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CHAPTER~ L

INTROD USTION

1.1  LUMINESCENCE:HIS TORICAL

The study of luminescence is an impaortant branch of
PhysicS. It has extended our knoweldge of the structure of
solids and mechanism of light emissione. The term luminescence
includes various excltation processeand emission of light either
as f luorescence or phosphorescencee.

The first ever luminescent material,barium sulphate
heated with coal, emits feeble blue glow at night,after
exposure to day lighte It was observed in 1603 by Cascierolo of
Bologna, Italpﬁr. He named it as Lapis Soleris i.e. sunstonee.
later in 1768, Catston found a brighter luminescent material by
heating calcium carbonate with sulphur. It was then followed
by the contributions of Lenard and his School (1) and J. Becquerel,
who studied phosphors doped with various impurities.!

The oldest record of luminescence .is the bio-luminescence
ocbserved in living organismé which is beacause of chemigal
reaction in the living organism. This was observed in fire:flies
and glow worms. The reference is found in Shih Ching,' the "Book
of Odes" well before 3000 B.C.

The TL wag first reported by Robert Boyle to the Royal
, Society, London in 1663. He dbzerved a glimmering light when a
diamond ig heated in the darke

The phenamenon of light emission by solids after excitation
was not subjected to systematic study until the middle of
nineteenth centurys The firsgt law in this study was proposed by

Stokes (2) in 1852, stating that emitted wavelength is greater tha



the wavelength of excitation radiation. At the same time
A.H.Becquerel (3) laid the foundations for the experimental
investigations of the emission spectrum and duratlon of af ter
glow by undertaking the study of luminescence. The German
Physicist Wiedemann in 1889, introduced the temm
! luninescence' (4) as emission of electro magnetic radiation
in excess of themmal radiation. After this a theoretical
explanation for luminescence was given by Randall and Wilkins
(5) in 1910 and then Garlick and Gibson (6) since then there is
a spectacular grawrth of phosphor studies.
At the beginning, the luninescence was associated with
the sulphides. But improved calcium sulphide among the activators
me}gganese was:bne of the activators was made by Friedrich Hoffman
(7) in 1700. Aftervards many methods are developed and
synthesised ', new phosphor# materialswith improved propertiese.
These lunir}%cent materials are used in many solid state opto-
electronic devices.

The importance of luminescence is due to its application in

basic research. Thus from both theoretical and praétical point of
viewaluninescence continues to be an active fileld of scientific
regsearche.

1.2. DEF INITIONS

1.2.1 _g;tuninesécnce := Luminescence is a phenomenon in which the

material absorbs energy and reemits the energy at visible or nesar

Afﬂt uevtr
vis ible ati . The time delay in luninescence err\;.ssion after

A Raman
excitation is longer than 10 é’ec.wheuas in j it is of the
order of 10~ ~14 sec.(8). The enitted radiagions are nonthemal in.
origin (2) and it is distinguished fram Ranan, Compton,' Rayleigh

e
Scattering and Chel:{ﬂcov radiationg.
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The luminescence phenomenon ls classififed accoxding to

the mode of excitation as follows @

-

a) Bioluminescence :- a chemiluminescence in a living organisme

b) Chemiluminescence :- It is a product of chemical reaction. 7
-— S —— — pp——

¢) Radioluminescence :~ It is caused due to bambardment with °

high energy particles or radiations such as x-ray, gamma

rays etce

d) Galvanoluminescence :- produced during electrolysis in

galvanic cell.

e) Triboluminescence :~ produced by utilization of mechanical

energyes

f) Sonoluminescence 3~ produced by sound waves usually of
ultrasonic varietye.
g) Electroluminescence s~ It is due to an electric fileld.

h) Photoluminesccnce :- produced by the abgsorption of uv or L,‘V
visible radiationg,

i) Catho-doluminescence :- a special case of radioluminescence,

produced by cathode rayse.
3) Thermoluminescence 3=~ it does not refer to the thermal.

excitatian but rather to the thermal stimulation of luninescent
emission when the materlal is excited by other means.

Many times combinations of the above luminescence

processes are also usede

1.2.2 := Fluorescence and phwphorescence :

Depending upon the duration of emission after the

o
removal oféxcitation, the luminescence 1is classified as

fluorescence aor phosphoreseence. Fluorescence 1s defined as



emission of light during excitation (6) and phosphorescence ,

after excitation is removede.

According to Levereng and Kroger(. 3% })a luninescence
emission which lasts up to thg__inetial 10" %ec after excitation ?

is f£luorescence, while the subsequent is to be referred as ‘

phoyphorescence.
1.3 : Phesphors ¢

The luminescent material, which is artificially produced
for use in various applicatlonsis known as phosphor. The
phosphor is uwsed for TV-tubes, fluwescent lamps, radar
screens etce They are inorganic or organic in nature but
inorganic phosphors are mobe important. (10)

Phephors are classified as 3
1) Phosphor in pure form
2) Impurity activated phosphors

‘The phosphors consists of following components.
a) the hqgtp

b) one or more activators (acceptors)

e
c) a co-activator or a charge comp/imtor (@onor)

1e3.1 := Phasphor in pure form :

The szelf activated phosphors shors luminescence when they are

in pure form. (11, 6)

1.3.2 2~ Impurity activated phosphors :

These are showing better luminescence than pure onee.
For activation,small amount of impurity is added to the base

campound called hast lattice or matrix material. The impurity
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which causes the luminscence is called activator. The impurity

whicl;édded along with the first impurity is called as co-activator,

which will increase the luminescence. There are sane impurities in
(’%resence of which the luminescence intensity decreases, Such
impurities are knom as killers or polsanse.

€eJe fe, Co, Ni' etce
1.4 :~ Localised enerqy levels in Forbidden gap :

, The lattice defects or the impurities added give rise
- to d}cxete energy levels in the forbidden energy gap in an

insulator oréemiconductor. These energy levels are classified as -

A) Hetaestable states -

These are the energy states adjusting with in the 7

L

forbidden region, which can be exc ited by electron bombard ment
T r— B e S~ ¥
and not by photo excitation. A transition from meta stable state
normal state . “

tozis forbidden. The tran%i\::l.on from higher level to,meta stable

state is allowede. The life times of meta-ptable levels are of
the order of 1072 to 10™% sec.

B) Luminescence centre:-

These are the energy levels which are responsible fof
spectrum of emitted luminescence. These centers posses{ fxigh
capture cross-section for excited electrons and much greater
probabllity for radiocactive trans it.ionizhan for non-radiocactive
transition. (12) h'l*iie absorption and emission properties of these

centres are the characték/stics of activator ions and the host

material.



C) Electron and hole trapg:

The excited electrons are captured by a localised energy level
produwced in the centres or else where in the crystal, without

allq{ring an electron to fall directly into a normally £illed
level is called an electron trap or just a trape

Hole traps are localised energy' levels just above valence
¢

band,_ fapable of capturing a hole.
D) Killer center :
Thege are the energy levels which are having small

capture crams-scction for excited electron and much greater

probability for non-radiative transition than for the radiakive

transtioe.

E) colour centres :

A colour centre :i.s a _lattice defect that absorbs vi\:éible
lighte. The set of defects}vhich results f£rom charge compensation
are called the colour centres. If some chystals are _;._:iad}ggq
with electrons, neutrons, x-ray¢ or Gammma rays, al colour change
is produced e.g. diamond is colowed ixxpxrdxes®d blue by

electron banbardment and guartz is coloured brown, %r Lg_midiatim

amages the crystal lattice and various types of point defects

a

are produced. The usual place to £ind colour centres is in

lonic crystalse
;«entre;- the mast extensively studied and the simplest colour

centre is the ;-cca\nt_z:\g (13 )o dts origin is dlkali ,ha;lides.j

1,5 :~ Mechanism of photoluminescence : .

- &
The photo;mpinescence mechanism involves following processes =

i) Excitation
ii) Emission

b 14}
i1ii) Transfer Qfﬁnergy during excitation and emdssion and,
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iv) Storage of the part of absorbed energy during excitation.

Le3.1 3 Excitation and Emission :

Several models have been propocsed to explain the

processes involved in the mechanism of photoluminescence.

Some of them are as follows 3

i) Enerqy band mode£ t

The energy band model (10, 14 ) is explained by the
fig 1.2. According to this model, the phesphors which are
. semiconduwetor{or insuWlators are described interms of valence

band (£) and conduction band (c¢) with localised energy
levelssthe forbidden gap. The localised energy levels are
associated with impurities or imperfections in the hoat

-~

lattlce. as shosmn in fig.i The level ‘L' represents ground / /Q)/ 92
— —

. state of the lunlnescence centre, while levels Tl and ’1‘2

represent electrons and hole traps respectively.

The excitation and emission takes place as follows 3
Absorption of light energy in the phosi)hor exc‘ites
luminescence centres from ground state (L) to the excited
state g) by ralsing the electron into the conduwtion band.
Sweh a.r'excited centre then captures an electron f£ram the
conduction band and returns to its ground state by “..gi'.\cing
luminescence emissi‘on. If the energy absorbed in the phosphar

& [ is equal to the se;?;:a’cion between the valance and conduction
band$ it also excites electrons (e) from valance band to
conduction band creaeting holes (H) in the valance band.

This is known as fundamental absorption band. However,

such electron and hole pairs normally donot rccombine .
radiatively (15, 16)



i1) Classical confiquration co-ordinate curve model 3
This model is explained in fige. 1.3. It was introduced
by van-Hippel (17) and was applied by Seitz (18) to explain

the luminescence behaviour. In fig. along the ordinate total

Y

energy of the system far the ground and excited states of the

center, while the abscissd the ‘confrguration co-oi:diggj;g;‘,__\

< SO .

which specifies the configurati of the ions around the center.’
Point A represents the equilibrium position of the center

in the ground state. If the light is a@orbed by the centre,
it 13 raised to the excepted state Be. According to the EFrank
Condon principle the transtion is verticale. From B the

centre relaxes to new equlibrium state C, the state
corresponding to the minimum energy excited state. The energy
difference between B. & C 1s given off as lattice vibration.
Having reached the centre at this new equilibrium po sition

it returns to the ground state 'D' by giving luminescence
emission. The center finally relaxes from D to A. again giving
up energy to the lattice vibration. Thus the emitted energy

~is smaller than the absorbed ane and explaing the s’t-;okes shift.

nn—

{i11) Lambe-Klick's Model s

In this model (19) the ground state of luminescent center
(L) is assumed close to the conduction band £ig 1.5,.With |
absorption of light photony a free hole and electronf are
produced. The hole diffuses to the centre where it captures
the electron fram the center. This transition gives rise to
luminescence. J3Subsequently the electrons from conduction band

diffuse to the center and gets captured there,thus completing

the cycle.



iv) Schon~Klasen's Model :

This model was proposed by Schon (20) and elaborated by
Klasen and his co-workers (21, 22, 23). _ghe.'ﬁg. 1.5
illustrates the model for the case of single luminescence .
centre. The ground level 'L' of the luminescence centre
1s assumed close to the walance bande On absorption of light
in the fundamental absorption band, free electron and holes
are created. The electron moves to the conduction band
while the hole diffuseg through the valance band and captures.

an electron from the lumenscence centre. This excites the

luminscence center. The free electron after migrating in the

conduction band falls into the empty center which gives
emission of light.

¥) Williams and Prener's Model

In this model propossed by williams (24) and Prener (25)

two centres are involved as shown in fig 1.6.

The groundlevel (I) of the first centre is assumed closed to
the valance band while the excited lewvel (II) of second is assumed
close to the gonduction band. After absorpﬁion of the
enexrgy in the fundamental absorption band a free hole and
an electron are produced, The excited level (II) captures an
electron from the conduction band while the hole} :Ln the
valance band capturéf an electron from ground level (I)

and thus leawves it en';pty} t+he emisgion then takes 15lace
by the transition from level II‘t;) the I.
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1562 2 Enerqy Transfer :

In the phasphor system’ where absorption and emission

[

of light energy takes place atAjane center,no energy transfer

is involved. Iliowever, in the system in which abs orption:and
emission are not confined to the same c¢enter, energy is
v

transf%red from abksorption to the emission one. It occurs

in two ways, iA) Energy transfer with no momement of charge

carriers (B) Transport of energy by charge carrier.
(A) Enerqy transfer with no move of charge

In this case there are three mechanisms for transfer of energy

1) Cascade Mechanism
2) Resonance lechanism

3) Exciton Migration

1) cascade liechanism :

In this mechanlism (26) one centre on absorbing excitation

energy emits radiation.. This is known as primary emission.

These emi-:\t::/ed radiations.. are absorbed by second centre which
finally emits luminescence, that is known as secondary emission.
This mechanism is most effective in those cases where the primary
emission ove@apsa:the alsorption spectrem at the secondary

emission .SY’J teme

(Li)Resonance Transfer :

Iere the transfer of enexrgy is accomplished by a quantum
mechanical resonance process. (27, 28) fram absorbing system
to the emitting system, such as electrical di?pole field

e
over lapsg electric di\}mle-quadrupole field overlap or by

ey

V % { UL%';«;».A\’ ) :.ie

BARR. BALASAHET Wyt AR LIGEABY 2 2 ;
ivaJl URNIVEUSTY KUOLBAVER 4—5» -
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exchange interaction. The efficiency of process depends ypon

the distance over which the energy is tra.nsfe:‘éed.

iii) Ex o Migration @

The non conduwting excited electrar! holepalrs are known
as excitons. Becauwe of their interacti‘cn with phonon they
do not remain locallised but migrate through out the crystal
transfering the energy. In such process the excitons ‘;:ransfer
ex?it?tim energy from one point to the another by moving

quickly through the lattice without contributing to the
electrical conductivity. (29)

B) Enexrqy Transfer with movement of charge carrier :

In this mechanism energy is transfered by electron and hole
migration. The process is same as that involved in Scho

Klasen's and lLambe-Klick's models during excitation and

emissione.

+ 1.5.3 s~ Enexrgy Stoxrade 3

After removal of excitation, many phosphors store part
of absorbed energy during excitation. This is due to trapping-
of excited electrons, in trap levels. The energy required
to ubréte a trapped electron is known as the ‘activati'on
energy' and is always denoted by E. This is also known o$
‘trap depth' as it is the energy difference between the
traping Jevel and corresponding excited level.
A) Phosphoresence Decay ¢

It is diminishing after glow under isothemal conditions,

observed from lﬂ"eseconds after removal of excitatione.
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It arises due to the relcase of traped electrons in trapping
levels during excitation.

The mechanism of phosphorescence decay can be followed
from the energy band model of £ig l.2. An electron raised
into conduwetion band by absorbing light energy may according
to minimum energy principle fall into trap (T;) instead of
immediately recombining with a centre. After sane time the
trapped electron returns to ground state via conduwtion band

giving rise to phosphorescence.
B) Ihermoluminescence :

‘7
If a pl;h/riows ly excited and sufficiently decayed phosphor
is heated with uniform heating rate, it is found that luminescence
intensity varies with temperature. The phenamnon is termed

as ‘'Thermoluminescence' (TL)' or more correctly ;{ Thermally
I
5 {timulated ]mminescence (BL) .

In thermoluminescence, }Tectrons or holes t.ra%d during
excitation are released from traps by thermal activation. Swh
released electrons gets combined with luminescence centres

and give rise to TL emission.

Gloyy Curves

The variation of TL intensity with temperature is
known as ‘glos curve's A glow curve may have one or more
glos peakes, depending upon the presence of the trapping
level §t different depths. A particular glow peak belongs to

¢
the traps of one depth and is char%erised by its own peak
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temperature and height. These are the functions of pagition
of the trapping level below the conduction band and the
nunber of electrons trapped in the ievel. The peak helight

is also a function of rate of heating. is is because at
higher heating rate, the rate of releasejelectrons from the

traps increases and hence TL intengity also increases.

The TL glow curves may exhibit many peaks depending upon the
nature of the material. These peaks will correspond ¢to
traps of different depths.

1.6 := Mechanism of electroluminescence 3

Due to the application of electric field (A.C. or D.C.)
subs tance which emits:e lectromagne tic radiatiog ,visible
or near v:l.sible)are called electroluminescence mater:l.a]ss
and the phenamenon involved in the emisgion of light is
termed as electroluminescence (EL) . The mechanism of EL
congists of following stages
i) excitation,
ii) Transfer of energy from the site of excitation to the
site of emission and,
iii) recombination. (33)

1) Excitation :

1.6.1 : The excitation takes place by a supply of energy to
the charge carriers, generally charge carriers are electras

e
and the type of energy supplied will be'c)ortential %Yd kinetic

or both.

The different excitation mechanisms proposed are -

a) Field ionisation of valence elec{:rons and impurities.
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b) Acceleration - Collosion EL :

c) Injuction EL.

d) Radiative  tunnelling

e) Break down luminescence

a) Field ionisation of valence electrons and impurities. The
possibilty of exciting an insulator with an intense electric
field in suwch a way as to excite valence electrons into
conduction band was first pointed and by Zener (34). The
transfer valence electron may take place by tunneling process
(35)4 producing free electron and hole. Simult?neously, as
the breakdown field competes with both of these process;g)an'
activator systxmf having a low jonization energy in die lectric
phosphotfs (large band gaps) should be more conductive to
EL"L,bY this process (piper et. ale. 1955).

b) Acceleration ~ Collison EL :

In the phosphors like 2nS 2 process is found based on ww?
the acceleration of electrons in the conduction band followed '
by a collison excitation of luminescence centres. Its wvarious
stages are sho/m in fig 1.7. A Mott Schottky exhaution barrier
is suggested to account for the stabllity against breakdown
at the field strength at which EL excitation takes place.

(Piper et al, 1958). The field in the barrier and the
thickness of the barrier increases as the square root of the
voltage. The source of charge carriers may be deep donors,

acceptors or traps which are field ionised.

C) Injuction KL := Injuction of minority carriers may occurs

either at an electrode contact or a P.N. junction.
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In a surface contact, the interface may possess ohmice
characteristics or is capable of rectification and thus,

its behaviour is governed. by factors like the difference in
work function, the position of fermi level in the semiconductor,
nature of the intermediate chemical or physical barrier layer,
surface states and the concentration of donor and the
acceptors. '1?1e barrier formed in the rectifying contact

is known as Mott Schottky barrier. In this type of barrier

minority carriers can be injected into the interior of the

semiconductofs.

The injuction EL occures in following structures.
1) P.N. junction

2) Hetero junction

3) Schottky barrier

4) Metal insulator semiconductors (MIS) structure.
g)Radiative  (UNUELLING $
as shoyn in fig. 1.8 electrons from the conduction band

tunnel into the gap where it makes a radiative  grasition-

o the valance band or an enp‘g state in the band gap. To
occur this process the semicondmctor should be degencrately

doped on both. sides.

e) BREAKDOWI LUMINESCLE NCE 2

m

By gaining energy from the electric field electrons and
an avalanche breakdowne

holes are multiplied and there by

The pairs created in this way, recombine radiative ly.

1,642 ¢ ENERGY TRANSFER 3

The mode of energy transfer from point of excitation to

the site of emission occurs via mfement of charge carriers.
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The £low of energy dwe to transport of charge carriers
depends on the concentration gradient, the electricfidd
intensity and the conqentration of the trapping statese.

The transport of energy fram the electrically excited
system to the emitting system @an alsd occur byﬁn%chanismg
not involving electric charge carriers i.e. by,

1) Cascade transfer mechanism.
2) Resonance transfer mechanigm.

3) Exci:l:ion migration mechanisme.

1,603 ¢ RECOUBIIATION =

In this process various transitions take place fram

upper to lover energy states. The transition can be

radiative or non-radiative.

RAD IATIVE TRAIBITIONS s

i) Band to band transition

ii) Band to impurity transition

iii) Transitions of localised centres
iv) Transitions at isoe]actr&?l.c centres.

v) Donor acceptor transitions.

4) BAID TO BAID RANSITIOIS

This type of transition occurs in direct semiconductors
from cohduction and valance bands and in case of indirect
semiconductor it requires emission or absorption of a
phonon to complete the lowest energy transition across the

energy gape.
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ii) TRANSITICN BETJEEN BAID TO IMPURITY :

n
This transition occurs betweenﬁimpurity state and
A

intrintic band and its probability is high, I£f the impurity
state is deep.

33i4) TRANSITIOIB OF A LOCALISED CENTRE @

In large band gap materials impurities can be excited
without ion.dsing them i.ec. without exciting their electrons

to the conduction band.

iv) TRANSITIOIE AT ISOELECTRONIC CENTRES 3

Sweh centres are formed by replacing an atom of the

Radiative tqansitions can occur in the excit

host crystal by another but with the same valéncye.
[tion

band to an isoc lectronic centre.

¥) DOHOR=ACCEP TUR TRANS ITIOH ¢

Such transitions are found in LED's and in phosphors.

This is also ancfficient transition from donor to accoptor.

The transition without emission of photon f£ram upper to
lower energy states are known as non-radiative transitionse.
This can ooccur through number of processes such as -

1) Multiphonon emission

ii) Auwer effect

1i1) Non raciative defectse.

4 Meltiphonoy o 4o sion at the intersection of the ground and
excited state configuration diagram. The electron can escape
from exgited state and returnsto its equlibrium state by

gencration of several phonons.
ii) Auger effect ¢ The recombining electron can transfer

the energy to another electron in the excited state. This second
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electron goeg to a gkilll higher energy state and returns to
lowver energy state by multiphonon emissione.
1ii) Non-radiative defects such as surface reccombination crystal
defects providing regions, where a localized continuum of states
can bridge the energy gap and cl\:ster of vacapcies of impuritiles
can f orm non-radiative centres. {

For good El~phosphors the important requirements are -

ﬂ,(f It's electron . traps should be shallowe.

2) Activation energy for escape of holes fram the imised

activator levels should be as large as possible and

3) Ix should have cubic structure which is more favourable

for EL emissione.

1.7 Rinetics of Luminescnece

The kinetics of luminescence is concerned with the mechanism
involved in the recombination of electrons with luminescence
centres and owe its origin to the probability of retraém of
electrons, in deeper types of kinetics involved in luminescence
process. It may be monamolecular (first order)bimolecular (second
order), or intermediate (lying between first and second order).
Mapnguolecular k:!,neét_g.c{ (First Order)

If the traps are situated close to the luminéscnece centres
(less than 10°° cn a part) and if a very smalJ{novement of electrons
is needed to recambine with luminescence centres, then the
kinetics of luminescence process is said to be monamolecular (29,
30) under such condition according to mimimam minimum energy
principle, there is negi‘i’.’}\a'le probability for an electron to be

retrapped in deeper empty trapse. Thus in monamolecular kinetics,
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the probability of retrapping is negligible or in other
words, the process of recambination is dan_in?nt' (283’.

Bimolecular Kinetics :{(Second Order )

In this type,the traps are located away from the luminescence
centres at a dlstance greater than 10"5cmf. and electrons have
to go large displacements for recambination with luminescence
centres. Under such conditions, according to the minimum energy
principle, there is greater probability for an electron to be
retrapped in the deeper smEx empty traps. Thus in bimolecular

kinetics, the process of retrapping is dominant (293.
Intermediate Kinetlcs:

When the order of kinetics 1s neither monamolecular nor
bixnolecular, then itp’Intermediate i@.neticg. Under this situatioa
the traps are supposed to be distributed in the vicinity of
luminescence centre in such a way that the probability of
retrapping of electrons in deeper traps is smé.ll but not negli-
gible. The occurance of such an intermediate order of kinetics

is shown possible by sare workers (31, 32).

.
1.8 Same ﬁp artant Luminescent ?ateria 1s reparted:

The phenanenon of luninescence is observed ina?mnber of
natural ly existing materialse. However. :me%ty activated lum-
- inescent materials have better 1uminescence aut put and
efficiency. The various phosphors investigated and now used in
nunber of applications are alkali halides, sulphates, borates,
sulphides, corbonates etc. The well known phosphor LiF:Mg,Ti 13
used in radiation dosimetry. This is manufactured by Harshaw

Chemical Canpany under trade names TLD-100, TID-600 and TLD-700
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¢
(36.) Study of LIF crystal doped with various activat;joi/has
been carried out by Kathuria (37).

Nambi K.S.Ve (38) has . studied Caso4 phosphors doped
with rare earths and found that theSe phosphors have better

sensitivity than LiF or CaF,, phosphorse. He has also found that
impurities having ionic radii close to radius of Ca?tion
(Dy3+, fnn3+) have maximﬁm TL out put, while La3+, Yb3+ and Ly3+

vhose ionlc radii are largely different fram that of Ca2+ do not

yield any significant increase in TL out pute Caso4zm3+ can be

used as radiation detectQr for measurement of environmental

radiation in BARC,

Nunmber of workers have studied the sulphide phosphors

doped with various activators (16,39, 40, 41, 42, 43, 44, 47, 48).

Fhe boat
Among the various activators . Mn 1s proved to be g-o;o\d activator

in different phosphorse. !In can be uged as universal dopant in
nearly all inorganic phosphors (36)e Mn is almost exclusively
responsible for TL-emission spectra of all types of natural

calcites. It is one of the most efficient dop?nt for Tl~-emission

in CaF2 and Ca30 4° It has been explained that an""ion recelves

the excitation energy fram the @W ion. (45). 7

The study of Mn along with rare earth in CaSO4 phosphors

.

have been studied (36)pRare earths are also found to be efficient
activators in borates (46).
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1.9 Statement of Problemf s

Amongst the vast list of phosphors exhibiting
variety of- light emission$ under various conditions, sulphide
prhosphors have occupied thelr place even of histoaric importance
apart fram their utility in TV-Screens, as fluorescent material,
Lamp, the nature posses a limitations in further applications.
The qgcflity of sulphide phosphorscan be improved inﬁ?‘esence of
impurities. Singly doped sulphides have been synthesised and
have been studied by a number of research workers in last two
decades and moree. Nouble dopping has been found interesting
£fram both theoretical and application point of view. Activated

sulphide phosphors, are found to have bettel;position in the 1list

h

9

phosphors from caunrercial point of view also. 3ince Mn and Bi

in singly dopged sulphides have been found efficient activators,

it was felt necessary to study the sulphide phosphor with double

dopfing. ’

To understand the role of Mn, Bl in CaS and various effects

™Y L 4

on doping of rére earths in presence of Mn or Bi independently,

.Bﬁﬁﬁg—gre done :Ln this dissertation. 3ince luminescence output
of Mn doped or Bi doped phosphors in other hosts is found to
increase ineresence of othz=r activators, if is found proper to
study. This asgiéct in presence of rare~carths. Since sulphides of
compas ition CaS3:Mn:RE and C5 :Bi:RE are not extensively studied.
Many rare earths were with the host material (caS).
P:.an'ni.x).'gd is channelised to prraparfe phosphore of the compogition
Ca3:Mn:RE and Cal:Bi:kRE and findout the suitable rare~earth
amongat chosen i.c. Dy and Th. These rare earths are found to

incrzase luminescence output in the hosts. Optimun concentration of

ImsRE and Bi:RE :L)f) Ca3 with proper cambination of them with
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rare-carth to gain the information about trap depth; mechanism
of luminescence. Kinetics involved in luninescence, process and
distribution of traps has been attended.
1.9.1 Phosphorescence Decay

Attempt has bcen made in present investigation to plot
decay curves and find out nature of decay curve, nature of decay
law, types of kinetlcs involved, distribution and population of

traps af roam temperature. Proper tools to analyse this are wed

fram existing theories.

1.9.2 Thermoluminescence

An attempt has been made to hlvestigaté the effect of
addition of impurities (Mn, Bi and RE) on glow curves. Using glow
curves, the actlvation energy, thke frequency factor and order of
kinetics of luminescence process have been estimated.

1.9.3 Electroluninescence

,ALCee lectro:luninescence meas urements have been carried out
to f.l)!nd out the paossible relationship between brightness. Voltage
and brightness, frequency. Effect of coamcentration of activators

have been studied.

1.9.4 Thermally Stimulated Conductivity

An attempt 1s made to study the variation of conductivity
with temperature. However attempts made to study conductivity under

uv excitations have not given any significant results.
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CLASSICAL CONFIGURATION COORDINATE CURVE MODEC
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