shifted
luminescence arising from the deep traps of the surface states!>17. Only
clusters with good surface passivation may show high band-edge
emission8. The absence of band edge emission has been previously
attributed to a large nonradative decay rate of the free electrons to the deep-
trapped states. As the particles become smaller, the surface to volume ratio
and the surface states increase rapidly, thus reducing the excitonic emission
via non radiative surface recombinanation'®. The above phenomenon
indicates that the surface states play a dominant role in determining the
physical properties, especially the optical properties, of the nanoparticles.
The size dependence of the excitonic fluorescence has been studied
extensively and is now well understood. However, little is known about the
physical properties of the surface states. Some reports 42 stated that the
trapped fluorescence of the surface states does not vary as much upon
decreasing size, while others?: showed that the surface luminescence shifts

to the blue as the size is decreased.

3.2.1.1. Photoluminescence of ZnS quantum dots

Photoluminescence spectra of ZnS quantum dots are shown in figure 3.14.
Among many semiconductors; ZnS plays an important role as phosphors
for luminescence. The photoluminescence of ZnS quantum dots were
recorded at room temperature excited with 220 nm wavelength. The broad
luminescence peaks called trapped luminescence arise from surface states.
The luminescence peak is shifted towards higher energy for the particles of
smaller size.
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The transition appearance of photoluminescence peaks figure(3.14) at
energies lower than the band gap demonstrate that the luminescence is from
surface states2.The density of surface states of nano particles would increase
with decrease in particle size due to large surface to volume ratio. The
presence of these surface states reduces the chance of excitonic emission via
non radiative surface recombination 2 24, The band edge or excitonic
emission thus overlaps with the absorption of the surface states which
results photoluiminescence at energies less than the band gap. The peak is
shifted towards greater energy for the sample S1 having smaller size.The

shift of the surface emission due to size variation has been reported earlier

23
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Figure 3.14 PL. spectra of ZnS qd (a) S1 (b) S2
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3.2.1.2. Photoluminescence of Cu doped ZnS (ZnS:Cu) quantum dot

In the beginning of 1970s, the optical properties and luminescence
mechanism of ZnS phosphors doped with transition metal impurities were
investigated in detail by Shionoya’s group? 2. It was shown!® that the
quantum efficiency for luminescence increases with decreasing particle size
accompanied by luminescence decay time at least five orders of magnitude

faster than the corresponding transition in bulk crystal of Mn doped ZnS.
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Figure 3.15 P1. spectra of ZnS:Cu quantum dot

The band to band excitation in ZnS has been used to excite the Cu*
emission. The subsequent transfer of electrons and holes into the electronic
level of Cu* ion leads to the characteristic emission of Cu*2 in ZnS system.
Luminescence at 480 nm is due to copper induced levels. According to Peka
and Schutz? luminescence is due to transition from conduction band of ZnS

to the t2 level of excited Cu?*(d®) within the band gap of nano ZnS.
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The energy levels of (a) bulk ZnS nano, (b) undoped ZnS nano and (c)
copper doped ZnS nano are shown in figure 3.16
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Figure 3.16 Schematic energy level diagram for (a) bulk ZnS nano, (b) undoped Zn$S nano
and (c) copper doped ZnS nano '

The photoluminiescence study has been carried out for Cu doped ZnS
quantum dots (ZnS:Cu) and three distinct peaks are obtained at 480 nm,430
nm and at 640 nm (figure 3.15).Among these three, the peak at 480 nm is
very sharp. Luminescence at 480 nm is due to copper induced levels, the
peak at 640 nm is due to surface states, the emission peak at 430 nm is due to

donor acceptor pair transition.
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3.2.1.3 Photoluminescence of Fe doped ZnS (ZnS:Fe) quantum dot
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Figure 3.17 Pl spectra of ZnS:Fe quantum dot

Photoluminescence spectra of ZnS:Fe are shown in figure 3.17. Three
distinct peaks at around 483 nm, 546 nm and 749 nm are seen for iron doped
sample. The emission peak at 483 nm is due to donor acceptor pair
transition, the peak at 749 nm is the result of surface states present in the
sample. the blue green emission peak at 546 nm might be due to transfer of
Fe ion in substitutional site of Zn?*.It is reported (Borse PH et al) that
removal of even .001 wt% of Fe may turn out to be advantageous to further

increase the blue luminescence at ZnS.
Earlier shifting of luminescence peak of ZnS nano due to addition of

Cd?* ion was studied by Weller at al2.They observed the shifting of

luminescence peak to 580 nm.
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3.2.2 Thermoluminescence

When suitable energy is supplied to semiconductor, electrons and holes are
created. If electron-hole pairs recombine immediately and emit a photon
than it is known as fluorescence and if the electrons and holes created do not
recombine rapidly, but are trapped in some metastable states separately,
they need energy to be released from the traps and recombine to give
luminescence. If the detrapping process is caused by heating or
thermostimulation, the luminescence is called thermoluminescence. Thermo
luminescence is a good way to detect the recombination emission caused by‘
detrapping of carriers thermally. The energy corresponding to the glow
peak is equal to the trap depth. The traps and carriers (electrons and
holes)are produced during sample processing and also may be produced by
irradiation, Since, as the particles become smaller, ions at the surface
increase rapidly, and most ions at the surface are not saturated in
coordination, electrons or holes may be excited easily and escaped from the
ions, and then are trapped at surface states located in the forbidden gap.?
Carriers trapped at the surface states or defect sites may be released by
heating to recombine and to give the so called thermoluminescence.
Obviously, the thermoluminescence process is different from the
photoluminescence brocess, since the energy of thermostimulation is not
sufficiently high to excite the electrons from their ground states to their’
excited states. Only the carriers ionized from the surface states or defect sites
are involved in the TL process, i.e., the thermoluminescence has arisen from
the surface states. The increase of the TL intensity upon decreasing sites

reveals the increase of the surface states as the size is decreased. This result
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is in agreement with that from the fluorescence and absorption
measurements. According to the theories of TL, 30 31, the TL intensity of

nanoparticles may be given by

I=-dm/dt=mnA, (Eq3.4)

where m and n represent the density of holes and electrons
respectively for recombination, and A is the carrier recombination
probability or rate. Obviously, m and n are proportional to the surface
states. As the size of the particles decreases, surface states increase rapidly,
thus providing more accessible carriers for TL and enhance the TL
efficiency. Furthermore, in nanoparticles, the wave functions of electrons
and holes are overlapped effectively, which may result in the increase of
their recombination probability or rate (A). These two effects may make the
TL of small particles much stronger than that of the bulk and increase as the

size is decreased.

3.2.3 A Schematic Luminescence Model

As has been pointed out, the surface states or defect sites in nanoparticles
are so abundant that the trapping of carriers is a very fast process 3233,
Fluorescence has been considered to have occurred via the detrapping of
carriers from the surface states or traps. The detrapping of carriers is an
important process in determining the fluorescence efficiency and to reveal
the luminescence mechanism. The detrapping rate is correlated to the trap
depth, which is measured with respect to the bottom of the conduction band
for electron traps and to the top of the valence band for hole traps in bulk

56



materials. In nanoparticles (or clusters, nanocrystals, and quantum dots), we

define the trap depth to the lowest excited state or exciton state for electron

traps. The trap depth determining the activation energy of the detrapping

may be estimated from the glow curves. As in conventional TL theories, 3%

34, only the electron traps were considered.
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Figure 3.18 A schematic model for the size dependence of the fluorescence of the surface

states in semiconductor nanoparticles
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Figure 3.19 Thermoluminescence glow curve of (a) ZnS qd (b) CdS qd
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The thermoluminescence glow curves of ZnS and CdS quantum dots are
shown in figure 3.19.The peak for ZnS qd is observed at a temperature of 50°
C and the same for CdS qd is found at 700 C .In nanoparticles number of
defects sites is very high. Defect sites can act as trapping centers for ‘-ve’
carriers (i.e., electrons).Therefore e—h* recombination takes place at slow
rate. The CdS sample may have more number of deep traps of defect states
for which comparatively higher energy (temperature) is required 3 for
emission than that of ZnS. The higher intensity of giow curve of CdS yd also
suggests the existence of higher number of defect sites which indicates
formation of quantum dots of smaller size. The physical properties of these
defects sites (traps) may be reflected from the temperature, shape or
symmetry of the glow peak.

The nature of temperature dependent luminescence intensity is due
to uniform emission of photons measured in terms of photo current which
assess the e -h* recombination take place at slow rate. We shall try to
interpret our result with regard to two possibilities (1) whether the released
electrons retrap in some other surface states or (2) recombine with free
charge of opposite kind. Here recombination plays a dominant role over the
retrapping and there are plenty of surface states due to small particle size.
The electrons are released after thermal excitation. At recombination centers
the detrapping of electrons takes place after recombination with opposite
charges. As such glow peaks are obtained.

One of the characteristics of fast rettrapping is that TL peak is
symmetric and spreading over wide range of temperature and that obtained
in our result ( figure 3.19). This can be understood from a consideration of
the fact that in a fast retrapping significant concentration of released

electrons are retrapped before they recombine,which gives rise to a delay in
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the emission over a wide range of temperature. We therefore concludes that
the glow curve obtained is due to fast retrapping.The spreading of glow
curve for (CdS) quantum dots for wider range of temperature also suggests
that CdS quantum dots has higher concentration of defects sites than that of
ZnS quantum dots.

3.3. Summary

The optical properties of quantum dots are discussed in this chapter.
Mainly two basic prop‘erties, size quantization and presence of surface states
have been confirmed with the characterization. For size quantization optical
absorption studies have been done. X-Ray diffraction has been employed as
first hand approach to determine the sizes of the quantum dots. However
accurate size and shape of the particles (quantum dots) have been estimated
with the help of Transmission electron microscopy (TEM).The presence of
electronic states called surface states within the band gap of semiconductor
nano particles (quantum dots) has been investigated through

photoluminescence and thermoluminescence studies.

We have investigated three undoped II-VI semiconductor quantum
dot samples, namely ZnS,CdS and ZnO and two doped samples. The doped
samples are Cu doped ZnS quantum dots (ZnS:Cu) and Fe doped ZnS
quantum dots (ZnS:Fe).Comparing the sizes of the particles obtained from
XRD, Optical absorption and TEM almost same size of the particles has been
found . The blue shifted absorption edge obtained for all the samples is clear
indication of size quantization. A delayed stronger blue shift obtained in

Zn0O is due to discrete energy states.
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It is significant that, we are successful in controlling the size of the
particles by varying pH value of the solution and the surface temperature
and found that the sample having higher pH value and temperature has
smaller particle’s size. Further a considerable increase in band \gap (1.06 eV)
is observed in the ZnS quantum dots sample having higher pH value.

We have carried out photoluminescence study of ZnS, Cu doped ZnS
and Fe doped ZnS guantum dots systems. An enhanced luminescence
intensity is observed in both the doped samples. However, three disdict
luminescence peaks are seen in luminescence spectra of ZnS:Cu quantum
dots system. The peak at 480 nm is obtained due to transition from
conduction band to an intermediate level of excited copper ion in the band
gap of ZnS. On the other hand, this luminescence intensity at 480 nm is very
sharp in comparison to other two luminescence peaks obtained, one due to

donor- acceptor pair emission and other due to presence of surface states.

We have also observed three peaks in luminescence spectra of Fe
doped ZnS quantum dots sample. But peaks are not very sharp as found in
Cu doped ZnS. The emission peak at 546 nm is due to transfer of Fe ion in
subtitutional site of Zn2*.

The thermoluminescence study of ZnS and CdS quantum dots show
glow peak at 50° C and 70° C respectively. The higher temperature required
for glow peak in CdS quantum dots sample advocates the presence of deep
surface states. All the works stated above are our original contribution and
we are successful in fabricating quantum size particles through chemical
route. The characterizations stated above clearly establish the size

quantization.
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Chapter 4
EFFECT OF SWIFT HEAVY ION
IRRADIATION

Energetic ion beams play a vital role in the field of research in materials
science!-3. Swift Heavy ions (SHI) lose energy in materials mainly through
inelastic collisions with the atomic electrons. Along the trajectory a trail of
defects (point defects, defect clusters, structural phase transformation)
known as latest track may be formed depending on the type of ion and its
energy as well as the physical properties of the materials. This damage is
always created in the close vicinity of the trajectory of projectile.

SHI is very useful for modification of the properties of films, foils and
surface of bulk solids. It penetrates deep into the materials and produces a
long and narrow disordered zone along the t‘rajectory. The passage of SHI
induces very rapidly developing processes which are difficult to observe

during or immediately after their occurrence.

The information about these processes is stored in the resulting

damage, such as size, shape and structure of defects.

The modification of properties of materials due to electronic
excitation during SHI irradiation and formation of latent tracks in materials
using suitable combination of projectile and target has emerged as an

exciting field of research and development.



SHI is capable of depositing electronic excitation energy about 1 to 10
KeV/ A% in the material.

Heavy ions of high energy (1MeV/nucleon) often referred as Swift
Heavy Ion (SHI) are capable of producing modification in materials due to
their large -=zlectronic excitation. Online monitoring of :ion-induce
modification is one of the most interesting aspects of the ERDA technique* >
with a large area position sensitive detector. SHI are capable of producing
modification at the surface, bulk, and the interface of thin films deposited on

the'substrate.

ERDA (Elastic Recoil Detection Analysis) is a technique especially
suited for depth profiling of light elements, which overcomes the limitations
of Rutherford back scattering (RBS). The developments in the technique
enabled depth profiling of elements from hydrogen up to very heavy

elements with single electron resolution in the light mass region.

4.1 Energy loss and structural modification

The collision of an individual energetic ion in solid cause the motion of
atoms and the excitation of electronic states. At the outset the ions primarily
induce gentle electronic transitions that cause relatively little structural
damage. Nevertheless the electronic structure is excited by coulomb
interaction with moving ions. A relatively narrow lightening like trail
surrounds the ion track and defines a region of intense electronic excitation,
e.g. ionization, secondary and auger electron production, e-h pair

production, luminescence etc.

Low dose << 10" jons/cm?2 << high dose



The dose of ions required to amorphise a crystalline matrix can be
roughly estimated by assuming that the energy density is essentially the
same as that needed for melting.

For ions of energy Ep
Dose ¢ =102 Rp/ Eions/cm?2
Where Rp is the jon range

Dose is related to the measured time integrated current or charge Q

deposited per unit surface area A.

¢ = Q/ngA, where n is the number of electronic charge, q is
charge/ion. The projected range Rp is the depth, most ions are likely to
come to rest at yielding a peak concentration of ¢p /V2IT ARp.

Experimental spread in the ion range is accounted by the term ARp,
the standard deviation or longitudinal straggle of the distribution. Similarly
AR;, the lateral straggle is a measure of the spread in the transverse

direction.
4.2 Brief Review of ion beam interaction
4.2.1 Ion Matter Interaction:

When SHI passed through a material, the free electrons available in its path
get excited within a time scale ~10 -15 sec. This electronic excitation leads to

rise in temperature of the ions track known as electronic temperature which
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is of the order of 105 %K. Next the energy is relaxed into lattice and so
photons get excited within a time frame of 10 -12second giving rise to lattice
temperature of the order of 10 3 K. Then the energy of the ion is quickly
transferred into other parts of the specimen. Due to fast quenching the ion
path melts and one gets amorphized zone (very often, termed as ion track in
the literature). The example of amorphization can be understood as the
effect when a red hot piece of iron is suddenly dropped into a cold water
reservoir. In fact, an energetic ion passes through the material it suffers two
kinds of energy loss. First nuclear energy loss | Sn = (dE/dx)a] which is due
to the interaction between the ion and the nuclei and is predominant for the
ions carrying low energy value (keV). Second, when energy increases it is
the electronic energy loss Se = (dE/dx)e that comes into picture which
significantly dominates over S, for the beams in MeV range. Sew is the
threshold energy of ions below which only point defects are expectedé’. lon
tracks are formed only for the case when electronic energy loss (Se) exceeds

the threshold energy (Sew) value.

In our samples quantum dots are embedded in polymer matrix,
therefore the problem of grain boundary is absent. This grain boundary is
source of weak link resistivity. Because, the quantum dots or nanoparticles
are separated each other by finite distances (inter particle separation is more
than the size of the quantum dots) and thus, ion bombardment study in
these novel systems promise to be exciting area of study to understand
better the ion-matter interaction in terms of well known models e.g. (a)

thermal spike model and (b) coulomb explosion model 810,

For Se < Sem point defects are created which segregates into grain

boundaries 7. A fast ion produces ~ 5 nm track for Se > Sem in polymers 11.
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So, now if the ion finds a few embedded nano particles, either or
combination of the following possibilities would be guaranteed.

> Fragmentation into still smaller nanoparticles

> Amorphization of the nanocrystallites

» Simple evaporation

> Melting into bigger crystallites

> No effect

4.2.2 Fluence:

It is defined as total number of ions, exposing the sample per square
centimeter (Ions/ cm?). It is not fixed, but varies from sample to sample
depending upon the sizes of the specimen. This is also known as dose.
Generally denoted by ¢.
Calculation of ion dose:

For example, if the particle size (radius) is 10 nm. Then the required
fluence, can be calculated as follows:

The total area of the particle -

A= nR2= (3.14) x (10 x 10 9)2 m2
= (3.14) x (10 x 10 7)2 cm?
=3.14 x10 -4 cm2.

1 1
Fluence p=——— = ions / cm?
A 314 x10 4

0.00318 x10* ions / cm?

3.18 x 101 jons / cm?
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We prepared three samples of quantum dots for ion irradiation.

(1) ZnS
(il Cudoped ZnS
(iif) Fe doped ZnS

The samples were irradiated at high vacuum (2.5x10% torr) by 150
MeV Ti ion beam with approximated beam current 1.0 pnA (particle niano
ampere). The fluence was varied in the range 1010 t010'2 ion/cm?2. In order to
expose the whole target area the beam was scanned vertically over the
sam‘ple plane. The table 4.1 shows the different ion fluences used along with
time of exposure. The motive behind ion irradiation was also to see any

change in electrical properties of the irradiated samples

Table 4.1 Different fluence used along with time of exposure

Fluence Time (second) Notation
5x10%%on/cm? 8 0%}
2x101t jon/cm? | 32 d2
8x10' jon/cm? 128 o3

3.2x10%2%ion/ cm? 512 b4
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The energy of the ion beam was chosen in such a way that the
projectile range of the incident ion (21.3 pm, as coﬁxputed by SRIM program)
exceeds thickness of the sample films (~ 2.5 um). Again the ion beam energy
and thickness of the target was selected so that modification due to
electronic energy loss (Se) affects the sample. Energy dependent electronic
energy loss (Se) and nuclear erergy loss (Sn) for Ti-ions has been shown in

table 4.2.

Table 4.2 Energy dependent electronic energy loss (Se) and nuclear energy loss (Sy) for Ti-

ions

Energy | Electronic Energy Loss | Nuclear energy loss | Projectile range
MeV Se=(dE/dx). eV/A Sw=(dE/dx)a eV/A R (um)
102 1.53 18.99 0.0419
101 5.03 20.59 0.2913
1 2547 8.59 0.2820
10 109.75 1.76 1.446
100 512.37 ‘ 0.23 15.26
150 587.29 017 21.32
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Figure

41 Jon irradiation beam hall of Materials Science beam

in Nuclear Science Centre, New-Delhi-110 067, India

The irradiated and un irradiated samples were characterized with

0
@)
(i)
()
)

X Ray diffraction (XRD)

Transmission Electron microscopy (TEM)
Photoluminescence

Optical absorption study

Magnetic Force microscopy (MFM)
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4.3 Characterization of irradiated samples

To probe either optical or electrical properties it is very essential to know the

accurate size of the nanoparticles. Therefore, for size determination XRD

and TEM studies were carried out with irradiated samples. Further surface

morphology and distribution of nano particles (quantum dots) in the sample

is also very important for probing electrical properties. Through atomic

force microscopy (AFM) these information were revealed.

4.3.1 Sample: Cu doped Zinc Sulfide (ZnS:Cu)

The ion fluence and corresponding sample code ZnS:Cu sample is shown in

table 4.3

Table 4.3: Ion fluence and corresponding sample code for Zn5:Cu

Irradiated sample
Fluence notations
notation
¢ S1di
d2 S1d:
d3 Slds
b4 Sld 4
Un irradiated S1

4.3.1.1 X-Ray diffraction:

XRD study has been carried out to estimate the sizes of the particles in

virgin and irradiated samples. The figure 4.2 shows that the diffraction peak
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becomes narrower and narrower as the ion fluence increases. This is the

signature of formation of bigger particles upon ion irradiation. The average

particle sizes estimated for virgin and irradiated samples are shown in table

44.
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Figure 4.2 XRD peaks for (a) S1, (b) S1d, (¢} S1d;and (d) S1d;

Table 4.4: Average particle sizes estimated for virgin and irradiated samples

Average Average Average Average
sizes(nmj)of S1 sizes(nm)of S1d: sizes(nm)of S1d2 sizes(nm)of S1ds
corresponding to corresponding to corresponding to corresponding to
three diffraction three diffraction three diffraction three diffraction
angle angle angle angle
74 8.2 15.5 22
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4312 TEM Study:

The TEM study has been carried out for accurate measurement of particle
sizes of irradiated samples. The images are depicted in figure (4.3) and sizes
of the particles aré mentioned in table 4.5.

Table 4.5: Sizes of the particies calcalated from TEM study

Sample S1dy S1d; S1ds

Size in nm 8 . ’ 15 22

Figure 4.3 TEM image (a) for sample S1d; (b) for S1d;and (c) for S1d;

We have not considered the sample S1dssince it was almost damaged
due to exposure of very high fluence (3.2x102 ion/cm?), and no appreciable
result was found .

4.3.1.3 Optical absorption Study:

It is known that the band gap of nano particles increases the size decreases.
Therefore blue shifted absorption peak is observed in optical absorption

study. As the band gap increases, many electronic states are created within
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it. The electrons are trapped in these states plays vital role in influencing
photoluminescence. Further these trapped electrons are very instrumental in
current generation at metal nanoparticle Schottky junction. The virgin and
ion irradiated ZnS:Cu quantum dots samples have been characterized with
optical absorption study . It has been observed that as ion fluence increases
the band edge is found shifting towards red. This suggests that due to ion
bombardment quantum parti'cle behaviour is modified. Fast ion beam melts
the quantum particles and rapid quenching leads to formation into bigger
clusters within a time scale of about 1012 sec. Beyon;i threshold fluence,
polymer is supposed to be amorphized completely. The quantum particles
thus loose their support in the polymeric matrix and they coalesce into
bigger clusters. At the highest fluence, the larger sized quantum dots behave
as free-standing particles. It is thus observed growth of nanoparticles under
energetic ion irradiation. The particle fragmentation has already been
reported 13.

te)
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Figure 4.4 Optical absorption of ZnS:Cu (a) virgin (b) 1% fluence (2) 2" fluence (3) 3~

fluence & (e} 4t fluence
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Figure 4.4 shows the optical spectra of the samples. However this spectra

show two parts

(i) Strong absorption and

(i)  Tail absorption

(i) Strong absorption edge:

This edge is due to band gap of any specimen. table 4.6 shows the optical

spectroscopy data.

Table 4.6: Optical spectroscopy data of ZnS:Cu samples

Sample Strong absorption Size (am)
edge
S1 275 8
S1d; 280 9
S1d2 300 145
S1ds; 330 20
Sldy 345 24.5
(ii) Tail absorption edge:

Tail absorption is due to the defects present in the sample. In unexposed

samples, due to surface states, negligible tail absorption in the spectra was

present. But, in irradiated samples, due to increase in particle size, surface

states reduce, but Zn vacancies enhance due to SHI exposure and replace

75




surface state absorption. It is found that higher the dose more is the Zn

vacancies and hence more is the tail absorption.

4.3.1.4 Photoluminescence:

The emission spectra of un irradiated Cu doped ZnS (ZnS:Cu) uantum dots
samples have been discussed in Chapter 3.

In this chapter, we have studied luminescence properties of ion
irradiated samples. The luminescence spectra of ion irradiated ZnS;Cu

samples at different fluence have been included in the chapter.
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Fig. 4.5 Photoluminescence spectra Of ZnS:Cu quantum dots (a) S1 (b) S1d; (c) S1d: (d)
Sid;
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Fig. 4.5 (a) and Fig. 4.5 (b) Photoluminescence spectra ZnS:Cu samples at fluence (a) 0,

(b} 5x10%0
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Fig. 4.5 (c) and Fig. 4.5 (d) Photoluminescence spectra ZnS:Cu samples at fluence (a)
2x1011 ion/cm?, (b) 8x10! ion/cm?

Figure 4.5 shows the comparative emission spectra of un radiated and ion
radiated ZnS:Cu quantum dots samples. The same for the samples at
fluence 0, 5x 10 ion/cm?, 2x101 ion/cm? and 8x10" ion/cm? respectively

are shown in the figure 4.5 (a),4.5 (b),4.5 (c) and 4.5 (d)

Luminescence is one of the most important methods to reveal the

energy structure and surface states of quantum dots. In the emission spéctra
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of virgin and irradiated samples of ZnS:Cu quantum dots system (figure
5),three distinct peaks have been observed for virgin and irradiated sample
with 1st fluence (5x101%on/cm?) but only single peak has been observed for
other irradiated samples. However intensity of luminescence becomes more
and more as ion fluence increases. The band to band excitation in ZnS has
been used to excite the Cu* emission. As dicussed in chapter 3 ‘the
subsequent transfer of electrons and holes inio the electronic level of Cu* ion
leads to the characteristics emission of Cu*? in ZnS'system. Luminescence at
480 nm is due to copper induced levels. According to Peka and Schutz!
green luminescence is due to transition from conduction band of ZnS to the
t2 level of excited Cu?*(d’) in ZnS band gap’. The peak at 640 nm is due to
surface states. The emission peak at 430 nm is due to donor acceptor pair
transition. At higher fluence the quantum particles embedded in polymer
matrix loose their support and coalesce into bigger particles. Therefore, the
larger sized quantum dots behave as free-standing particles. It has been
found from XRD and TEM reports the virgin and the sample of 1st fluence
have almost same particle sizes. So the impact of ion beam with 1st fluence
on the sample does not have much effect in changing the size of the
particles. So we expect similar nature of band structure and surface states in
both samples. That is the reason that we have got similar nature of emission
spectrum for virgin sample as well as for the sample irradiated with 1st

fluence .

The resulting intense emission for the samples at higher fluence may
be regarded as the total luminescence contributed by all the fully free
standing particles. Because for heavily exposed samples, the nano particles
are completely free from matrix encapsulation when irradiated with higher

fluence,Cu induced luminescence dominates.
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4.3.2 Sample: Fe doped Zinc Sulfide (ZnS:Fe)

The ion fluence and corresponding sample code ZnS:Fe sample is

shown in table 4.7

Table 4.7: Ion fluence and corresponding sample code for ZnS:Fe

Fluence notations Irradiated sample notation
3} S2dy
b2 S2d 2
$3 S3d 3
b4 S4d 4
Un irradiated S2

4.3.2.1  X-Ray.diffraction:

The X-ray diffraction pattern of un irradiated and irradiated ZnS:Fe samples
are depicted in figure 4.6. The narrow peaks for the sample S2d> (fluence
2x10" ion/cm?) suggests formation of bigger particles. The particles’ sizes of

virgin and irradiated samples are placed in table 4.8.
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Table 4.8: Particles’ sizes of virgin and irradiated samples

Average sizes(nm)of

S2 corresponding to

Average sizes(nm)of

S2d; corresponding to

Average
sizes(nm)of 52d:

corresponding to

Iutensity m a.u.

Fig. 4.6 XRD image of ZnS:Fe quantum dots (a) virgin(b) S2d; (1st fluence) (c) S2d, (274

fluence)
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4.3.2.2  Transmission Electron Microscopy:

@@ . (b)
Fig: 4.7 TEM images for ZnS:Fe quntum dots (a) S2d; (1st fluence) (b) S2d; (274 fluence)

The TEM images of two irradiated samples of ZnS:Fe quantum dots are
shown in figure 4.7. The sizes of the particles are estimated as 10 nm and 16

nm.

4.3.2.3  Magnetic Force Microscopy (MFM):

Generally MFM based techniques have been exploited to characterize
properties and performance of magneto resistive devices such as the effect
of shield on magneto resistive read-head performance!> and the magneto
resistive response of pattered giant magneto resistance sensors with

different edge stabilization schemes!6.
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(c) (d)

Fig: 4.8 Phase image of MFM for ZnS:Fe quantum dots (a) for sample S2 (b) for $2d; {c)
for S2d; and (d) for S2d;

We have carried out magnetic force microscopic studies on Fe doped ' .i..-
quantum dots system using Digital instrument Nano Scope. it has been
reported that when doped with some magnetic impurities, th»
nanostructures develop a unique class of material called diluted magnetic
semiconductors (DMS) which are promising candidates for magnetic
memories, sensors and other spin-based devices” 8. Such semi magnetic
and semi conducting structures, where carrier and spin confinement is
possible provides a matchless system for spin manipulation and spin

transportation . Fspecially MFM studies on Fe doped /nS quanium dots

0.5 °

0.0 °



samples have been done to see magnetic properties of the samples to find

electrical applications.

The figure 4.8 (2, b, c and d) represent phase image of magnetic force
microscopy of pristine (S2), irradiated with 1st fluence (S2di), 2 fluence
(S2d2) and 3t fluence (S2d3) ZnS:Fe quantum dots samples respectively.
The phase image of un irradiated and irradiated (1st fluence) ZnS:Fe do not
show any appreciable results on the magnetic don:ains due to matrix
encapsulation. But almost elliptical shaped single domains are visible in case
of the sample irradiated at fluence 2x10" ion/cm2.At fluence 8x10'! ion/cm?
the domains are in elongated nature. These aligned domains are extended
up to 80-100 nm and would find application in magnetic tapes, magnetic
recording devices and other spin based devices.

It is obvious that some atoms when doped quantum dots can not
have observable magnetic effect embedded in polymer matrix. In our result
we therefore have not obtained any appreciable result for the unradiated
sample as well as the sample at 15t fluence.But at higher fluence the particles

become free from matrix encapsulation and magnetic domains are observed.

4.3.2.4 Photoluminescence:

Photoluminescence speJctra of Fe doped ZnS (ZnS:Fe) quantum dots samples
have been discussed in Chapter 3.

we have studied luminescence properties of ion irradiated ZnS:Fe
samples. The luminescence spectra of ion irradiated ZnS:Fe samples at
fluence 0, 5x 100 jon/cm? and 2x101! ion/cm? are depicted in figure 4.9(a)
/4.9(b) and 4.9(c). The comparative emission spectra of un radiated and ion

radiated ZnS:Fe quantum dots is depicted in figure 4.9 Like ZnS:Cu sample,



we have got similar luminescence spectra for samples at fluence 0 and 5x
10° ion/cm? [Figure 4.9 (a) and 4.9 (b)]. Again at higher fluence [Figure 4.9
(c)] single luminescence peak with efficient intensity has been obtained due
to free standing of the particle. As discussed in chapter 3 three distinct
peaks at around 483 nm, 546 nm and 749 nm are seen for iron doped
sample. The emission peak at 483 nm is due o donor acceptor pair
transition, the peak at 749 nm is the result of surface states present in the
sample. The blue green emission peak at 546 nm might be due to transfer of
Fe ion in substitutional site of Zn?*. Also the luminescence intensity
becomes intense at higher fluences. We also observe that two other peaks
found in virgin sample, disappear at higher fluence. At higher fluence Fe
induced luminescence dominates surface luminescence and luminescence

due to donor acceptor pair transition.

* d

g b
a

Wawelenth in nm

Fig: 4.9 Photoluminescence spectra Of ZnS:Fe quantum dots (a) S2 (b) S2d, (c) S2d: (d)
S2d;
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Fig. 4.9 (a), (b) and (c) Photoluminescence spectra ZnS:Fe samples at fluence 0, 5x10%0
and 2x101 :

Photoluminescence spectra of undoped ZnS quantum dots also show
intense luminescence intensity for irradiated samples (Fig.4.10). However
intensity is lower in comparison with corresponding intensities of Cu doped

and Fe doped ZnS quantum dots.
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Fig: 4.10 Photoluminescence spectra Of ZnS quantum dots (a) virgin (b) 1t fluence (c) 2~

fluence (d) 3 fluence

It is concluded that the regular grain growth process is observed in
embedded polymer system under ion irradiation. The size of the grains can
be tuned by selecting proper ion fluence. The samples irradiated with the
higher fluence become free from polymer encapsulation which results
strong surface emissions in PL spectra which arise basically from the surface
states. The surface emission energies for ZnS:Cu quantum dots assembly are
calculated and found as 1.94 eV, 1.94 ¢V and 2.19 eV for fluences 0, 5x101!
and 2x10'! ions/cm?, respectively, the same for ZnS;Fe samples have been
calculated as 1.65 eV,1.65 eV and 2.1 eV for fluences 0, 5x101? and 3x1022
ions/cm? respectively. The sharp enhancement of luminescence intensity
observed on highly exposed samples is due to breaking of barrier. The
shifting of emission peaks towards blue was not due to size effect. Here,
main contribution comes through existence of the surfaces states (even in
the presence of significant grain growth). Therefore, sensitivity of the optical
sensors and other optoelectronic devices can be improved using ion

irradiated and doped semiconductor quantum dots.
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4.4 Summary

The ion-beam irradiation has many effects on matter and especially
on nano particles. Upon irradiation the effect like fragmentation into smaller
particle, amorphization, evaporation and formation of bigger particle may
occur depending on energy of ion beam, fluence etc. Since nano particles
(quantum dots) are separated each other by a finite distance, the ion

irradiation on such system assures an exciting area of research.

Two doped samples (ZnS:Cu and ZnS:Fe) and undoped ZnS
quantum dots samples were irradiated with 150 MeV Ti*1! ion selecting four
different ion fluences. The virgin and irradiated doped samples were
characterized with optical absorption, XRD and TEM for size determination.
Photoluminescence study was performed to collect the information about
surface states within the band gap of nano particles of the samples. The
information of surface morphology and distribution of particles was
collected from atomic force microscopy (AFM).Through magnetic force
microscopy (MFM) study, some magnetic properties are investigated for

possible electrical applications.

The MFM study was done on virgin and irradiated Fe doped ZnS
samples. The phase images of this study for virgin sample and the sample
with lowest fluence do not demonstrate any appreciable result. When ion
fluence increases elliptical shaped domains are formed and these domains
become elongated at further increase in fluence. These aligned domains
have got application in magnetic tapes, magnetic recording devices and

other spin based devices.
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The optical absorption study reveals that at higher fluence the
absorption edge is red shifted. XRD and TEM studies also confirm formation

of bigger particles ion fluence increases.

Emission spectra of Cu doped ZnS (ZnS:Cu) quantum dots and Fe
doped ZnS (ZnS:Fe) quantum dots show enhanced luminescence intensity
for the samples irradiated with higher ion fluence. However it is significant
that three distinct emission peaks observed in virgin samples of ZnS:Cu and
ZnS:Fe become absent in the emission spectra of the samples with higher ion
fluence. At higher fluences Cu induced luminescence in ZnS:Cu and Fe
induced luminescence in ZnS:Fe dominate other two emission peaks noticed
in virgin samples. When ion fluence become higher, bigger particles are
formed due to agglomeration, hence enhanced and efficient luminescence

intensity is obtained.
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Chapter 5

ELECTRICAL PROPERTIES

Quantum dots are well characterized by their optical properties. During the
past few years, much progress has been made in understanding these
particles through their non linear optical properties. But on the other hand
transport properties are of great interest and are important for technological

applications like imaging and electro luminescence display.

For all kinds of applications however, detailed understanding of the
electronic properties of the quantun{ dots and the processes of carrier
capture and exchange with the matrix material is also important. Up to
now, mainly optical techniques have been applied to study the properties of
self organized quantumdots4. Such experiments are limited to the detection
of light emission due to excitonic recombination and can not hence reveal
direct information on the energy levels of electrons and holes in quantum
dots.  From the observation of luminescence only indirect conclusions on
the carrier dynamics  of carriers can be drawn. The determination of
emission rates of both types of carriers individually is therefore almost
impossible. Finally, the presence of charge, which is the fundamental
ingredient of all electronic applications, can not be detected at all by optical
techniques. Hence a method capable of accounting for these effects is

consequently called for.
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In order to explore transport related applications of semiconductor
nano particles, a matrix that is capable of both transporting carriers and

interacting with the semiconductor is useful.

For tunneling from dot to dot embedded in PVA a minimum voltage
(knee voltage) is needed, but in case of dot embedded in conducting
polymer this minimum voltage is not needed. A large number of
semiconductor na\nocrystals can be doped into conducting polymers to form
good photoconductive composites*®. The availability of these
semiconductor nanocrystal/polymer composites opens the doorway for
exploiting transport related applications such as photoconductivity,

electroluminescencel,

The probing of the particles of nano scale and carrier transport in
nano structured films is impossible due to presence of weak link
boundaries. But things g;et improved if one has a few number of arrayed
quantum particles separated by thin dielectric medium under the influence
of high intensity light (basically, hi-power pulsed laser). The interfacial
charge transfer is detectable through photocurrent generation in the external
circuit, connected to a biasing source. Previously, the interfacial charge
transfer has been reported in coupled, coated and layered systems. But °
charge transfer in an embedded system due to resonant excitation of e-h
pairs in a weakly confined quantum dot system provides deep insight to
carrier tunneling at room temperature. This can be observed in the form of
steps in I - V characteristics. These unusual characteristics known as single
electron effects are the prerequisites for single electron transistors (SET).
Electron transport in metal-semiconductor contacts is of great technological
importance and has been a long-standing topic of research!-13.A principal
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~ part of this work is devoted to understanding the origin of the Schottky
barrier height in order to increase the uniformity of the electrical
characteristics from device to device, Traditionally, measurements have

used only current versus voltage (I -V), capacitance versus voltage (C-V).

In this chapter we try to explain frequency dependent current-voltage
(I -V) and capacitance-voltage (C -V) characteristics of chemically grown

nanoZnS / Ag junction and nano ZnS:Cu/ Ag junction.

Photo induced current generation in ZnS/Polyaniline is also

discussed.

By fabricating capacitive structure of CdS and ZnS quantum dots the
studies of voltage-impedance (V-Z) and voltage-capacitance (V -C)

characteristics are discussed.

5.1 Frequency dependent current-voltage (I-V) and

capacitance-voltage (C-V) characteristics

The metal semiconductor interfaces could produce Schottky barrier or
ohmic contacts based on the work functions and other electronic properties,
such as Fermi level pining, barrier height and barrier width. When size of
the semiconductor nanocrystal is a few nanometers, SET effects such as
Coulomb blockade is observed. But when the size of a metallic cluster on a
semiconductor is not small enough for SET effect, the structure can exhibit
Schottky barrier behavior.
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5.1.1 Depletion Region

The energy of electrons in a metal and in a semiconductor (or two
differently doped semiconductors) with respect to the vacuum level will not
generally be the same. If a metal and a semiconductor (or two differently
doped semiconductors) are brought in electrical contact, charge in the form
of free carriers will flow until both parts are in thermodynamic equilibrium
and the Fermi energy Er is equal throughout the whole structure. As a
consequence, ionized donors or acceptors are left behind in the
semiconductor leading to a local violation of charge neutrality in the vicinity
of the interface. The layer depleted of free carriers is usually referred to as
the ‘depletion region’1416. The width of the depletion region depends on the
doping concentration and the potential difference, of which the later can
easily be modified by an externally applied bias. Due to the absence of free
carriers, the depletion region is electrically isolating and the origin of the
rectifying properties of such semiconductor diode devices. A metal-
semiconductor contact can be described by the Schottky model and is
therefore commonly referred to as ‘Schottky contact'.

5.1.2 Schottky Contact

Actual metal-semiconductor contacts are wusually described in the
framework of the Schottky model, as they can be characterized by a barrier
height ¢» which is essentially dependent of an applied external bias.
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Metal{Ag)

(a) (b)

Fig: 5.1 Schematic energy band diagram of bulk (a) ZnS/Ag and (b) nano ZnS/Ag
Schottky barrier

According to the Schottky model the energy band diagram is
constructed with reference to the vacuum level. The work function of the
metal ¢ and the electron affinity of the semiconductor ys are defined as the
energies required removing an electron from the Fermi level or
semiconductor conduction band edge, respectively, to the vacuum level.
These values are supposed to be material properties, and it is further
assumed that the vacuum level is continuous across the interface. Since at
the interface the vacuum level is the same for the two materials, there must
be a step between the Fermi level of the metal and the conduction band of
the semiconductor due to the difference between ¢ » and ys as depicted in
Figure 5.1(a). The figure 5.1(b) depicts energy band diagram of nano
ZnS/ Ag schottky-junction showing surface states within the band gap of
ZnS quantum dots.

We have fabricated Schottky junction depositing Ag (2 mm in

diameter) on thick film (1.6 um) of ZnS quantum dots and deposited on
conducting ITO glass. The forward Current-Voltage (I-V) characteristics
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were studied for nano ZnS/Ag junction and nano ZnS: Cu/Ag junction

using LCR meter.

5.1.3 I-V characteristics of nano ZnS/Ag

Current-voltage (I -V) characteristics of ZnS/Ag junction for
frequency range 1 KHz-40 KHz are shown in figure 5.2.It is seen that current
does not grow up to a certain applied voltage and thls built up voltage is
reducing as applied frequency is increasing. It is reported that Nano
ZnS/ Ag junction draws current at lower voltage than that bulk ZnS/Ag
junction does due to presence of high density of surface states!”. Further rate
of current growth is higher at higher frequency. In metal nano semi
conductor contact the surface states are not in direct touch with the metal
and permanently belong to nano semi conductor. The electrons are trapped
within these surface states and become available when bias voltage
increases. It is expected that the trapped carriers of ZnS quantum dot follow
the signal and provide conducting passage through the sample and hence
there is current establishment. As the signal frequency increases, more
number of carriers parﬁcipe;te for current establishment by dislodging
themselves from the trapped centers (surface states).The current growth in
such system is ascribed to the built in potential across the ZnS/Ag nano
junction!® and trap related (I« V) current model %20 would be relevant to
our case as linear current growth response indicates faster charge decay of
the nanoparticles as signal frequency rises considerably. Here ‘m” stands for

ideality factor.

The figure 5.3 shows the [-V characteristics of nano ZnS/ Ag junction
for frequency range 1 MHz-4 MHZz. It is observed that in this regime current
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starts at lower potential and comparatively higher current is drawn than
that in case of 1 KHz-40 KHz range. It suggests that very large number of
carrier injection from surface states plays dominant role for current

establishment at higher and. higher frequency.
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Fig: 5.2 I-V characteristics of nano ZnS/Ag junction at frequency range 1 KHz40 KHz
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Fig: 5.3 IV characteristics of nano ZnS/Ag junction at frequency range 1 MHz-4 MHz
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5.1.4 I-V characteristics of Cu doped ZnS qd/Ag

The I-V characteristics of Cu doped ZnS qd/ Ag junction for frequency range
1KHz-40KHz and 1MHz-4MHz are shown in figure 5.4 and 5.5 respectively.
We observe that the nature of the curves obtained at different frequency is
almost similar to those obtained in case of nano ZnS/Ag junction. It is
already established in chapter Il that when synthesized under similar
condition the particle size of Cu doped ZnS quantum dot and ZnS quantum
dots are same because doping percentage of copper is very small in ZnS:Cu
quantum dot. Since particle size determines surface states so we can expect
equal amount of charge carriers will take part in current establishment.
However more current response in nano ZnS:Cu/Ag junction is believed
as lowering of contact potential (difference in work function potential of

metal and semi conductor) due to doping of copper in ZnS.

Curetinnitio A

v v v v
0.5 1 1.5 =2 2.5
Voltage in Volt

Fig: 5.4 I -V characteristics of nano ZnS:Cu/Ag junction at freq. Range 1KHz-40 KHz
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Fig: 5.5 1 -V characteristics of nano ZnS:Cu/Ag junction at freq. Range 1IMHz-4 MHz

5.1.5 C-V characteristics of nano ZnS/Ag

The C-V characteristics of ZnS qd/Ag were studied for frequency
range 1KHz-40 KHz and shown in figure 5.6 .The capacitance increases with
voltage and this increment falls as frequency increases. At higher forward
bias, the contribution of surface traps present is significant. A high density
of surface/interface traps leads to injection of minority carries into the
neutral zone. This would give an additional diffusion capacitance besides
the normal depletion layer contribution. Hence total junction capacitance is
the sum of the diffusion capacitance and the depletion capacitance.

Thus, the junction capacitance can be written as
C] = Cdc + Cdtﬂ. (Eq 5.1)
Further, the rearrangement of these injected minority carriers do not take

place instantaneously and also become frequency dependent. For
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frequencies above the characteristic frequency of the recombination
processes, these injected excess minority carriers are able to follow the signal
and the Cai contribution to Cj is mainly from the depletion layer. At higher
frequencies, C; attains saturation implying that the domain contribution to
G is mainly from the depletion layer. The overall feature requires a
frequency dispersion relation. Mott-Schottky nano junctions have been
reported in case of metal-superconductor-semiconductors 2. With
experimental frequency variations within 1 KHz-15 KHz, the frequency
dispersion discussed through the Mott-Schottky relation for a nano-CdS/Au

junction given by 2,

Lo 2w, (Eq5.2)

2
Cdt: q 80 85 nd

where the quantities €, &, n4, Vi and Cyc are permittivity of the free
space, the dielectric constant of the semiconductor, the donor concentration,

the built in potential and depletion layer capacitance.

In low frequency regime Mott-Schottky response is effective to obtain
built in potentials where interfacial effect is dominant. But at higher
frequency the trapped carriers can tunnel through the polymer barrier
between Ag and nano ZnS. The polymer embedded semiconductor
quantum dot collectively behaves as capacitor.

When veltage increases Ag diffuses into ZnS, electrons are loaded
and thus increasing the junction capacitance as a result of charging.
Maximum charging effect is realized when almost no carriers respond to

signal frequency. Conversely,when frequency increases, a fair number of

100



electrons would try to follow the signal frequency and got no chance to be
loaded into nano ZnS .That is why capacitance drops at higher frequency.
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Fig: 5. 6 C -V characteristics of nano ZnS/Ag junction

We can also compare I-V characteristics of nano ZnS/Ag and Cu
doped nano ZnS/Ag with ideal diode characteristics and with ideal
characteristic of Schottkey diode. When compared the plots in fig 5.2 with
the ideal diode characteristic as shown in figure 5.7 it is revealed that the
curves in Fig 5.2 shows the phenomena of diode characteristic up to
frequency 40 KHz. The reason may be explained in the way that quantum
dots are associated with capacitive phenomena and hence have capacitive

impedance. At low frequency (up to 40 kHz) capacitive impedance becomes
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knee voltage v

Fig.5.7 Diode Characteristics

significantly high. As the voltage is applied to the device the capacitive
impedance opposes the rise in current but after a certain critical voltage
current starts rising, because this voltage overcomes opposing impedance
and produces current. This impedance can be compared with the barrier
voltage of ordinary diodes and the minimum voltage needed for the initial

rise of the current is equivalent to knee voltage of diode.

Io

Fig: 5.8 Ideal Schottky behavior
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On the other hand, by comparing the plots in fig 5.3 with the ideal
characteristic of Schottkey diode (Figure 5.8) it is revealed that at higher
frequencies the device shows schottky behavior. That is because no knee
voltage is required for the rise in initial current. We may explain the
phenomena that at higher frequencies (1 MHz to 4 MHz, may be more)
capacitive impedance is negligible. In quantum dots basically capacitive
reactance plays an important role to oppose the flow of current, but as this
impedance is very low at higher frequencies (as’capacitive impedance
=1/cw) there is no effective impedance to oppose the flow of current.
Though at higher frequency capacitance becomes small, the over all
capacitive reactance comes from frequency, hence current rises sharply and

requires no knee voltage.

The only deviation of our device from the ideal characteristic of
Schottky is that in our case we do not have lo. This is due to presence of
impurities at the junction area as we have fabricated the device by crude

chemical method.

In the figure 5.4, the plots show that if ZnS nano sample doped with
Cu, the device can act as schottky diode even at low frequency. This is
because of the fact that due to doping of copper in the sample, the capacitive
impedance (probably) decreases and there is no significant impedance in the
device to oppose the flow of current and hence no knee voltage is needed as

it is found in the undoped ZnS/ Ag at frequency range 1KHz-40 KHz.

So it can be concluded that Schottky diode with undoped ZnS can act
as ordinary diode at low frequency (KHz) while the same behaves as
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schottky diode at higher frequency (MHz). But if ZnS quantum dot is doped
with Cu the device can act as schottky diode at lower frequency also.
Further we can also conclude that schottky behavior in our device is a

function of either frequency or doping element.

I-V characteristics of ion beam irradiated Cu doped quantum dot
samples were also studied. But we did not find any significant result for
these studies. For studying these characteristics we had to pull out the
sample from the glass substrate, but smoothly pulling of the sample film
was not possible due to its strong adhesion to the glass substrate upon
irradiation. On the other hand, the film was not deposited on ITO glass
thinking of loss of conductivity of the glass due to the impact of high
energetic jon beam. This might be one of the reasons for not getting the
significant results. |

5.2. Capacitive Structure

Different capacitive structures are fabricated by depositing silver plates on
both sides of the quantum dots samples as shown in the figure 5.9. The
separation between two silver plates are set for three samples S;, S;and Ss as
2 mm,3 mm and 4mm.The impedance against voltage (V-Z) and capacitance
against voltage(V-C) are studied at different frequencies. From the curves in
figures 5.10, 5.11 and 5.12 it is observed that the impedance does not change
with voltage change but decreases as frequency increases. Since we have not
found any significant contribution of inductive part of the samples, so the
impedance is believed to be contribution from resistive and capacitive parts
of the samples. From the curves in fig. 5.10 frequency against impedance is

plotted at fixed voltage 1 volt for sample S; and compared with other same
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two curves plotted for sample Sz (from the curves in figure 5.11) and sample
Ss (curves in figure 5.12) in figure 5.13. From this comparison it is found that
there is equal decrement in impedance when the separation between the
two plates is reduced by equal amount. This observation suggests that the
nano particles are uniformly distributed in the sample. Our TEM and AFM
studies have also confirmed this uniform distribution of the particles.

Nano partictes

Glass slab

Siver plate

Fig.5.9 Schematic diagram of capacitive structure of qd samples

3. VVs Zot ZnS qd
g 4
;]
g o

£ 3

o

x B

£

N 8 50khz
=3 .
2 | T5khz
N 100khz
e T T T T T L

0 1 2 3 4 6 6

Vakhaaa In volt

Fig: 5.10 Voltage-Impedance characteristics for ZnS qd (sample Ss)
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Fig.5.12 Voltage-impedance characteristics of ZnS qd (SampleS 3)
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Fig.5.13 Comparison of Frequency Vs Impedance curves for different capacitive

structures of ZnS qd

The V-Z curves at fixed frequency for CdS qd and ZnS qd show that
CdS qd has higher impedance than that of ZnS qd (Fig. not shown).This
suggests that there are more number of quantum dots in CdS assembly than
that in ZnS assembly.

The capacitance against voltage at different frequencies was plotted
for the capacitive structure - of ZnS quantum dots assembly and CdS
quantum dots assembly are shown in figure 514 and figure 5.15
respectively. The capacitance increases with applied voltage reaches highest
value at certain voltage then drops and retains saturation value. However
the rate of increment drops when frequency increases. In C-V characteristics
of ZnS sample, the capacitance becomes maximum at 0.3V for signal
frequency 1 KHz and the maximum capacitance for other higher signal
frequencies is obtained at 0.2V. The capacitance remains same beyond the

voltage 0.3V for frequencyl KHz and beyond 0.2V for other frequencies.
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Fig. 5.14 C-V of nano ZnS (capacitive structure) at diff. Frequencies.
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Fig: 5.15 C-V curves of CdS qd (capacitive structure) at different frequencies

The maximum of capacitance for CdS sample is obtained at 0.8 V for
signal frequency 1 KHz, at 0.6 V for signal frequency 10 KHz and the same
for other frequencies are located at 0.3V. It is also observed that for
maximum capacitance, CdS sample draws higher voltage than that of ZnS
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sample. It suggests that the CdS quantum dots have large number of deep
surface traps of for which comparatively higher voltage is required to set

free the charges.
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Fig. 5.16 Capacitance-frequency curves for ZnS qd (capacitive structure) at different

voltage

The variation of capacitance against frequency of ZnS quantum dots
for voltage 0.1V, 0.2V and 0.3 V are plotted and depicted in figure (5.16) I t
is found that the capacitance response of the structure are compatible with
charge injection into the nano particle assembly. As the voltage between the
two plates is increased charge is injected into the structure, the capacitance
is found to increase. However the capacitance sharply drops at 12 kHz. At
this frequency the device is no longer responding to charge injection.
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5.3 Photo induced current

A very small nano crystal is essentially a large molecule, the so called grain
boundaries existing between large particles and polymers, which can act as
carrier taps, are therefore absent. If we have a conducting polymer then only
a small amount of nano crystal is needed since polymer matrix is capable of

transporting carriers.

The nano crystals in conducting polymer, isolated from each other
are responsible for the charge generation and the polymer is responsible for

subsequent charge transport.

In summary, we can say that by mixing semiconductor nanocrystals
with carrier transporting polymers, one can create an interesting class of

photoconductive or field dependence charge generating nano composites.

For measuring photo induced current, conducting polymer was used.
The ZnS qd was prepared through quenching method and mixed with
polyaniline in the ratio 1:10 and then a paste was prepared The film was
deposited on conducting ITO glass and Silver (Ag) was coated above the
sample. The schematic diagram of the sample is depicted in figure (5.17).
The sample was irradiated with laser and current response against electric

field was studied.

The figure (5.18) shows the variation of current for
nanoZnS/Polyaniline and Polyaniline against applied electric field. The
higher rate of current growth is observed in nano ZnS/Polyaniline
composite when irradiated with laser (curve a). At field strength 5000
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volt/cm the device draws 350 pA of current when irradiated with laser, but
the same draws 180 pA of current in the absence of laser. Since a nano
crystal is very small, so the grain boundaries existing between large particles
and polymer are absent. The conducting polymer is now capable of
transporting carriers. The absorption of a photon creates a bound electron -
hole pair. These pairs separate into free electrons and free holes and free
electrons transport through the conducting polymer towards other side and
contribute in current growth. At one stage current tends to saturate because

at this stage all the carriers generated take part to current growth.

conducting Polymer +Qd
ITO glass
a
5 400 .
€
& 300 -
©
= 200 - c
’;_. 100 -
g 0 = T T 2]
g 5000 10000 15000
Field strenth (Volt'em)
Fig.5.17 Schematic diagram of the sample Fig. 5.18 Charge generation in nano (a) nano ZnS/polyaniline
for measuring photo induced current (with laser) (b) nano ZnS/polyaniline (without laser) (c)

polyaniline

The nonlinear nature corresponding to charging and discharging
within a given range of forward bias for highly ordered quantum dots has
been reported to have application in single electron device, nano junction
diode etc. This property has been observed in our I-V studies for different
frequency range. Further we have observed fast photo induced current
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which is very important criteria for electro photographic application. On the
other hand the sharp rise in current in high frequency range and in Cu
doped nano ZnS/ Ag junction is a strong candidate for fast switching.

5.4 Summary

In this chapter electrical properties of quantum dots are studied in the form
of I-V and C-V characteristics at different frequency range by fabricating
Schottky junction of metal and semiconductor nano particles. The devices

are nano ZnS/ Ag and Cu doped nano ZnS/ Ag junctions.

In I-V characteristics of nano ZnS/Ag junction at frequency range 1
KHz-40 KHz we observe that a minimum voltage (built up voltage) is
required to produce current. Off course this built up voltage declines when
frequency increases. However this voltage is always less than that required
for bulk ZnS/ Ag junction at any frequency. On the other hand such voltage
is absent in I-V characteristics at 1IMHz4MHz frequency range. Also the
device in this regime draws current at higher rate. The injection of large

number of carriers from surface states helps in fast current growing.

In I-V characteristics of Cu doped nano ZnS/Ag junction we notice
that no built up voltage is necessary for current growth even at frequency
range 1 KHz-40 KHz. We also find high current establishment in this device.
This high current response is attributed to lowering of contact potential due
to doping of Cu in ZnS quantum system.

If we look into the I-V characteristics of nano ZnS/Ag and Cu doped
nano ZnS/Ag junctions it is established that the device (nano ZnS/Ag) at
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lower frequency (1KHz-40 KHz) range shows ordinary diode characteristics
and Schottky behavior at higher frequency (IMHz-4 MHz) range. On the
other hand when doped with Cu the device plays Schottky behavior even at
lower frequency. So Schottky behavior of our device is dependent either on

frequency or doping element.

The devices (nano ZnS/ Ag nano ZnS;Cu/ Ag), we have fabricated are
completely new and not reported earlier. The current-voltage characteristics
(I-V) of Cu doped nano ZnS/Ag junction show unique feature for current

drawing.

In the frequency range 1 KHz40 KHz capacitance-Voltage (C-V)
characteristics of nano ZnS/ Ag Schottky junction were studied and found
that at higher frequency capacitance drops. The capacitance rises with
voltage at frequency 1 KHz and 10 KHz but remains same even at increase
in voltage for frequency 20 KHz and 40 KHz At higher frequencies greater
amount of electron follow the signal and hence the chance of loading into

nano ZnS is zero. Therefore capacitance drops and remains same.

Capacitive structures were fabricated by depositing Ag plates on two
sides of ZnS quantum dots sample and Impedance-Voltage (V-Z)
characteristics were studied. The uniform distribution of nanoparticles in
ZnS quantum dots sample is established from this observation. The
variation of capacitance against voltage at different frequencies of such
capacitive structure of ZnS and CdS quantum dots samples were also
studied and found that capacitance increases with voltage and becomes

maximum at certain voltage. However CdS sample needs a higher value of
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voltage for maximum capacitance than that in case of ZnS sample, which
suggests presence of deep traps of surface states in CdS sample.

Photo induced current generation was studied using conducting
polymer. For this ZnS quantum dot was prepared through quenching
method, mixed with polyaniline and then the prepared paste was deposited
on ITO glass. Irradiating with laser, variation of current against electric field
was studied. The bound electron-hole pair created due to absorption of
photon separates into free electron and hole which in turn contribute to
higher current growth. Though photo induced discharge in CdS/PVK is
reported earlier, our device is new and simple where we measured photo
induced current. On the other hand use of polyaniline in such device is so

far not reported.

All the current - voltage measurement were done with Hioki 3532-50
LCR Hi Tester with basic accuracy of +_ % of reading and with

measurement time at normal speed 21 ms.

114



References

1.

® N & @

9

U. Woggon, Optical Properties of Semiconductor Nanostructures,
volumel36 of Springer Tracts in Modern Physics, Springer, Berlin
(1997).

D. Bimberg, M. Grundmann, and N. N. Ledentsov, Quantum Dot
Heterostructures, John Wiley & Sons, Chichester (1998).

L. Jacak, P. Hawrylak, and A.-W"ojs, Quantum Dots, Springer, Berlin
(1998).

. A. D. Yoffe, Semiconductor quantum dots and related systems:
-electronic,optical, luminescence and related properties of low dimensional

systems, Adv. in Phys. 50 (1), 1 (2001).

Y.Wang. US Petent 5,250,378 (1993)

Y.Wang. Nature 356, 585 (1992)

Y.Wang R West,C H Yuan, ].Am.Chem.Soc 115, 3844 (1993)
Y .Wang,N.Herron Chem.Phys.Lett. 200, 71 (1992)
N.Herron,Y.Wang US Patent 5, 238, 607 (1993)

10. B.O.Dabbousi,M.G.Bawendi,0 Onitsuku and M.F. Rubner. Appl.

Phys. Lett. 66, 1316 (1995)

11. E. H. Rhoderick and R. H. Williams, Metal-Semiconductor Contacts -

Oxford University Press, London, (1988)

12. R. T. Tung, Phys. Rev. Lett. 84, 6078 (2000)
13. H.J. Im, Y. Ding, . P. Pelz, and W. J. Choyke, Phys. Rev. B 64, 07 5310

(2001)

14.S. M. Sze, Physics of Semiconductor Devices, John Wiley & Sons, New

York, 2nd edition (1981).

115



15. S. M. Sze, Semiconductor Devices - Physics and Technology, John Wiley
& Sons, New York (1985).

16.P. Blood and J. W. Orton, The Electrical Characterization of
Semiconductors: Majority Carriers and Electron States, Academic Press,
London (1992).

17. A K. Bordoloi, D.Mahanta, S.K.Dolui and A.Choudhury.Indian journal
of Physics,accepted (2006)

18. D. Mohantaa and A. Choudhury. Eur. Phys. ]. B 45, 63-68 (2005)

19. M.C. Schlamp, P. Xiaogang, A.P. Alivisatos, . App. Phys.82, 5837
(1997)

20. D. Braun, A.J. Heeger, Appl. Phys. Lett. 58, 1981 (1982)

21. D.D. Shivagan, P.M. Shirage, S.H. Pawar, Pramana, 58 (5, 6), 1183
(2002)

22.S.N. Sahu, B. Patel, S.N. Behera, KK. Nanda, Indian ].Phys. 74A (2),
93 (2000)

*kkkk

116



Chapter 6

APPLICATIONS

The quantum dots have got many applications. The unique optical and
electronic features of quantum dots’ films are being exploited to develop
photocromic display/switches, optical switches, ultra fast switches!s$,
chemical sensors, dielectric/super capacitors and photovoltaic cell.

The perhaps most evident quantum dot application, is to use these “artificial
atoms” as active medium in a laser. Since the requirements are the same as
for the conventional quantum well based laser diodes, the conversion to
quantum dots is in principle straight forward. Laser diodes based on
quantum dots have a variety of advantages over QW based lasers. These
include higher efficiency and reduced temperature effects. In order to take
full advantage of quantum dots, the growth has to be well controlled to
create a dot distribution that is as homogeneous as possible. In research
environments, QD lasers have been available for some time. As an example,
among many others, the coworkers of Bimberg in Berlin have constructed
an 11.7 W laser diode based on InGaAs/GaAs emitting at 1135 nm 9.
Commercially, lasers based on quantum dots have recently appeared on the
market (Zia Quantum Dot Solutions). More exciting are the new kind of
devices that not only are improved by the use of quantum dots but actually
rely on the physics of quantum dots. Recently, single photon emission from
quantum dots was demonstrated by several groups. There is a demand for
controlled single photon sources for applications in quantum cryptography
and quantum computation. Although quantum dots are promising
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candidates (the gfoup of Shields” has demonstrated both a single photon
LED 1° and a single photon detector based on quantum dots 1! the usefulness
is limited to the low light extraction efficiency. However, by resonantly
coupling the quantum dots to a single mode of an optical micro cavity this
can be drastically improved 1% 13.

According to the present state of knowledge, chemically tailored
nanoparticles in the sub-10 nm range are suitable building blocks for SE
devices. Their minute size combined with the well-defined insulation barrier
(matrix) opens access to ultra small electrical capacitances in the range of 10-
19 F, a value that can not be reached by classical techniques because of their
physical limit. The most remarkable opportunities for SE will occur in the
- field of digital circuits. According to Averin and Likharev it will provide the
first available realistic physical basis for devices that perform digital

information processing on the molecular scale.

The applications of quantum dots will'be discussed in this chapter
mainly on (I) optical switching and (II) fast switching element.

The applications in optical switching will be discussed utilizing
photoluminescence properties of the dots and that in fast switching will be
discussed from the I-V characteristics of nano semiconductor/metal

Schottky junction.

6.1 Electronic Switching

Semiconductor diodes possess switching characteristics. The time required

for the removal of the excess charge is referred as the storage time. The
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speed of operation of a semiconductor diode is reduced due storage of
minority carriers. But this storage time can be reduced significantly in metal-
semiconductor Schottky diode. Hence Schottky diode has faster switching
property than that of an ordinary semiconductor diode. On the other hand
metal nano semiconductor Schottky diode is a faster switching device. It has
been seen that nano ZnS/Ag Schottky junction draws current at lower
potential than that in case of bulk ZnS/ Ag Schottky junction due to presence
of surface states. It has also been observed that cﬁ'rrent response in nano
ZnS/ Ag Schottky junction is frequency dependent. The built-up voltage at
which current grows decreases as frequency increases and at higher
frequency range (1 MHz - 4 MHz) this voltage is zero. The built-up voltage
observed at different frequencies are shown table 6.1.0n the other hand this
built-up voltage is completely absent for Cu doped nano ZnS/Ag junction
even at lower frequency range (1 KHz-40 KHz). So it might be concluded
that if the semiconductor quantum dot is arranged to combine with metal
then the device can act as a very fast switching device and as more
importantly faster than general Schottky diode. The reason is the existence
of intermediate energy states between valance band and conduction band
(traps e.g. surface states, oxygen vacancies etc).However the device can be
made more fast if metal is doped in semiconductor quantum dots. Such fast
current response has also been observed in Cu doped nano ZnS/Ag
junction. So this fast response of current can be used suitably for fast

switching.
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Table: 6.1.Built-up voltage at different frequencies

Frequency Built-up voltage in Volt
1 KHz 0.46
10 KHz 0.41
20 KHz 0.35
40 KHz 0.28
>1MHz 0
6.2 Photo detector

Semiconductor quantum dots with conducting matrix are of great
importance. This device can act as efficient photo detector. As light is
illuminated on the device charge carrier generation takes place and due to
the presence of conducting matrix (poly aniline) these carries can easily be
transported from one quantum dot to the other. Also conducting matrix
offers low impedance to the charge carries and hence energy loss is
minimum. Thus quantum dots with conducting matrix may act as fast,
efficient photo detector with minimum energy loss.

The nonlinear nature corresponding to charging and discharging
within a given range of forward bias for highly ordered quantum dots has
been reported to have application in single electron device, nano junction
diode etc. This property has been observed in our I-V studies for different
frequency range. Further we have observed fast photo induced current
which is very important criteria for electro photographic application. Fig
5.18 in chapter 5 shows the current flow through quantum dots assembly. It
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is observed that little current flow takes place through Polymer (curve c, fig.
5.18) and a distinct increased in current is observed for quantum dots when
embedded in the polymer. But it is'very interesting to observe the increase
in current intensity (curve a, fig. 5.18) when illuminated with laser. This
beﬁavior infers that the prepared quantum dot assembly can act as photo
detector where the current in curve b in figure 5.18 can be treated as dark
current of conventional photo detector. The advantage of quantum dots

photo detector is its small dimensions and faster response.

6.3 Application as variable capacitor

We have performed the experiments for to show the capacitive behaviour
of quantum dots and photo induced current generation.

The variation of capacitance against frequency of ZnS quantum dots
for different bias voltage were studied and explained in chapter 5.The plots
were drawn between frequency and capacitance for voltage 0 .1V, 0.2V and
03 V and depicted in figure (5.16) in chapter 5. It is found that the
capacitance responses of the structure are compatible with charge injection
into the nano particle assembly. As the voltage between the two plates is
increased charge is injected into the structure, the capacitance is found to
increase. The capacitance sharply drops at 12 kHz. At this frequency the

device is no longer responding to charge injection.

In the fig 5.16 (chapter 5) it is observed that the capacitance of
quantum dot assembly varies with (1) applied voltage and its (2) frequency.
This is novel characteristics of our prepared quantum dot assembly
(quantum dots + polymer). This property has distinct advantage over
conventional capacitor, as the conventional capacitors are of fixed

capacitance. Our prepared quantum dots can be compared with varactor,
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which is basically a voltage dependent capacitor. But the most important
advantage of our quantum dots over varactor is that the capacitance of
quantum dots varies with frequency of the applied voltage also. With
calibration it may be possible to measure the unknown voltage/ frequency

by monitoring the changes in the capacitances of quantum dots assembly.

6.4 Optical switching

As we know, a current of electrons may or may not flow through the device
depending on whether it is the ON or OFF state. Off course an ordinary
transistor, and even a vacuum tube, perform a similar function. So it can be
concluded that there are no alternatives to electrons for switch. All the
switching elements that considered require an electrical signal as input and
produce an electrical output. In order to transmit optical signals between
devices of electroni’c processing elements, a conversion between optical and
electrical signal is needed. But one needs a switch of which switching speed
is very fast. If the electron is rel;laced by photon in switching elements, the
problem can be solved. Concentrating on semiconductor based optical
switches one can explore the possibilities of optical computing for using to
create logic gates. It is seen that the delay of electrical signal in propagating
through the interconnects is due to resistive and capacitive effects. These
delays remain the same as the circuit is scaled down in size. So it concludes
that the operating speed of an electronic computer will ultimately be
determined by the time required to communicate signals between the
devices. However, optical signals do not suffer from capacitive or resistive
effects. So use of optical signals suggests that the communication time is
scaled down in proportion with the device size. Further it is significant that
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the speed of light is approximately hundred times greater than the speed at

which an electrical signal travels through interconnects.

The electronic transistor acts as a switch because it has two possible
states. These are characterized by the al')ility of the device to conduct or not
to conduct electricity depending on the magnitude of another electrical
signal. A similar function could perhaps be obtained in an optical context by
devising a device which either absorbs or does not absorb light depending
on frequency or intensity. For this, such materials are needed that exhibit a
non linear optical response. The quantum dots serve this purpose. Because
of quantum size effect there is increase in band gap of semiconductor
quantum dots. As a result, number of electronic states called surface states
are produced within the band gap. These surface states -“influence
photoluminescence. Utilizing this luminescence property one can use
semiconductor quantum dots as frequency converter. In other words, one
wavelength can be converted to another wavelength. Photoluminescence
studies of the quantum dots show that these can act as very efficient
frequency/ wavelength converter with very high conversion speed of the
order of 10? sec to 104 sec or less than that. Therefore, these wavelength
/frequency converters can be called as 6ptical switch. The mechanism
behind the frequency/ wavelength conversion is the existence of
intermediate energy states in the forbidden gap of the host quantum dot.
These are surface states, imperfections like vacancies, and the hhpurity
levels, explained in photoluminescence study. The different quantum dots

are now being discussed as optical switch.

Many II-VI semiconductor quantum dots samples were synthesized

including some metal doped samples. But discussion will be focused on two
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samples; Cu doped ZnS quantum dots (ZnS:Cu) and Fe doped ZnS
quantum dots (ZnS:Fe). Both the samples were irradiated with 150 MeV Ti*
ion. The photoluminescence peaks of the virgin and irradiated samples of
ZnS:Cu quantum dots and ZnS:Fe quantum-dots are being discussed in

context of frequency converter.

Sample: ZnS:Cu -

Notation: 51

The Virgin and ion irradiated ZnS:Cu samples are excited with wave length
from 200 nm to 600 nm. The emission peak is obtained at 480 nm
corresponding to frequency 6.25 x10% Hz. The key reason behind the
wavelength conversion due to transition from conduction band of ZnS to
the t; level of exciteci Cu2*(d®) in ZnS band gap. The intensity, hence the
quantum efficiency of the device increases with higher ion fluences. The
reasons for that have been already been explained in chapter IV. The
switching time is ranging from 10-13 to 10-14sec. Table 6.2 shows the different
notations corresponding to un irradiated and irradiated ZnS:Cu samples
with different ion fluences. The wavelength detection range along with

output photoluminescence peak for the samples is depicted in table 6.3.

Table:6.2 Ion fluence and coimponding sample code for ZnS:Cu

Fluence notations Irradiated sample notation
1 ‘ Sidi
o2 S1d.
¢3 S1ds
b4 Sild 4
Un irradiated S1
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Table:6.3 Wave length detection range with output luminescence of different ZnS:Cu

samples
Sample | Wave Corresponding | Luminescence | Luminescence | Intensity
length frequency at wavelength | at frequency
detection | detection (nm) (H)
range range (Hz) \
(nm) .
S1 220to | 1.36 x 105 to 5 480 6.25 x 1014 5
600 x 1014
S1d1 220to | 1.36 x10%5to 5 480 6.25 x 1014 6
600 x 1014
S1d2 220to | 1.36 x10%to 5 480 6.25 x 1014~ 10
600 x 1014
S1d3 220to | 136 x10%5to 5 480 6.25 x 101 24
600 x 1014
Sample: ZnS:Fe
Notation: 52

The different notations corresponding to un irradiated and irradiated

ZnS:Fe samples with different ion fluences are shown in table 6.4. When

excited with signal wavelength ranging from 220 nm to 600 nm, the

corresponding output luminescence peaks are obtained at wavelength 546

nm corresponding to frequency 5.46 x 1014 Hz. for both virgin and irradiated

samples table 6.5.
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Table 6.4. Ion fluence and corresponding sample code for ZnS:Fe

Fluence notations Irradiated sample notation
¢1 S2di
¢2 S2d 2
¢3 S2d 3
4 S2d 4
Un irradiated S2

Table:6.5 Wave length detection range with output luminescence of different ZnS:Fe

samples
Wave
Corresponding
length Luminescence | Luminescence
frequency
Sample | detection at wavelength | at frequency | Intensity
detection (o) )
range nm z
8 range (Hz) H
(nm)
220to | 1.36 x10%to5
S2 546 5.49x 1014 6
600 x 1014
20to | 1.36x10%to5
S2d1 546 5.49x 1014 8
600 x 1014
220to | 1.36 x10%5to 5
S2d2 546 5.49x 1014 11
600 x 1014
220to | 1.36 x10%5to 5
52d3 546 5.49x 1014 24
600 x 1014
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It is seen that doped ZnS quantum dots exhibit efficient luminescence
property. Both Cu doped ZnS and Fe doped.ZnS quantum dots samples
efficiently convert optical signal ranging from wavelength 220 nm to 600 nm
to another wavelength. The output of ZnS:Cu samples are obtained at 480
nm and that for ZnS:Fe samples at 546 nm. In ZnS:Cu samples the Cu
induced level is responsible for output luminescence and hence for

mechanism of switching.

6.5 Summary

One of the main features of quantum dots for using in electronic devices is
its ultra small size. Moreover power consumption is very low and they have
high switching speed. We have mentioned about the advantages of our
quantum dots capacitive structure over varactor diode. The device is
therefore quite useful for tunable band-pass filter. It can also be used as
automatic frequency control device, FM modulator and in tuned circuits.
The device explained for photo induced current generation can be
used as photo detector. Therefore, the remarkable opportunities for the
device will occur in the field of optical communication, optical counter,

detection and switching.

The special optical properties observed in our chemically grown quantum
dots samples, such as a particle size dependent wavelength of fluorescence
is a strong candidate for fabrication of optical probes for biological and
medical imaging.

Further our studies of electrical and optical properties of quantum

dots reveal that prepared quantum dots samples can be used as fast
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switching, optical switching, photo detector and variable capacitors which
are some of the real life applications of our chemically grown quantum dots

samples.
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Chapter 7

CONCLUSIONS AND FUTURE

PROJECTION

We have successfully fabricated 1I-VI semiconductor quantum dots namely
CdS, ZnS and ZnO in polymer matrices. The formation of extremely small
particle range down to the size ~ 5 nm in case of CdS quantum dots on
polyvinyl alcohol has been observed. From XRD studies the average sizes of
quantum dots have been estimated. Optical absorption study has given the
information about blue shift of the nano particles (quantum dots). Next the
sizes of the particles have been confirmed from TEM studies. The decrease
of particles’ sizes at higher pH value of the solution has also been observed.
The presence of surface states within the band gap has been confirmed from

thermo luminescence and photoluminescence studies.

Among manv semiconductors, ZnS plays an important role as
phosphors for luminescence. doped with metals like Mn, Cu and Fe. ZnS
quantum dots can vield both high luminescent efficiencies and lifetime
shortening at the same time. Therefore. extensive studies have been carried
out on ZnS doped 7ZnS quantum dots. We have svnthesized two doped ZnS
quantum dots samples namely ZnS:Cu (Cu doped ZnS quantum dots) and
ZnS:Fe (Fe doped ZnS guantum dots ).The efficient luminescence peaks
have been observed for both the samples.
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Swift heavy ions are the means to form ion tracks in materials
(polymer, semiconductor, superconductor etc.). To explore the effect of ion
irradiation ZnS:Cu and ZnS:Fe quantum dot samples have been irradiated
with 150 MeV Ti ion beam with different fluences. The formation of bigger
particle at higher ion fluences has been confirmed by XRD and TEM studies.
However photoluminescence of Cu doped ZnS and Fe doped ZnS quantum
dots have shown significant enhancement of fundaméntal emission as ion
fluence increases. The enhanced luminescence peak for ZnS:Cu quantum
dots samples has been found at wavelength 480 nm and that for ZnS:Fe has
been observed at wavelength 546 nm. Both Cu doped ZnS and Fe doped
ZnS quantum dots samples efficiently convert optical signal ranging from
wavelength 220 nm to 600 nm to another wavelength. Based on this
characteristics doped ZnS quantum dots can be used as frequency converter.

The virgin and irradiated samples have been characterized with
Atomic Force microscopy (AFM). The atomic force microscopy has provided
the information about surface roughness and uniform distribution of the

particles.

Magnetic force microscopic studies on Fe doped ZnS quantum dots
system have been done to search.some magnetic properties. We have not
found any appreciable result on the magnetic domains on the phase image
of un irradiated and irradiated (1st fluence) ZnS:Fe because of matrix
encapsulation. But almost elliptical shaped single domains are obtained in
case of the sample irradiated at fluence 2x10" ions/cm?2 These domains
become elongated at fluence 8x10!! ions/cm? These aligned domains are
extended up to 80-100 nm and can be applied in magnetic tapes, magnetic

recording devices and other spin based devices.

132



To explore electronic properties the interface comprising nano
ZnS/Ag and nano ZnS:Cu/Ag junctions have been fabricated and
characterized by I-V and C-V studies. Both the studies suggest the presence
of surface traps at the junction. These surface trap carriers controlled by
signal frequencies can suitably be applied in nano electronics of desired
working frequency. Further, from these studies we can also conclude that
schottky behavior in our device is a function of either frequency or doping
element. The fast current response in Cu doped nano ZnS/ Ag junction is a
criterion for fast switching.

In comparison with other compound semiconductors, II-VI
semiconductors possess high value exciton binding energies (and that is
why excitonic absorption can be visible at room temperature) and therefore,
further research is essential in' the areas of single electron devices, faét
optical switching. The research on electrical properties of ion irradiated
samples will also open the door in this respect. Recently synthesis of water
soluble conducting polymer is reported. So use of water soluble conducting
polymer with nanoparticle will also pave the way for future research.

Besides these, the most interesting applications may involve devices
in which several artificial atoms (quantum dots) are coupled together to
form artificial molecules then to form artificial solids. Because the coupling
between the artificial atoms can be controlled, new physics as well as new
application may emerge. However the understanding and design, based on
quantum mechanics are needed. Further progress on material as well as
fabrication technologies is also essential to achieve perfect control over the
size and purity of these nano structures. The building of quantum
confinement devices in quantities is also an important challenge for future

researchers.
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Chemically grown quantum dots samples have many advantages for
its simplicity of fabrication and possibility in large scale production. It is
also a low cost device, but it has short durability which is its prime
disadvantage. We have seen that on conducting polymer quantum dots
exhibit photo induced current generation. As water soluble conducting
polymer is not easily available, therefore it is difficult to prepare quantum
dots samples with conducting polymer as done with other insulating
polymers (PVOH), through chemical process. We feel availability of water
soluble conducting polymer would have more useful while fabricating such
devices. Such difficulties like short durability of samples and lack of water
soluble conducting polymers may arise in further research on these areas

and therefore will be more challenging.
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