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Abstract 

A self-activated yellow emitting zinc vanadate (Zn2 Y20 1) was synthesized by combustion 

method. The influence of the processing parameters such as synthesis temperature and 

dopants concentration on the structure, morphology and luminescence properties was 

investigated. T he X-ray diffraction (XRD) analysis confirmed that the samples have a 

tetragonal structure and no significant structural change was observed in varying both the 

synthesis temperature and the dopants concentration. The estimated average grain size was 78 

nm for the samples synthesized at different temperatures and 77 nm for the doped samples. 

Scanning electron microscope (SEM) images show agglomerated hexagonal-like shape 

particles with straight edges at low temperatures and the shape of the particles changed to 

cylindrical-like structures at moderate temperatures but were destroyed at higher 

temperatures. The microstructure retained its original structure when the phosphor was doped 

with Ba, Ca and Sr. The photoluminescence (PL) of the product exhibited broad emission 

bands ranging from 400 to 800 nm. The best luminescence intensity was observed for the 

undoped Zni Y20 1 samples and those synthesized at 600°C. Any further increase in synthesis 

temperature and concentration of dopants, respectively, led to a decrease in the luminescence 

intensity. The broad band emission peak of Zn2 Y201 consist of two broad band 's 

corresponding to emission from the Em1 (3T2-1A1) and Em2(3T1 - 1A1) transitions. 

The Zn2 Y20 1 phosphor was prepared by a sol-gel method. The effect of annealing 

temperature on the structure and photoluminescence of Zn2 Y201 was investigated. The XRD 

results showed the single monoclinic phase of Zn2Y201. The crystallinity of the Zn2Y201 

phosphor improved while the full width at half maximum of (022) XRD peak was decreased 

with the increase in annealing temperature. SEM showed that the grains size increased with 

the increase in annealing temperature, which is due to the improvement in crystallinity of 

Zn2 Y201. Thermal behaviour of the Zni Y20 1 phosphor was investigated by 

Thermogravimetric analysis (TOA) and differential scanning calorimetry (DSC), 

respectively. TOA results showed a total weight loss of 65.3% when temperature was tisen 

from 35 to 500°C. The photoluminescence emission spectra of annealed Zn2 V201 powders 

showed a broad band emission from 400 to 800 nm. The PL intensity enhanced as the 

annealing temperature was increased, resu lt ing to an improvement of the crystallinity. PL 

emission peaks shift from green emission towards a yellow emission. 
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Dy doped YVQ4:0y3+ phosphors were produced by the combustion method at 600°C. The 

structure and optical properties of the powders were investigated. The XRD patterns showed 

the tetragonal phase similar to the standard JCPD file (1 7-0341). SEM shows that the particle 

sizes were small and agglomerated, and the size increased with the o y3+ dopant concentration 

and its shape changed to bulk-like particles. In PL, the emission spectra exhibited a weak 

band at 663 nm for the 4F 912 - 6H1 1/2 transition and a peak at 483 nm (blue) for the4F912 - 6H1s12 

transition and a 574 run (yellow) peak with higher intensity for the 4F912 - 6H 1312 transition. 

The dependence of the properties of YV04:Dy3+ phosphor upon urea:nitrate concentration 

was investigated. The samples were synthesized by combustion method. The single 

tetragonal phase was observed by x-ray diffraction spectra. A highly crystalline YV04:Dy3+ 

sample was observed when increasing the ratio of the urea to 2. The estimated crystalline size 

were found to be 20, 39, 33, 30, and 27 nm for the sample prepared with the ratio of 1, 2, 2.5, 

3 and 4, respectively. The formation of agglomerated particles was observed by SEM images 

and it was observed that when increasing the concentration of urea further the flake-like 

particles formed. The UV diffuse reflectance spectra of YVQ4:Dy3+ with various ratios of 

urea showed the determined optical band gap ranging from 3.3 to 2.3 eV. Luminescence 

properties of YV04:0y3+showed that the phosphor emit yellow colour at 573 nm and blue 

colour at 482 nm corresponding to 4F912~6Hn12 and 4f912~6H1 s12. respectively. A very week 

band at 663 nm which correspond to 4F912~6H1 1/2 transition was also observed. It was found 

that the PL emission intensity increases with an increase in the ratio of urea and reached 

maximum at 2 then decreases when increasing the ratio of urea further. 

YV04:Eu thin films were well deposited by pulse laser deposition at deposition temperature 

of 200, 300 and 400 °C. The oxygen pressure and deposition time were held constant. The 

films deposited at higher temperature showed a tetragonal phase. The XRD spectra for the 

sample deposited at 200 °C showed a very small peak at (200) orientation. Phosphor thin film 

showed a crystalline structure when the temperature increased. SEM images indicated larger 

particles at higher temperature. Atomic force microscopy (AFM) results showed the smooth 

surface with small particles at lower temperature and surface roughness at higher temperature 

due to the crystallinity. The PL shows the typical emission peaks of Eu in a red region at the 

594 and 618 nm attributed to 5Do-7F 1 and 5Do-7F2, transitions. Also the peaks at 652 and 699 

nm corresponding to 5Do-7F3 and 5Do-7f4 are observed. The spectra showed an increase in 

intensity when deposition temperature was increased. 
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YV04:Eu3+ thin films were prepared by pulse laser deposition (PLD). YV04:Eu3+ thin films 

were deposited at room temperature by varying the deposition time from 30, 45 to 60 

minutes. The XRD analysis confirmed that the samples have a tetragonal phase. The 

improved on crystallinity of the films was observed when increasing deposition time. The 

estimated grain particle size increased from 52 to 69 nm as the deposition time increased 

from 30 to 60 minutes, respectively. SEM images showed that when increasing the deposition 

time, particles were agglomerated and the formation of homogeneous surface was observed 

for a film deposited at 45 minutes. The rough surface with larger particles was observed for 

the sample deposited at 60 minutes. PL emission spectra of YV04:Eu3+ showed the main 

emission peaks which are due to the Eu3+ transition 5Dj-7fj. The strongest red emission peak 

at 618 nm is due to transition 5Do-7F2. The increased in deposition time showed the 

improvement in intensity of the thin films. 

Keywords: Sol-gel, Dopants, Thin films, Vanadates, Deposition, Transitions, Combustion, 

Crystallinity, Luminescence, Thermogravimetric 
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Chapter 1 

1. Introduction 

The word phosphor is the word used to mean luminescence material. Luminescence material 

essentially emits light by containing one type of energy into another. Phosphor material can 

be a combination of a host lattice and an activator/dopant and co-activator of any amount of 

mole percent. The phosphor activated with rare earth resulted into a luminescence properties. 

The materials of the phosphor absorb the incident energy and convert it into light in the 

electromagnetic spectrum regions. The whole process includes the energy transfer from the 

UV to the electrons in phosphor. The phosphor electrons are raised to the higher energy 

levels after they have been excited by a source energy and return to the ground state after the 

light has been emitted [ 1]. Phosphor have various potential applications especially in an 

energy saving. These applications can be in a light source by fluorescent lamps, display 

devices by cathode ray tube, detector system by x-ray screens. 

A development on phosphors has stimulated on luminescence materials as the light emitting 

component in flat panel displays (FPO) such as field emission displays (FED) [2]. The 

research on the luminescence nanostructure materials is attractive for a FED applications. 

The small size of nano-materials is penetrated by a low voltage electrons utilization of an 

efficient material. The recent development of phosphors has been on light emitting diode 

(LEDs) and white light emitting diode (W-LEDs) [3]. The W-LEDs are finding their way into 

general lighting applications. High efficiency in light conversion and high thermal quenching 

temperature are needed for a LED phosphor to be applied in the commercial products. Also 

LEDs must have possibility to adjust to the colour point by varying the chemical 

composition. Among these developments of the white light LEDs, the single broad band 

emitting phosphor materials needed to be developed for the low cost W-LEDs. Some of these 

broad band materials are vanadates (vanadium oxide). These vanadates materials have shown 

an efficient intense charge transfer (CT) absorption bands in the near-ultraviolet region and 

broad emission from 400 to 700 nm [ 4-5]. 
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1.1 Luminescence 

Luminescence has been interesting since the ancient times. The term luminescence was first 

used in 1888 by the great German Physicist and historian of science, Eilhardt Wiedemann [ 6]. 

Luminescence is the emission of light by certain materials when they are relatively cool. The 

development of luminescence has been done by invention of the fluorescence lamp and the 

new phosphors for screen [7]. Light emission does not result from the material being above 

room temperature, so luminescence is often called cold light. Luminescence emission occurs 

after a material has been absorbed energy from a source such x-ray radiation, electron beams 

etc. The atoms of the materials lift up into an excitation state, and then the material undergoes 

another transition because of the unstable excitation state. Then the atoms of the materials fall 

back to its ground state, and the absorbed energy is liberated in the form of heat or light. 

Electrons taking part in the luminescence process are the outermost electrons of the atoms or 

molecules. For example: in fluorescent lamps, a mercury atom is excited by the impact of an 

electrons having energy of - 6.7 eY raising one of the two outermost electrons to a higher 

level. The energy difference is estimated as ultraviolet light of wavelength of 185 run, as the 

electrons returns to the ground state. 

1.2 Vanadates/metavanadates 

Vanadates are group of minerals or compound. Yanadates are classified in the phosphates 

group. The vanadates are prepared by combining vanadium pentoxide with oxide or 

carbonate of metal with calculated quantity, or by ammonium metavanadate with carbonate 

or nitrates. The metavanadates are white or pale yellow in colour. Vanadates are almost 

soluble in water but become insoluble in the presence of small quantities of the precipitate 

agent. Some vanadates of mercury, lead and copper ion are fuse at higher temperature of 

about 600°C. In other hand vanadates of aluminium, calcium, zinc etc., can be destroyed and 

be bad conductors of electricity if they fuse at much higher temperature. The following 

metavanadates have been reported in this work, Yttrium vanadate (YV04) and zinc vanadates 

(Zn2V20 1). 

Zinc vanadates have luminescence properties such as broadband emission from 400 to 700 

run. The broadband is due to the charge transfer (CT) of an electron from the oxygen 2p 

orbital to the vacant 3d orbital of y 5+ in tetrahedral V04 with Td symmetry [8].The broadband 

emission luminescence in the visible light range is effective to obtain a good colour rendering 
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properly for the lighting devices [9]. Vanadates have many applications in the fields of 

optical laser, electrochemistry, biology materials and catalyst [10]. These materials have been 

applied to various types of LED and w-LED. 

1.3 Lighting emitting diode (LED) 

The phosphors studied in this work are designed for applications of LED's. The first practical 

visible spectrum LED was developed by Nick Holonyak in 1962 [ 11 ]. He invented the first 

yellow LED by injecting the charge carriers into silicon Carbide via a metal contact [ 12].The 

type of luminescence found in LED is known as injection electroluminescence. LED is 

consisted of a p-type semiconductor and n-type semiconductor of the same kind (p-n 

homojunction). LED emits light from the LED surface by 

• Increasing the concentration dopants of the substrate, so the electron charge carriers 

can move to the top, recombine and emit light 

• Increasing the diffusion length L=Vi5T , where D is the diffusion coefficient and 't is 

the carrier life time. The perfo rmance of LED is characterized by its quantum 

effic iency (11ex1), where quantum efficiency is the product of three components: 

(1) 

Where T/ inj is the injection efficiency, Tfrad is the internal quantum efficiency (radiative 

efficiency) and T/ opt is light-extraction efficiency (optical efficiency). There are various 

applications of LED such as devices, clothing, medical application, lighting, remote controls 

(e.g. TVs), optoisolator, etc. 

1.4 Rare earth (RE) elements 

The RE's have been around since the formation of earths. Geijer reported on a black mineral 

stone found by Carl Alex in a small town of Ytterby [ 12]. That black stone was a mixture of 

RE's and the stone was called ytteria. The first element to be isolated was cerium. From the 

mineral ceria; the light lanthanides, lanthanum, samarium, europium and gadolinium were 

separated [ 13]. Didymium was found later to be a mixture of praseodymium and neodymium. 

The mi neral was containing the fo llowing elements terbium, cerium, yttrium, holmium, 

dysprosium, lutetium, and europium [ 13]. RE's metals are all relatively electropositive metals 

that favoured the tripositive oxidation state and are composed of the 15 lanthanides (from 

lanthanum to lutetium), plus scandium and yttrium. They all can enter a + 3 oxidation state in 

which both s electrons are lost and either d or f electron as well, but some of the lanthanide 
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rare earths also show +2 or +4 oxidation state. These RE's can form a very important class of 

luminescence activator in phosphors and single crystals [ 14]. Lanthanide (Ln) ions can 

exhibit sharp fluorescent emissions via intra-4f or 4f-5d transitions and thus are widely used 

as emitting species in many phosphors [ 15]. The RE ions are characterized by a partially 

filled 4f shell that is well shielded by 5s2 and 5p6orbitals [ 16]. The 4f shell remains unfilled, 

which means that the electrons in the 4f shell are optically active. The states arising from the 

various 4j configurations therefore tend to remain nearly invariant for a given ion. This 

shielding produces narrow spectral lines, long fluorescence lifetimes and energy level that are 

relatively insensitive to their host environment because the optically active electrons interact 

weakly with the ions environment [ l 7]. 

1.4.1 Dysprosium 

Dysprosium was fust found by Paul Lecoq in l 886 [ l 8]. The name dysprosium was derived 

from the Greek word dysprositos [ l 9]. Dysprosium is a bright, soft, silver-white RE metal. It 

dissolves in both diluted and concentrated acids. The most common oxidation state is + 3. 

Dysprosium has a high thermal neutron absorption cross-section, which makes it an excellent 

neutron absorber. 

In this thesis dysprosium is used as a trivalent ion activator and its luminescence properties 

were studied. Dysprosium is also used in several other fields of science and technology. It is 

used for its high thermal neutron absorption cross -section in making control rods nuclear 

reactors. It is used in ships solar systems as sensors and transducers. It also used in data 

storage applications such as compact discs and hard discs. It is also used for making laser 

materials when combined with vanadium [20] . 

1. 4.2 Europium 

The spectral line of europium was discovered by the chemist Paul-Emile Lecoq in 1890 [ 18]. 

Europium was named after the continent Europe. It is a hard, silvery metal which oxidized in 

air and water. The source of Europium was found in the Basnasite and monazite. It can also 

be fo und in the sun and some stars. Europium is found in the oxidation state of+ 3 and +2, 

where the divalent ions are more often occurring. This is in contract to all the other rare earth 

ions which are mostly stable as trivalent ions. The luminescence properties of europium are 

strictly observed when using the divalent and trivalent europium. Europium-activated yttrium 

vanadate is used as the red phosphor in colour television tube. Europium activated phosphors 

are used in cathode ray tube, fluorescent tube. 
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1. 4.3 Yttrium 

Yttrium was named and discovered by Carl Alex Arrhenius when he found a new mineral 

and named it after a village Yttria in 1787 [21]. Yttrium is a soft, silvery metal. Yttrium 

usually exists as trivalent ion y 3+ in its compound. Yttrium is classified as one of the RE 

element of the lanthanide series. Yttrium can reacts with water to form yttrium hydroxide. 

Yttrium is used in making a red phosphor used in a television set, cathode ray tube (CRT) 

displays and in LEDs [22]. It is also used in a various medical applications. Yttrium-90, a 

radioactive isotope is used in a treatment for cancers [23]. It is also used in to make yttrium 

on garnets for microwaves filters and in devices such as satellites [24]. 

t.5 RE luminescence 

The RE ions of trivalent or divalent charge states are luminescence activators in a phosphor 

materials. The RE's are valued for their important properties since energy and electron 

transfer between these states influence the efficiency of materials and stability. The optical 

transition of the RE luminescence is related to the 4F' or 4f (N-1)5d states [25]. These states 

showed properties for the development of phosphors for application in field emission and 

plasma displays. The atomic structure of transition metal ions of the iron group is shown in 

Figure 1.1. Xe core, an unfilled 4f shell and some outer shells that screen the 4f shell from 

outside influences are the characterization of all lanthanides ions. 

Transition metal Ion 

I" Series-Iron Croup 

-3d shell strongly affected by host ions 

-Free ion 2 S• t r states split into S+ t f(X) multiplets 

- Broad spectral lines, small cross sections 

Figure 1.1: Transition metal ion atomic structure of RE's 
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1.5.1 d-f transition (Eu2+) 

The divalent europium (Eu2+), similarly to trivalent Eu3+ is the most well-known app lied 

example of RE ions. RE ions have an outer most electron configuration of 4F [26). The 

transi tion of 4j---+4f"-1)5d for divalent RE ions is poss ible to occur in the optical range. It 

gives a very intense and a broad emiss ion and a broad absorption bands. The emiss ion bands 

of Eu2+ are usually broad due to fd transitions [27]. The position of the emission bands 

wavelength is depending on the host material. It can change from the near UV to the red, this 

is due to the crystal field splitting of the 5d level, as shown in figure 1.2 [28]. The emission 

bands shi ft to a longer wavelength when increasing the crystal field strength. 

4f7 

4f7 

UV bluf' Ytllow 

······ · ···· · ··········· ~ 

Figure 1.2: Schematic diagram of the energies of 4f7 and 
4F5d 1 levels in Eu2+influenced by crystal field /:.. [29] 

1.5.2 h-f transition (Dy+) 

Oy3+ emits in two spectral regions: 470 to 500-nm region due to the 4
f 9;2---+6H1 s12 transition 

and 570 to 600-nm region due to the 6F 1s12---+6F 1312 transition [30]. However, the direct UV 

exc itation of this ion is not effective due to the relatively large energy of both the charge 

transfer as well as the 4/' 5d1
, states. Excitation by means of host complex ions may be 

achievable by an energy transfer process [31 ]. 

1.6 Structural characteristics of vanadates host 

Vanadates show an efficient and broad emiss ion which are due to the charge transfer (CT) of 

an electron from the oxygen 2p orbital to the vacant 3d orbital of V5+ in tetrahedral V04 with 

Tct symmetry. 
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1.6.1 Crystal structure of zinc vanadate (Zn202V1) 

Zn2 V20 1 has a monoclinic with lattice parameters a = 7 .429 A, b = 8 .340 A, c = I 0.098 A 

and~ = 111.37°, V = 582.63 A [32]. Structural unit cell with space group c l 2/c l , and Zn2
+ 

and v s+ cations are surro unded by vario us quantitative of oxygen. T he Zn ions a re 

coordinated to five oxygen atoms with Zn-0 bonds ranging from 1.973 to 2.088 A. The anion 

co nsists o f a pair of VO, tetrahedra sharing an oxygen atom which lies on a two-fo ld ax is. A 

schematic of a crysta l structure of Zn2 V20 1 obtained from (-100) di recti on is presented in 

Figure 1.3. 

Figure 1.3: The schematic crystal structure o f 

monoc linic ZniV20 1. 

1.6.2 Crystal structure of Yttrium vanadate (YV04) 

The c rysta l tetragonal structure of YVQ4 is a z ircon type with a space group of 141/amd ( 141 ) 

and the cell parameters a=b and care 7. 12 A and 6.28 A, respectively. YV04 inc lude two 

kinds o f po lyhedra l which are VQ4 tetrahedron and YVs polyhed ron. Each vanad ium site is 

surrounded by four oxygen atoms with atomic distance of 1.7 1 A between Vanadium and 

oxygen. 
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Figure 1.4 : The schematic c rystal structure of 

tetragonal YVQ4 

1.7 Statement of the problem 

For several years, a white LED compnsmg a blue-emitting LED and a ye llow­

emitting Y 3A ls0 12:Ce3
+ phosphor has widely been used as an illumination source. 

However, such dev ices are known to have limited emission intensity in the orange/red 

spectral reg ion and are characterized as cool wh ite LED. For general lighting 

applications, it is essentia l to make devices that emit warm white light. Inorganic 

phosphors that emit red and yellow light are of interest fo r producing large-surface­

area white light LED devices because of their good chemical sta bility. Unfo rtunately, 

the methods currentl y used such as so lid state reaction (SSR) to make the phosphors 

and displays require high temperature steps, which are inconsistent with mass 

producti on and fragile plastic substrates. The discovery and deve lo pment of new 

compounds such as vanadate for ultraviolet-excited phosphors is of great impo rtance 

fo r the development o f fl at-panel displ ays and lighting. As there a re no reliable 

theories to predict the relation between composition and phosphor colour and 

efficiency, several useful commercial phosphor materials have been d iscovered 

through one-by-one serial synthesis and testing. Our approach of us ing low 

temperature synthes is method, in contrast, offers rapid screening of many 
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compositions and variation of growth parameters, and it has enabled us to identify a 

new red and yellow phosphors, YV04:Eu3+, YV04:Dy3+, Zni V201 and (Ca, Ba, Sr)­

doped Zni V201 phosphors, which has a material properties and efficiency comparable 

to those of existing commercial red and yellow phosphors. 

1.8 Aim of the study 

The two specific aims of the study were: 

• To concentrates on the possibility of engineering the optical properties, physical, 

chemical, and opto-electronic properties of the vanadates. The vanadates was 

studied with different research techniques i.e. Scanning electron microscope 

(SEM) and photoluminescence spectroscopic (PL). 

• To synthesis undoped and doped vanadates by using the combustion method and 

sol-gel method, respectively. 

1.9 Research objectives 

The specific objectives of the study were: 

• To study the structural and luminescence properties of self-yellow emitting undoped 

Zn2 V20 1 and (Ca, Ba, Sr)-doped Zn2 V20 1 phosphors synthesised by combustion 

method 

• To investigate the effect of annealing temperature on the structure and luminescence 

of Zn2V20 1 prepared by sol-gel method 

• To investigate the effect of urea ratio on structure and luminescence properties of 

YV04:oy3+ phosphors 

• To study and investigate luminescence prosperities of Dy3+-doped YV04 phosphor 

prepared by combustion method. 

• To optimize deposition time to enhance photoluminescence properties of laser-ablated 

red Eu3+ doped YV04 thin films. 

• To study the Effect of substrate temperature on structure and luminescence properties 

ofYV04: Eu thin films grown by PLO. 
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1.10 Thesis layout 

The thesis is organized into nine chapters. The summary of each chapter is provided below: 

Chapter I gives the introduction to phosphor and the theoretical basis of the luminescence 

phenomenon. A short introduction to vanadates is given followed by a summary of physical 

principle involved in the luminescence process. 

Chapter 2 comprises with two parts. The first part gives the description of the synthesis 

procedures that was used in this work which are combustion method and sol-gel process. The 

other part gives the relevant characterization techniques that were employed in this study. 

In chapter 3 the structural and the luminescence properties of doped and undoped zinc 

vanadate are investigated. The discussion on structural properties when compared to both 

doped and undoped zinc vanadate material is given. 

Chapter 4 gives the discussion on the effect of annealing temperature on luminescence of zinc 

vanadated. A discussion on the thermal properties based on DSC and TGA is also given. 

Chapter 5 considers the characterization of the Dysprosium doped yttrium vanadate 

phosphor, which was synthesized by combustion method. The morphology, grain size and 

structural characterization were presented. 

In chapter 6 the amount of urea (NH2CONH2) was introduced as a fuel because of its 

effectiveness in an exothermic reaction. The behaviour of the urea:nitrate ratio on the 

structure and luminescence properties YV04:Dy3+ phosphor was investigated. 

Chapter 7 gives the investigation of the change in the crystalline structure on the yttrium 

vanadate doped europium thin films phosphor. The substrate temperature was varied and the 

oxygen pressure was also varied. 

To enhanced photoluminescence properties of laser-ablated of the yttrium vanadate doped 

with europium, the deposition time was optimised. Chapter 8 gives the discussion of 

changing the deposition time on luminescence and structural prope1ties. 

Chapter 9 gives the summary of the study of this thesis. 
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Chapter 2 

Synthesis and characterization technique 

2.1 Introduction 

Nanomaterials have been proved to be one of the most attractive and promising technological 

development in this field. The physical and chemical properties of the materials at 

nanomaterials scale are of interest and important for technological applications. 

Nanostructured materials often exhibit different properties when compared to other materials. 

To synthesize the crystalline materials at nanometre scale with controlled size and 

composition, combustion and sol gel route was used and also the pulse laser deposition was 

used to prepare the thin films of these nanomaterials [1, 2]. 

Characterizing particle or feature size for nanocrystals and nanostructures is done routinely 

using scanning electron microscopy (SEM) and atomic force microscopy (AFM). The 

advantage of SEM and AFM methods is that they can be used to study the morphology of 

prepared nanoparticles. For a complete picture of the crystal phase, average particle diameter, 

particle size can be obtained from X-ray diffraction (XRD). The complete characterization of 

a whole material requires elemental analysis, which is often performed in an electron 

microscope using energy-dispersive spectrometry (EDS). Elemental and qualitative analytical 

techniques are also necessary to identify intentional adsorbates or unintentional contaminants 

on a particle surface. Molecular spectroscopy Fourier transform infrared (FTIR) spectroscopy 

can characterize materials and help identify any surface contaminants. Emission and 

excitation is very important for luminescence properties. Luminescence spectra, li fetimes, 

and quantum efficiency measurements can be made with the Photoluminescence (PL). 

2.2 Sol-gel method 

Sol-gel method is a wet chemical technique to produce metal oxide nanoparticles through 

chemical process hydrolys is, gelation, followed by drying and thermal treatment. lt is define 

as a stable dispersion of colloidal particles or polymers in a solvent. The metal alkoxide are 

used as reactive metal precursors and are hydrolysed with water during the sol-gel process. 

The homogenous gels can be produced from the mixture of alkoxides through the hydrolysis 

process and gelation. After gelation, the precipitation is washed, dried and then undergoes a 
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sintering temperature to obtained a crystalline nanoparticle. For sol-gel method, the annealing 

procedure (temperature and time) is the key step in the preparation process, which can 

seriously determine the quality of the samples. It should be noted that, although the sol-gel 

method can be used for large-scale production and the product usually offer high 

luminescence intensity due to the high crystallinity formed at high annealing temperature, the 

sol-gel derived nanocrystals generally have broad particle size distribution, irregular 

morphology, and are insoluble in water, which compose the shortcomings of this method. 

Sol-gel method has advantage over other methods like: short annealing time, lower 

processing temperature, good control of the size and shape of particles. 

2.2.1 Synthesis of Zn2V201 by Sol-gel method 

The schematic experimental procedure of Zn2 V 20 1 is shown in figure 2.1. Zinc nitrate (Zn 

(N03)2.6H20), ammonium metavanadate (NH4VQ3) and citric acid (C6Hs0 1) were used as a 

starting materials and were dissolved in l 0 ml of deionised water. The yellow colour solution 

was heated at 80 °C while stirring. 

Added DI waterlOml 

Heated under continuous 
stirring at so•c 

Color change from 
yellow to black green 

Solution became ink b lue 
gel under magnetic 
stirrine 

Dried at 100 •c for 6 hr 

Annealed at 850, 770 a nd 
1oo•c. 

Zn,v ,o , powders 

Fig. 2.1: Schematic diagram of Zn2 V20 1 prepared by the 
sol-gel method. 
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Solution changed from yellow to a black green colour and then to a blue ink gel under a 

magnetic stining. The final green gel solution was observed. The green gel was then dried in 

an oven at l 00 °C for 6 hrs and annealed at 700-850°C for 2 hours. 

2.3 Combustion method 

The combustion method is one of the ideal techniques, because an exothermic reaction is 

initiated at the ignition temperature and it generates heat. It has been used into the production 

of various materials like ceramic powders for a variety of advanced applications. Combustion 

method can be prepared by combining the metal nitrates and the fuel in an aqueous solution. 

Glycine and urea serve as fuels for the synthesis of nanocrystalline metal oxide. The process 

involves a self-sustained reaction in homogenous solution of different oxidizers. When the 

mixture of fuel and oxidizer is heated, the mixture grows into frothy foam which may occupy 

the entire reaction vessel and then gets self- ignited followed by combustion [3].The 

advantages of combustion method are that it is effective, simple and rapid process. 

2.3.1 Synthesis of undoped Zn2 V 20 1 and (Ca, Ba, Sr)-doped Zn2 V 20 1 

powders by Combustion method. 

The Zni V20 1 powders were synthesized by the combustion method by varying the initial 

temperature. Zn nitrate hexahydrate (Zn(N03)2.6H20), ammonium metavanadates (NH4 V03), 

Ba(N03)2, Sr(N03)2 and Ca(N03)2 were used as starting materials. Urea (NH2)2CO, was 

added as a fuel. Stoichiometric amounts of materials of undoped samples were mixed by 

grinding in an agate mortar and the homogenous mixture was obtained. The mixture was 

burned in a muffle furnace at various temperatures of 500°C, 600°C and 700°C. Initially the 

solution boiled and underwent dehydration. Followed by decomposition with escape of large 

amount of gases, ten spontaneous ignitions occurred and underwent smouldering combustion 

with enormous swelling. The foamy powder was obtained and crushed, and the pale yellow 

colour powder was obtained. Then the Zn2Y20 1 sample prepared at 600°C was singly doped 

with Ba, Ca and Sr. 
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2.3.2 Synthesis of Dy3+ -doped YV04 using combustion method 

YV04:0 y3+ was prepared by the combustion method. The starting materials were yttrium 

nitrate Y(N0 3)3, ammonium metavanadate (NH4 V03), urea (NH2CONH4) and dysprosium 

nitrate Dy (N0 3)3. The chemical reaction is as fo llows: 

All the ingredients were mixed according to the stoichiometric ratio in an agate motar and a 

pasty solution was formed. The solution was transferred to a crucible and then kept in a 

furnace maintained at a temperature of 600°C. A combustion process started in a few minutes 

and a flame was observed. The formation of a foamy powder was observed and a pale yellow 

powder was obtained. 

2.3.3 Synthesis of urea:nitrate ratio on the structure and luminescence 

properties of YVQ4:Dy3+ phosphors by combustion method. 

YV04: Dy3+ was prepared by combustion method. The starting materials were yttrium nitrate 

Y(N03)3, ammonium metavanadate (NH4 V0 3), urea (NH2CONH4) and dysprosium nitrate 

DY(N0 3)2. The ratio of urea:nitrate was varied from l -4. All the ingredients were mixed 

according to the stoichiometric ratio in an agate motar and a pasty solution was formed. The 

solution was transferred to the crucible and then kept in the furnace maintained at a 

temperature of 600 °C. Combustion process sta1t ed in a few minutes and a flame was 

observed. The formation of a foamy powder was observed and the pale yellow powder was 

obtained. 

2.4 Pulse laser deposition (PLD) technique 

The pulse laser deposition is a technique that uses high power laser pulses (typically ~ l 08 

Wcm-2) to remove material from the surface of a target [ 4]. This material is vaporized from 

the target (in a plasma plume) which deposits it as a thin fi lm on a substrate. Thin films are 

prepared by the ablation of targets illuminated by a focused pulsed-laser beam. In the process 

of laser ablation, the photons are converted first into electronic excitations and then into 

thermal, chemical, and mechanical energy, resulting in the rapid removal of material from a 

surface [5]. The process occurs in ultra-high vacuum (UHV) or in the presence of a 

background gas, usually oxygen, so that the deposited films are fully oxygenated. Out of 
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many laser sources available for PLO of films, mostly short and high energy KrF and 

Nd:YAG lasers are used. 

Plasma plume 

/'-----.._Ix aubstnte on hold9' 

( -11 \ 1· .u \ / "& focussing lens ........___....,,, 
target / Laser beam 

/ "/?;' / 
laser In window 

Figure 2.2: shows the schematic of the PLO setup [6] 

2.4.1 Synthesis of undoped YV04:Eu thin films grown by PLD method. 

A commercial YV04:Eu3+ phosphor powder was obtained from phosphor technology. 

YV04:Eu3+ was pressed into a pellet and mounted on a rotating holder on which Si substrates 

were mounted for ablation. Before the deposition, the Si (100) substrates were first Ultra 

sonically cleaned in acetone, and ethanol then rinsed with distilled water and then dried in air. 

YV04:Eu3+ thin films were deposited on the Si substrates with typical size of 25 x 25 mm 

using a frequency tripled Nd:YAG Laser. A laser pulse of 10 Hz was focused onto the 

rotating target and the laser energy was approximately 47 J/cm. The distance between the 

target and the substrate was kept constant at 45 mm during the deposition of each film. The 

fi lms were deposited on Si (lOO) substrates. The oxygen background pressures were also 

varied for a series of samples deposited at 400, the oxygen pressures were varied from 20 to 

50 to 72 and to 85 mTorr during deposition at the substrate temperature of 400°C. 

Following the same procedure, the synthesis of Eu3+ doped YV04 deposited at different time 

was done by PLD. The films were deposited on Si (100) substrates at oxygen background 

pressures of 5 mTorr at room temperature for different deposition time of 30, 45 and 60 

minutes. 
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2.5 Characterization techniques 

2.5.1 Atomic Force Microscopy (AFM) 

Electron microscopy has long been recognized as a key technique in microbiology to study 

the surface of the structure. AFM is a very high-resolution non-destructive tool capable 

of scanning probe microscopy. The measurement of an AFM is made in three dimensions, the 

horizontal X-Y plane and the vertical Z dimension. During the last years, AFM has been used 

increasingly to investigate microbial surfaces at high resolution [7]. AFM, which uses a sharp 

tip to probe the surface features by raster scanning, can image the surface topography with 

extremely high magnifications, up to 1,000,000X [8]. Resolution (magni fication) at Z­

direction is normally higher than X-Y. AFM imaging is performed by sensing the force 

between a very sharp probe and the sample surface . The force is monitored by attaching the 

probe to a pliable cantilever, which acts as a spring, and measuring the bending or 

"defl ection" of the cantilever. A laser beam is focused on the free end of the cantilever, and 

the position of the reflected beam is detected by a position-sensitive detector (photodiode). 

AFM cantilevers and probes are typically made o f silicon. 

Photodiode 
Laser 

Cantileve r 

Scanner 

Figure 2.3: General principle of AFM 

AFM has a number of imaging modes such as contact, inte1mittent and non-contact mode. 

The most usefu l imaging mode is the contact mode, in which sample topography can be 

measured in di fferent ways. When the spring constant of cantilever is less than surface, then 

the cantilever bends. By maintaining a constant cantilever deflection (using the feedback 

loops) the fo rce between the probe and the sample remains constant and an image of the 

surface is obtained. The advantage of this mode is fast scanning, good for rough samples, and 
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is used in friction analysis. The surface roughness of the films was analysed by a Shimadzu 

SPM - 96 model Atomic force microscopy (AFM). 

2.5.2 Fourier Transform Infrared Spectrometer (FT/R) 

The discovery of infrared light was discovered back in 19th century. Infrared absorption 

spectroscopy is the method which used to determine the structures of molecules with the 

molecules' characteristic absorption of infrared radiation. A common FTIR spectrometer 

consists of a source, interferometer, sample compartment, detector, amplifier, ND convertor, 

and a computer. The source generates radiation which passes the sample through the 

interferometer and reaches the detector. Then the signal is amplified and converted to digital 

signal by the amplifier and analog-to-digital converter, respectively. Eventually, the signal is 

transferred to a computer in which Fourier transfo1m is carried out. 

Fixed mirror 

? 

Beam splitter 

Q Detector 

Figure 2.4: Schematic diagram of a Michelson Interferometer 

Infrared absorption spectroscopy is more useful because of the fact that it is capable to 

analyze all gas, liquid and solid samples. The common used region for infrared absorption 

spectroscopy is 4000 ~ 400 cm·1because the absorption radiation of most organic compounds 

and inorganic ions is within this region [9].The unique part of an FTIR spectrometer is the 

interferometer and, is used to split one beam of light into two so that the paths of the two 

beams are different. A Michelson interferometer consists of two mirrors and a beam splitter is 

shown in figure 2.4. The beam splitter transmits one half of the radiation, and reflects the 

other half. Both transmitted and reflected beams strike mirrors, which reflect the two beams 

back to the beam splitter. 
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2.5.3 X-ray Diffraction (XRD) 

XRD is a technique used to identify phase of a crystalline material. It can use to measure the 

average spacing between layers and it can also measure the size and internal stress of small 

crystalline regio ns [ l O]. This technique consists or three bas ic e lements: an X -ray tube. a 

sample holder and an X-ray detector. X-rays are generated in a cathode ray tube. When 

fi lament is heated to produce electrons, the electrons will accelerate towards the target by 

appl ying a vo ltage and bombarding the target materials. XRD is widely used for the 

identification of the unknown crystalline materi als. It can be used to determine the unit cell 

dimensions, sample purity. c rystal s tructure etc. 
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Figure 2.5: shows the schematic of the XRD setup 

If the crystallites of the powder are very small, the peaks of the pattern will be broadened. 

From this broadening it is possible to determine an average c rystallite s ize by the Debye­

Scherer equation. 

d = kA 

cosoj p2 p5 
(2) 

where d denotes the average s ize of the crystallites, k is a factor which is usua lly set to 0 .9. A. 

is the x-ray radiation wavelength, 0 is the Bragg angle , p is the broadening of the diffraction 

line measured at half of its maximum intensity (radians), and Po represents the scan aperture 

of the diffractometer. 0 8 advanced AXS G mbH X-ray diffrac tomete r was used in this study. 

The XRD patterns were conducted using a Bruker AXS Discover Model diffractometer with 

Cu Ka ( l .54 l 8A) radiatio n. 
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2.5.4 Thermogravimetric Analysis (TGA) 

TGA is the most widely used thermal method. TGA is a technique in which the mass of a 

substance is monitored as a function of temperature or time as the sample specimen. It is a 

technique that controls the temperature programme in a controlled atmosphere. TGA consist 

of a sample pan hanging from the balance or located above the balance on the sample stem. 

This pan resides in a furnace and it is heated or cooled during the experiment and the sample 

mass is monitored during the experiment. TGA can be used to quantify the loss of water, loss 

of solvent, decarboxylation, pyrolysis, decomposition, oxidation, weight % filler, amount of 

metallic catalytic residue remaining on carbon nanotube and weight % ash [11]. These 

quantifiable applications are usually done upon heating. TGA spectrums were done using the 

Perkin Elmer TGA 7 thermogravimetric analyser, under nitrogen atmosphere at a flow rate of 

20 ml.min-1• 

2.5.5 Differential Scanning Calorimetry (DSC) 

DSC is a technique in which the difference in the amount of heat required to increase the 

temperature of a sample and a re ference. The heat capacity is defined over the range of 

temperatures that are scanned. DSC can also give information about thermodynamic 

properties of phase changes, glass transitions, crystallization, melting oxidation stability and 

product stability [ 12]. For a sample to undergo a physical transformation, the heat must flow 

whether the process is exothermic or endothe1mic. The sample will undergo a phase 

transition or a thermal decomposition. An exothermic or endothermic process in the sample 

results in a deviation between the two heat flows and results in a peak in the DSC curve. The 

process of DSC can be carried out under the oxygen and other atmospheres such as gas [ 13]. 

Analysis of samples were carried out under nitrogen atmosphere (20 ml min-1) using a Perkin 

Elmer Pyris-1 differenti al scanning calorimeter. 

2.5.6 Scanning Electron Microscopy (SEM) and Energy Dispersive 

Spectrometer (EDS) 

SEM is a technique that generates a verity of signal at the surface by focus ing a beam of high 

energy electrons. The beam is coll imated by electromagnetic condenser lenses, focused by an 

objective lens, and then scanned by electromagnetic deflection coils across the surface of the 

sample. Primary imaging method is collecting secondary electrons that are released by the 

sample. Mate1ials that produce flashes of light from the electrons are detected. The detected 
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flash light can be amplified by a photomultiplier tube. The image can be formed by 

correlating the sample scan position with the resulting signal. 

X-rays are also produced by the interaction of electrons with the sample. These x-rays are 

characteristic of the elements present in the sample and can be detected in a SEM coupled 

with an x-ray analyzer such as the EDS. The morphology was examined by JSM-7800F field 

emission SEM coupled with an EDS for elemental composition analysis. 

2.5. 7 Photoluminescence (PL) 

PL spectroscopy is a non-destructive method to probe the electronic structure of materials. It 

is used to characterize a variety of material parameters. The light emitted in PL can be 

collected and analyzed to yield information about the photoexcited materials [14]. The PL 

spectrum provides the transition energies, which can be used to detetmine the electronic 

energy levels. The emission spectrum of PL can be used to identify the surface, interface and 

the impurity levels [ 15]. Intensity of the PL signals provides the information on the quality of 

the surface and interface. 

Figure 2.6: Typical experimental set-up for PL measurements 

Variation of the PL intensity with external parameters like, temperature and applied voltage 

can be used to characterize further the underlying electronic states and bands. It is an 

important technique for obtaining detailed information about the nature of the state, since thi s 

state lie near the surface and interfaces. 

In this study the Cary Eclipse PL spectrophotometer with a I SOW xenon lamp as the 

excitation source was used. 
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Chapter 3 

Structural and luminescence properties of self-yellow emitting undoped 
Zn2V201 and (Ca, Ba, Sr)-doped Zn2V201 phosphors synthesised by 
combustion method 

3.1 Introduction 

Development of phosphor materials has been accelerated with the expansion of lighting and 

display applications as well as the progress on material science [ l ]. Lately light emitting 

device (LED) has been attracted many attention because of its success as a new light source 

to the incandescent lamp and fluorescent [2]. Through continuous efforts for improving 

efficiency and stability, Y AG:Ce3+ phosphor that emit yellow light are utilized for white 

light. The combination of the blue light from the LED and the yellow light from the 

Y AG:Ce3+ results in white light. However, this system lacks thermal stability at higher 

temperatures above l 50°C. Also, the resultant white light exhibits low color rendering index 

(Ra) due to lack of individual blue, red and green region colors [3-5]. Therefore single-host 

broad band emitting phosphors need to be developed for low-cost W- LEDs with improved 

chemical and thermal stability better reproducibility and a simpler fabrication process [6, 7]. 

Vanadates (vanadium oxide) base materials such as Zn3 V20 s, CsV03 have attracted special 

attention due to their unique structural and optical properties which might render a possible 

substitute in near future. These vanadates show an efficient and broad emission from 400 to 

700 run and are due to the charge transfer (CT) of an electron from the oxygen 2p orbital to 

the vacant 3d orbital of v s+ in te trahedral V04 with T d symmetry [8- l O]. These materials are 

self-activated phosphors and they have several advantage, e.g. comparing with the rare-earth 

doped phosphors, vanadate self-activated phosphors are cheaper [ l l]. Many Zn vanadates 

were synthesized by sol gel method [ 12], hydrothermal method [ 13], Solid state method [ 14], 

etc. However, these methods have several disadvantages: In homogeneity, impure structure, 

irregular morphology, large particle size with broad particle size distribution, poor control of 

stoichiometry, longer period of synthesis and calcination, and followed by extended grinding. 

Therefore, a simple, fast and cheap process is still needed for the large scale production of 

such material s. In this work, materials with high purity better homogeneity and good pa11icle 

distribution were achieved by the combustion process [ 15]. 
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Combustion synthesis is one of the simplest powder preparation processes in which chemical 

reaction between fue l and metal nitrates converts the metal ions to the target materials. 

Motivated by the broadband emiss ion of Zn3(Vn1)2 phosphor, herein. the structural , 

morphological , and photoluminescence characteri zation of undoped and Ca, Ba and Sr doped 

Zm V20 1 synthesized via the combustion method has been investigated . Other researchers, 

firstly Lintel el al [ 16] prepared Zn vanadates by using combustion method. From their 

results they obtained that the XRD structure was not single phase at a low synthesis 

temperature and that the best luminescent intensity was obtained for samples synthesised at 

750°C. econdly Kuang et al [ 17] reported that there is urgent need to search for new green 

and red phosphors or a new yellow phosphor with high efficiency, low cost, no 

environmental hazards. Following their footsteps [ 17] the Zn VO nano phosphor doped with 

the different dopands were investigated fo r the first time according to our knowledge, we 

have synthes ized Zn vanadates by combusti on method. In contrast to their findings it was 

found that the XRD structure obtained was single phase at low and higher synthesis 

temperature and the best lumi nescent intensity was obtained for samples synthesized at 

600°C. 

3.2 Results and discussion 

3.2. 1 X-ray diffraction and structural results 
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Figure 3. 1: XRD patterns of Zn2V20 1 Figure 3 .2: XRD powder diffraction of 
phosphor prepared at different synthesis ( I I I) peak for Zn2 V 20 1 phosphor prepared 

combustion temperature. at different synthesis combustion 
temperature. 
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Figure 3. 1 shows the X-ray di ffract ion patterns of the samples synthesized at different 

initiating combustion temperatures of 500, 600 and 700°C. The phosphors products can be 

indexed with the monoclinic structure of Zni V20 1 phosphor (ICSD 70-1 532). As can be seen, 

there is no significant change among all the phases of the products and no impurity phases 

were observed. From figure 3.2, it clearly seen that by drawing the XRD orientation of ( 111 ) 

peak no effect on XRD intensity and also on the diffraction angle was observed by varying 

the synthesis temperature. The average particles size was obtained from the measured half 

width of the Bragg reflection using the Scherrer fo rmula [ 18] . There was no effect observed 

on estimated average particle size as it was fou nd to be 78 nm when varying the synthesis 

temperature. Luitel or other research observed that at a very low synthesis temperature 

between 500 and 600°( the structure of thei r materials was Zn2 V20 1 and when the synthesis 

temperatures was increased further to 750°C a pure Zn3 V20 s phase was also observed [ 16]. 

Other researchers reported the same behav iour that the structure of the materials changed 

with an increase in synthesis temperature [ 19] . In contrast to our work that showed that there 

is no change on the structure of the Zn2 V20 1 with the synthesis temperature increase. 
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Figure 3.3: XRD patterns of the products of 
(a) undoped Zn2 V20 1 phosphor and 

Zn2V20 1doped with (b) Ba, (c) Ca and (c) 
Sr. 

29 (degrees) 

Figure 3.4: XRD powder diffraction 
patterns of ( 111 ) for Zn2 V20 1 

phosphor doped with Ba, Ca and r. 

Figure 3.3 shows the XRD patterns of Zn2V20 1 doped with the different dopants (Ca, Ba, Sr) 

synthesized by combustion method. Al l the samples were synthesized at 600°C. From the 

figure it is clear that no impurities or secondary phases were observed by adding the different 

dopants to Zn2 V20 1. This may be due to the small ionic radii of the dopants compared to the 
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host, indicating that the dopant ions were well incorporated into the lattice s ites of Zn2
+ and 

lead to the increase in inter atom ic distance [20] . The estimated grain size o f the host 

Zn2Y20 1 and Zn2Y20 1 doped w ith (Ca, Ba, Sr) were 87, 79, 81 and 85 nm respecti vely. In 

clear that the estimated grain s ize decreased sli ghtly as compare to the host Zn2 Y20 1. 

ln fi gure 3 .4 the ( 111 ) diffraction peak for the undoped and doped samples are shown, it can 

be seen that the diffraction angle shifted compared to the undoped sample and the diffraction 

width became broader w ith the add ition of the different dopants. The shi ft towards the lower 

angle indicate that the increase in d spacing due to substitution of latt ice s ite by ions of higher 

radius [21] . A II peaks were indexed to the monoclinic structure with the latti ce parameters a = 

7.429A, b = 8.340A, c = I 0.098A and ~ = 111.37°, V = 582.63A [ 17] . A schematic of a 

crystal structure o f Zn2 V20 1 obta ined from (-1 00) direction is presented in fi gure 3.5 . 

Zn2 Y20 1 has a monoclinic structure unit cell w ith space group c I 2/c I, and Zn2+ and y s+ 

cati ons a re surrounded by various quantitati ve of oxygen. 

Figure 3.5: The schemati c crysta l structure of 

monoc lin ic Zn2Y20 1. 
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Figure 3.6: SEM micrographs of ZniV201 (a) 500, (b) 600 and (c) 

700 °C at higher magnification. 

3.2.2 SEM results 

Figure 3.6 shows the SEM micrographs of the phosphor prepare at different temperatures by 

combustion method. As can be seen from figure 3.6(a) the image prepared at lower 

temperatures shows the particles with a hexagonal-like shape. As the temperature was 

increased to 600°C the microstructure has the mixture of hexagonal and irregular shape 

particles and those hexagonal shape decreases in size. By increasing the temperature further 

the original shape of the particles were destroyed at the higher temperature of 700°C, which 

might be due to the melting of the particles as seen in figure 3.6(c). It is noted that by 

increasing the synthesis temperature that the hexagonal shape change to irregular particles 

and the irregular particles increases in size w ith an increasing synthesis temperature. 

Luitel observed the same behaviour where the flakes like particles were destroyed due to the 

increase in synthesis temperature but when synthesized using hydrothermal method [ 16]. 

They said this change in the shape of flakes like particles maybe due to melting of the fl akes 

as seen at higher temperatures. 
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SEM images of the undoped Zn2V20 1 and Zn2V20 1 doped (Ba, Ca and Sr) phosphors 

prepared at 600°C are shown in figure 3.7. Doping ZnzV201 with Ba the shape of the 

hexagonal-like particles does not changed and the particle became agglomerated as shown in 

figure 3.7 (b).By doping ZniV20 1 with Ca or Sr, it can be seen that the shape of the 

microstructures retain its original structure and it is clear that the particle sizes decreased in 

size when doped, which confirms the XRD analysis of figure 3.4. 

Figure 3.7: SEM micrographs of (a) ZniV201, (b) Zn2V201doped Ba, (c) ZniV201 

doped Ca and (d) Zn2 V20 1 doped Sr phosphor. 

3.2.3 FTIR Results 

Figure 3.8 shows the FTlR spectra o f the Zn vanadate. The spectra of the Zn2 V20 1 show a 

strong and weak absorptio n peak at 932 cm·' due to vibration modes of the district V=O 

units. Comparing the three IR peaks of the doped Zn2 V20 1 powders vibration bands at I 004 

and 931 cm· 1 for Ba, I 002 and 926 cm· 1 for Ca and 1004 and 929 cm· 1 for Sr, suggests that 

the distance of the V=O bond for Zni V201 doped Ba is longer than that of Ca but shorter than 

of the Sr doped samples [22]. The broad absorption peak near 720 cm·1 is assigned to the 

antisymmetric stretching bond and the bending modes of the V- Ob bond and V-0-V bridges 
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Figure 3.8: FTIR spectra of the products of undoped Znz V20 1 and 

Zn2 V20 1 doped with Ba, Ca and Sr. 
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Figure 3.9: Effect of synthesis temperature on the PL (a) exc itation and (b) 
emission intensity of Zn2 V20 1. 
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Figure 3.10: (a) PL excitation spectra of Zn2 Y20 1 doped (Ba, Ca and Sr) and (b) 
emission spectra of Zn2 Y20 1 doped (Ba, Ca and Sr). 

[23]. The broad bands near 840 and 874 cm-1 correspond to the vanadate bonds and the broad 
peak at 668 cm-1 is assigned to the bending mode of the bridging Y-Ob-Y units. 

3.2.4 Photoluminescence results 

Figure 9(a) showed the excitation spectra of different synthesis combustion temperatures. The 

corresponding PL emiss ion spectra of Zn2 Y20 1 prepared at different synthesis temperature 

are presented in figure 9 (b). The PL of the samples shows the broad emission peak between 

400 and 800 nm. The emission spectra show the broad luminescence with the maximum 

wavelength of 550 nm. The PL emission intensity increased with an increase in synthesis 

temperature and reaches a max imum at 600°C and decreased drastically when the temperature 

was increased to 700 °C. The difference in PL intensity as a function of the synthesis 

combustion temperature may be attributed to the fact that at lower synthes is temperature 

(500°C), the lower reaction heat may lead to the incomplete reaction temperature of the raw 

materials. Lui et al. [24] prepared other phosphor materials at different synthesis 

temperatures, and the highest luminescence intensity was observed for a sample prepared at 

600°C. It's observed that the best luminescence was due to higher synthesis combustion 

temperatures which may release more heat which may not be favourable fo r the formation of 

a more crystalline phosphor. 

31 



(a) Sr 

"5' il--~+--~+-~+-~+-~ ...... ~+-~-+----1 

.?:' ·a; 
c: 

~ 

(b) Ca 

~ ~ ~ ~ ~ ™ ~ ~ ~ 

Wavelength (nm) 

Figure 3.11: (a) PL emission spectra ofZniV20 1doped (a) Sr, (b) Ca 
and ( c) Ba. Black line indicates the emission spectra and the dotted lines 
are the fitted emission spectrum by twofitted with two Gaussian curves 

corresponding to emission bands Em 1 and Em2. 

Exl Ex 

Figure 3. 12: Schematic model for excitation and emission process 

ofV04 tetrahedron with Td symmetry in Zn2V20 1. 

Figure 3. 10 (a) shows the excitation spectra of Zn2 V20 1 and Zn2 V201 doped (Ca, Ba and Sr) 

phosphors. The broad excitation band between 225 and 400 run cantered at around 326 run in 

the excitation spectra attributed to the transition from the ground state 1 A1 to the excited 
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states 1T1 [25]. The excitation band is attributed to the charge transfer (CT) from the oxygen 

2p to the central vanadium ions (V5+) in the VO" tetrahedral [26). 

The emiss ion spectra of Zn2V20 1 and Zn2V20 1doped with Ba, Ca and Sr exc ited by 326 nm 

is presented in figure 3. 10 (b).The PL spectra showed the broad band emission between 400 

and 800 nm . The intensities of the phosphors are varied according to their ionic size. The 

broad band em ission peak of Zn2 V20 1 consists of two broad peaks corresponding to 

emiss ions Em1 (3T2 ---+ 
1A1) and Em2 (3T 1 ---+ 

1A1) transitions state of y 5+ ion in the VQ4 

tetrahedral, The Td symmetry is expressed as a ground 1A1 state and exc ited 1T1, 1T2, 3T1, and 

3T2 state as shown in figure 3. 12. The excitation bands fo r the Ex1 and Ex2 in the excitation 

spectra correspond to sp in-forbidden transitions from the ground state to the excited state 1T2. 

and 1T1 levels, respective ly. The chromaticity coordinates fo r Zn2V20 1 could be turned from 

yellow-green (0.4 1, 0.49) to yellow (043, 0.49) pos ition by doping with Ba, Ca and r as 

shown in figure 3. 13. 
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Figure 3.13: CIE chromaticity diagram for Zn2V20 1 
synthesized at 600°C, and Zn2 V20 1 doped with (Ba, 

Ca, and Sr). 
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Table l: Luminescence propetties of Zn2 V20 1 phosphors synthesis at (500, 600, and 

700 °C), and Zn2 V201 doped with (Ba, Ca and Sr). 

Sample femi/l em2 Peml W.n1 Pcm2 Wem2 CIE (x,y ) Emission 
(nm) {nm) (nm1 (nm) color 

Zni V 20 1 500°C 2.016 550 98 620 136 (0.41 ,0.50) Yellow 
green 

Zn2 v 201 600°C l.319 544 9 1 608 131 (0.41 ,0.49) Yellow 
green 

Zni V201100°c l.923 553 98 6 18 135 ( 1.42,0.49) Yellow 
green 

Zn2V201 doped 1.877 553 99 621 134 (0.42,0.49) Yellow 
Ba 
Zn2V201 doped 1.664 553 99 620 136 (0.43,0.49) Yellow 
Ca 
ZniV20 1 doped 1.823 554 99 620 134 (0.42,0.49) yellow 
Sr 

All properties were measured at room temperature I, P and W present luminescent intensity, 

peak position and peak width, respectively. Subscripts eml and ern2 represents emissions. 

3.3 Conclusion 

The self-activated yellow emitting phosphor of Zn2V201 was successfully prepared at 

initiation temperatures of 500, 600, and 700°C and doped with Ba, Ca and Sr at 600°C via the 

combustion process. Its structural and PL properties were studied. The XRD results indicated 

the single phase monoclinic structure. SEM images showed bigger particles with a hexagonal 

and cylindrical-like shape, and as the temperature increased the shape of the particles was 

destroyed. The microstructure retained its original structure when doped with Ba, Ca and Sr. 

Through the luminescence study Zn2 V201 phosphor exhibits a bright yellow broad band 

emission from 400 nm to 800 nm at an excitation of 326 nm that consist of two peaks 

corresponding to the emission from the Em1 (3T2 - 1A1) and Em2 (3T1 - 1A1) transitions 

states of the y 5+ ion in the V04 tetrahedral. 
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, ------

Chapter 4 

The effect of annealing temperature on the structure and luminescence of 

Zn2 V 201 prepared by sol-gel method 

4.1 Introduction 

During the few past years, vanadium oxides based material due to their structure, magnetic 

and optical properties have attracted special attention from researchers. Once the vanadate 

centre becomes excited, a broad luminescence in the visible region can be observed. 

Vanadate group (V04)3- where four oxygen ions in a tetrahedral (Td) symmetry is coordinated 

on a central ion, is known as an efficient luminescent centre [ 1-2]. Among various vanadium 

oxides materials, zinc vanadate (Zn2 V20 1) has recently caught attention due to its yellow­

green self-activation. Zn2 V201 is also interesting because it crystallize at a low temperature, 

which is consistent for saving energy and reducing the cost of production [3]. Zn2 V201 was 

reported to be a good material for application on white light emitting diodes [ 4]. Zinc 

vanadate (Zn2 V 20 1) has a crystal structure of monoclinic with a spacing group C2/c [ 5]. 

Several methods have been reported for the preparation of ZnzV201 such as solid state 

method [6-7], hydrothermal method [8], combustion method [9, l O], and microwave method 

[ 11]. Pookmanee et al. [3] reported the structural properties of BN04 annealed at different 

temperature prepared by sol-gel method. It has been reported that the annealing temperature 

enhance the emission intensity. Chen et al. [ 12] reported the preparation of Zn2 V20 1 

nano fl akes using hydrothermal synthesis. Other researchers prepared Zn2 V20 1 using solid 

state reaction method and found the agglomerated particles [ 4]. S. D Abraham [ 11 ] used 

microwave assisted combustion route to synthesize spherical hollow Zn2 V 20 1 nanospheres. 

However Zn2 V 20 1 prepared by sol gel method has not been reported so far. In this paper we 

report the preparation of Zn2 V20 1 by sol-gel method. Sol-gel method has advantage over 

other methods like: short annealing time, lower processing temperature, good control of the 

size and shape of particles. The effects of annealing temperatures on structural and 

luminescence properties were studied. 
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4.2 Results and discussion 
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Figure 4.1: (a) TGA and (b) DSC curves of the Zn2V201 powder prepared by sol 

gel. 

The thermal behaviour of Zn2V201 was investigated by TGA and DSC. TGA and DSC 

results of Zni V 20 1 containing (Zn(N03)2, NH4 V03, and C6Hs01) as row materials are shown 

in figure 4.1. The sample shows the endothermic peak in the DSC curve in a range 

temperature from 30 to 110°C which in accordance with the first weight loss. Thermal 

analysis shows three weight loss processes in TGA. The first weight loss (46%) endothermic 

from 11 0 to 160°C, is assigned to the removal of water. The second weight loss (10%) is from 

160 to 350°C due to the decomposition of Zn2 V201. There is endothermic weight loss (6.3%) 

from 350 to 500°C. TGA indicates a total weight loss of 65.3% when temperature is raised 

from 30 to 500°C. No significant weight loss has been observed beyond 500°C.The stable 

residue that extends to 700°( was ascribed to crystallization of Zni V20 1. Figure 4.2 presents 

the x-ray di ffraction results analysis of Zn2V20 1 powder annealed at 700 - 850°C for 2 hours. 

All the samples can be indexed to monoclinic ZniV201 (ICSD 70-1532). No peaks of any 

other phases or impurities were observed. The diffraction intensity increased while the line 

width of the samples decreased with increasing of the annealing temperature. The samples 

become highly crystallized at higher annealing temperature. The full w idth at half maximum 

(FWHM) of (022) peak was used to measure the crystalline quantity of the Zn2 V 20 1 

crystallites. The FWHM decreased from 0.066° to 0.042° as annealed temperature increased 

from 700 to 850°C as shown in figure 4.3. The estimated particle size increased from 77 nm 

at 700°( to 90 nm at 850°C. 
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Figure 4.2: XRD spectra of ZniV20 1 powder 

annealed at (a) 700 (b) 770 and (c) 850°C for 2 hours. 
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This clearly shows that the average particle size of the Znz Y201 depends on annealing 

temperature. The calculated lattice parameter of Zn2 V201 was found to be a= 7.429, b= 8.834 

and c= 10.09, like other researchers reported that the lattice parameters are temperature 

dependent [ 13]. 

Figure 4.4: SEM images of Zn2Y201 powder annealed at (a) 700 (b) 770 and 

( c) 850°C for 2 hours. 

SEM images of the Zn2 V 201 samples annealed at (a) 700°C, (b) 770°C, and 850°C are shown 

in figure 4.4. All the Zn2 V 201 samples have very smooth surfaces. At low temperature of 500 

°C the image shows scattered particles. As the temperature increased the pm1icles slightly 

agglomerated. The growth of Zn2 V 201 pmticle size as the temperature increased further to 

850°C, resulted in the spherical aggregation of the particles [ 14]. A high unifo1mity in particle 

size indicates that a higher annealing produces a sufficient uniform particle size. The particle 

size of Zn2 V 201 increased with the increase in annealing temperature, which was due to 

crystallization of the samples as shown in XRD results. The element composition of Zn2 V 20 1 

powders prepared by sol-gel method is shown in figure 4.5. The single phase of ZnzV201 

powder consists of zinc (Zn), vanadium (V), and oxygen (0) only. 
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(a) 

Figure 4.5 : EDS spectra Zn2Y201 powder prepared by so l gel. 

- 700 °C (b) 
- 770 °C 

- aso•c 

Wavelength (nm) Wavelength (nm) 

Figure 4.6: (a) Photoluminescence emission spectra of Zn2 Y201 powder 

annealed at 700, 770 and 850°C for 2 hours (b) PL emission spectra of 

Zn2 V 20 1 annealed at 850°C fitted with two Gaussian curves . 
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The PL emission spectra of Zni V20 1 annealed at different temperature is shown in figure 4.6 

(a). The spectra indicate the broad band from 400 nm to 800 nm which consist out of the two 

peaks shown in figure 4.6(b). The broad yellow to green emission band of ZniV20 1 

corresponding to transitions from the 3T 2 and 3T 1 states to the 1 A1 ground state of y 5+ ions, 

was observed [ 15]. The emission bands of the samples are shifting towards higher 

wavelength with annealing temperature. This is associated to the increase in particle sizes of 

Zni V20 7 as seen in the XRD results [ 16]. Luwang et al. [ 17] said the shifting of the peak 

towards a longer wavelength or towards a shorter wavelength might be related to the increase 

in covalent bonding on annealing. The sample annealed at low temperature has low emission 

intensity, because of a poor crystallinity. Higher annealing temperature enhances the 

luminescence intensity. The emission intensity increased with an annealing temperature, due 

to the improvement of the crystallinity. The PL peak intensity of the emission spectra as a 

function of annealing temperature ranging from 700 to 850°C was shown in figure 4. 7. The 

PL peak intensity increased gradually with an increasing annealing temperature. As discussed 

above with XRD data, the crystallinity of the Zn2V20 1 was improved with annealing 

temperature. The Commission Internationale de l'Elcairage CIE chromaticity diagram is 

shown in figure 4.8. 

The calculated CIE colour coordinates for all the annealed samples are summarized in Table 

l. The Zni V20 1 samples show the CIE coordinate around the green and yellow regions. The 

emission colour of annealed samples shifted from yellow with chromaticity coordinate of x= 

0.41 7 and y= 0.469 to green colour with the coordinate of x= 0.354 and y= 0.501 when 

annealed from 700-850°C. 

Table 1: CIE chromaticity colour coordinates in Zn2 V20 1 annealed at 

different temperatures. 

CIE chromaticity 
coordinates 

Sample No. Sample x y 
1 
2 
3 

Zn2 V20 1 -700 °C 
Zn2 V20 1 -770 °C 
Zn2V20 1 -850 °C 

0.373 
0.417 
0.354 

0.464 
0.469 
0.501 
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4.3 Conclusion 

Zni V20 1 phosphor was successfully prepared by sol-gel method with zinc nitrate, ammonium 

metavanadate as precursors. A single phase monoclinic structure of Zn2 V20 1 was obtained 

after annealing at 700 to 850°C temperatures for 2 hours. It was obtained that the annealing 

temperature has influence on the structure and morphology. The aggregation of particle was 

increasing with the particles size from 77 run at 700 °C to 90 run at 850°C. TGA analysis 

indicates a total weight loss of 65.3% when temperature is raised from 30 to 500°C, this is 

due to the crystallinity of Z02V20 1. No significant weight loss has been observed beyond 

500 °C . The photoluminescence emission spectra of Zni V201 annealed at different 

temperature was observed. The broad yellow to green emission band of Zni V20 1, which 

consist of the two peaks corresponding to the 3T 2 and 3T 1 states to the 1A1 ground state of y 5+ 

ions was observed. 
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Chapter 5 

Combustion synthesis of Dy3+ -doped YV04 

5.1 Introduction 

Yttrium orthovanadate (YV04) belongs to the space group 19D4h [l ] and it is an important 

optical material that has been given considerable attention due to its outstanding 

characteristics, such as excellent thermal, mechanical and optical properties. In recent years, 

significant progress has been made on luminescent materials using YV04 as host lattice and 

its emission colors are based mainly on the f-f transition [2]. Eu3+ doped YV04 nanocrystals 

have been widely used as an important commercial red phosphor. Their applications include 

color television, cathode ray tube, fluorescent lamps and plasma display panels. Yttrium 

orthovanadate activated by trivalent dysprosium (YV0 4:Dy) is a well-known phosphor 

material with high effic iency. The emission color of the luminescence is close to white 

because of the yellow (4f 912--+ 6H 1312) and blue (4f 912 --+ 6H 1512) emissions of Dy3+There are 

two basic approaches to generate white light fro m light emitting diodes (LEDs). One is by 

mixing light of different colors emitted by several chips called multichip LEDs and the other 

is to convert the light emitted from a blue or ul traviolet (UV) LED to a longer wavelength 

light using phosphors, which are called phosphor-converted (pc) - LEDs [3]. In order to 

produce a phosphor that will produce white light for the LED applications Dy3+ -doped 

YV04 phosphors were produced by a combustion method at 600°C. There are many methods 

to prepare YVQ4 phosphors, such as the chemical co-precipitation method [ 4], sol-gel 

method [5] and hydrothermal method [6]. Combustion has for a long time been the major 

source of energy for heating, transportation and production of electricity [7]. The combustion 

synthesis is very good because it can provide a product without sintering. In this paper, we 

report on the synthesis of YV04 phosphor material doped with different Dy3+ concentrations 

by combustion method. The structure and the luminescence properties of the YV04:Dy3+ is 

discussed. 

5.2 Results and discussion 

5.2. l XRD study 
Figure 5.1 shows the XRD patterns of YV04 phosphor material doped with different 
concentration of Dy. The XRD patterns show the tetragonal phase and agreed well with 
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Figure 5 .1. XRD pattern for the YV04:Dy3+ 
phosphors -doped with different concentration of 
Dy3+ as well as the standard JCPD file (1 7-0341 ). 
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Figure 5.2. FTIR spectra of YV04:Dy3+. 

standard JCPD file (17-0341) [8]. It is clear from the XRD patterns that no impurity phases 

were present which shows that all reactants have reacted completely. The average crystallite 
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size determined from the broadening of the peaks (200), (l 12) and (3 12) using Scherrer 

formula was about 31 run. The calculated lattice parameters were found to be a= 0. 711 run 

and b= 0.628 run. 

5.2.2 FTIR study 

Figure 5.3. SEM image ofYV04:Dy3+ doped with 

(a) 0.5, (b) l , (c) l.5 , and (d) 2 mol % o y3+ ions 

Figure 5.2 shows the FTIR spectra prepared for the combustion method at different 

concentrations of Dy3+. The most intense band shows the characteristics of the V-0 bonds 

with strong band ranges from 776-92 l cm-1 consisted of a peak at 845 cm-1
• A broad band 

centered at 3441 cm-1 is assigned to the symmetric stretching vibration of H- 0 - H (H20 

molecules). The strong peak observed at 1384 cm-1 is ascribed to the asymmetrical vibration 

of the carboxyl groups. It can be seen that the position of the V-0 stretching vibration 

remained the same for all the samples. The two weak bands at 2354 cm-1 and 2924 cm-1 

coITespond to the symmetrical and asymmetrical stretching vibration modes of the CH2 

group, respectively. The low 0.5% Dy concentration has some influence on symmetrical 

vibration modes of CH2 since the band on 2.54 cm-1 is very weak. 
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5.2.3 SEM study 

SEM has been carried out to study the morphological structure of the YV0 4: Dy3+ prepared by 

the combustion method. The SEM micrographs that are shown in figure 5.3 show the YV04 

doped with (a) 0.5, (b) 1, (c) 1.5 and (d) 2 mol% Dy3+ ions. In a lower Dy3+ concentration the 

particle size were small and much agglomerated. The particle size seems to increase along 

with the concentration and its shape changed to bulk-like particles. The surface of the 

morphology was rough. Table 1 shows the calculated average grain size of the YVQ4 doped 

with the various concentration of Dy3+. The grain size decreased to 26 nm for l mol% of 

Dy3+, and then increased as the Dy3+ concentration increased . When doped with 2 mol% Dy3+ 

the grain size was found to be 35 nm, which is also indicated in the increase in the intensity 

of the diffraction peaks, as observed in the XRD analysis. 

Table 1: The average crystallite size for the YV04 doped with 

different concentration of Dy3+ calculated by Scherer equation 

Dy3• concentration (mol%) Average grain size (nm) Experimental 

error(±) 

0.5 30 ±4.5 

1 26 ±3.7 

1.5 30 ±1.2 

2 35 ±2.6 

5.2.4 PL study 

The PL excitation spectrum of YVQ4:Dy3+ phosphor monitored at an emission wavelength of 

574 nm is shown in figure 5.4. The excitation spectra showed a broad peak around 257 nm. 

Figure 5.5 shows the emission spectra of the YV04: Dy3+ prepared at different concentration 

of Dy3+. The insert shows the enlargement of the 663 nm peak. The spectra show the 

characteristics of the emission peaks of o y3+. 
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The peaks are located at 483 nm (blue) and 574 nm (ye llow). The peaks are related to the 

hypersensitive transition 4F9/2-6H 15/2 and the 4F9/2-6H 13/2, respectively. There is a very 

weak emission band located at 663 nm which correspond to the 4F912-6H 1112 transition. The 

intensity of the yellow emission is stronger than that of the blue emission, because Dy3
+ is 

located at a s ite of the D2ct, which is deviated from an inverse center in the YV04 host [9]. 

The maximum PL intensity was observed for the lower concentration of 0.5%, fi gure 5.6 (a). 

The PL peak intensity showed a decrease in intensity as the concentration of Dy3+ increased 

due to concentration quenching and then the intensity increased again when the concentration 

reached 2% as shown in figure 5.6. The reason is when the concentration is far above the 

critica l concentration the intensity of the Dy3+ emission wil l increase quickly as the 

concentration increase unti I it reaches another critica l concentration, and then the intensity of 

Dy3
+ emission will decrease again for the energy transfer among di fferent Dy3

+ ions [IO]. 

5.2.5 CIE chromaticity diagram 

The emission color of the YV04:0 y3
+ phosphor can be expressed by Commission 

Internationale de J'Elcairage (CIE) coordinates as indicated in figure 5.6(b). The chromatic ity 

coordinate for the YV04:0y3
+ with different Dy3+ concentrations are very simi lar. It is clear 

that the YV04: 0 y3+ emitted a more yellowish color light. The blue part helped to shift it 
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slightly towards the white part of the spectrum. The phosphor can be used as a yellow emitted 

material in LEDs. 

5.2.6 Lifetime study 
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10 

Figure 5.7 shows the decay curves for the different concentration of Dy3+ doped YV04. The 

logarithmic p lots of the curves were fitted by a two order exponential decay equation: 

I = A 1 exp (-tin) +Ai exp (-tlri) (3) 

Where I represent the phosphorescent intensity, n and r2 correspond to shotter and longer 

li fetime constants, and A1 and A2 are constants. The parameters for the fitting data are listed 

in table 2. The phosphorescence decay times as shown in table 2 can be explained by an 

initial rapid decay and then an intermediate transitional. A decrease in the intensity w ith an 

increase in concentration is due to the improvement of the crystallinity as the pa1t icle size 

increased w ith the concentration [ 11 ]. 

53 



Table 2: Lifetime values obtained after bi-exponential fitting 

to the data of YV04:0y3+. 

%Dy r1 (ms) rz Ai Az 

(ms) 

0.5 0.27 0.56 273 493 

1 0.26 0.89 20 177 

1.5 0.26 0.65 27 267 

2 0.28 0.64 47 150 

5.3 Conclusion 

YV04:oy3+ phosphors prepared with different concentration of Dy3+ have been synthesized 

by the combustion method at 600°C. The XRD characteristics confirmed the crystalline 

single phase present in the sample. In SEM images the particle size seemed to increase along 

with the concentration of o y3+. The emission color of the luminescence is yellow 

(4F 912 - 6H1 312) and approaching the white region due to the blue (4
f912 - 6H1s12) emissions 

of o y3+ and has the potential to be used as a phosphor for pc-LEDs. The intensity of the PL 

was decreasing while increasing the concentration due to concentration quenching. 
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Chapter 6 

The effect of urea:nitrate ratio on the structure and luminescence 
properties of YV04:0y3+ phosphors 

6.1 Introduction 

Most of luminescence materials such as oxides, oxysulfides, and sulphides are doped with 

transition metal or rare earth ions. Although the luminescence characteristics of vanadates 

phosphors have been reported, yttrium vanadates (YVQ4) are good host materials for 

luminescence efficiency. Like Eu, Tm and other rare earth ions Dy can also act as a useful 

activator. Many researchers have been reported that YV04 can be modified by Eu to be used 

as a red phosphor in colour television and cathode ray tubes because of its high luminescence 

[1-3]. Besides europium, Dy3+ ions is a good activator for YV04. o y3+activated YV04 

materials produce blue, yellow and red emissions consisting of (4f 912-6H1 s12), (4f912- 6H 1312) 

and 4f 912-6H 1112 transitions, in the visible and near infrared region [ 4]. o y3+ ions give most 

intense emission in the yellow region [ 5]. Because of these colours the combined emission is 

close to white and it can extensively be used as an activator ion in designing the LED based 

white light sources [6]. Synthesis of YV04 has been previously prepared by the sol-gel 

method [7] , solid state reaction, hydrothermal process [8], microwave heating process [9, IO]. 

The combustion method is one of the ideal techniques, because an exothermic reaction is 

initiated at the ignition temperature and it generates heat which is manifested in a maximum 

temperature of I 000-1650 K [ 11 ]. Zhang et al. [ 12] prepared YV04:Dy3+phosphor us ing sol 

gel and found agglomerated particles. A lso Hong-Tao Liua et al [ 13] studied and reported on 

the hydrothe1mal synthesis and optical properties of YV04:0y3+. Here YVQ4:Dy3+ was 

prepared by the combustion method at an initiation temperature of 600°C. The particle size, 

phase homogeneity and morphology were well controlled. The effect of the ratio of urea on 

the structure and luminescence properties has been investigated. 
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6.2 Results and discussion 
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Figure 6.1: XRD patterns of YV04:Dy3+with 

various ratios of urea: nitrate (a) I, (b) 2, (c) 2.5, (d) 

3 and (e) 4. 

The amount of urea (NH2CONH2) was introduced as a fuel because of its effectiveness in an 

exothermic reaction. Figure 6. 1 shows the XRD patterns of the YVQ4: oy3+powders 

synthesized by combustion method at an initiation temperature of 600°C. The mole ratio of 

urea:nitrate was varying from l to 4. The phosphor powders showed that the XRD peaks 

were due to the YV04 tetragonal phase (JCPDS No. 17-0341) with its lattice parameters a= 

0.71 19 nm and c= 0.6228 nm. No othe r crystalline phase was observed on the XRD spectra. 

The XRD patterns showed poor crystallinity at a low mole ratio of urea. This may be due to 

the fact that at a low concentration of urea the reactive temperature will be lower, and this 

will lead to poor crystallinity in a sample [ 14]. When increasing the ratio of the urea to 2 a 

highly crystalline structure of the YV04: Dy3+ sample was observed, which may be due to the 

fact that by increasing the ratio of fuel (urea) in the precursor increased the exothennic fla me 

temperature and hence the crystallinity in the product phase [ 15]. The lattice parameters of 

YV04:Dy3+ samples have been calcu lated from the observed values of 28 using the d 

interplaner spacing for the tetragonal s tructure, 

1 h 2 +k2 12 

- =--+ -
dhkl a2 c 2 ( I ) 
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Where h, k and I are miller indices of the plane and a, care lattice parameters. The obtained 

values of the latt ice parameters are shown in Table I. The calculated lattice parameters were 

found to be in good agreement when compared with the one from the standard JCPDS 

tetragonal structure. The values of the crystalline size were estimated from the Scherrer's 

formula. The crystalline size values were found to be 20, 38, 33, 30 and 27 nm for the 

samples prepared with the rat io of I, 2, 2.5, 3 and 4, respective ly. The crystalline s ize 

decreased after increasing the ratio of urea. The excessively high urea concentration might 

induce a large heat release, which may cause the formation of a sing le phase [ 16]. 

Table I . Results for XRD analysis of YV04:Dy3+ powders with various 

ratio of urea. 

N itrate/urea ratio Lattice parameters (nm) Grain size (nm) 

a b 
I 0.708 1 0.6273 20 
2 0.7080 0.6240 38 
2.5 0.7075 0.6267 33 
3 0.7087 0 .6274 30 
4 0.7086 0.6273 27 

The SEM images of the YV04:0y1+powders with various ratios of urea: nitrate are shown in 

figure 6.2. The observed results show the formation of agglomeration. It was observed that 

when increasing the concentration of urea the flake-like particles formed and exhibit some 

holes at the surface, which may be due to the strong dispersant effect of gasses generated 

during the reaction. Husairi et al [ 17] reported that nano-flakes were o bserved when 

increasing the concentration of urea. Baca/ski/net al [ 18] prepared barium magnesium doped 

Dy by combustion and observed the flakes-like particles when increasing ratio of urea. As 

discussed earlier that the increase in urea increased the exothermic flame and this played an 

important role in controlling the particle s ize and shape. Figure 6.3 shows the EDS results for 

the YV04:0y1+. The presence of Yttrium (Y), vanadium (v) oxygen (0) e lements was 

observed, which can be attributed to the formation ofYVQ4:Dy3+. 

The diffuse reflectance spectra of YV04:Dy1+ with various ratios of urea: ni trate is shown in 

figure 6.4. Broad absorption bands positioned below 350 nm are associated with the 

absorption of the VQ43-vanadates groups [ 19]. There is a weak absorption band centred at 282 

nm shown at a ratio of urea of 2. This band can be associated to the charge transfer (CT) of 

DyH . 
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Figure 6.2: SEM images of YV04:Dy3+ for different ratios 
of urea. (a) l (b) 2 (c) 2.5 (d) 3 and (e) 4. 

Figure 6.3: EDS spectra ofYV04:Dy3+for the 
ratio of 2 urea: nitrate. 
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Figure 6.4: The refl ectance spectra for YV04:0y3
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Figure 6.5: PL exc itation spectra of 
YV04:0y3+ with different ratio of urea:nitrate. 
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The optical band gap determined by extrapolating the linear portion of the reflection curve 

onto the energy (wavelength) Eg ofYV04:Dy3+ samples are in a range of 3.3 to 2.3 eY. This 

shows that the energy band gap decreased with an increase in the ratio of urea. 

The PL excitation spectra of YV04:Dy3+ monitored at 573 nm are shown in figure 6.5. The 

different ratio of urea was varied from 1 to 4. The excitation spectra consisted with a broad 

band from 220 nm to 340 nm. The band around 290 nm is associated with the charge transfer 

of o y3+. This charge transfer originates from interaction between Dy3+ and 0 2· [20). Figure 

6.6 shows the emission spectra of YV04:Dy3+ with different ratio of urea:nitrate prepared by 

combustion method at initiation temperature of 600°C. The emission spectra were obtained 

from excitation of 290 nm. The ratio of urea was varied from 1 to 4, and was used to 

determine the influence of urea on the luminescence properties. 

The emission spectra consist of two main peaks, yellow-green band at 573 nm corresponding 

to 4f 912-+6H 1312 and the blue band at 482 nm corresponding to the 4f9;2-+6H1 s12 transition [21). 

There is a very week band at 663 nm which correspond to 4f 912-+6H 1112 transition. The 

intensity of yellow emission was stronger than that of the blue emission, this is because when 

the Dy3+ ions is located at low symmetry local sites with no inversion centres, the 

4f912-+6H 1312 transition is prominent in its emission spectrum [22]. The PL intensity as a 

function of ratio of urea for 4f 912-+6H 1312 and 4f 912-+6H1 s12 transitions is shown in figure 6. 7. It 

was found that the PL emission intensity for both transitions increased with an increase in the 

ratio of urea and reached a maximum at 2. The YV04:Dy3+ generated the highest emission 

intensity due to the optimized heat release. With increasing the ratio of urea further, the 

intensity began to decrease because the excessively high urea concentration induced a large 

heat release [ 16] . 

As illustrated in figure 6.8 the emission colour of the YV04:Dy3+phosphor can be expressed 

by the corresponding CIE coordinates. The chromaticity coordinates for Dy was between 

0.39 - and 0.41 for the X coordinate and 0.44- 0.46 for the Y coordinate which fa lls in the 

yellow region. Because of the green-yellow and blue emission colours the chromaticity 

coordinates approached the white colour. Figure 6.9 shows the luminescence decay curves for 

the 4f912 level of the YVQ4:Dy3+ powders. The curves were taken under the excitation and 

emission wavelength of 290 nm and 573 run, respectively. T he maximum initial 

luminescence intensity increased as the ratio of urea increases. 
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The initial luminescence intensity observed when the addition ratio of urea was 2. But 

significant decreased in initial intensity was observed when the ratio of urea was increased up 

to 4. All the decay curves can be well fitted in a single exponential function. Lifetime values 

from the decay curves for l , 2, 2.5 , 3 and 4 ratio of urea were found to be 0.29, 0.32, 0.32, 

0.31 and 0.35 ms. 

6.3 Conclusion 

YV04:o y3+ phosphors have been synthesized by combustion method using the different ratio 

of urea as a fuel. XRD results revealed a single tetragonal phase (JCPDS No. 17-0341). No 

other crystalline phase was observed on the XRD spectra. It was observed that when 

increasing the concentration of urea further the flake-like particles was formed because an 

increase in urea increased the exothermic flame and hence the formation of crystalline 

structures. Under the excitation of 290 nm, the YV04:0y3+ phosphor emitted yellow light at 

(574 nm) corresponding to the 4f912~6H 1312 transition and the blue band (482 nm) 

corresponded to the 4f9;2~6H1s12 transition. Because of the green-yellow and blue emission 

colours the chromaticity coordinates approached the white colour. All the decay curves were 

fitted with a single exponential function. The lifetime values from the decay curves for l , 2, 

2.5, 3 and 4 ratio of urea were found to be 0.29, 0.32, 0.32, 0.31 and 0.35 ms. 
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Chapter 7 

Effect of substrate temperature on structure and luminescence properties 
of YVQ4:Eu thin films grown by PLD 

7.1 Introduction 

Yttrium vananate has been shown to be a useful phosphor host lattice. The vanadates are 

prepared by combining vanadium pentoxide with oxide or carbonates of metals w ith 

calculated quantities, or by ammonium metavanadate with carbonates or nitrates. Yanadates 

are doped with rare earth ions to produce emitting phosphors [l]. YVQ4:Eu3+ is an important 

red emitting phosphor materials with main lines at 594 nm (5Do-7F1), 618 nm (5Do-7F2), 699 

nm (5Do-7f 4) [2]. YVQ4:Eu3+ materials are used in flat panel display for its good colour purity 

[3,4] . The energy transfer from VQ43• to Eu3+ is highly efficient because of a strong 

absorption to ultraviolet light by YV04 [5 , 6]. A number of techniques were used to prepare 

YV04 thin film such as chemical vapour deposition [7], sol-gel methods [8], spray pyrolysis 

[9], Radio frequency magnetron sputter deposition [ 10]. But these techniques produce films 

that lack c rystallographic orientation control. YV04:Eu3+ thin films were a lso deposited by 

pulse laser deposition (PLD). It allows the deposition of films of good crystalline quality at 

lower temperatures in d ifferent gas environments. PLD is a technique that produce 

stoichiometric structures that transports materials from the target to the substrate to grow high 

quality crystalline films [ 11 ]. The results of Milev et al showed that the crystallinity of the 

films at deposition temperatures higher than 500°C [ 12]. In this study the crystall inity of the 

thin films was observed at higher depos ition temperatures. The effects of the deposition 

temperature and the deposition background pressure on the structural and luminescence 

properties of the thin films was also studied. 

7 .2 Results and discussion 

7.2.1 Structure of YV04:Eu thin film s 

Figure 7. 1 shows the XRD spectra of YVQ4:Eu3+ phospho r thin fi lms deposited by pulse 

laser deposition on silicon substrate. The substrate temperature was varied from 200 to 400°C. 
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Figure 7.1: XRD spectra of YVQ4:Eu3+ 

thin films deposited at various substrate 

temperatures (200, 300 and 400°C). 

! 
.: 

24.25 24.50 24.75 25.00 25.25 25.50 

28 (j 

Figure 7.2: XRD powder diffraction of 

(200) peak for YVQ4:Eu3+ thin films 

deposited at various substrate 

temperatures (200, 300 and 400°C ). 

The diffraction peaks of the thin films are matched with that of tetragonal phase standard 

JCPDS card 17-0341 and there were no impurities that were observed. At a deposition 

temperature of 200 °C the spectra showed a small and broader peak at (200) orientation. The 

crystallinity improves for samples deposited at higher substrate temperatures [ 13]. At 400°C 

substrate temperature the phosphor thin film showed a crystalline structure with narrow and 

sharper peaks. The substrate temperature did not show any influence on a peak position as 

shown in figure 7.2. The value of the particle size was estimated using Scherrer's equation 

along the (200) direction. The particle size range from 16 nm at 200°C, 20 nm at 300°C to 67 

run at 400°C. 

7.2.2 Morphology of YV04:Eu thin film 

Figure 7.3 shows the SEM images of YV04:Eu3+ thin films deposited at substrate 

temperature of 200 and 400°C. Films deposited at 200°C is composed of small spherical 

particles of different sizes. SEM images indicated that with increasing in deposition 

temperature the particles becomes larger. This increase in particle size agrees well with the 

XRD results showing decrease in full width at half maxima. AFM images of the YVQ4:Eu3+ 

thin films grown at different deposition temperature are shown in figure 7.4. 
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Figure 7.3: SEM images of YV04:Eu3+ thin films deposited at (a) 

200°c and (b) 400°C. 
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Figure 7.4: AFM images of YV04:Eu3+ thin films deposited at (a) 

200°c (b) 300°C and (c) 400°C. 
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The thin films deposited at lower temperature 200°C showed a smooth surface with small 

particles. When the deposition temperature increased, the thin films showed a rough surface. 

The roughness of the surface maybe due to the formation of the sample crystallinity as 

confirmed by XRD results [14). The large particles were observed at 400°C deposition 

temperature. Therms thickness of the thin films at 200, 300 and 400°C were 10.8, 17.8 and 

29.7 nm, respectively. 

7.2.3 Photoluminescence properties of YV04:£u thin films 

Figure 7.5 show the PL excitation spectra of YV04:Eu3+ thin films for the emission of 6 18 

nm. The spectra showed a broad band between 230 and 360 nm. This band corresponds to the 

V-0 charge transfer transition from the V043
- groups of the host to Eu3+ ions [ 15). It was 

observed that the excitation intensity increased with an increase in substrate temperatures. 

This may be due to the energy transfer from the host YV04 to Eu is enhanced with the 

increase of deposition temperature [ 16). The PL spectra in figure 7.6 show the emission peaks 

of YV04:Eu3+ thin films deposited at different temperature. Emission spectra showed the 

peaks at 594, 6 18, 652 and 699 nm corresponding to 5Do-7F1, 5Do-7F2, 5Do-7
f 3 and 5Do-7f4, 

respectively [ 17]. The insert shows the graph of PL intensity as a function of deposition 

temperature. The spectra showed an increase in intensity when deposition temperature 

increased and the maximum intensity was reached at 400°C. 
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Figure 7.5: PL excitation spectra of YV04:Eu3+ 

thin films deposited at substrate temperature of 

(a) 200 °C (b) 300 °C and (c) 400 °C. 
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Figure 7.7: PL emission spectra of 
YVQ4:Eu3+ thin films deposited at 
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Figure 7.8: PL intensity of 
YV04:Eu3+ thin film s as a function 

of oxygen pressure in mTorr. 
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Figure 7.7 shows the em1ss1on spectra of YV0 4:Eu3+ thin films deposited at 400 °C and 

different oxygen pressure. The oxygen pressure was varied from 20, 50, and 72 to 85 mTorr. 

The emission spectra showed the increase in intensity with increase in depos it io n pressures. 

The intensity as a function of oxygen pressure was shown in figure 7.8. It was fo und that the 

intensity of the e lectric dipo le 5Do-7F2 transitio n o f Eu at 6 18 nm increased with oxygen 

pressure . This shows the PL enhancement and the formation of the roughness by laser 

ablatio n at higher oxygen pressure [ 18]. The luminescence decay curves o f YV04:Eu3
+ 

5Do-

7F2 e lectric dipo le transition of Eu at 6 18 nm emission under 270 nm excitation depos ited at 

various oxygen pressure at 400 °( are shown in fi gure 7.9. The decay curves can be well 

titted with a double exponential fu nction. The calculated li fe times for 20 mTorr were t1= 

0.25 and ti= 0.82 ms, 50 mTorr a re t1= 0.4 1 and t1= 0.6 1 ms, 72 mTorr a re t1 = 0.26 and ti= 

0.68ms and 85 mTorr t1 = 0 .23 and t1= 0.64. The results showed an increase in the initia l 

luminescence intensity, but the decay time vari ed as the oxygen partia l pressure increased. To 

study the e lectronic interactions near the optical band gap region of YV04:Eu3+ thin-film 
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samples, diffuse reflectance measurements were taken on the samples in the UY- Vis region 

at room temperature. All spectra were obtained in the range o f 200- 800 nm. Figure 10 (a) 

shows the diffuse reflectance spectra, R, as a function of wavelength. It can be seen that film s 

transmit and absorb significantly at wavelength be low 600 nm but re fl ects more in the visible 

reg ion. It is suggested that the PL intensity stro ngly depends on the scattering rate of the film 

[ 19]. It is observed from the results that scattering rate reduces with an increase in oxygen 

partial pressure; hence, the reflectance of the YV04: Eu3+ thin-film samples in the vis ible 

region reduces s ignificantly with the increase in the oxygen partial pressure. The band gap 

energy of the doped YV04:Eu3+ thin-fi lm samples was calculated from the diffuse 

reflectance spectra by plotting the square of the Kubeika- Munk function F(R)2 versus the 

energy in e lectron vo lts and shown in Fig. 10 (b). The linear part of the curve was 

extrapolated to F(R)2 = 0 to calcu late the direct band gap energy. As the oxygen pressure 

increases from 20 to 85 mTorr, the band gap decreases. The reductio n in band gap with 

oxygen partial pressure is due to the increase in oxygen vacancies in the YY04 :Eu3
+ thin 

films. S ince larger concentrations of vacancies offer higher defect states near the conducti on 

band edge, thi s effectively leads to decrease in th e optical band gap. The content of oxygen 

vacancies increases with oxygen partial pressure, and hence, carrier concentration decreases. 

So the band gap decreases from 3.77 to 3.26 eY with increase in oxygen partial pressure from 

20 to 85 mTorr. 
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Figure 7. 10: (a) Diffuse re flectance and (b) band gap energy of the YY04:Eu3+ thin 

fi lms deposited at 20, 50, 72 and 85 mTo rr. 
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7.3 Conclusion 

YV0 4:Eu3+ thin films were deposited by PLO under the various substrate temperature and 

oxygen pressures. The diffraction peaks of the thin films showed the tetragonal phase 

structure. An increase in substrate temperature led to an improvement in crystallinity and the 

roughness of the surface of YV04:Eu3+ thin films. The emission spectra showed an increase 

in intensity when deposition temperature increased and also when the oxygen pressure 

increased. It has been shown that the surface morphology and the luminescence of the thin 

films can enhanced by increasing the substrate temperature and by increasing the oxygen 

pressure. 
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Chapter 8 

Optimizing deposition time to enhanced photoluminescence properties of 
laser-ablated red Eu3+ doped YVQ4 thin films. 

8.1 Introduction 

The interest in thin films phosphors are growing due to their potential application in high 

resolution devices. Among these thin films phosphors, there has been significant research in 

the development of oxide based red phosphor materials. Y20 3:Eu was one of the red 

materials used for field emission display (FED) devices. S. L Jones et al [ l ] found that the 

Y 20 3:Eu require a high temperature to crystallize. However, the FED devices require the low 

temperature [2]. Because of its low melting point, YV04:Eu3+ thin films are promising 

luminescent materials for FED device. YV04:Eu3+ is a highly efficient red light-emitting 

material, because of its strong absorption of ultraviolet light and an effective energy transfer 

from VQ4 to Eu3+ [3-5]. A number of techniques were recently used for the development of 

YV04 thin films growth, such as chemical vapour deposition (CVD) [6, 7], spray 

pyrolysis [8 , 9], solid state reaction [10] and sol- gel methods [11-13]. In general, these 

techniques need complicated, and expensive equipment set-ups, and complicated processing 

[14]. YV04:Eu3+ was deposited by pulse laser deposition (PLO). It is well known that the 

importance of the PLO deposition is the stoichiometric transfer of target material to the 

substrate [ 15]. In this study, YV04: Eu3+ thin fi lms were grown in a fixed oxygen pressure. 

The variation in deposition time was used to improve the crystallinity and to enhance the 

luminescence of the thin films. It is well known that longer the deposition time results in 

thick films [16]. As reported by other researcher, Kassima et al prepared ZnS thin films and 

found that increasing the deposition time improves the crystallinity of the thin film [ 16]. 

Another study on the effect of deposition time on YV04: Eu3+ thin films [ 15] showed that the 

best results were obtained when the annealed temperature increased and thin films were 

deposited for 60 minutes. Many studies on YV04:Eu3+ thin films showed that the 

improvement of the crystallinity is due to the increasing of annealing temperature [ 15, 2]. In 

this work we repo11 the optimization of deposition time to improve the crystallinity and 

enhanced the photoluminescence properties of the YV04:Eu films deposited at 5 mTorr 

oxygen pressure. 
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8.2 Results and discussion 

The x-ray diffraction patterns results of YV04:Eu3+ thin film deposited at different deposition 

times of 30 minutes, 45 minutes and 60 minutes in 5 mTorr oxygen pressure at room 

temperature are shown in figure 8. 1. The diffraction peaks observed have been analysed and 

are match well with those of tetragonal phase (JCPDS card # 17-3441) [1 7]. The peaks 

observed at 25.04° and 33.07° match with reflections from (200) and ( 112) crystallographic 

planes of tetragonal phase ofYV04:Eu3
+, respectively. The poor crystallinity was observed at 

the deposition time of 30 minutes. It was observed that the crystallinity improved after the 

deposition time of 45 minutes, and the best film was observed after the deposition time of 60 

minutes. From figure 8.1, it is clear that by increasing the deposition time the preferred 

orientation is (200). Kang et al shows the relatively well preferred orientation of (200) plane 

[2]. Yi et al [ 18] reported that the nucleation of grains with (200) orientation is energetically 

favourab le at lower deposition temperatures. Other researchers observed that with an increase 

in substrate temperature of PLO the crystallinity of the YV04:Eu improved [ 18]. It clearly 

seen that by drawing the XRD orientation of (200) peak from figure 8.2, the effect on XRD 

intensity was observed when varying the deposition time. The thickness of YV04:Eu3+ thin 

fi lms increases and the crystallinity was improved. The grain sizes were estimated using the 

Debye-Scherrer's form ula [19]. 

O o.9A 
{JCos8 

(5) 

Where D is the grain size, A. is x-ray wave length , p is a width at half maximum intensity 

(FWHM) and e is the Bragg angle. The average grain size was found to be 60 nm. It was 

found that the estimated grain size increase with the increase in the deposition time as shown 

in figure 8.3. The estimated grain size was calculated using the (200) plane. The 

improvement in estimated grain size maybe due to the fact that free molecules have tendency 

to condense on the surface of larger pai1icles therefore, all smaller particles shrink, while 

larger paiticles grow, and overall the average size will increase [20]. 
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Figure 8. 1: XRD patterns of 

YV04:Eu3+ deposited at (a) 30, (b) 45 
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Figure 8.4: SEM images of the YVQ4:Eu3+ thin films deposited at different times (a) 
30. (b) 45 and (c) 60 minutes in 5 mTorr at room temoerature. 

The surface morphology of the films obtained with different deposition times at room 

temperature were determined by scanning electron microscopy (SEM) and is shown in figure 

8.4. SEM image shows the small grain size particles for sample deposited at low depos ition 

time. The formation of homogenous surface was observed after a films deposited at 45 

minutes. The grain size of the films are generally small, this can be attributed to the 

deposition at room temperature at which ions in the bath do not possess enough mobility to 

form a larger grains. Rough surface and larger grain particles appear in sample with higher 

deposition time of 60 minutes. The crystallinity of the samples increased with an increase in 

deposition time, this is confirmed by XRD results. 

(a) 

213 4i; 

fQ 
0.00 

. 
'" 

Figure 8.5: AFM images for YV04:Eu3+ thin films deposited at different deposition 
times (a) 30, (b) 45 and (c) 60 minutes at 5 mTorr. 

The AFM results were recorded to study the effect of deposition time on surface of the 

YV04:Eu thin films. Figure 8.5 shows the 30 AFM images of the YV04:Eu3+ thin films 
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obtained by various deposition times of 30, 45 and 60 minutes at room temperature. The 

surface of the sample deposited after 30 minutes consist of irregular and spherical particles. 

The grain size grows slightly as the deposition time increased to 45 minutes, the surface of 

the thin film became smooth and the surface layer was well uniformed and agglomerated, this 

shows that the substrate is well covered with particles. This may be due to the fact that the 

growth takes place by diffusion when deposition time is long enough [21]. The film deposited 

for 60 minutes have the largest grain size and produce the roughest surface morphology. The 

roughness of the films was found to increase from 2.26 nm, 7.4 nm to 24.20 nm as the 

deposition time increased from 30 minutes, 45 minutes to 60 minutes as shown in figure 8.6. 

The AFM results illustrate that the deposition time significantly affect the grain size, film 

thickness and surface roughness of YV04:Eu3+ thin films. The SEM results illustrated in 

figure 8.4 are consistent with the AFM results. 
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Figure 8.6: rms roughness as a function of 
deposition time. 
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Figure 8.7 shows the PL excitation spectra of YV04:Eu3+ thin films obtained for deposition 

time ranging from 30 to 60 minutes. The PL excitation spectra consist of a broad band 

between 200 nm and 350 nm. The broad excitation band is due to the charge transfer 

transition between Eu3+ and V043· anions (22]. Figure 8.8 shows PL emission spectra of 

YV04:Eu3+ with deposition time between 30 minutes and 60 minutes. The main emission 

peaks are due to the Eu3+ transition 5Dr·+-7Fj. The strongest red emission peak at 61 8 nm is 

due to transition 5Do- 7F2. The deep red emission peak at 703 nm is due to the transition 

5Do- 7f 4. The shorter wavelength peaks at 594 nm and 651 nm correspond to the transition 

5Do- 7F1 and 5Do-7F3, respectively. 

It is well known that these narrow emission peaks are due to the Eu3+, thus is because of the 

shielding effect of 4f electrons by 5s and Sp electrons at the europium ions. The emission 

intensity enhanced with increasing deposition time without changing peak position. This 

improvement in PL intensity firstly is due to the improvement of the crystallinity leading to 

higher oscillator strengths for optical transitions [23]. Secondly may be due from the reduced 

internal reflections of emitted light due to rougher surface at high deposition time [ 18]. The 

incorporation of Eu3+ ions in the YVQ4 host also contributes to the enhancement of emission 

intensity [24]. Figure 8.9 shows the relation between the PL intensity and deposition time of 

YV04:Eu3+ thin films. The intensity of the thin films increased with an increase in deposition 

time. This concludes that the intensity depends on the deposition time. The chromaticity 

diagram in figure 8.10 confirms the red YVQ4:Eu3+ thin films with (0.675 , 0.324) 

coordinates. 

Figure 8. 1 L shows the luminescence decay for the 5Do level of Eu3+ in YVQ4:Eu3+ samples 

deposited at different deposition time (30, 45 and 60 minutes). Excitation and emission 

wavelengths are fixed at 275 nm and 618 nm, respectively. The decay curves are exponential 

for all the cases and can be well-fitted with a double-exponential function as: 

/(t) = Io+ A 1exp(-tlt1) + Azexp(-t/tz) (6) 

Where I and Io are the luminescence intensity at time t and o, A 1 and Ai are constants, t is the 

time; t1 and ti are the decay times for the exponential components, respectively. The average 

decay lifetimes can be calculated using the formula. 

(7) 

83 



0.9 

30 

• • 45 
... 45 

0.6 

> 
w 
l3 

0.3 

60 
o..._~~--.,_~~~~~~~~~~-i 

deposition time (minutes) 

Figure 8.9: PL intensity as a function of 
deposition time. 

• 

\ 
\\ 

\ \ \ 
\ \ '· •, ' '• ... 

0 0.2 0.4 
CIE X 

0.6 

Figure 8.10: CIE chromaticity 
diagram showing the red emission 
co lour for YV04: Eu3+thi n fi lms. 

_.__ 30 min 
~- 45min 

_.__ 60 min 

..... ' ....... • .... ... --=.--:r._ .•.•.• -~ .••• .•.•.•. , .• -~ -· ., .•. , .•. , ·• ., 

I 

0 2 4 6 8 10 

Figure 8. 11 : luminescence decay curves of YV04:Eu3+ thin films 
deposited at different deposition time of 30, 45 and 60 minutes. 

O..!! 

Luminescence average lifetimes listed in table I are increased from 0.208 ms to 0.578 ms in 

the YV04: Eu3+ sample. From our results analysis it is clear that the crystal linity and 

roughness of the phosphor thin films have strongly affected the photoluminescence 
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properties. Other researchers [ 18] observed the same behaviour but they were varying the 

substrate temperature. 

8.3 Conclusion 

Table l: The values of calculated life times 

Deposition time (min) 
30 
45 
60 

t1(ms) 
0.02 
0.04 
0.08 

t2 (ms) 
0.59 
0.64 
0.71 

lave (ms) 
0.208 
0.213 
0.578 

The YV04:Eu3+ thin films phosphors have been deposited on Si (100) substrates using pulse 

laser deposition with deposition time varying from 30 to 60 minutes. The x-ray di ffraction 

results indicated that crystallinity of the thin fi lms improved by increasing deposition time to 

60 minutes. SEM images showed rough surface and larger grain particles appear in sample 

with higher deposition time of 60 minutes. The AFM showed that the surface of the film 

became smooth and agglomerated at low deposition time and larger grains observed at 60 

minutes deposition time. The luminescence properties showed emission spectra of 

YV04:Eu3+deposited with different deposition time. The best luminescence intensity was 

obtained for the sample deposited for 60 minutes. 
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Chapter 9 

9.1 Summary 

In this study the morphological, structural and luminescence properties of the yttrium 

vanadate and zinc vanadate phosphors were discussed. The vanadate phosphors have been 

prepared by combustion and sol-gel method. The thin films phosphors have been prepared by 

pulse laser deposition. The annealing process in the sol-gel method was performed at the 

temperatures of (700, 770 and 850°C) while the combustion process was performed under the 

initiation temperature of 600°C. 

The structural, morphological, and photoluminescence characterization of undoped and Ca, 

Ba and Sr doped self-yellow Zn2 V20 1 synthesized via the combustion method has been 

discussed. First the Zn2V20 1 was synthesized at different synthesis temperatures of 500, 600 

and 700°C. It was found that the XRD structure obtained was single phase at low and higher 

synthesis temperature and the best luminescent intensity was obtained for samples 

synthesized at 600°C. The Zn2 V20 1 was then doped with the different dopants (Ca, Ba, Sr). 

The XRD structure showed that no impurities or secondary phases were observed by adding 

the different dopants to Zn2 V20 1 were observed. 

The effects of annealing temperatures on structural and luminescence properties of Zn2 V20 1 

were studied. Zn2 V20 1 phosphor powders were annealed at 700 - 850°C for 2 hours. It was 

obtained that the annealing temperature has influence on the structure and morphology. The 

aggregation of particle was increasing with the particles size from 77 nm at 700°C to 90 nm 

at 850 °C . The photoluminescence emission spectra of Zni V 20 1 annealed at different 

temperature was observed. The broad yellow to green emission band of Zn2 V20 1, which 

consist of the two peaks corresponding to the 3T2 and 3T 1 states to the 1A1 ground state ofV5+ 

ions, was observed. 

The effect of YV04 phosphor material doped with different concentration of oy3+ has been 

study. SEM images show that the particle size seemed to increase along with the 

concentration of oy3+. The emission colour of the luminescence is yellow (4F912 ~ 6H 1312) and 

approaching white region due to the blue (4h 12 ~ 6H1 s12) emissions of Dy3+ and has the 

potential to be used as a phosphor for pc-LEDs. The intensity of the PL decreased while 

increasing the concentration due to concentration quenching. 
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o y3+ ions give most intense emission in the yellow region. Because of these colours the 

combined emission is close to white and it can extensively be used as an activator ion in 

designing the LED based white light sources. The effect of urea: nitrate ratio on the structure 

and luminescence properties of YV04:0 y3+ phosphors has been studied. XRD results 

revealed a single tetragonal phase (JCPDS No. 17-0341). No other crystalline phase was 

observed on the XRD spectra. It was observed that when increasing the concentration of urea 

further the flake-like particles was formed because an increase in urea increased the 

exothermic flame and hence the formation of crystalline structures. 

Effect of substrate temperature on structure and luminescence properties of YV04:Eu thin 

films grown by PLO. YV04:Eu thin films were deposited by PLO under the various substrate 

temperature and oxygen pressures. The diffraction peaks of the thin fi lms showed the 

tetragonal phase structure. An increase in substrate temperature led to an improvement in 

crystallinity and the roughness of the surface of YVQ4:Eu thin films. The spectra showed an 

increase in intensity when deposition temperature increased and the maximum intensity was 

reached at 400 °C. 

Optimizing deposition time to enhanced photoluminescence properties of laser-ablated red 

Eu3+ doped YV04 thin films. The poor crystallinity was observed at the deposition time of 30 

minutes. It was observed that the crystallinity improved after the deposition time of 45 

minutes, and the best film was observed after the deposition time of 60 minutes. The AFM 

showed that the surface of the film became smooth and agglomerated at low deposition time 

and larger grains observed at 60 minutes deposition time. The luminescence properties 

showed emission spectra of YV04:Eu3+ deposited with different deposition time. The best 

luminescence intensity was obtained for the sample deposited for 60 minutes. 
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9.2 Recommendations for future work 

With the optimal composition of YV04:Eu3+, YV04: 0 y3+, Zn2Y20 1 and (Ca, Ba, Sr)-doped 

Zn2 Y20 1 phosphors, it would be of the interest to further test the performance of the 

phosphors for future applications. 

1) Temperature measurements should be performed at atmospheric pressure. It is known 

that the thermal response of YV04:Eu3+, phosphors shows dependence to 

temperature. It would be of the interest to verify the performance of YV04: Dy3+, 

Zn2 Y20 1 and (Ca, Ba, Sr)-doped Zn2 Y20 1 phosphors at different temperature, 

possibly for thermo graphic phosphors applications. 

2) More investigations involving laser power, energy density, fluence and substrate 

target distance should be explored involving films deposited by using Pulsed Laser 

Deposition technique. 

3) Elaborate and accurate phase change monitoring techniques using lnsitu-XRD 

technique needs to be incorporated in future research activities. 

4) Use of XPS, TEM and Time of Flight (ToF SIMs) as a characterization methods 

needs to be emphasized. 
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