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ABSTRACT

The structure, morphology and luminescent propeniecommercial SrG&4:Ce** phosphor
powder and thin films were investigated. The phasshows bright blue under ultraviolet (UV)
excitation. Measurements were carried out usingouarcharacterization techniques such as X-
ray diffraction (XRD), scanning electron microcog®EM) and X-ray energy dispersive
spectroscopy (EDS). The XRD data were collectechgusa D8 advance powder X-ray
diffractometer with Culg radiation. Morphology and elemental compositiorrevdone using
Shimadzu Super Scan SSX-550 coupled with EDS. Rhmotoescence (PL) data were collected
using Varian Cary Eclipse Fluorescence Spectropheter with a monochromatized Xenon
lamp (60-75 W) as excitation source and measuresmestre carried out in air at room
temperature, and cathodoluminescence (CL) data wellected with S2000 Ocean Optics
Spectrometer. The absorption spectra were recarded) Perkin EImer Lambda 950 UV-VIS

spectrometer. The same characterization tools ussd to characterize the thin films.

XRD data confirmed the orthorhombic structure d&&6, that was consistent with the standard
JCPDS file no. (77-1189). The SEM images of theess83Ce®" powder showed particles with
irregular shapes and EDS detected presence of df@ glements. Both PL and CL showed the
broad emission peaks around 444 nm and 485 nm vemnéecHue to C& radiative transitions (5d
(Tag) — 4f CFsr) and 5d (B9 — 4f CFp)).

Cathodoluminescent ageing characteristics of tf@aSy:Ce** powder and thin films under
prolonged electron beam bombardment were studieldpaesented. The cathodoluminescent
intensity with increasing Coulomb loading was obedrto degrade under different primary
electron beam voltages for the powder. Auger eadectspectroscopy (AES) and X-ray
photoelectron spectroscopy (XPS) were used to mwonite surface chemical changes both
during electron beam bombardment and after theadegjon process. Auger peak to peak
heights monitored during the ageing process suggdstrease in S and C Auger peak intensity
and an initial increase in oxygen concentratioth@nsurface. XPS results indicate the formation

of an SrO overlayer due to electron stimulatedasgfchemical reactions (ESSCRS).
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For preparation of films, silicon (Si) (100) sulad&s were used. A pellet was prepared from the
standard SrG&:Ce*" powder. The Lambda Physik EMG 203 MSC 309 nm Xe@imer laser
was used to grow the films. The films growth wasried out in a chamber which was first
evacuated to a base pressure of 8 X hbar before backfilling to pressures of 1.0 ¢ Xbar

Ar and 1.0 x 18 mbar Q, where Ar and @were used as cross pulse gases. The films were
deposited at different substrate temperatures mgnffom 400°C to 600°C with 28 800 and
57 600 pulses respectively. The laser beam wasatgzbnt 8 Hz repetitive rate. The substrate
temperature, number of pulses and the working presare the parameters that were varied

during the preparation of the thin films.

A highly crystalline SrGg5, layer was obtained at the growth temperature @°@0 XRD
patterns also showed that the properties of thesfivere sensitive to substrate temperature. PL
and CL spectra were characterized by a broad Haatdcan be fitted by two Gaussian peaks
according to the two Céradiative transitions. At high substrate tempemtarshift to C&
emission in SrS occurred as well as in Ar atmosplier both UV and high energy electrons
excitation. The atomic force microscopy (AFM) imageefore annealing exhibited smooth
surface at low substrate temperature, which becaogh at high substrate temperature and after
annealing in vacuum at 700°C temperature. Non-umifty in particles (big and small) of the

films and smooth films were observed from the SEMges.

Keywords: SI’GQS4:C63+, PL, CL, electron degradation, PRCLA, SEM, AFM, &Bnd XPS.
ACRONYMS

PL - Photoluminescence

CL - Cathodoluminescence

SEM - Scanning electron microscopy

EDS - Energy dispersive spectroscopy

XRD - X-ray diffraction

AFM - Atomic force microscopy

AES - Auger electron spectroscopy

APPHSs - Auger peak-to-peak heights

XPS - X-ray photoelectron spectroscopy
PRCLA - Pulsed reactive cross laser ablation

XeCl - Xenon chloride
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CHAPTER

BACKROUND
INFORMATION

Introduction

This chapter presents a unified picture and intetgations of the luminescence and related
phenomena and the diversified areas of applicabbriuminescent materials (phosphors).
The emphasis is on setting forth a physical desionp which can be used to obtain a
gualitative understanding rather than on detailedthematical analyses. Such analyses are

by no means ignored, and references to them aréged in the chapter wherever necessary.



Chapter 1 Background inforiat

1.1Phosphors

A phosphor is a chemical substance that emits (igltt, green and blue) when subjected to
electromagnetic radiation (electrons, photons).etGenerally, a phosphor consists of a host
lattice and a luminescent centre, often called aativator’ or a ‘dopant’. Activators are
impurities introduced intentionally in a host laétito serve as luminescent (light emitting)
centers. In general the host needs to be trandp@reéhe radiation source with which it is
excited. One example of a phosphor is ZnS:Cu or:Zn&u,Al, where ZnS is the host
lattice and Cu is an activator. If more than ontivator is used, additional activators (e.g. Au

and Al) are called co-activators or co-dopants.

1.2 Classification of phosphors

Phosphors can be classified into two types nameiges (ZnO, %03, Si0,) and sulfides
(ZnS, CdS, CaS, SrS). Usually, most of these plarspare doped with rare-earth elements
such as Etf, Tb**, Ce€" and Pf* or metal ions such as Cu, Al, Ag, Cl and Au. thision,
phosphors can be classified according to the mannehich they emit light. For example,
light emission can be a result of exciton recomtiamain the bandgap (no doping required)
or atomic transition where a dopant is responsfblethe emission. Light emission in
phosphors such as ZnO and PbS with relatively smdlandgap is due to excitonic
recombination and this phosphors can be classifgeblandgap transition phosphors, whereas
phosphors such as,¥s:RE (RE = Ed*, Ce*, Tb*". Etc) can be classified as atomic (dopant)
transition phosphors because light emission ineth@ssphors is due to transitions taking

place in the dopant.

Phosphors can be found in two forms, namely powdadsthin films. In both powder and
thin film forms, phosphors can be used in deviteg emit light by a cathodoluminescent
(CL) process. That is, emission of light when aguiwr is excited by high energy beam of
electrons. Therefore, the choice of phosphors fgatgs the CL properties becomes very
important. In this study, CL studies on a rarefeatérnary alkaline earth sulfide
(SrGaS::Ce*") were performed for application in field emissidisplays (FEDs). Detailed

discussion is presented in the following chapters.
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1.3 Applications of Phosphors

Typically, phosphors are applied in light sourcetenals represented by fluorescent lamps
and display devices represented by cathode raystubther applications include detectors
represented by X-rays and scintillators as wellapplications in simple luminous paints

where phosphors with long persistent phosphorescareused [1].
1.3.1 Light source materials - fluorescent lamp

Light sources extend life activities from dark tontfortably illuminated rooms [2]. One of

the examples is fluorescent lamp. A fluorescentpldms no filament running through it.

Instead, it has cathodes (coiled tungsten filameodsed with an electron-emitting substance)
at each end of the fluorescent tube. A typical ihggent tube is filled with inert gas and a
small amount of mercury that creates vapour. Uibtat radiation is produced as electrons
from the cathodes knock mercury electrons out eirthatural orbit. Some of the displaced
electrons settle back into orbit, throwing off thecess energy absorbed in the collision.

Almost all of this energy is in the form of ultralet radiation.

The inside of the tube has a phosphor lining whitten collide with ultraviolet radiation
gives off visible light. The phosphors have thequei ability to lengthen UV wavelengths to
a visible portion of the spectrum. In other woriti® phosphors are excited to fluorescence by
bursts of UV energy [3]. Shown in Fig. 1.1 (ajipicture illustrating a typical fluorescent

tube and (b) the fluorescent lamps used by hunmatiir daily lives.

ELECTRON FLOW
VICLET RADIATION

(a) (b)
Fig. 1.1 (a)A typical fluorescent tube [3] ar(®) Different types of fluorescent lamps [4]
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1.3.2 Display devices -Cathode ray tubes (CRTs

Phosphor screens are currently in wide use asagispdvices and they also serve as
interface between information stored in electrom&l daumans [2].CRTs are almos
universally used phosphor screens in colour taavssand still dominate in the displ
monitors of desktop computers. Fig. 1.2 (a) showes tiypical CRT used in conventior
televisions and computer display, (b) is the scheEnggagramshowing the basic componel

of CRTs and (c) is the typical computer monitorcdusethe past

h—_
]
]
= vy Spot S
i -f Electron Electron beam ﬁ
gun
2 -
# H -‘H-"-_
i : Anades ‘ S
- | - o
7 Phosphor-coated =
SCIEETL
(a) (b) (©)

Fig. 1.2 (a) Typical CRT used in televisions or computer displib), Schematic diagrau
showing basic components of CRT ¢(c) Old computer monitor [5, 6, 7].

A cathode ray tube (CRT) is a specialized vacuupe in which images are produced wil
electron beam strikes a phosphorescent/fluoresseritice. It consists of several be
components as shown in Fig. 1.2 (b). "electron gun generates a narrow beam of elec
and the anode accelerates the electrons. Defleotitgproduce an extremely low frequet
electromagnetic field that allows for constant atfjuent of the direction of the electron be
and the intensitpf the beam can be varied. The electron beam pesdadiny, bright visibl

spot when it strikes the phosphor coated sc

To produce an image on the screen, complex sigalapplied to the deflecting coils
the apparatus that controls the irsity of the electron beam. This causes the spoade
across the screen from right to left, and fromtwpottom, in a sequence of horizontal li
called the raster. As viewed from the front of @RRT, the spot moves in a pattern simila
the way wur eyes move when you read a si-column page of text. The scanning ta

place at such a rapid rate that yours sees a constant image over the entire screet



Chapter 1 Background inforioat

CRTs are obviously not suitable for laptop PCsabse of bulk and weight, where currently
liquid crystal displays (LCDs) are the systemslufice [8]. However, flat panel display such
as field emission displays (FEDs) encompass a gqgpwiumber of technologies enabling
video display that are much thinner and lightentbraditional television and video display
that use cathode ray tube [9]. FED is one typéhefflat panel display that is believed to
poses a threat to LCDs’ dominance in the emissarepdisplay arena. It capitalizes on the
well-established cathode-anode phosphor techndbogly into full-sized cathode ray tubes,
and uses that in combination with the dot matrituéa construction of LCDs. Instead of
using a single bulky tube, FEDs use tiny “mini &slj for each pixel and the display can be
build in approximately the same size as a LCD st{é&8]. A schematic diagram in Fig. 1.3
shows the basic components of typical FEDs. Figlssion display is a low voltage display

with a triode structure consisting of anode, cagh@hd gate electrodes.

Field Emission Display

INDIVIDUAL PIXEL

< >

RED SUB-PIXEL GREEN SUB-FIXEL BLUE SUB-PIXEL

+“—r 4+—> <4+—>

ANODE
1T LAYER

4

HES FACE PLATE

.\“-— GREEN PHOSPHOR

RED PHOSPHOR BLUE PHOSPHOR

GATE ROW
LINE +

2.5
- -.-i-wr H mm

_ RESISTIVE LAYER
s !./ |
[ M
ALU N LINE R —

Fig. 1.3Schematic diagram of a FED display [11].

CATHODE

-
;
{
i
:

It utilizes substantially the same physical priteips the CRT, unlike CRT, FED relies on
electric field or voltage induced, rather than temspure induced emission to excite the
phosphor by electron bombardment. To produce tkesissions, FED has generally used a
multiplicity of x-y addressable cold cathode em#teThe cathode electrode is formed on a
substrate on which the electron emission sourpéaied and an insulating layer and the gate
electrode are formed on the cathode electrode. dmage formed using cold cathode

electrons as an electron emission source.
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A strong electric field is formed between a fielditter and the gate electrodes disposed on a
cathode at constant intervals, so that electromseanitted on the emitter and impact on
phosphor on an anode, thereby emitting light. ttsaatages are high brightness and self
luminescence like CRTs and light weight and thiofite like LCDs. When they operate
nearly all of the emitted electron energy is diagd on phosphor bombardment and the
electron of emitted unfiltered visible light [12].

1.3.3 Other Applications of phosphors

film system | storage phosphor

under-
P4 cexposure

under-
exposure

normal normal

over-
exposure

over-
exposure

(a) (b)
Fig. 1.4 (a)X-ray storage phosphor aif) Luminescent paint pigment applied on a driver’s
watch [13, 14].

Fig. 1.4 shows other examples of phosphor apptinatiln Fig. 1.4 (a) phosphors can be used
as x-ray storage phosphor in computed radiographyenerate digital radiographic images
[15] and in (b) as luminescent watches to be usedyat especially by drivers.

1.4 Light emission by phosphors

When a phosphor is exposed to primary radiatiocit@on energy), either the host lattice
absorbs excitation energy and transfer it to aivatcr resulting in light emission or the
activator absorbs the excitation energy and trassteto a neighbouring activator (usually
identical to the latter) also resulting in light ission. When the activator absorbs the
excitation energy, an electron from its groundestatraised to an excited state. The excited

electron returns to the ground state by emittiggtlin the form of photons.
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This process of light emission is called lumineseeThus luminescence can be defined as
emission of light occurring when excited electr@msit photons when returning to ground
state. An unwanted process, called non-radiativegss, where the excitation energy is

dissipated as phonons when the electron returtietground is also possible.

1.4.1 Phosphorescence and fluorescence processes

Phenomenon of luminescence can be divided intokiwds, namely phosphorescence and
fluorescence. Phosphorescence is a sustained gjaafiar exposure to energized particles
such as electrons or ultraviolet photons whereadluorescence light emission from a
substance stops immediately after excitation ramiaBasically, the word phosphorescence
was derived from the word phosphor and fluorescemas introduced to distinguish the

emission from phosphorescence [1].

1.4.2 Mechanism of Luminescence

The configuration coordinate model describes tleztednic transitions of absorption and
emission, in particular the effect of lattice vitioas, of a localized center. The diagram ((Fig.
1.5 (a)) depicts the energy of the ground statefimstdexcited state of the impurity center as
a function of normalized lattice position. The didium atomic (lattice) configuration is

determined by electronic distribution of the systainich is due to the lattice distortion

around the impurity [16].

In Fig. 1.5 (a) optical absorption and emissioncpsses are indicated by vertical broken
arrows. At zero temperature (T = 0K), an electmmaised from the ground state position A
to the excited position B by the absorption of ggdtransition A— B). Electronic transition
occurs in a short time as compared to the time ewdor an ion to move to a noticeable
degree, thus this vertical transition follows Fiar€ondon principle. Consequently, the
excited electron can further relax to equilibriuney minimum energy) position C, before it
emits luminescence. The energy difference betweandC is given off as lattice vibrations
(phonon emission) which are accommodated by theniatdisplacement from A to C. The

center can further relax to the ground state (itiansC — D) by photon emission.
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Conductlon band

radiationless
&%ibn
‘ luminescence

Excited State

AEthermal

Pontetial Energy

\ — Ground State

A D activator

Configurational Coordinates Valence band

(@) (D)
Fig. 1.5 (a)A schematic illustration of a configurational cdimate model [16{b) Schematic
of Energy band diagram showing transformation afitaion energy through radiative and

non-radiative routes.

Equilibrium is again attained by phonon emissiatigh atomic displacement from-B A.
Because of phonon emission, the energy of the phetaitted will be smaller (Stokes shift)
than that of the absorbed photon. In the case eflapping of excited and ground state, the
relation is non-radiative by multi-phonon emissi@osition E) due to thermal energy. The
degree of overlapping of the two curves and thengtih of local phonon coupling play
important role for such non-radiative emission dhe impurity is referred to as a Killer
center if no-radiation predominates [16]. Fig. (b% is showing the related absorption and

emission band in this non-radiative process.

1.4.3 Main processes of Luminescence

In general the luminescent process can be dividedthree steps, namely excitation energy
absorption, energy transfer, and light emissiore &Rkcitation energy can be absorbed by an
activator or the host lattice and then transfetethe luminescent centre. This implies that
energy transfer of the absorbed energy to the lestient center take place before emission

can occur.
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The migration of energy absorbed by the lattice tadoe place through one of the following
processes:

» Migration of electric charge (electrons, holes),

* Migration of excitons,

» Resonance between atoms with sufficient overlaggials and,

» Re-absorption of photons emitted by another aaiiviah or sensitizer [17].

Based upon different types of transitions involvea different processes of luminescence
are shown in Fig. 1.6. Luminescence is divided imio major types, namely extrinsic and
intrinsic luminescence. In the former there are &irads, localized and unlocalized type of
emission. The latter is divided into three kindgnth to band luminescence, exciton

luminescence and cross luminescence.

1.4.3.1 Extrinsic Luminescence

Extrinsic luminescence is caused by incorporateguiities (metallic or defects). Most
observable phosphors that are of use in practippliGations belong to this category of
luminescence. In ionic crystals and semiconduatatsnsic luminescence is classified into

two types known as unlocalized and localized typenaission.

Unlocalized luminescence depends on whether théeelxelectrons and holes of the host
lattice participate in luminescence process andilibed luminescence on whether the

luminescence excitation and emission process aréneal to localized centers [8].

1.4.3.2 Intrinsic Luminescence

1.4.3.2.1 Band to Band Luminescence

This type of luminescence is observed in a verg jpuystal. Electrons in the conduction
band recombine with a hole in the valence bang; this process lead to emission of
light [8].
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1.4.3.2.2 Exciton Luminescence

Exciton is a complex particle of an excited elect@and a hole interacting with one
another. Usually it moves in a crystal at the séime transferring energy and ultimately

emission due the recombination of the electronthadole [8].

1.4.3.2.3 Cross Luminescence

Electrons in the valence band recombine with a holthe outermost core band. Cross
luminescence is only observed when the energyrdiftee between the bands (outermost

core band and the top valence band) is smallerttteband-gap energy [8].

Shown in Fig. 1.6 is a flow chart illustrating tbeferent processes of luminescence and the

nature of transitions involved.

Luminescence

Transition:
| 1
Intrinsic [ Extrinsic ]
\ -
Band-band Exciton Localized Unlocalized
luminescence L luminescence type type
J
~N
Cross .
Luminescence
J

Fig. 1.6Different processes in luminescence based on nafuransitions involved.

The occurrence of energy transfer within a lumieescmaterial has far reaching
consequences for its properties as a phosphorab$mrbed energy can migrate to the crystal
surface or to the lattice defects, where it is lbgt radiationless deactivation. As a

consequence the quantum efficiency of the phospiibdecline [17, 18].
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There are a vast number of applications of these@arth activated materials and much of
today’s cutting edge optical technology and emeygimovations are enabled by their unique

properties [19].

1.5 Rare earth Luminescence

Rare-earth ions have a multitude of technologipglliaations as optically active impurities
in insulator semiconductors. Knowledge of the elesr@f the host crystal’s electronic band
states relative to the Mfor 4! 5d" states responsible for the ion’s optical transitie
important for understanding the properties andquardnce of each material since energy and
electron transfer between these states influeteematerial efficiency and stability. Little is
known about the relationship between these sthtéghere is growing motivation to explore
these properties for developing ultraviolet lasetemals, phosphors for application in field
emission and plasma displays. Continued advancegtical technologies require knowledge
of the systematic trends and behavior of rare-eamdrgies relative to crystal band states so
that the properties of current materials may bé fuhderstood and new materials may be

logically developed [20].

Specific applications may employ the rare earthmitdike 4" to 4f'" optical transition

when, long lifetimes, sharp absorption lines, axcefient coherence properties are required,
while others may employ the "to 4f* 5d' transitions when, large oscillator strengths,
broad absorption bands, and shorter lifetimes asdrable [19]. The 4f electronic energy
levels are characteristics of each ion. These atraffected much by the environment (ligand

ions in the crystal) because of their shielded atiar from the outer 58p° electrons [1].

1.5.1 Ce* (Cerium) Luminescence

Free trivalent C&- ion with the [Xe]4t electron configuration has two*4fground state)
levels, namely, théFs,, and?F-, separated by 2000 ¢hdue to spin orbit coupling [21]. The
spin-orbit interaction splits the 14-fold degenesalevel with the orbital angular momentum
L = 3 and the spin S = % into two levels with J+3.= 7/2 and J = L — S = 5/2, where J is
the total angular momentum. The six-fold degensrkteel with J = 5/2 lies lower than the J
= 7/2 by about 0.3eV [22]. The 5donfiguration (excited state) is split into 2 or 5

components by the crystal field.
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Emission occurs from the lowest crystal componérhe 5d configuration to the two levels

of the ground state. This gives the*Eénemission its typical double band shape [21].

1.6 Ternary Sulfide phosphors and CL properties

The long history of investigation, the widest pbssiapplication, a variety of models, and
perpetual studies — these are the traits of phospbased on alkaline earth sulfides. They
have attracted a lot of attention for a wide raafjphotoluminescence, cathodoluminescence
and electroluminescent applications. Binary andhaer sulfide types of host are two
commonly studied luminescent materials. Out of ¢hethe ternary sulfide of type
M"M"A(Su, where M* and M" represent group IlIA and group |l members of the
periodic table, offer better CL efficiencies andustural properties for applications in

information displays unlike the simple binary sdéfs.

For cathode ray excitation at high voltage (>10ky8nerally, zinc sulfide and alkaline earth
binary sulfides (CaS, SrS) based phosphors shoterdetinescent properties than oxides,
because of small bandgaps and rather low longialidiptical (LO) phonon energy [23].
However, for FED applications, these phosphors sbaturation because of low voltage and
high current densities and lead to electron-indudecompositions [24, 25]. Moreover, the
evolved gases like SCcontaminate the emitter tips and hence, reducdifitene of the
emitters. It has been reported that Si$;dased phosphor is a promising candidate for FEDs
because of its good chromaticity, stability, andhhiuminance at low voltage and high
current density excitation. Hence Ce- and Eu- dope8aS, have been widely studied as

possible blue and green phosphor materials [262&,729].

Upon doping with C&- or EUf*- ion, the luminescence can be varied over theeentsible
region by appropriately choosing the compositiothef sulfide host. The photoluminescence
(PL) spectra, cathodoluminescence (CL) efficiencied structural properties of £uand
Ce"- doped SrG#5, powders were reported by Peters and Baglio and Remand Hanlon
[30, 31]. The Efi"- doped SrGz#5, compound is an efficient green phosphor, with #ene
colour coordinates (x = 0.26, y = 0.69), high lumequivalent (5601 m.W) and fast
luminescence decay (480 ns) [32]. It has been edims a promising alternative to the
standard green emitter in cathode ray tube (CR3tegys, the P22 ZnS:Cu phosphor.
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The low saturation effects of Sr&aEW" as well as SrG&;Ce*, make it very
advantageous for applications were high beam cigrare required to achieve the wanted
brightness levels in field emission display (FEDY4CRT) projection tube [33, 34]. The fast
decay of the activator and the low concentratioanghing allowing high activator doping
reduce the ground state depletion and explain tigh lsaturation resistance of these
phosphors become increasingly inefficient below/Sblecause of non-radiative de-excitation

losses by surface or near-surface defects in ttiacgudead layer.

Recently, alkaline earth thiogallates {&eand EG*- activated SrG#8,) were investigated for
application as a thin film phosphor in electrolugsnent displays. Besides causing saturation
effects, the high currents required in applicatisnsh as FEDs or CRT projection tube lead
also to surface degradation, thermal quenchingt ldemage and out gassing of the
phosphors. These limiting problems can be redugethd® use of thin films. However, thin
film luminous efficiencies are lower than thosepafwders due to light piping effect and

lower photon—solid interaction volume [35, 36].

An extensive research on the luminescent mateaiaidied in displays has been conducted
for more than 50 years now. Compounds with almdeatli properties (very high energy
efficiencies for CRT phosphors) have been prepanetinvestigated. Nevertheless, materials
research is still going on, although it is focusimgpre on optimization of topology of
phosphor layers, morphology of phosphor particled degradation effects etc. However,
new concepts are still needed to obtain materiapassing the phosphors currently in use
[13].

1.7 Origin of the Problem

In a search for a new phosphor that can be usddwnvoltage field emission displays
(FEDSs), cathodoluminescence intensity degradatiomeoium doped strontium thiogallate
(SrGaS::Ce™) was investigated. In addition to a high vacuumspure, FEDs are designed
to give a good performance at low acceleratingagas € 1kV) and higher current densities,
in order to maintain adequate screen brightnesgh Hiurrent density often causes
degradation of the phosphor screen due to chawmptinig at the surface. Therefore, FEDs

phosphor should exhibit a good stability under tetecbombardment [37].
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In the present study, the CL intensity degradatidnSrGaS,;Ce®* was investigated at
different accelerating voltages and oxygen pressuineboth powder and thin film forms, the
effects of the prolonged electron beam exposurethen CL intensity degradation of
SrGaS::Ce** were investigated. The synergies between then@nsity degradation and the
surface chemical reactions were also investigaRrdvious studies on the properties of
SrGaS,:Ce** phosphor were on colour saturation and the braggrhence in this study the

focus is mainly on the chemical stability of theopphor.

1.8 Study objectives

« Investigation of the CL intensity degradation ofnpuercial SrGgS;Ce®
phosphor in powder and thin film forms.

«  Preparation of SrG&;Ce* phosphor thin films by pulsed reactive cross laser
ablation (PRCLA}echnique.

e Structural, morphological and chemical compositiomvestigation of
SrG@Sz;:Ce3+ powders and thin films.

1.9 Thesis Layout and experimental approach

The rest of the chapters in this dissertation matée following order:

* Chapter 2 deals with the theory of the researchrigaes used in this study. A
brief description of working principle for each beique is discussed.

* In Chapter 3, results on luminescent properties 464l PL), structural properties
(XRD) and morphology (SEM) of commercially availabBrGaS,:Ce** are
discussed.

» Chapter 4 discusses the results on the CL degosdatid chemical changes that
took place on the surface chemistry of the powdersphor during prolonged
electron irradiation.

» Chapter 5 gives a summary of the PRCLA depositiethod used to deposit thin
films of SrGaS,;.Ce* phosphor. The results on luminescent propertiésafi
CL), structural properties (XRD), and morphologye(®) of the films prepared

are also discussed.
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» Chapter 6 discusses the results on the CL degeoedatid changes that took place
on the surface chemistry of the thin films durihgcéron irradiation.
» Chapter 7 gives the summary of the thesis, cormtuand discussion on powder

and thin films and suggestions for possible fuitalies on this phosphor.

The objectives of this study listed above will lohiaved using the following techniques:

* PL for light emission by photon excitation.

« CL for light emission by electron excitation.

» XRD for structure and particle size analyses.

* SEM for morphology and size.

* AFM for surface topography.

» EDS for chemical composition of elements.

* AES for monitoring surface composition during delgton.

« XPS for surface chemical state.
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CHAPTER

THEORY OF RESEARCH
TECHNIQUES

(Principles of Operation)

Introduction

This chapter gives an introduction to the theoryreédearch techniques used in this study.
These include pulsed laser deposition (PLD) tealmjgpulse reactive cross laser ablation
technique (PRCLA), scanning electron microscopyMBE&tomic force microscopy (AFM),
Luminescence (photoluminescence and cathodolungnest spectroscopy, UV-Vis
absorption spectroscopy, energy dispersive x-ragcspscopy (EDX), Auger electron
spectroscopy (AES), x-ray photoelectron spectros¢8pS) and X-ray diffraction (XRD).
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Chapter 2 Theory of Research Techniques

2. 1 Pulsed Laser Deposition (PLD) Technique

Pulsed laser deposition is a physical vapour dé@pasprocess, carried out in a vacuum
system that shares some process characteristiaa@onvith molecular beam epitaxy (MBE)
and some with sputter deposition [1]. Shown in RdlL are PLD set-up and the stages
involved in the deposition process, starting frofmew the high energy laser pulse impinges
on ablation target. After the laser is absorbedhieytarget, a highly forward directed plasma
plume traverses away from the target and ablat@esgre collected on the substrate, thus,

leading to a thin film growth.

Substrate

Fig. 2.1Schematic diagram of a typical laser depositidrupg2].

In the PLD technique, a high power laser is usednaexternal energy source and is focused
on a target (a pelletized phosphor) mounted orntating sample holder. Upon contact with
the higher energy laser, the target will be ablatethe form of a plasma plume which will
subsequently be deposited on the heated subdB@atkground gases like,OArand N can

be introduced in the chamber to promote gas plesssions, surface reaction, or to maintain

the film stoichiometry [3].

2. 2 Pulsed Reactive Crossed-Beam Laser Ablation (PRCLAlechnique

Pulsed Reactive Crossed-Beam Laser Ablation (PRGt.A)simple but powerful adaptation

of pulsed laser deposition through which a syncizexhgas pulse crosses the ablation plume
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close to its origin, as shown in Fig. 2.2, incregsthe gas phase interaction and the
probability of reactive scattering, and also allogvthe resulting species to propagate freely

away from the localized scattering region [2].

In reactive PLD, a gas is introduced into the fgnowth chamber in order that the chemistry
of the growing film compensate for deficienciesabfated materials. For example Gupta and
Hussey used £to compensate for oxygen deficiency in their ekpent [5]. The use of a
synchronized pulsed gas source enables one tothmitelivery of gas to the time period

when transfer and deposition of ablated materialic[4].

Gas Pulse

Substrate

Gas Pulse

Fig. 2.2Schematic of Pulsed reactive crossed-beam lasati@bket ug?2]

Keeping the distance between the pulsed valve gagenand the ablation laser focus point
to less than approximately 10 mm, couples soménefiriternal and kinetic energy of the
ablation plume species to the gas pulse. Thatsistha plasma expands and propagates
through the gas pulse, which is a transient higisgure region, it transfers some of its energy
to the gas particles via collision [6]. Thus, thesiial collisions and the afterwards free

expansion provide and maintain the reactivity fananced film growth [4].

A fundamental advantage of using a gas pulse isdfter its interaction with the ablation
plasma, it rapidly expands into a vacuum, the ditabetween the gas particles increases,
and collisions become rare. Therefore, speciedezktiy the collisions that occur before the

pulse has expanded, maintain their reactivity &y tapidly enter collision-less conditions
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[7]. The potential advantages of reactive PLD cx@mventional PLD are well illustrated in
compound semiconductor growth. For example, filrhgshe IlI-V optical semiconductors
GaN, AIN, and InN have been grown by the use ofaltiettargets (Ga, Al, or In) in aNor
NH3 background [4].

It was observed that the purity of electronics gr&h metal, ammonia, and, N sufficient

for high quality film growth. Attempts were made goow GaN by reactive PLD using a
liquid Ga ablation target and were successful Withuse of a static NJas the ambient, but
only became possible with, Mt pressures of the order of’Ra. Later Phillip Willmot et al

[7], in their laboratories started growing GaN akidGa N using PRCLA at low average
background gas pressures. During their investigatioe following long standing problems
were resolved namely, (1) it was possible to groaN@nd AlGa N at low temperatures

without hydrogen-containing precursors, (2) andubing high purity material, the problems
associated with sintered ablation targets coulditoeimvented.

Modern excimer lasers commonly used for the proadsablation of materials are ArF
(193nm), KrF (284nm), XeCl (308nm) and @57nm). A XeCl 309nm laser wavelength
PLD system at Stellenbosdiniversity (Physics department) was used in theeciirstudy
(Fig. 2.3)to deposit thin films.

Fig. 2.3 The Pulsed Laser Deposition (PLD) machine at &tblbsch University, Physics
department.

22



Chapter 2 Theory of Research Techniques

2. 3 Photoluminescence (PL) Spectroscopy

In a PL system the sample is excited with a mormolatized lamp or a higher laser beam,
which is followed by the excitation during electraransition to higher energy levels and
emission of photons during transition to the grostate. Care should be taken to ensure that
the wavelengttselected does not cause sample decomposition. deintittht is directed by
focusing lenses and analyzed by means of a monmetion, which is followed by a photo-
sensor connected to a computer. From this probeeskinds of spectra, namely (1) emission
and (2) excitation spectra can be recorded [8, 9].

* When emission spectrum is taken, the excitationelemgth is fixed and the
emitted light intensity is measured at differentvel@ngths positions by scanning
the emission monochromator. For example, fixing éxeitation energy ahvy,
consists of a single band that peaks (emissiotieasame photon energy.

* When an excitation spectrum is taken, the emissionochromator is fixed at any
emission wavelength value while the excitation viewgth is scanned in a certain
spectral range. For example, setting the emissionochromator at fixed energy
h(v. — w), a single band is observedhat (emission) that is, after the second state

of the energy levels is populated [8].

Shown in Fig. 2.4 (a) is a typical experimentabhagement to measure photoluminescence

spectra.

(@)

L3 Sample cell

BExcitation \

monochromator

Xe lamp

emission
monochromator

Photo detector

Fig. 24 (a) A schematic diagram showing the main elements foeasuring

photoluminescence spectra [10].
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In this study, the photoluminescence (PL) (exatatand emission) spectra were measured
using Varian Cary Eclipse fluorescence spectropheter, shown in Fig. 2.4 (b), using a
monochromatized Xenon lamp (60-75W) as the exoitasiource whose wavelengths can be

varied on the whole UV region.

(b)
Fig. 2.4 (b) The Cary Eclipse Fluorescence Spectrophotometer atJitieersity of the Free

State, Physics department.
2. 4 UV-Visible Spectrophotometery

Absorption spectra are measured using UV-Vis spphtitometer. The main elements of the
simplest spectrophotometer of a single beam cordtgan are shown in the schematic

diagram in Fig. 2.5 (a). Some spectrophotometemnsisbof a double beam configuration.

Fundamentally, the spectrophotometer (single beamgists of the following elements: (1) a
light source (usually a deuterium lamp for the péatral range and a tungsten lamp for the
VIS and IR spectral ranges). Normally they are #mtl on the entrance to (2) a
monochromator, which is used to select a singlgueacy wavelength from all those
provided by the lamp source and scan over a deBiegdency range, (3) a sample holder,
followed by (4) a light detector (usually a photdtiplier for the UV-VIS range and a SPb
cell for the IR range) to measure the intensitg@th monochromatic beam after crossing the

sample. Lastly, a computer registers the absorsactrum [8].
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i Sample a
Adjustable ¢ | p 3 (a)
aperture -1 Amplifier
Lamp PR @ [\
Detector Display
Monochromator

Fig. 2.5(a) Schematic diagram of a single-beam spectrophotamikt]

Optical spectrophotometers work in different modes measure optical density (OD)
absorbance (A) or transmittance (T). Absorptionfladent can be determined by measuring

the optical density and the sample thickness (emuay.

According to Lambert-Beer Lawl = | ,€”, which gives an exponential attenuation law of
the light intensity |, relating the incoming ligiitensityl, (i.e. the incident intensity minus
the reflection losses at the surface) to the theésknx. The absorption coefficiemtis given
by:

oD 2.303(0D)

a= = " , 0D =log (IT") , Where (2.1)

xloge

a is an absorption coefficient of the materi@D is the optical density, the light intensity
and x the sample thickness. Well known optical nitages such as the transmittance and
absorbance are also measured using spectrophotsmBtey can easily be related to optical

density through the relation (equation 2.2).

T=10"0, T=2= and  A=1-10"?, A=1-2 (2.2)

Different numbers of problems are experienced waigingle beam spectrophotometer when
measuring, such as spectral variations and temparations in the illumination intensity.
These variations are attributed to the combineecesf of the lamp spectrum and the

monochromator response and the lamp stability ctisdy.
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Now, to reduce these effects, doi-beam spectrophotometers are used. In the d-beam
spectrophotometer (Fig. 2.5 (b)), the illuminatibgam is split into two beams of eq
intensity, which are directed toward a reference chaand a sample channel. Two simi
detectors (D1 and D2) detect the outgoing intessitiorresponding t,, and | respectively
Therefore, both the reference and sample beam féeeted by the temporaintensity
variations of the illuminating beam in the same nean But, these effects are minimizec
the resulting absorption spectrum. The two detsctdso introduce errors because of
usual norexact equal spectral responsTo eliminate the prokim, fast rotating mirrors a

introduced so that the intensityand | can be sent always to the same detectol

Slits » Samplechanne (b)
A N D1
Lamg

/\ I\ Beam Display

L\ I/ splitter
D2
Monochromatc ¥ »
mirror Reference chanr

Fig. 2.5 (b)Schematic diagram of a dou-beam spectrophotometer [12].

Shown below (Fig.2.5 (c)ls a UV-VIS spectrophotometer used to collect absorptiosh

transmittance spectrums.

Fig. 2.5 (c)Perkin Elmer Larbhda 950 UVVIS Spectrometer at the University of the F
State, Physics department.
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2. 5 X-Ray Diffraction (XRD)

X-ray diffraction is a rapid analytical techniquanparily used for phase identification of a
crystalline material and can provide informationuwmt cell dimensions. Now, is commonly
used to study the crystal structure and atomicispadt is also most widely used for the

identification of unknown crystalline materialsgeminerals and inorganic compounds) [13].

X-ray diffractometers consist of three basic eletsefi) an X-ray tube (cathode), (2) sample
holder and (3) x-ray detector. In a tube, x-rays generated by heating a filament and
electrons are produced. Voltage is applied to acatd the electrons towards a target and a
target is bombarded with electrons. When electnitb sufficient energy dislodge inner
shells electrons of the target material, charastierX-ray spectra are produced consisting of
the most common components, namelyad K. These X-rays are generated by a cathode
ray tube, filtered to produce monochromatic radiat{CuK, = 1.5418 A), collimated to
concentrate, and are directed towards the samplewis below (Fig. 2.6 (a)) is a simple

schematic diagram of a path followed by x-ray friova tube to the detector.

Distacar

(@)

Fig. 2.6 (a)Schematic diagram of diffractometer system [14]

The interaction of the incident rays with the saespgbroduces constructive interference, thus

giving diffracted rays (detected, processed andhimnl) when conditions satisfy Bragg’s Law
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(M = 2d Sin #). This law relates the wavelength of electromaigneadiation to the

diffraction angle and the lattice spacing in a talfme sample.

Scanning the sample through a rangetbéggles, all possible directions of the latticeldtio
be attained due to the random orientation of thedewsed material [13]. In this study D8
Advanced AXS GmbH X-ray diffractometer, shown irgFR.6 (b), equipped with Cu K

radiation was used.

(b)

Fig. 2.6 (b) D8 Advanced AXS GmbH X-ray diffractometer at the Unsig/ of the Free
State, Physics department.

2. 6 Scanning Electron Microscopy (SEM)

The scanning electron microscopy uses a focused béaigh-energy electrons to generate a
variety of signals at the surface of solid specint@gnals derived from the electron-sample
interactions reveal information about the samplduiding external morphology (texture),
chemical composition (when energy dispersive xgpgctrometer (EDS) is coupled in the
system), and crystalline structure and orientatibmaterials making up the sample [15]. In
generally, the electron microscope consist of &ctedn source, an anode, magnetic lenses,

apertures, specimen stage and image recordingmsydtef which operate in a high vacuum.
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The most common used electron source is the tumdséenent, but, they can be made of
different types of material. Heating the filameetectrons are produced which are in turn
attracted by the anode and accelerated down thancoko interact with the specimen.
Magnetic lenses are used to focus the electrotiseirtolumn and the apertures to filter out
electrons in order to produce a monochromatic be@herefore, monochromatic beam
interacts with the sample, this happens in manyswigpending on the type of the electron
microscope used. Detected interactions are cortvérte an image with the image recording
system [16]. Schematic layout of a typical SEMhswn in Fig 2.7 (a).

Elgctron aun

Lens—»3

A /Aperture

T Scan generator

Sean colls—FfF | | BEH [
Lens— i CRT display/

¢ Camera

Sample — |
L :
Electron L Amplifier

collector " High vacuum pump

(a)
Fig. 2.7 (a)Schematic diagram of a Scanning Electron Microgdtg]

In the SEM system, a set of scan coils moves thetrein beam across the specimen in a
two-dimensional grid fashion. When the electronrhesgans across the specimens, different
interactions take place which are decoded withousridetectors situated in the chamber
above the specimen. Some of the electrons fronstinkace material are knocked out of

their orbital by the electron beam, and are cafledondary electrons. These electrons are

detected by the secondary electron detector.
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Different interactions give images based on topplgyaelemental composition or density of
the sample. A SEM can magnify up to about 100 @®@g [16]. In this study two types of
SEMs were used namely Shimadzu Superscan SSX-586nsyand the PHI 700 auger
Nanoprobe (Fig. 2.7 (b) and (c)).

(b)

Fig. 2.7 (b) Shimadzu Superscan SSX-550 SEM at the Universitthe Free State,
Microbiology department(c) PHI 700 Auger Nanoprobe SEM unit at the Universifythe

Free State, Physics department.
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2. 7 Atomic Force Microscopy (AFM)

Atomic Force Microscopy (AFM) is a form of scannipgbe microscopy (SPM) where a
small probe is scanned across the sample to olstimirmation about the sample’s surface
[18]. AFM provides a number of advantages over eotional microscopy techniques. It
probe the sample and make measurements in threensiom x, y and z (normal to the

sample surface), thus enabling the presentatiothrefe dimensional images of a sample
surface [19]. The remarkable feature of this teghaiis the ability to examine samples not
only in an ultrahigh vacuum but also at ambientdittons or even in liquids [20]. Shown in

Fig. 2.8 (a) is the schematic layout of the atofaice microscopy.

Photodetector

Laser Beam

_ Cantilever

~ ™
v— Tip Atoms

1‘ Force

0000
000000000
\_ Surface Atoms )
(a)

Fig. 2.8 (a)A simplified layout of Atomic Force Microscopy [21]

The AFM probe has a very sharp tip, often less th@®A diameter, at the end of a small
cantilever beam. The probe is attached to a piezt@ scanner tube, which scans the probe
across a selected area of the sample surfaceationeic forces between the probe tip and the
sample surface causes the cantilever to deflettieasample’s surface topography (or other
properties) changes.
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A laser light reflected from the back of the cadr measures the deflection of the
cantilever. This information is fed back to a cotgpuwhich generates a map of topography
or other properties of interest. Areas as largatasut 100um square to less than 100 nm
square can be imaged [18]. AFM can work with tipetdiuching the sample (contact mode),
or the tip can tap across the surface (tapping ppaatewith the tip interaction with the
sample minimized (non-contact mode) [22]. In therent study the AFM images were
collected using Shimadzu SPM-9600 model.

(b)
Fig. 2.8 (b)Atomic Force Microscopy at the University of the Free &t&hysics department

2. 8 Auger Electron Spectroscopy (AES)

Auger Electron Spectroscopy (AES) is a techniquat firovides information about the
chemical composition of the outermost material cosipg a solid surface or interface. The
principal advantages of AES over other surface yaialmethods are excellent spatial

resolution (< Jum), surface sensitivity (~20 A), and detectionight elements [23].

In the AES, a primary electron beam is used totextie sample surface. When electron is
ejected from an inner shell of a sample atom tealtant vacancy can be filled by an electron

from an outer shell.
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To compensate for the energy change from thisitransan Auger electron or an X-ray is
emitted. Basically this technique measures theggnef electrons emitted from a material.
Therefore, the energy of the emitted Auger elecimharacteristic of the element from
which it was emitted. These auger electrons arectld and analysed and produce a
spectrum of Auger electron energy versus the x&aabundance of electrons. Auger
electrons have relatively low kinetic energy, whiaiits their escape depth. Any Auger
electrons emitted from an interaction below thefase will lose energy through additional

scattering reactions along its path to the surfa8g

2.9 Cathodoluminescence (CL) Spectroscopy

In this study, CL data was collected using the $20@ean Optics spectrometer type with
OOIBase32 computer software coupled with the PHydeh 549) Auger spectrometer. The
CL data were collected using the optical fibre vatte end connected to the spectrometer and
the other end positioned inside the chamber closiné sample. Catholuminescence is an
optical and electrical phenomenon where a beameatrens generated by an electron gun
impacts on a phosphor causing it to emit visibigti[24]. Shown in Fig. 2.9 is the AES

combined with the CL system used in this study.

Fig. 2.9PHI model 549 Auger Electron Spectroscopy (AES) coupled with the CL unit at

the University of the Free State, Physics departmen
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2. 10X-ray Photoelectron Spectroscopy (XPS)

X-ray photoelectron spectroscopy phenomenon iscbasethe photoelectric effect outlined
by Eistein in 1905 where the concept of the pheotas used to describe ejection of electrons
from a surface when the photons impinge upon iKa&(1486.6eV) or Mgl& (1253.6eV) are
often the photon energies of choice [23]. Essdmgtigdhotoelectron spectroscopy utilizes
photo-ionization and analysis of the kinetic enedgstribution of the emitted photoelectrons

to study the composition and electronic state efslrface region of a sample.

In XPS, the x-ray photon is absorbed by an atomn imolecule or solid, leading to ionization
and the emission of a core (inner shell) electrbime kinetic energy distribution of the
emitted photoelectrons (i.e. the number of emifdatoelectrons as a function of their
kinetic energy) can be measured using any apptepesctron energy analyser and a

photoelectron spectrum can thus be recorded.

The process of photo-ionization can be consideneskveral ways, one way is to look at the

overall process as follows
Ahw — A" +¢€ (2.1)

where A is the atom in a molecule or sohg the photon energy, ‘As the ionized atom and
e- an electron.

Conservation of energy then requires that:

E(A)Ry = E(AY) + E(€) (2.2)

where E represent the energy. Since the electem@gyy is present solely as kinetic energy
(KE) equation 2 can be rearranged to give the Votlg expression for the KE of the

photoelectron:

KE #v- (E(A") - E(A)) (2.3)
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The final term in brackets, representing the défere in energy between the ionized and
neutral atoms, is generally called the binding gnéBE) of the electron, this then leads to

the following commonly quoted equation:

KE hy — BE (2.4)

For each element, there will be a characteristidibg energy associated with each core
atomic orbital i.e. each element will give rise &o characteristic set of peaks in the
photoelectron spectrum at kinetic energies detexchiby the photon energy and the
respective binding energies. The presence of paagarticular energies therefore indicates

the presence of a specific element in the samplerustudy.

Furthermore, the intensity of the peaks is relatethe concentration of the element within
the sampled region. Thus, the technique provideguantitative analysis of the surface
composition and is sometimes known by the alteveatacronym, ESCA (Electron
Spectroscopy for Chemical Analysis) [24]. For cclieg data in this study the PHI 5000

XPS Versaprobe (monochromatic AlKines) system was used (Fig. 2.10).

Fig. 2.10 The PHI 5000 XPS Versaprobe (monochromatic cAllkhes) machine at the

University of the Free State, Physics department.
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CHAPTER

STRUCTURE, MORPHOLOGY
AND LUMINESCENT
PROPERTIES OF SrGa,S,:Ce**
POWDER

Introduction

Luminescent properties of strontium thiogallate edpvith cerium (SrG#&;:Ce**) have been
investigated since the late"18entury. In recent years an intensive study af thaterial has
begun because it is a very attractive photolumiease (PL), electroluminescence and
cathodoluminescence (CL) material for the visighectral range [1]. In this chapter, the
structure, morphology, absorption, photolumineseencand cathodoluminescence
characteristics of commercial (from Phosphor Tedbgy, UK) C&* doped SrGg& are

reported.
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3.1 Experimental procedure

The structure, morphology and luminescent propemiecommercial SrG&:Ce** phosphor
powder was examined. This phosphor shows brighé l@mission under ultraviolet (UV)
excitation. Measurements were carried out usingpumarcharacterization techniques such as X-
ray diffraction (XRD), scanning electron microcof$EM) and X-ray energy dispersive
spectroscopy (EDS). The XRD data was collected theerange 5° << 70° with a scan rate
(for 20) of 1° per second. The qualitative assessmerttsegbarticle morphology were carried
out using Shimadzu SSS-550 Super Scan coupledBlith

SEM images were recorded at a high energy voltageM) and backscattering mode was used
to minimize charging. Images were recorded at 8 d®@s, 20 000 times and 48 000 times
magnifications. EDS was performed on the lightaxirgrof the 48 000 times magnification
image. PL data was collected in air at room tentpezausing Varian Cary Eclipse
Fluorescence Spectrophotometer with a monochroethtiXenon lamp (60-75 W) and
cathodoluminescence (CL) data were recorded uskf® Ocean Optics Spectrometer. The
absorption spectra were recorded using Perkin Elragrbda 950 UV-VIS spectrometer. The
Labsphere Spectralon® Reflectance Standard ovexdirelength range of 250 — 2500 nm was

used as reference.

3.2 Results and Discussions
3.2.1XRD and SEM/EDS

XRD patterns of a polycrystalline powder obtaineahif the Phosphor Technology exhibited
orthorhombic structure of Sr@&, with diffraction peaks coinciding well with theastdard
data of JCPDS card No.77-1189 as depicted in Fig. Z3RD crystallography data of
SrGaS,:Ce™ lattices are listed in Table 3.1. The experimemtdlies of d-spacing compare
reasonably well with theoretical values as showmable 3.2. Fig. 3.2 shows (a) 8 000 times,
(b) 20 000 times and (c) 48 000 times SEM imageSrG‘<agS4:Ce3+ powder. In all the images,
the particles were not uniformly distributed aneyhhad irregular shapes. In addition, the
particles were highly agglomerated. EDS (Fig. 3P €onfirmed the presence of the major
elements, namely strontium (Sr), gallium (Ga) aalpisur (S). Carbon (C) was also detected

and is believed to be coming from carbon tape @isechounting the sample as well as oxygen
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which might possibly be coming from the chemisoripedisture. Kumar et al [2] suggested
that the origin of oxygen be studied with contrdllexidation experiments combined with
luminescence measurements in future. Chlorine {€lprobably from precursors used to
prepare this phosphor. €dons could not be detected most likely due torthelative small

concentration in the SrG8; host matrix.

I
3
Vl\ XRD spectrum

JCPDS file no. 77-1189

Intensity (arb.units)

|l L . II ol L.

| II 1l
1L 'll LU L

)
10 20 30 40 50 60 70
20 (Degrees)

Fig. 3.1X-ray diffraction pattern of the SrG& host lattice.

Table 3.1

Crystallographic data for SrG&, lattice

Phase Strontium Gallium Sulfide
Empirical formula SrG&,

Structure Orthorhombi

Space group B2“Fddd

Formula weight 55.22 g/mc

Lattice paramete

a (A) 20.932(6

b (A) 20.549(6)
c () 12.227(4)
o= [3: y:90°
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Table 3.2

h k | planes and d-spacing

h Kk I Calculated d-spac{Ay Theoretical d-spacing (A)
o 2 2 5.15 5.12
2 2 2 4.56 4.59
1 1 3 3.84 3.84
1 5 1 3.67 3.74
4 2 2 3.62 3.62
4 4 0 3.56 3.58
3 1 3 3.40 3.39
3 5 1 3.33 3.33
6 2 0 3.20 3.23
4 4 2 3.12 3.07
3 5 3 3.02 2.61
0 6 2 2.91 2.91
6 2 2 2.86 2.84
1 5 3 2.79 2.79
2 2 4 2.74 2.75
7 3 1 2.67 2.61
6 4 2 2.54 2.55
2 4 4 2.48 2.49
7 1 3 2.34 2.34
4 4 4 2.29 2.29
4 8 0 2.24 2.25
3 3 5 2.16 2.14
3 9 1 2.09 2.09
5 1 5 2.05 2.05
7 7 1 2.00 2.02
0 2 6 1.95 1.95
5 9 1 1.93 1.93
0 10 2 1.92 1.90
7 7 3 1.82 1.82
7 3 5 1.78 1.78
0 6 6 1.72 1.71
2 6 6 1.69 1.69
1 11 3 1.65 1.65
10 4 4 1.61 1.59
1 5 7 1.56 1.56
3 5 7 1.53 1.53
12 0 4 1.48 1.48
7 11 3 1.44 1.44
4 12 4 1.40 1.40
5 13 3 1.35 1.36
6 4 8 1.32 131
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Fig. 3.2SEM images of SrG&,:Ce** powder(a) 8 000 times(b) 20 000times and(c) 48 000
times andd) EDS spectrum.

3.2.2PLand CL

Fig. 33 (a) shows the PL (i) emission and (ii) excitatgpectra of the Sr;S;:Ce** powder
phosphor. The emissi@pectrum has two broad barpeaking at 444 nm (2. eV) and 485
nm (2.55eV) which are known to originate from radiativerséions 5d (g — 4f (*Fs;») and
5d (T — 4f (F+1) of CE" respectively. The inset is the etation spectra monitoring 444 n
emission and the excitation wavelength for thisssimn was 309 nm. The same were obta
when monitoring 485 nm emission peak. Fi.3 (b) shows the schematic diagram of thé*

energy levels. Cé emission is due tche electronic parity allowed transitions betweer*

(T2g configuration and the 4{F) configuration
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As the 4t configuration is split by sp-orbits interaction into two levef&s;, and®Fy;,, one
observes two emission bands shifted by ab40 meV and the Sctonfiguration is known t

split into two levels § and g in cubic crystal symmetry. The different sides whiare

occupied by the C& ions could contribute to the broadening of the pdak4].

200 309nm
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Figs. 3.3 (a)i) PL emission spect and(ii) excitation spectra of the Srg&:Ce** powder.(b)

Ce** energy levels(c) CL emission spectra at a base pressure of 1.2 Torr (2keV

Shown in Fig. 3.3 (c) is theL emission spectra recorded with the electron batt keV and
the vacuum pressure at 1.3 x® Torr. The CL spectrum has two broad bands 4 nm and
485 nm originating from the C* transitions stated above. The emission mechanisrhdth
PL and CLappeared to be the same. CL and PL spectra arel\clostching in terms of tr
wavelength and energy. However, a substantial lemmiag of the emission spectra
transitions from cathode excitation to pr-excitation was observed as well as the chan
the intensity ratio. PL spectrum gives more intepeak at the radiative transition (Tzg —

4f (>F75) while for the CL spectrum more intense peak iseobed at the radiative transition
(Tog) — 4f CFsp).

Always the high energy excitation sulates the host lattice and direct excitation af
luminescent center (activator) is only possiblenwitV radiation. Therefore, more chai
carriers (electrdrole pair) are generated during electron beamadnotien with the crystallin
solid or materibthan with the UV beam interaction. That is, Cbrfr phosphor is a result

the statistics made up of combination of mobileiees and the luminescence center
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Since C&" emission is in the 5d - 4f transitions, which &r®wn to be very sensitive to the
surrounding ligands because of the 5d states thadieectly exposed to the local environment
[6]. Because of this kind of behaviour which usydhlkes place within the band gap of the

matrix, a change in the shape, intensity and peakipns of the spectra is observed.

3.2.3UV - VISIBLE ABSORPTION

Fig. 3.4 shows the UV-Vis absorption spectra of &8a3Ce** powder. The absorption edge of
host SrGgS, is situated at about 300nm and these results prengously reported by Zhang
Xinman et al [7] and they calculated the band gagh faund it to be 4.07eV. The absorption
bands situated at around 200 ~ 350 nm may be wttdlto the host and the 4f 5d transition
of Ce - ions, while the absorption band in the rang8%8 ~ 400 nm may only be attributed
to the 4f— 5d transitions of C& ions [7].

1.0
z;odr‘nzwnm —SrGazS“Ce3+ powder
] /

__ 0.8
®
= ]
E]
o 0.6
s
8
€ 0.4
«
Qo
[
]
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0.0 —
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Wavelength (nm)

Fig. 3.40ptical absorption spectrum of commercial ceriurpatbstrontium thiogallate.

3.3 Conclusion

Commercially available SrG&;:Ce™* powder phosphor was successfully characterizeugusi
various techniques. XRD confirmed the orthorhomdtiticture of SrG#, that is consistent

with the standard JCPDS data. SEM images of theSi@&e** powder showed particles with
irregular shapes and EDS detected the presencheofmbjor elements. Both PL and CL

showed the broad emission peaks around 444 nm&,hdm which are due to &eransitions.
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CHAPTER

CATHODOLUMINESCENCE
DEGRADATION OF
SrGa,S,:Ce’** POWDER

Introduction

A primary focus of the current research in the aoéalisplay phosphors is directed towards
efficient phosphor development to be used in navergéion of low—voltage excitatiors (
5keV) for flat-panel displays such as field emissitisplay (FED). In the present study,
commercial SrGg&;:Ce** powder phosphor was investigated for possibleiapfibn in low
voltage FEDs. Cathodoluminescence (CL) propertiethis phosphor were investigated at
various accelerating voltages (1.5 - 2.5 kV) angigen pressures (7.5 x 10orr O, - 1.3 x
108 Torr) to determine their effects on the CL intgnsihen the samples were irradiated
with a beam of electrons at 2keV. X-ray photoetettspectroscopy (XPS) and Auger
electron Spectroscopy (AES) were used to analyzeltemical compositions and electronic

states of the elements present in S&&e>* phosphor before and after degradation.
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4.1 Experimental procedure

A combination of techniques such as (XPS), (AESY &L spectroscopy were used to
investigate the surface chemical changes and datypadof the CL intensity when the
SrGaS,:Ce* powder was irradiated with high energy beam of teters. The electron beam
current was maintained at 12 pA and the acceleratiitage was varied from 1.5 to 2.5 kV. The
Auger and CL data were collected in a vacuum chamiita a base pressure of 1.3 £1Dorr.
Afterwards the chamber was backfilled with oxygers go 7.5 x 10and 1.0 x 10 Torr. The
Auger and CL data were collected using the sammamyi electron beam. The PHI (model 549)
Auger spectrometer and S2000 Ocean Optics spedionvere used simultaneously to collect
the Auger and CL data respectively. The decreasbheoCL intensities of the 444 nm and 485
nm peaks of C& were monitored continuously for 8 hours

The XPS data were collected from both undegradadrédiated) and electron beam degraded
powder samples using the PHI 5000 Versa probe-SuguiSCA microprobe. Arion gun with

a sputter rate of about 85A/min was used to mirémibharging on the surface when using a
monochromatic All& radiation as the excitation source. A 25 W and&k\{®energy x-ray beam

at 100 um diameter was used to analyze Sr 3d, Gd 2p and S 2p binding energy peaks (pass
energy 11 eV, analyzer resolutien0.5 eV). Multipak (version 8.2) software [1] wased to
identify chemical elements and their electronitestaTo determine the residual gases present in
the vacuum chamber of the Auger spectrometer, uakigas analyses were performed by

Anavac-2 residual gas analyzer (RGA).

4.2 Results and Discussions
4.2.1 RESIDUAL GAS ANALYSIS

Residual gas analyzer (RGA) was performed to detertie different gas species which were
possibly present in the ultra high vacuum (UHV) robhar of the AES system. The basic
principle of RGA is to create a beam of ions frone tsamples of the gas molecules being
analyzed. This result in a mixture of ions whicle dater separated into individual species
through their charge-to-mass ratios. Fundamenta#ynples are irradiated with a high energy

electron beam and the molecules of the gases priesiie chamber will be ionized.
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Therefore, a hot emission filament generates thnizing electron beam and it is extracted by
means of an electric field [2]. The RGA spectraetakefore and after degradation at different
oxygen pressures are shown in Fig. 4.1. RGA meammts were performed before degradation
with the beam on and off and after degradation wlith beam on. Fig. 4.1 (a) shows the
intensities of different gases present in the UHMrmber before degradation when the Auger

vacuum chamber was at a base pressure of 1.3 Xt

iy a Ho M Electron beam off 144 b |\ Il Electron beam off 14= beam on at 1.3 x 10° Torr o) c
%5 - ( ) 2 B Electron beam on - ( ) - Electron beam on = beam on at 7.5 x 107 Torr o, z ( )
S (1.3x 10° Torr) .‘é1 24 (7.5x 107 Torr O, ) .'é'12- (After degradation)
.24' 3 Io) 3 N
2 810 2 £10- ’
2, co s s
231 28 28
‘0 7]
E co, | ¢ < 6
< H, CH,| ° 4 H, 4+ HO , ° 4 co
vt > 2
m1 T =1 -
14 w2 % 2‘
& ¢
’ ' ' ' ' 0 ' ' | ' | it - E 0 40 80
0 1 20 30 50 0o 10 30 40 60
Atomic Mass Unit Atomic Mass Unit Atomlc Mass Unit

Fig. 4.1RGA spectra taken before degradation in an Auge¥ dHamber of a pressure (H)
1.3 x 10° Torr and later backfilled with oxygen {b) 7.5 x 10’ Torr O.. (c) RGA results after

degradation with the electron beam on at varioyg/er pressures.

RGA spectra shown in Fig. 4.1 (a) above, confirnieel presence of residual gases such as
hydrogen (H), carbon monoxide (CO), carbon dioxide (J:Qvater vapour (kD) and methane
(CHy) in the vacuum system. An increase in the intgrefitH,, CH, and CO gases was observed
as the electron beam was switched on and a deciredbke intensity of KO and CQ. It is
believed that during the interaction of the sampiéh the electron beam, surface chemical
reactions take place and this phenomenon can blailegg by an electron stimulated surface
chemical reactions (ESSCR) model proposed by Halloet al [3]. According to this model, the
electron beam can ionize these gases into mord¢ileapecies resulting in the formation of new

compounds following chemical reactions betweervtiiatile species.

Fig. 4.1 (b) shows the RGA spectra taken after erygas leaked into the system. The chamber
was backfilled with oxygen to 7.5 x 10Torr G,. The same gases detected previously at a base
pressure were still present except for additionalozpheric gases such as Ar, &hd Q. The
results in Fig. 4.1 (b) indicate the lower intep$dr gases when the electron beam is off and an

increase or higher intensity of the gases wherb##an is on. The increase in the concentration
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of the gases when the beam is switched on is duketale-gassing from the sample material
(SrGaS::Ce™) during its interaction with the beam of electroBfiown in Fig. 4.1 (c) is the
relative RGA results for measurements taken afégrablation at a base pressure of 1.3 % 10
Torr and oxygen pressure of 7.5 X“IDorr O, with the electron beam on. It is evident from Fig.
4.1 (c) that all gases that were present at a passure of 1.3 x T0Torr (Fig. 4.1 (a)) before
degradation when the beam was on decreased irsitytexiter degradation, except for a small

amount of Ar gas which was detected.

At 7.5 x 10’ Torr O, pressure, no changes were observed jnakd HO intensity after
degradation as compared to before degradation Wieeheam was on (Fig. 4.1 (b)) and as for
CH,; and CQ a slight increase was observed. A fairly largeréase in @ intensity after
degradation was observed and a decrease intdhsity as well as a slight decrease in Ar gas
intensity. A general increase was observed fogadles after degradation at 7.5 X’ Iorr Oy
pressure than to gases at base pressure (1.3 Xdtf) as shown in Fig. 4.1 (c). This is due to
desorption of oxygen containing species in theesysas a result of reaction of ®@ith element
such as C and S forming volatile €&nd SQ.

Although there was a decrease in the intensithefwater vapour at a base pressure (1.3% 10
Torr), it is apparent from all spectra that the amtoof water vapour still dominates other gases
in the chamber. The electron beam can break upHt#@® molecules into 2Hand O ions,
thereby creating a high concentration of re-actit@mic species at the surface of the phosphor
material. These species may combine chemicallyrdoupto the ESSCR model and form new
compounds that can decrease the CL intensity osgittr materials, thereby accelerating
degradation process [4]. That is, 2End Oions can react with sulfur (S) from the target

material or adventitious carbon (C) from the chambdorm gases such as$land CQ.

4.2.2 CL INTENSITY DEGRADATION

Fig. 4.2 (a) is the AES spectrum recorded beforeadter degradation at an oxygen pressure of
7.5 x 10" Torr. The Auger peak positions of individual elett{e) detected on the surface are
clearly indicated. In the low energy region 40-10 the Sr and Ga MNN Auger transitions

overlap. A change in peak shape for Sr Auger ttems could, however be observed after 500

C.cm? of electron dose after ageing as indicated irstaed alone inset figure in Fig. 4.2 (a).
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A decrease in the surface oxygen concentratiorthegevith the removal of adventitious C was
also observed. A significant decrease in S aftgratkation was observed due to its high
volatility. The AES observations correlates witle thuger peak to peak heights (APPHs) shown

as a function of electron dose in Fig. 4.2 (b).
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Fig. 4.2 (a) AES spectra of SrG&;:Ce®* powder before and after ageifflg) APPHs as a

function of Coulomb loading at 7.5 x 1@ orr O, pressure (beam voltage = 2 kV).

The CI present is properly from precursors usegrépare the sample. Cu peaks detected at
positions 775, 845 and 920 eV arises from the CQup$a holder. The presence of Cu peaks
before and after degradation clearly indicates thatelectron beam was not hitting directly on
the sample, but small portions of beams were atstoathe sample holder. In order to avoid
charging, the incident beam is not placed direatlthe sample. Thus, some of the electrons will
fall on the holder. The Auger spectrum recorde@raélectron beam ageing shows a non-
distinctive emergence of the low energy Ga peaktdube admixture with Sr Auger transitions
as mentioned above. For the high energy Ga Augeklik&nsitions before ageing located at
1067 eV, a shift of 3 eV as well as a decreas@enpeak height was observed after the ageing

process suggesting charging to be taking plach®@surface.

The APPHSs in Fig. 4.2 (b) show a slight increas®inp to 150 C.cfiloading which thereafter
gets stabilized. This may be due to the volatilear®i C atoms coupling under electron
stimulation with the chamber,@o form S-O and C-O molecular species which l&aves the
system. RGA in Fig. 4.1 (b) reveals that the reglidias level inside the chamber was dominated
by N, in the background atmosphere before ageing andu@ng ageing while leaking £nto
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the vacuum chamber together with traces fH4O, CO and C@species. Dissociated surface-
physisorbed molecular species (e.g:OHH, or O,) by the electron beam are converted to
reactive atomic hydrogen and oxygen, which combhiftt S and C on the surface, forming
volatile sulfur and carbon compounds, such ag 8®,S, CO or CQwhich desorbed from the

surface [5].

Degradation was also performed at 1.3 ¥ Torr and 1.0 x 10 Torr O, pressures and the
results exhibited similar trend of Auger peaks obse at 7.5 x 10 Torr O, except for oxygen
(O) which was observed to be increasing at a bassspre of 1.3 x I0Torr due to large
percentage area contribution observed from the &8 of oxide layer formed on the surface at
this pressure. In addition, at base pressure (18%Torr) the degradation was done by
changing the beam voltage from 1.5 to 2.5 kV aildr&t drastic changes were observed on the

trend of major elements (Sr, Ga and S).

Fig. 4.3 (a) shows the CL spectra recorded befoceadter ageing at oxygen pressure of 7.5 x
107 Torr with 2 kV electron beam. The effects of vasmxygen pressures were investigated on
the degradation characteristics of the $Ez&€’* powder phosphor. Fig. 4.3 (b) compares the

decrease in the CL intensity as a function of etectiose at different vacuum pressure.
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Fig. 4.3 (a)CL emission of the SrG&;:Ce*" powder before and after ageing at 7.5 X Torr
0.. (b) Normalized CL intensity as a function of electdnse of SrG#:Ce® powder at

various oxygen pressures.

The CL emission spectra, as shown in Fig. 4.3 &s)tivo broad bands with maxima at 443 nm

(2.79 eV) and 485 nm (2.55 eV) which are well kndwmriginate from radiative transitions
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5d (Tyg) to 4f CFs) and 5d (B to 4f CF71) respectively of the Cé& ion. In Fig. 4.3 (b), are the
normalized CL degradation curves against the elaaose at various oxygen pressures. Almost
the same pattern of CL degradation curves were rebdefor the degradation of the
SrGaS::Ce** powder performed at 1.3 x 20orr and 7.5 x 10 Torr O, pressures. The decrease
of the CL intensity degradation was observed tdase at a base pressure (1.3 2 Irr) and
fastest at 7.5 x 10Torr O,, but a rapid decrease in the CL intensity wittie first few seconds
was observed at 7.5 x “10Torr O; and thereafter the intensity continued to decremise

increasing electron dose.

In this study, the rate of degradation was not @& base pressure as anticipated, instead it was
observed to be slowest at 1.0 X’I0orr O, which indicates a different nature of reactiongtun
surface. From the APPHSs taken at 1.0 X Torr O, which is the same as the one shown in Fig.
4.2 (b), initially there was an increase in boté 8r and O content in the same region up to 150
Clcnt electron dose signifying the formation of SrO dager. After this region a decrease in Sr
content was observed indicating a loss of Sr bonde®r-S and Sr-Sr species of SpGa The
same observation is correlated to the XPS 3d speftSr from Fig. 4.4 (a) and (d) where SrO
was detected in trace amount before degradatiotededdeveloped into significant contribution
(24.3%) after degradation at positions 135.2 eV 48d.0 eV respectively. The XPS (Sr 3d
spectrum) results at base pressure (1.3%Tdlr) revealed a prominent percentage (37.6%) of

formation of SrO after degradation.
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Figs. 4.4 (a)Ageing characteristics at various acceleratingage at a background pressure of
1.3 x 10° Torr and(b) Auger profiles of @ recorded before and after ageing with different
accelerating voltage of primary electron beam aeljaressure of 1.3 x fororr. (c) Linear fits

for the SrGaS;:Ce** powder at 1.5 and 2.5 kV electron beam voltage.
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The effect of different anode voltages on the snatality of CL output was also monitored and
the results are shown in Fig. 4.4 (a). Since, ferational voltage requirements of FEDs have
changed from low voltages: @ kV) to moderate voltages (2-10 kV), because mananotube
(CNT)-FEDs use higher voltage e-beams than SpypH-t—-EDs, it becomes imperative to
observe the CL ageing behavior on the high and dmle of the limiting value of the anode
voltage (i.e. 2 kV). It can be seen from Fig. 484 that at 2.5 kV the phosphor requires more
than 500 C.cf of Coulomb loading to decay to 50% of its init@lL output whereas at other
beam voltages, a severe degradation rate is oliseiMeis is attributed to the charging
phenomena as depicted (Fig. 4.4 (b)) from shithenminimum of the derivate Q\uger signal

before and after the ageing process.

Also the role of ionization cross section cannotlbaied in the present case [6]. A new electron
distribution results from the collisions of eleatsowith gas molecules or atoms. A collision
occurs when the electron passes within a charatitearea around the particle known as the
total cross sectionr. With each collision, the electron may lose somergy AE and become
scattered at an angbeaway from the initial direction. This effect commy called as skirting is

resolved at higher accelerating voltages and n@y dbwn the rate of degradation.

Shown in Fig. 4.4 (c) are the plots of the slopkthe CL intensity degradation curves only at
1.5 and 2.5 kV beam voltages with a pressure ok118% Torr. The slopes of the curves were
determined using the Origin 6.0 software. In Tahlk (a) and (b) is the CL degradation curves

life-times parameters at various oxygen pressurdsaacelerating voltages.

Table 4.1 (a)
PRESSURE (Torr) 1.3x%0 1.0x10 7.5x10
LIFE-TIME (hrs) 19.1 41.9 14.6
(b)
BEAM VOLTAGE (kV) 1.5 2.0 2.5
LIFE TIME (hrs) 19.2 29 41.1
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The CL degradation curves were fitted using logamit scale linear fit whereby the intensity of

the luminescence is given by:
log (i) = —% , Where (4.1)

I, is the initial CL intensity] is the CL intensityg is the relaxation time, a constant for the
material and is the time. After time t, the intensity of tharlinescence is reduced fragto |.

Equation (1) can be written as:

_t
L=/ 4.2)

Taking the logarithm on both sides, we get:

logl =logl, + (_Tl)t (4.3)
Equation (3) can be re-written as:

y = ¢ + mx (4.4)
whereby, m = _71 and c = logl, (4.5)

Looking at the calculated half-life times in Talldl (a), it is evident that at 7.5 x 10orr O,
(14.6hrs) and 1.3 x 10 Torr (19.1hrs) pressures, the decay times valueee vghorter in
comparison to the pressure 1.0 x’'10orr O, indicating a rapid degradation rate at these
pressures. In Table 4.1 (b), the half-life timesge from smaller value (19.2hrs) at lower
accelerating voltage to a higher value (41.1hrshatased accelerating voltages showing that

as the electron beam voltage is increased, thefatecay with respect to time becomes slower.
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4.2.3 XPS ANALYSIS

The XPS results for undegraded and degraded sp&isS@S,:Ce®* powders are shown in Figs.
4.5 (a) to (f). The XPS 3d spectrum of Sr (undegdadshown in Fig. 4.5 (a) has two peaks of
Sr-S and two peaks of Sr-Sr and/or Sy®0nds, 3¢, and 3d,; existing within the SrG&,:Ce
phosphor. The metallic bonding may be arising fitbm interstitial Sr or surface terminated Sr
sites. After the ageing process additional sigrastaorresponding to Sr-O bonding belonging to
the SrO compound are observed together with a dsere the Sr peaks of SiSa(as evident
from the decrease in their relative contributioif)e 2p, component of S-Sr and S-Ga bonding
in SrGa$, is represented by a peak at 160.2 eV and 162.5 e\ftébedectron bombardment
respectively. After ageing, a noteworthy (althougdry small) change that appeared on the
surface was the appearance of the S peak at 16€oe¥sponding to the S-Sr bonding in a
SrSQ compound [1].
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Figs. 4.5 (a-f)XPS high resolution scans and fitting results (&arb & c) undegraded regions
(before ageing) and (d, e & f) degraded (after mgleregions of the SrG&;:Ce** powder
phosphor.
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For the Ga XPS spectra before and after degradatiaobserved that the metallic Ga sig
disappeared after the degradation and also th&veeleontribution of G-S bond inSrGa$,
increased. This observation correlates with thghsldecrease in Ga APPHSs Fig. 4.2 (b)
during electron bombardmerit.was previously found that oxygen ions substisaene of the !
ions that form a bonding with the Ga ion in iISrGaS, matrix itself [7] So the G-O bond
comes from the lattice itself. Overall, from the XResults it is clear that ESSCRS occurre(
the surface whereby SrO and traces of & formed under electron bombardment in th,
ambent. The product from the bei-gas and the signaias interactions may modify the
reactions or even initiate new reactions. The preseof norluminescent Sr may well

contribute to the loss in CL brightne

Depicted in Fig.4.6 is an illustration of possilblgeing mechanism of the S1,S;:Ce** powder
during the degradation process in the presencayafem.

Electron beam

<
<<
PR

m}smww

Phosphor

Electron stimulated surface SrGa,S,+ 20,57 SrS0,,*Ga, Sy
chemical reactions (ESSCR)

PEEPEIIE P44
PEEPEIE I 4s

$44444 444444444
SrGa,S,.Ce™

Fig. 4.6 lllustration of possible chemical reaction(s) takiplace on the surface according
ESSCR.

During the interaction of the electron beam witle tlarget material (Sr(,Ss:Ce™), surface
reactions takelace, thus resulting in new layers (-luminescent and less luminescent) forr
on the surface which are known to stimulate dedradgrocess and decrease the CL inter
[8]. In this study, oxygen induced layers h as SrS@ SrO and G#; were formed on th
surface as revealed by the XPS. Equations belenpassible hareactions by which thes

formations can form:

258 SC2 > SISQ oo AH = -1453.1kJ/mol
258 07 5 SIO i AH = 592.0 kJ/mc
Ba2CT 5 G035 coeeeee e AH =-1089.1 kJ/mc

Enthalpes of formations [9] al also shown and all values are negative suggeshiagthese

reactions are thermodynamically possit
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4.3 Conclusion

It can be concluded from the present work that mioyshemical reactions occurred on the
surface of the SrG&;:Ce®* powders under prolonged electron beam bombardriiéetageing

characteristics were found to be dependent on tireapy beam accelerating voltages. By
allowing G, gas around the specimen, the number and typeaofioas are multiplied leading to

a faster ageing process.

Numerous factors such as scattering of the prirb@gm, modification of the gas due to the
creation of positive and negative ions, dissociapooducts and excited molecules aiding to the
formation of volatile surface entities, constit@ed govern the overall ageing mechanism for

SrGaS, phosphor. An SrO surface overlayer formation éadly indicated.

The study brings forth two important requisites ttoe applicability of this phosphor in displays:
(a) the use of low to moderate (2-5 kV) electroarheexcitation and (b) a surface protection to

inhibit the growth of non-luminescent oxide andatd layers.
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CHAPTER

SrGa,S,:Ce* THIN FILM GROWTH,
STRUCTURE, MORPHOLOGY,
TOPOGRAPHY AND LUMINESCENT
PROPERTIES

Introduction

Thin films of SrGg&;:Ce* phosphor are promising for full colour electrolurastence (EL)
and field emission displays (FED) because of thesphor's good optical properties [1].
These films were previously prepared using seveifédrent techniques such as Rutherford
sputtering (RF), molecular beam epitaxy (MBE), taac multi-source deposition (MSD),
deposition from binary depositions (DVB), reactmeltisource deposition and Pulsed Laser
Deposition (PLD). In this study, luminescent prdjger of thin films of SrG&:Ce*" phosphor
deposited on Silicon (Si) (100) substrate usingsedlreactive cross laser-beam ablation
(PRCLA) technique are reported. The structure, rholpgy, topography, as well as the
photoluminescence and cathodoluminescence chaistitsrof SrGaS;Ce* thin films are

also reported.
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5.1 Experimental procedure

Silicon (Si) (100) substrates were first cleanethi'diMTECH SCIENCE KIMWIPES obtained
from Kimberly Clark Professionals. A pellet with2ad cm diameter and 6 mm thickness was
prepared by pressing the SeSaCe** powder for 1hour at a pressure of 1.96 X fidbar. The
pellet was then annealed for 6 hours at 600°C teayne in vacuum to improve its hardness. It
was then mounted on a rotating holder lying diagjgria a heater on which Si substrates were
mounted for ablation. The distance between thestaagd the substrates was maintained at 4 cm

during the deposition of each film.

The Lambda Physik EMG 203 MSC 309 nm XeCl excinaset was used to ablate the target.
The film growth was carried out in a chamber whigs first evacuated to a base pressure of 8 x
10° mbar before backfilling to pressures of 1.0 £ hbar Ar and 1.0 x I®mbar Q, where Ar

and Q were used as pulse cross gases. The films weresiteg at different substrate
temperatures ranging from 400°C to 600°C with 28 &@d 57 600 pulses respectively. The
laser beam was operated at 8 Hz repetitive rate.stbstrate temperature, number of pulses and

the working pressure were varied during the prejmaraf the thin phosphor films.

Characterization of the films was carried out watdanning electron microscopy (SEM), atomic
force microscopy (AFM) and x-ray diffraction (XRD)Cathodoluminescence (CL) and
photoluminescence (PL) data were recorded with @ZD€ean Optics Spectrometer and Varian
Cary Eclipse Fluorescence Spectrophotometer ragpictAuger electron spectroscopy (AES)

was used to analyze the elemental (chemical) coitiqros

5.2 Results and Discussions

5.2.1XRD

Figs. 5.1 (a), (b) and (c) shows the XRD pattemng the Miller indices of the SrG&:Ce**
films prepared at different substrate temperaturesnber of pulses and cross pulse gases
respectively. A highly crystalline SrG&, layer was observed at the growth temperature of
400°C. From the comparison with the standard povwpddétern of SrGg, (JCPDS file no. 77-
1189) all peaks as indicated in Fig. 5.1 (a)-(igrevfound to belong to orthorhombic SpGa

crystal structure, except for an identified impupeak (marked x) at®= ~ 47.
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The diffraction peak (10 4 4) became more strongoaspared to the (10 4 4) powder diffraction
peak in Chapter 3.
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Fig. 5.1 The XRD diffraction patterns of the SrgsaCe’ films deposited at differenfa)

substrate temperaturgb) no. of pulses, anft) cross pulse gases.

A preferential growth along the orientation (0 6A2)s observed when the substrate temperature
was increased to 500°C and 600°C. In addition, lseighatures of (3 9 1) and (3 7 5) peaks
which also belong to the orthorhombic Sg&gcrystal structure were detected. Similar resudts a
the once observed at 4@ and 508C substrate temperatures were reported by Hannele
Heikkinen et al [2].

The XRD patterns in Fig. 5.1 (a) shows that thenfijrowth is sensitive to the substrate
temperature. The intensity of the (0 6 2) peak wlaserved to increase with an increase in the
substrate temperature fromydsirate= 400°C to Tupstrate= 600°C. These results also indicate that
crystallinity can be achieved even without postafion annealing. K Tanaka et al [3]
investigated the crystallinity of Srg&:Ce** thin films grown on quarts glass substrates by
MBE technique. The films were grown at substratmperature of 400°C to 600°C. They
reported a gradual decrease in the XRD peak i{easiTsypstrate™> 600°C and Jipstrate< 500°C
and found the best substrate temperature for S@sowthto be around 560°C. T. Yang et al
[4] reported the same substrate temperature dsetftdor SrGz5, films growth.

Shown in Fig. 5.1 (b) are the XRD patterns of th€&5S,:Ce’* films deposited at 28 800 and
57 600 numbers of pulses. A perfect match of thekpd4 0 4), (1 11 3), (1 5 3) and (10 4 4)
corresponding to the diffraction of Sr{sa powder phosphor were observed in both films. The

peak along the orientation (10 4 4) was again eeskein both films to be very intense.
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The diffractions peaks along the (0 2 2), (1 5(4)2 2), (0 6 2), (6 2 2), and (4 6 6) orientations
became weak as the number of pulses were increaaséd 600 (Fig. 5.1 (b)—(v)) with the

broadening of the (0 6 2), (4 2 2) and (4 0 4) ggabbably due to poor crystallinity. The (1 5 7)
and (7 11 3) peaks became strong as a result tdasing number of pulses. It was therefore
concluded that an increase in number of pulsestafae phase purity of the material, in turn

disrupting the crystallinity.

Fig. 5.1 (c) shows the XRD patterns of Sg&dfilms deposited in Ar and £environmentThe
peaks corresponding to the diffraction of Si&awvere observed (Fig. 5.1 (c)-(vi)). The main
peaks (4 2 2), (4 0 4) and (0 6 2) of Sg&abecame weak in Lenvironment and were less
crystalline and the peak along the (4 0 4) oriémtatvas observed to become stronger but still
with poor crystallinity. The strong peak along tireentation (10 4 4) was again observed in this

case.

5.2.2 ELEMENTAL COMPOSITION AND PARTICLE MORPHOLOGY

Fig. 5.2 (a) shows the SEM image of the surfacéhefSrGaS;:Ce’* film deposited at 40

substrate temperature. The image shows a smopthwiith small and bigger spherical particles
distributed unevenly on the surface. Similar motpbp was observed from the SEM images of
the films deposited at different conditions. Shawifrig. 5.2 (b) is the Auger survey spectrum of
the same film. All major elements of SiSaCe’* were detected from all the films. In addition,

atmospheric O and C were also detected.

(b) T, =400°C

Counts per seconds
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[
=

300 600 900 1200 1500 1800 2100
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Fig. 5.2 (@) The SEM micrograptand (b) Auger survey spectrum of the SESaCe® fim

deposited at 400°C.
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5.2.3 SURFACE TOPOGRAPHY

Figs. 5.3 (a) — (c) and (d) — (f) show respectivibly AFM images of the films deposited at the

substrate temperatures of 400, 500, and@@&fore and after annealing at 70 vacuum.
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Fig. 5.3AFM images for the unannealed SgSaCe®" films prepared ata) 400°C,(b) 500°C,
(c) 600°C respectively. Images {d), (e) and(f) show the respective annealed films in vacuum

at a temperature of 700°C.

At 400°C (Fig 5.3 (a)), the film was smooth with uneveastubution of few spherical particles
of different sizes on the surface. After annealjfgy 5.3 (d)) the surface became rough with
increased number of spherical particles on theasarf The smooth surface with steps was
observed at 50C as depicted in Fig. 5.3 (b), with few non-unifoaylindrical particles of
different sizes. Annealing the film (Fig. 5.3 (e@sulted in fairly rough surface covered
completely with nano-rods like particles. The scefdbecame rough at 6 (Fig. 5.3 (c)), with
big particles and after annealing (Fig.5.3 (f)) ttmughness and the number of cylindrical
particles on the surface layer increased.
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Root mean square (rms) values of the unannealed fifere measured by AFM. For the film
prepared at 400°C with 57 600 number of pulsesyitige value was 16.5 nm while that of the
film deposited with 28 800 pulses was 35 nm. Ithisrefore clear that the surface roughness
decreased with increasing number of pulses. Thisagaribed to the increase in the thickness of
the film’'s layer as number of pulses were increaiaas improving the film’s homogeneity and

planarity [5].

5.2.4 PHOTOLUMINESCENT PROPERTIES

PL spectra of the unannealed films deposited &réifit parameters are shown in Figs. 5.4 (a-c).

250

@ sar,)-arcF,) —600°c|  180{(b) 4280m —— 28800 pulses| (© ——600°C (Ar)
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Fig. 5.4 PL spectra of the as deposited Si&aCe** films prepared afa) different substrate

temperatureqb) different number of pulses, afd) in Ar and Q atmospheres.

Shown in Fig. 5.4 (a) are the PL emission spedraHe films deposited at 400, 500 and €00
respectively. At 40%C, one broad emission band that can be fitted twith Gaussian peaks
according to the two Cé emission peaks which are known to originate fromdiative
transitions of the 5d &) — 4f (Fs2) and 5d (k) — 4f (Fz12) was observed.

As the substrate temperature was increase t6C508 broad band with a small shoulder at
approximately 485 nm was observed and a slight glfithe emission peak to the right as
indicated in the figure. In addition, the film degited with Tupsraie= 400C was more intense
than that deposited withskstrate= 50FC. A further shift to the right was observed frdme film
deposited at 600°C substrate temperature in Ar spimere. The resulting spectrum resembles
the C&* emission in SrS host [6]. While the possible pbastating to SrS were not detected in
the XRD data, the X-ray photoelectron spectrosq{3S) data discussed in Chapter 6 (section
6.2.2) confirmed that SrS was formed during theod#@n process. SrS was most probably
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formed on the film surface from the chemical reactbetween the laser ablated*Sand $
species.Note that the well known two emission peaks assediwith the crystal field splitting

of the C&" were clearly resolved and were observed at 478&nch527 nm. Similar results
were reported elsewhere [7, 8]. Generally, the stfting of the emission peaks was
simultaneous with increasing substrate temperatar€ig. 5.4 (b) is the comparison of the PL
spectra for the depositions done at 4@DBubstrate temperature varying number of pulses. O
broad peak showing blue emission coming froni'@ensitions was observed at 28 800 pulses
and at 57 600 pulses. A slight shift of the emisgeak in comparison to PL at 57 600 pulses as
indicated in Fig. 5.4 (b) was observed suggestiregahange in bonding of the SkSaCe™
elements during the preparation of the film. Iniadd, the film deposited with 28 800 pulses
was more intense than that deposited with 57 60&epyFig. 5.4 (b)) as expected from a thicker
layer obtained from the increase in the numberutdes.

Fig. 5.4 (c) shows PL spectra for the films depabih Ar and @ atmospheres. An intense PL
emission was obtained from the film deposited & Aln gas environment and a less PL emission
was observed from the film deposited in §as. Since O is highly reactive, a possibilityaof
chemical reaction of strontium with oxygen to fomon-luminescent SrO layer must be taken
into account, thus affecting the stoichiometry nibar interface and causing a reduction in the
film’'s PL intensity. This was later confirmed by RRlata discussed in Chapter 6 whereby SrO

overlayer was formed when degradation study wafepeed on the film.

The effects of annealing at 7D on the PL properties of the films deposited dfecént
substrate temperatures were investigated. DepictEd)s. 5.5 (a-c) are both unannealed and the

annealed PL spectra of the films deposited atrdiffesubstrate temperatures.
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478nm____ pnnealed | __ A\ —Annealed 478nm  —— Annealed
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= : T, = 400°C £600- T,=500C 2 § T, =600C

g g 3 400 :
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2 2 8200+
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Fig. 5.5Unannealed and annealed PL spectra of the SiGE" films prepared ata) 400°C
(b) 500°C and(c) 600°C.
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Annealing films deposited at 48D and 500C (Figs. 5.5 (a) and (b)) resulted in the spectra
resembling the G& emission in SrS and the PL intensity was increased0(C two resolved
peaks at 478 and 527 nm were observed after angeatid at 5RC with the identification of
the small and very wide 527 nm peak. The 527 nnulsleo disappeared at 6 and no further
shift was observed at this substrate temperaturgerferal increase in PL of all annealed films
observed can be attributed to the increased rosghokthe films observed after annealing in
AFM images (Figs. 5.3 (a-c)) with 58D film giving the highest PL intensity. Note thashift

to red emission was due to the formation of SrSnduthe deposition process as confirmed by

XPS results.

5.2.5 CATHODOLUMINESCENT PROPERTIES

In Fig. 5.6, the CL emission spectra for the SE&z&€’" films deposited at different parameters

are shown.
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Fig. 5.6 CL emission spectra of the SiSaCe® films deposited a(a) various substrate

temperature(b) different number of pulses afcd) in Ar and Q atmosphere.

For the film deposited at 480 in Fig. 5.6 (a), two broad emission peaks aro&#8 nm and
485 nm which are due to &eradiative transitions were observed. This film ieited the same
pattern as the CL emission of SgSaCe®* powder phosphor obtained in Chapter 3 (Fig. 3.3
(c)), suggesting a successful stoichiometry transfethe target material at this substrate
temperature. The film (46Q) showed a pure blue CL emission with the peathatradiative
transition 5d (g — 4f ®F7) being less intense. A low CL intensity was obe¢airat this
substrate temperature due to the low depositiopéeature of the substrate. At 5G0one broad

peak was observed and two broad peaks around 4&hdra33 nm at 60G.
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In Fig. 5.6 (b) are the CL emission spectra fofedédnt number of pulses. Both the spectra
showed two broad peaks around 443 nm and 485 nording to the C& emission. Shown in
Fig. 5.6 (c) are the films for the depositions iffadtent gas atmospheres. For the film prepared
in O, two broad peaks around 440 nm and 485 nm wereradd with low CL intensity as in
indicated in the inset (Fig. 5.6 (c)). In Ar thénfishowed SrS:Cé emission with relatively
higher CL intensity.

Again there was a red-shift of the emission pealth Wwcreasing substrate temperature.
Consistent with the PL data, the highest CL intignsas observed from the film deposited with
28 800 pulses as shown in Fig. 5.6 (b). It was rageiticed that the film deposited in Ar
atmosphere at 680 was more intense than that depositedjmahosphere as shown in Fig. 5.6
(c). The inset of Fig. 5.6 (c) is the stand alopecsrum of the film deposited in,@howing that
the emission spectrum resemble those of the filposiged at a 40C (Fig. 5.6 (a)) and different
number of pulses (Fig. 5.6 (bjrom Figs. 5.6 (a-c), it is clear that the highrggeexcitation by

electrons did not bring about a major differencewhbompared to the PL data in Fig. 5.4 (a-c).

5.3 Conclusion

A highly crystalline SrGgb, layer was observed at the growth temperature 6F@0XRD
patterns also showed that the growth of the filmsensitive to substrate temperature. PL and
CL showed one broad band that can be fitted with®aussian peaks according to the tw3'Ce
radiative transitions at lower substrate tempeestuilow and high pulses and in &mosphere.

At high substrate temperature a shift to Sr$f@enission occurred as well as in Ar atmosphere
for both UV and high energy electrons excitatioheTAFM images before annealing exhibited
smooth surface at low substrate temperature, whedtame rough at high substrate temperature
and after annealing in vacuum at 700°C temperatdos-uniformity in particles of the films

and rough surface were observed from the SEM images
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CHAPTER

CATHODOLUMINESCENCE
DEGRADATION OF

SrGa,S,:Ce** THIN FILMS

Introduction

It is crucial to obtain a blue emission, high inség and good colour purity from inorganic
electroluminescent (EL) and cathodoluminescent (@iih film phosphors for display

technology. Most of research has been devoted ¢o dévelopment of such thin film
phosphors and high expectations are being placéhenCé" doped SrGz6, because of its

blue emission with good colour purity. In this st@rGaS::Ce**thin films were prepared by

pulsed reactive cross laser ablation (PRCLA). Iristlthapter, cathodoluminescence
degradation, chemical composition, and electroriates of the SrG&:Ce* thin films are

reported.
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Chapter 6 Results and Discussions

6.1 Experimental

Cathodoluminescence (CL) intensity degradation i@&85,:Ce™ thin films were investigated
using Auger electron spectroscopy (AES) coupledh whe CL spectroscopy. Surface chemical
changes were monitored with AES and the light outpas measured with a PC2000-UV
spectrometer. Primary electron beam current dengity typically 12 pA. The Auger and CL
data were collected in a vacuum chamber with a passsure of 7.0 x10Torr for the film
prepared at Jpsrae= 40°C and 7.8 x 18 Torr for the Tupsyare= 600C film. The films were
both deposited with 28 800 number of pulses in Arirenment. Afterwards the chamber was
backfilled with oxygen to 1.0 x 10Torr. The Auger and CL data were collected usirggsame
primary electron beam of 2 keV. The PHI (model 5A9pger spectrometer and S2000 Ocean
Optics spectrometer were simultaneously used tleatolhe Auger and CL data respectively.
The decrease of the CL intensities of both films waonitored continuously for a period of 6
hours. The monitored peaks were 443 nm and 4850nMifpsyate= 400C film and 482 nm and
530 nm for Tupstrare= 60FC film.

The XPS data were collected before and after dagjadto evaluate the chemical composition
and electronic states of different elements. Thia elgere collected using the PHI 5000 Versa
probe-Scanning ESCA microprobe. *Aon gun with a sputter rate of about 85A/min waedi

to minimize charging on the surface when a monauolate AlKo radiation was used as the
excitation source. 25W and 15kV energy x-ray beat06um diameter was used to analyze Sr
3d, O 1s, Ga 2p and S 2p binding energy peaks grasgy 11eV, analyzer resolutigrd.5eV).
Multipak version 8.2 software [1] was used to amalthe chemical elements and their electronic

states using Gaussian-Lorentz fits.

6.2 Results and Discussions

6.2.1 CL INTENSITY DEGRADATION

Fig. 6.1 (a) shows the Auger spectra recorded bednd after degradation for the film deposited
at 400C substrate temperature. The degradation pressaseaiv1.0 x 18 Torr O, and the

electron beam was accelerated at 2 kV.
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Fig. 6.1 (a)Auger and(b) APPHs and CL intensity as a function of electroselspectra of the
SrGaS,:Ce™ film deposited with Typsrate= 400C at a pressure of 1.0 x $Torr O, (Electron
beam energy = 2keV).

The peak positions of the Auger spectra in Fig.(&)lbefore and after degradation are clearly
marked. In addition to major elements present Bag8,:Ce** system, chlorine (Cl), oxygen (O)
and copper (Cu) peaks were also detected. Cl wadmply from precursors used during sample
preparation, oxygen was introduced (including alspgcentage from the atmosphere) and Cu
was from the sample holder. There were no drakmges in the peak intensity of the sample’s
major elements (Ga and Sr), except for S peak whdeasity was reduced drastically during
the degradation process. Shown in Fig. 6.1 (bhésAuger peak to peak heights (APPHs) and
CL intensity as a function of electron dose offilra deposited at Jpsirate= 40°C. The trend of
the peaks monitored during the degradation prote#s agreement with the Auger spectrum

shown in Fig. 6.1 (a).

Fig. 6.1 (b) shows an initial increase in S and @& peak intensities up to approximately 20
and 70 C.crid respectively, and finally the intensity of bothage decreased with increasing
electron dose. C decreased rapidly at the beginafndegradation and thereafter remained
constant throughout the degradation process. Gé&ampegaks were seemingly stable. Note that
similar trend of the peaks as that observedsgkitie= 400C (Fig. 6.1 (b)) film was observed
for the Teupsvare 60FC film degraded at 1.0 x T0rorr O,.
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Depicted in Fig. 6.2 are the CL intensities asracfion of wavelength spectra for measurements
taken before and after degradation at 1.0 & Trr O, for the Teupsrae= 400°C film and Tupstrate
= 60C°C film.

Before degradation —_— Tsub = 400°C

—T,, =600°C

40-

W
o
1

CL Intensity (arb.units)
s B

500 550 600
Wavelength(nm)

400 450

Fig. 6.2 CL intensity as a function of wavelength spectizhe SrGaS;:Ce** film deposited at
Tsubsrae 400°C and Tupsrae= 60F°C for the degradation study performed at 1.0 R T6rr Os.

The broad emission peaks around 443 nm and 485 awelength for the film deposited at
Tsubstrate= 400C and peaks around 482 nm and 530 nm wavelengthdateposited atslpsirate
600°C which are all due to Gktransitions were observed. The®Cemission in SrG&, lies at

a shorter wavelength than in SrS [2], thereforeigh CL intensity with pure blue emission was
observed for the film deposited afdwaie= 400C. Nevertheless, a significant decrease in the

CL intensity was observed from both films.

The effects of different oxygen pressures werestigated on the degradation characteristics of
the films. Shown in Figs. 6.3 (a) and (b) are tlemmalized CL intensity curves ofsgbstrate=
400°C and Tupsiae= 60CF°C films at oxygen pressure of 1.0 x®Worr and base pressure 7.8 x
10° Torr. The results exhibited a rapid decrease ofrénsity for Tupsware= 60FC film at both
pressures as compared tgulrae= 400°C film. Generally, the rate of degradation of CL
intensity was faster when the chamber was bacéfilgh oxygen. Again at this pressure, the
fastest degradation forsksrae= 600°C film was observed, suggesting a different natifre

reactions on the surface which are explained byXtP® in the next section.

72



Chapter 6 Results and Discussions

-
o
n

(b) —T_, =400°C
—T,, =600°C

-
o
I

o
)
1
ot
)
1

o
>
1
bt
>
1

Normalised CL intensity (arb.units)
o
(2]

e
N
1

Normalised CL intensity (arb.units)
o
(2]

—
)

g -7t r 1 r 1 r 1 1 7 . —7r r r - 1 1 17
50 100 150 200 250 300 350 0 50 100 150 200 250 300 350
Electron Dose (C.cm'z) Electron Dose (C.cm'z)

o

Fig. 6.3 Normalized CL intensity as a function of electroosd of the SrG&,:Ce™ films
degraded afa) 1.0 x 10° Torr O, and(b) 7.8 x 10° Torr base pressure.

The same sequences of degradation curves obsawveddh element in Fig. 6.1 (b) were also
observed on the degradation of the powder at LO0%Torr O, pressure in Chapter 4 (Fig. 4.2
(b)). Thus, C peak was observed to be decreasiagfadter rate, stimulating surface chemical
reactions which resulted in the rapid decreasnefdegradation of CL intensity fofs Bstrate=
60C°C film at this pressure. The other factor mightthe formation of SrS that occurred during
the deposition SrG&,:Ce** film at this substrate temperature giving CL emission &:G€",

K. Takahashi et al [3] reported on possible dedgiadamechanisms for the SrS:Ce
electroluminescence (EL). They concluded that #gradation of SrS:Ce EL is induced by'Sr

lattice vacancies which cause ionic conduction.

Cathodoluminescence (CL) as a function of wavelesgectra for the film deposited ai,&irate

= 400C were also recorded at different acceleratingagels (1.5 — 2.5 kV) and measurements
were taken with the chamber at 7.0 X’ Ibrr pressure. Shown in Fig. 6.4 is the CL intgnas

a function of wavelength spectra for theplrate= 400°C film at different accelerating voltages.
Two broad peaks were observed as explained abaveCanintensity was increasing with an
increase in the beam voltage. Similar results vabserved from the powder in Chapter 4 (Fig.
4.4 (a).
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Fig. 6.4CL intensity as a function of wavelength spectrahef SrGaS,:Ce** film deposited at

Tsubstrate= 400°C with measurements recorded at different accétgrabltages.

6.2.2 XPS

X-ray photoelectron spectroscopy (XPS) was useathtdyze the chemical state of the elements
present in SrG&; host matrix. Shown in Fig. 6.5 are the XPS surgpgctra for both
undegraded and degraded spot for the film depositegDGC in Ar environment. The spectra
confirmed the presence of the major elements, nan®| Ga and S suggesting a successful

deposition of SrG#, at this substrate temperature.

Undegraded
Degraded

Counts per seconds

1400 ' 12l00 ' 10'00 ' 8(;0 ' 6(;0 ' 4(;0 ' 2(;0 ' 0
Binding Energy (eV)
Fig. 6.5 XPS survey spectra of the undegraded and degrguted ®r the film deposited at

Tsubstrate= 600C.
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Depicted in Fig. 6.6 are the high resolution XP8ctums of Sr, Ga, and S before (a-c) and
after (d-f) degradation at 1.0 x ¥Torr O..
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Figs. 6.6 (a-f)XPS high resolution scans and fitting results (&arb & c) undegraded regions
(before ageing) and (d, e & f) degraded (after rgjeegions of the SrG&;:Ce** phosphor film
deposited at Lipsyrate= 600°C.

Fig. 6.6 (a) shows the Sr 3d fitted peaks for thdagraded spot at positionss3@dnd 3d),
corresponding to the Sr-S and Sr-Sr and/or Qt8Mds in SrGg,. Two additional peaks were
detected after degradation signifying the formatiwi Sr-O containing species, and were
identified as Sr(Qpeaks as shown in Fig. 6.6 (d). The binding ensrgre shown in the inset
tables.

Shown in Figs. 6.6 (b) and (e) are they2@a peaks before and after degradation. Before the
film was exposed to the beam of electrons, Gg,20PS spectrum is comprised of three
components, namely, Ga-S, Ga-O and Ga-Ga bondsspmmding to the metallic Ga, &3

and GaS;. A large contribution from Ga-Ga bond (47.9%) sesjg that there is Ga rich region
in the film. Due to the electron beam irradiatidhe bond between Ga and Ga was broken

resulting in the enlargement of the Sapeakand minimizing the G#; peak after degradation.
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The appearance of another peak at the energy @ 1Ex was the deconvolution artefact that
does not correspond to any chemical compound alsiegd by C Sanz et al [4] in the XPS

analysis of the gallium sulfide thin film.

In Fig. 6.6 (c) is the fitted S 2p XPS spectrum floe undegraded spot on the film. Before
degradation, the spectrum has two components o @ad Sr-S bonds at positions;2pand
2ps2 corresponding to gallium sulfide and strontiumfigiel with bigger contribution coming
from the Sr-S bond. Their respective binding eresxgire shown in the figure. After degradation
an appearance of SrgPeaks were observed at 168.8 and 170 eV. The ®iagers formed on
the surface after degradation are believed to ham&ibuted to the fast degradation Qfiplirate=
60C°C film at 1.0 x 10 Torr O, pressure.

6.3 Conclusion

The XPS and AES were employed to study the effettsarious oxygen pressures on the
degradation characteristics of SgSaCe™ thin film prepared at 40C and 608C substrate
temperatures. The rate of degradation was slow@r0ax 10° Torr base pressure fogFstrate=
400°C film and CL intensity increased with an increasehe electron beam voltage. At 1.0 x
10° Torr O, pressure, the rate of the CL intensity degradatiecreased rapidly for both films
deposited at Jpstrate= 400C and Eupstrae= 600C. Auger results showed decrease in S content
at all pressures and O was increasing in conterase pressure and decreasing at 1.0°%THor

O, pressures. The films exposure to beam of electresidted in the formation of SrO, Sr§O

and GaOs; compounds on the surface after degradation asrowd by XPS.
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CHAPTER

SUMMARY AND
CONCLUSION

Introduction

Strontium thiogallate doped with &€ehas been widely studied. The CL intensity degradat
of C€*/ EU*" activated SrGg& has been reported earlier [1], the ageing mechanésm the
identification of surface chemical changes thatussawith increasing Coulomb dose has not
yet been sufficiently investigated using surfacesiige techniques. In the work presented in
this thesis, surface chemistry variations of Si&&e** powder phosphors were investigated
and the possible mechanism of CL intensity degradatas discussed. In addition to this
work, SrGaS;:Ce** thin films were prepared for the first time by srd reactive cross laser
ablation (PRCLA). Basically, this chapter gives wmsnary on the work covered in this
dissertation. That is, the study on cathodolumiaase degradation and surface
characterization of SrG&;:Ce** powder and thin films. It also gives a summary asgible

work for future investigation based on the samesphor.
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7.1 THESIS SUMMARY

In this study, commercial SrG&,:Ce’* powder phosphor and the pulsed reactive cross lase
ablated thin films were characterized. The Lambdgsk EMG 203 MSC 309 nm XeCl
excimer laser was used to ablate the $83&¢e’* pellet. Characterization of both the powder
and thin films was carried out using different teicjues. For investigation of optical
properties, PL and CL data were collected with &ariCary Eclipse Fluorescence
Spectrophotometer and S2000 Ocean Optics Speceomespectively. The XRD was used
for structural analysis.

To study morphology and the composition of the $8a&€e** powder phosphor, SEM
coupled with EDS were employed. Morphological aodographical analyses of the films
were examined by SEM and AFM respectively. Absorptimeasurements were also
collected from the powder only. Cathodolumineseeintensity degradation studies for both
films and powder were performed. AES was used taitnothe elemental surface changes
and XPS to analyze the electronic state of the etgésnpresent in the Srgs:Ce™* powder
phosphor before and after a prolonged irradiatonigh energy electrons.

The SrGaS;:Ce** powder was successfully characterized. The diffsacpeaks associated
with orthorhombic structure of Srg& were obtained and found to correspond well with th
JCPDS (77-1189) standard data. Both PL and CL stidwe broad peaks around 444 nm
and 485 nm which are known to originate from rdd@tCe" transitions. However, a
substantial broadening was observed in the emisgientra from cathode excitation versus
photo-excitation and was associated with the knsemsitivity to the surrounding ligands of
the 5d state of G& which is directly exposed to the local environmeFtis behavior is
usually observed within the host matrix band-gap.change in the intensity ratio of the
emission spectra was also observed and was a#idiiot the electron-hole recombination
process taking place within the band gap of the (®$aS,) during its interaction with UV
and electrons beams. SSaCe** phosphor was found to absorb around 300 nm arsd thi
result is in line with the literature. SEM imageshibited irregular shapes of unevenly

distributed particles and EDS confirmed the presarfanajor elements.
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The present study presented work ori'Getivated SrG#8, films prepared for the first time
using pulsed reactive cross laser ablation. Duttmgpreparation of the films, the substrate
temperature, number of pulses and working pressigahe parameters that were varied. A
shift to SrS emission was observed from the filrapasited at the substrate temperatures of
500 and 60%C for CL and at 60t for PL. The CL spectrum for the film depositedta@t’C

resembles that of the commercial powder.

The film deposited at higher number of pulses daetter PL than the one deposited at low
number of pulsesThe deposition performed in oxygen atmosphere showkdively weak

CL and PL emission. This was ascribed to O isotede@ traps in the near surface region

[2].

The XRD results of the films grown at a substraeperature of 40C showed a highly
crystalline SrGgs, layer. However, the peaks corresponding to Si wdemntified. The
results suggest an admixture of Si and $8s@&n the surface layer during ablation. An
increase of the substrate temperature to°G0énd 600C resulted in conspicuous peaks
observed along the orientation (0 6 2). At low dngh number of pulses, similar XRD
patterns were obtained with the main peaks of S83a#long the orientation (0 6 2), (4 2 2)
and (4 0 4) giving poor crystallinity at higher nioen of pulses. Similar results obtained at

higher number of pulses were observed for the digposited in oxygen atmosphere.

SEM images showed smooth surface with small andohitjcles not uniformly distributed
on the surface for all films deposited at differenhditions. AFM exhibited smooth surface
at lower substrate temperature and the surfacenteecaugh as substrate temperature was
increased. Rougher surface was observed after lammehe films in vacuum. Generally
surface roughness increased as substrate temgewmas increased and these results were
confirmed by the measurements of the root meanrequadues. Increasing number of pulses
during deposition resulted in the decrease in tiiase roughness. Roughness was observed

to decrease when the deposition was performed o & atmosphere.

The Auger spectra taken before and after degrad&ioboth films and powder showed the
presence of the major elements, that is , Sr, @aSamdditional elements such as Cl, O and
Cu were also detected. CL was believed to be confiiagh precursors, O from the

atmosphere and Cu from the sample holder.
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The Auger peak to peak height(s) spectra showegtase in O Auger peak intensity for
degradation carried out at base pressures (1.3%xoL@.0 x 10 Torr) and decreasing at
oxygen pressure (1.0 x $0rorr ©,) for both powders and films. S and C peak intéesit

were decreasing and no significant changes wereradd from Sr and Ga Auger peaks.

The results from RGA revealed the, ldnd Q gases dominating the vacuum chamber
together with traces of 41 H,O, CO and C@ species. According to ESSCR, dissociated
surface-physisorbed molecular species (e.gO,HH, or &) by the electron beam are
converted to reactive atomic hydrogen and oxygdnchvreact with S and C on the surface.
Subsequently, volatile sulfur and carbon compowush as SQor H,S, CO or CQ are

formed and which desorbed from the surface.

The XPS high resolution scans of Sr, S and Ga bedod after electron beam irradiation
were fitted. Degraded spots of both powders and filns were shown to contain phases
associated with SrO, Srg@nd GaOs layers on the surface. The formation of theserkaye
was explained according to the electron stimulasadace chemical reaction (ESSCR)

model. It was speculated that these layers con&itauthe CL intensity degradation.

7.2 FUTURE WORK

SrGaSs: C€" thin films were prepared varying different parametatilizing the PRCLA
technique in this study. However, a wide range epasition conditions were not covered
The effects of parameters such as working atmosphewride range of substrate temperature,

and laser frequency must be investigated.
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