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CHAPTER IV
THERMOLUMINES CENCE

4.1 INIRMUCTION

Thermoluminescence (TL) has been extensively used as a
technique for ‘elu::idating qualitatively the nature of electron
traps and the trapping process involved in phosphors. The lumin-
escence pfocess in which the stored energy in the suitably excited
phosphor 1s realesed in the form of luminescent emissiong after
supply of theri}fal energy is known as themolmmescencer:f&he
intensity of the luminescent emission is to be measured as a
function of temperature. A glow curve is plotted betwecn intensity
against temp. The glow curves 1s used for the estimation of
activation energy (BE) and escape frequency factor (3)e As both
E and Sdepend sensitively upon the trapping centres, glow curve
can give valuable informatiocn about the role of various impurities

present in the sample.

The object of present investigation is to analyse the ;
concentration, ‘
observed glow curves for samples containing varying
of Ii'n , B1 and Dy , b as to get the following information of the
prepared phosphorse.

1) Me effect of activators on general features of glow curves
and on trap distribution.

i1)1he aistribution of trapping levels.
iii)The values of escape frequency

iv) The size of traps

v) The type of kinctiecs involved in TL process
vi) The dose dependdnce of TL glow peake.

4.2 THEORY OF GLOW CURVES
4.2.1 Tl-gqlow curve parameters s

The simplest and camonly used technigue for studying the TL
one '
glow curves is $® suggested by Urbach (12) and Randall and Wilkins(31).
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Far the calculation of TL intensity, it is presumed that the
trapped electrons have maxwellian distribution of ﬁhemal energies
and that probability 'p' for the thermal release of trapped electron
form the trapper wnit time is given by -

Pas e-(E/Ict) os (4.1)
So that, TL intensity is given by

It K ngep e (4.2)
where T = absolute tempe.

K

H

Boltzmann's constant

E

]

trap denth or activation enerqgy
3

cons tant having the dimensions of frequencye.
nt = nunher of filled traps at time ‘t°
't£' and 'T' are related to heating rate B by

. dT .o (4.3)
P = &

In the simplast case, the factor'§'ls comnected with the capture
eross scotion S¢ of trap given by
5 = Ve N Sp ee  (4.4)
where Vo = thermal velocity of electron in conduction band
lle = density of available trap levels.
In a physiz~l sense, however, one can regard the trap as a

potential well, in vhich case's’ can be expressed in terms of

product of number of times an electron hits the wall and the wall

reflection coefficient. It then follows that _val £ _should be

of_tw;og\gr’\lis than Wﬂl frequency of the
~
crystal (27) . Hovever,in practice, one dose came across sitmtion,‘bq_,s

‘o P ——
where, takes values differ.;}ng from lattice phonon frequencies by
many order of magnitule.This is attributed to £fluctuation in local

"l
envi‘ﬁz-nment of the trap such 2s produced by a ncarby impurity, causing
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changes in the frequency of localised phononse.

4.7.2 Randall and iilkins Theory :(Firgt order Kinetics).

Randall and Wilkins (31) have given a simplest mathematical
representation for the luminescence glow peaks without any over-
laping, The basic assumptions made are -

i) an injection of electron is the only rate determingiprocess.

ii) radiation-less transitinn and probability of retrapging
is negligible.

1ii) The life time T for reconbination 1s so small that
%g £<L n/T with 'n' as concentration of electrons in

conduwetlion band.

iv) Glow peaks arising from traps of different depths do not
overlap

With these assumptions they obtained an expression faor

variation of TL intensity with temperature.

The luminescence intensity at any time is directly proportional
to the rate at which detrapping occurs. During the heating, if n is
the concentration of filled traps at any time *t' (temp. T) then
intensity of TL is given by,

I « S0

dt

= an-
or I -j-Cdt

= - CPn
=-CnS e - E/XT .o (4.5)

where n is number of trapped charge carriers (electrons & holes)

and ¢ 1s constante

- dan . _E/‘XfT
e o " = - C ~
n 's-e - at
aT ar
4
=-cC % o ~E/KT aT
whire p = 4T

d
dt L (4.6)
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by integrating and substituting in equation (4.5) the TL intensity

turns out to be
T

I=n,C _, -Z/KT exp. [- oj = e ~E/KT dt] .. 4.7)
where n o is the initial number of trapped carriers. It is easily
seen that the intensity bullds up as T increases, reaches maximum
for particular value of T = Tm and then falls off far further

jincrease in tempe.

By setting AI/dT = 0 at T = Tn one obtain the important
relationship

Eg_.._____z =3 . --E/I(Tm oo (408)
K Tm

At a fixed temperature T,Csexp (-E/KT) is a constant, say A.
Equation (4.5) can thus be written as g—;‘-‘ = -« A dt which on integra-

tion gives

-At .
ns= no e - o (409)

from equation (4.5) and (4.8)

I=1I, e uhere To = ano oo (4.10)
Thus when at a fixzed temperature T the TL intensity decays exponen-
tially, the TL process is said to be followed the First Order Kinetics.

4.2.3 Garlick and Gibson theory :
econd order Kinetics)

Garlick and GQibson (13) exten-ded the Randall and Wilkins
theory by considlering the equal probabilities for the retrapping
énd recanbinatisn of released electronse.

If N iz the total nunber of traps per cm3 of which n are £illed

at a time t, the probability that a carrier will go to the recombina-

tion centre is .
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n = n
(Il = n) ++n - 11
: dn 1
Theref ore ,I= C Ge° T
2
-~ C %“' S e -Em e (4.11)

By integrating equation (4.11) and rearranging, TL intensity is
obtained ag- '
n. ca3! e"'E/k T

- .o (4.12)

o]
n
1 +38¢ =2 T expe («E/XT*) dT'J
( B df

where 3 ' = % is called the pre—-exponential constant and has the

unit (cm3- seEl )e

At a fixed teuperature T,equation for TL intensity can be

derived as

I
I == ._‘_9‘_._"*‘_’ e e s LR 4 (4013)

, 2
(1 + A'n t)
A strailght line graph obtained by plotting I Z agalnst time

provides a test for applicability of second order kinetics in TI-

prOCQSS .

4.2+4 Gencral Order Kinetigs

A fundamental approach to this was develwmed by Braunlich

and co-workers (2, 19)
' 413
Fig.,depicts a simple band picture of a phosphor containing

locallsed energy levelz in the forbidden gape For simplicity
only tiro kinds of electron traps are assumed to be present
corresponding to the energy level E; and E, and one recanbination
level Ej. Excitation of phosphors populates levels B, & E,
Wwith electron  while E5 traps holes fram the valence bande. The
thermal depopulation of shallos trap at E; with deeper trap of
E, lying dormant leads to the active regimRof an isolated TL
peake.
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If the electrons are released into the conduction band we
have model I. If they are raised to an excited state Ee4 We

have model II. let us define the following symbols for various

parameters of this model.

N, Concentration of traps at energy level El
112 = Concentration of traps at energy level E2
1\13 = Concentration of traps at energy level EB
m = Concentratlim of electron}in trap at E,
n2 = Concentration of electrongin traps at Ez
Nc = Cbzacentratirm of electron in the condustion bande.
N, = Concentration of holes in the valance band
(assumed to be zero)

P = probability per second of the electron release%frcm

tfaps By gliven by
P= % ep. (- EAT) where E 48 trap depth of level E
E = }::9 - By for model I
E = E" - Ey for model II
g is retrapping coefficient, R = recauwbination coefficient as
introduweed in follosing rate equation
HModel I ¢ see fige 4.13.

The rate at which the concentration of trapped electrons and
conduction electron vary are glven by

) = Py + g n, (Hen) ~-(4.14)

n,= # R n, N, ———— (4.15)
The charge balance gives

Hy = ng +n, +n, ==ee—- (4.16)

The differential cqufzions are analy tically untraceable without

the following simplyifying assumptions.
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i, ¢< © and n, << 0y oo (4.17)
Jwtificatimn of these assumptions is to be found in the
work of Kelly et at (19) and Shenkar and Chen (33) who obtained
nure rical solutions of the equation to check the assumptions.
With these assunptions, the rate equation are readily integrated
to yield the density of trapped electron as a function of tempera-

ture when linear heating programP = t 1s used.

F
(1 - NNl ) inx-F (1 + -—;l-)in
2 2
n, + N et
B} +u2 + J? S o BAT' 4pva 0 .. (4.18)
o) 2 T P

o
which reduces when N, is negligible to
T s
(F) in X +T (1= 3)+ % [7 BT arv =0 .. (4.19)
T
o

e

e}
when x ===,y =¢ ,F = g-—

o 1
n, being the density of electrons on traps E; at the initial temp.
T the thermoluninescence intensity. I, for model -~ I given by

2
1 = P(nj - nyn, )

N, + FN; + A-F) n

With n, given by the solution (4.18) or (4.19). The theoretical

.o (4.20)

glow curve ¢an be constructed by (4.20) For any set of model

The above generalised Kinetics equations reduce to f£irst order
and second order cases when F = 0 and F = 1 respte.
Model II : The trapped electrons are taken to the excited gstate B!
fran which they tunmnel to recambination centres. he fate equation
given by Murti (25). The theoretical glow curves for this model

can be obtained fran the following two equations 3§



103

s n + N T p
(1 +58 )lnx - _% tn + _f = ar' = 0 - (4.21)
FN, FH, n_ + N, £ B
Pnz
and L, ==l—g o (4.22)
- J

while applying model I of the above approach to determine the TL
parameters, Braunlich (3) and Shenkar and Chen (33) showed the ‘
dependance of the obtained values on thetrap occupancye. Shenkar and
Chen in particularly demonstrated by camputation that the temm
'Rinetics Order' may becane mean-ing-less if the inequality,

Ry % g (1) =-n)) or RNy L q (ﬁl - nl

changes direction during the TL glow peak emissione

DETERMINING
4.3 METHODS FOR____  TRAP DEPTH:

There exist several methods for determination of trap depth
fran glow curves. In this section method are divided into three
groups (i) Method making use of shape of glow curve (ii) Method
making use of various heating rate (iii) Other Methadse.

4.3.1 Methods making use of shape of glow curve
4.1 representsa general shape of glow curve defining

same characteristic quantitles such as Th, T,, d , Wetce It
can be approximated by a triangle. Tis principle has been used
for the derivation of several expressionsfor the trap depth, as
method using high tempecraturce side of the glow peak : (after Luschik
(20).

This is based on the shape of glow peak whose symmery is

dependent wpon both the transition probabilities and on the number

of traps campared to that of luminescence centres. By assuming that
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that the activation energy for the first order Kinetics is given by -

2
E == I—S—-Ttonw

.. (4.23)
‘1'2 - gn
Under the same assumption he obtained an equation £ar the second
arder kinetics and is

2K T

E = m .o (4.24)

In the above equations, Tm is glow peak temperature and T2 is temp.
on high temp. side of glow peak at which intensity falls off to half
of its peak value.

Chen (32) has suggested empirical correction factors of

0.976 and 0.853 for First (rder and Second Order Kinetles respectivelye.

Thus vwe have,

2
KPm (
= . 4425)
B =0.976 T = Tm Far first order Kinetics
2
and KT
E=1.706 T = Tm .o (4.26)

2 Far second order Kinetics.

b) Method Using Low temperature side of the glow peak : (After
Halperin and Braner?

In this method, the symmetry of glow peak about its maximum is
used for calculation of activation energy. Halperin and Braner(16,17)
cons idered the luminescence emission as mainly due to two kinds of
recanbination processe. In one process (st.r:h:smodel I of Fige 4.13), the
electron raised to an excited state with the forbidden gap below the
conduction band recombines with the hole by tunneling process and in
other the recombination tales place via a conduction band (sub Model-II
of fige 4.13 ) If it is assumed that the ratio € , of the initial

ccnecentration of the trapped electrons to trapped holes is close to
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unity, then the thermal activation energy E, can be calculated

using the appropriate egquation of following 3

- ey e TR mm o ew MW T am mm Gm W W M W s W s e TR YR MR o e oy gm MR WS MR G S e e

Type of process Equation Sotx.dit.j:on
Tunneling R = 1 |

a) Rgznanigigition E, = szf T Ug:e"l oo (4427)

b) Reggiﬁ;n‘tg E, = g‘;‘f‘_‘zm- Ug 20,5 o (4.29)
via conduction band § = 1

a) First qgﬁ:rx;tliineticEa i ’ii;z.”?f; (- 228 ) g ota e P

ee(4.29)
D e minant M . %Em_%?—u_ £) myetlis+ 2)..0430
1

where 5= %@ L 1 1s a correction Factor, and Tl is the
temperature on la temp. side of glow peak at which intensity is
one half of its peak value. The Factor g = —-é;- = Tg - T
T, =T
1

2
is called the symmetry factoar, and is a characteristic of the type

of Kinetics involved in the processe.

m L et 1+ 2/A ) for First arder Kinetics, and
ug > e"l( 1 + 2/A) for second order kineties,

Thus the advantage of this methodlies in the fact that
the first half of peak 1s sufficient far the evaluation of E and
it also points a way of determining the Kinctics of the process
involved. But many times. the presence of weak shoulders at the

high temp. side of glow peak ¢auses an apparant increase in the
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g values which may wrongly indicate the process to be of the
second order (21). The disadvantage is that E has to be evaluated
in an iterative manncr. he has to estimate E first by assuming
correction factor to be Zero , then calculate the correc’tion factar

1 KTm and then re-evaluate E.

A E
When the ratio g is greater than uwnity the activation emergy
is given by

2 T, - T
KTm Y‘ 2 1 ]
E = = 1+ oo (4.31)
’I'2 - Tm 'I‘m -0

with condition Ug = 0.5

Chen (32) has modified these formulae to avoid the interation and

gave following equations for First Order Kinetics,

S+
£ = _Le52 Kmn®

- T - 3.16KTm oo (4.32)

and for Second order Kinetlcs,

£ o La813 K >
=

T - T, - 4 K Tm oo (4.33)

C) Method using Full half width of the glow peak (After Chen)

Chen (32) has deve loped Mathematical equation for E which
makes use of the full half width of a glow peak which can be measued

with better experimental accuracy and gave following relations :

*

For First Order Kincties,

E=2K m( .].'..’.2..5.........““.\) .o (4.34)
T, = T
2 1
and for second order Kinetics,

E=2KTn ( ;'756,1"”“ ) -1 ee (4435)
2 - 1

Here numerical constants are chosen emperically to have mkila a better

estimation of E and E

»>> 1, Horeover Chen (6) showed that the
K Im
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symmetry Factar Mg = 0,42 is characteristic. On correlating the
symmetry Factor g and Qrder of Kinetics o , he gave the following

equations to evaluate E for general order Kinetilcs,

2
-1 1.5 + 4.2y - 0.42)].
E={(1.50 + 3.0 (Ug - 0.42) K [ _]
[ ] T - Ty 2KTm
ee (4.36)
2
E = 0.976 + 7.3(15 - 0.42):‘ A .o (437
2 |
2
E = E.sz +10.2 W - 0od2)| BB = 2KD . (4.38)
2

4.3.2 Methods Making use of various Heating Rates

a) Method due to Booth, Bohum and Parfianovitchd-

Booth (4) Bohum (5) and Parfianovitch (30) have shown
independently that the activation energy can be determmined without
prior knowledge of frequency Factor S, by heating the phosphor, at

two different heating rates By and B,. If B; > B, then Ty > Tm,
where Ty and Tn, are the corresponding values of glow peak tempe
at two different heating rat s B, and Pz‘ Eliminating S £ram eqne.

E/ K’ = (5/B) exp. (~E/KTm) they found
. 1

I it Sl B I W 8 oo (4.39)

If Tm can be measured within an accuracy of 1%, the method 1is

found to yileld E vithin an error of 5% (22).

b) lethod due to Schon ¢

To achieve an improved accuracy in E values fichon (34)

modified the eqn. (4.39) by replacing Tm® by Tm>®> which results in
_ K T, T B, T3>
E = -.-'—wl 2 In 1 .?r . (4 40)
T, — T, By Tp3 o5
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C) Method due to Chen and Wiper :

Cons ider Im to be the glow peak intens ity corresponding to TL
maximum obtained with heating rate B, Chen and Winer (7) have shown
a plot of m (Wi Tm} / p1%) versw (1/mmi). Yields a straight line
with a slope equal to E/K. knoring the slope, E can be evaluted,

d) Method due to Hoogenstraten :

Hoogenstraaten (18) has shown that the glow peak temp. Tm
is related to E by the equatione.

Tui 5
In J—ﬁ"'i-' ?,I-';-E—-—-— 4+ In 3 ee (4.41)
S mi AN

i

Thus the plot hetween Ln ('Imi?'/pi) and (1/Mi) is linear with slope
equal to E/‘Kl from which E can be evaluated,

4. 3 . 3 Other Ibthals

a) lethod due to Urbach :

Urbach (37) derived independently fram equation (4.7) an
expression for activation energy by taking S:10° sec-l

The equztion is

E =Tm / 500 ee  (4.42)

b) HMethod due to Randall and Wilking

Randall and Wilkins method is based on equation (4.7) which
assumes mmcmolcculaf Kinetics and no retrapping. In this method Tm
corresponds to a temperature little below that at which the frequency
of an electron escaping the trap is one per second. This is

S exp. (-B/km) ([ 1+ F5,p)] = 1 ee (4.43)

The Function F{,B) << 1 and this gives the trap depth E.

The equation for E is

E = Tm ‘:14- FC’S,B)] - K logs oo (4.44)
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where F(S,B) is another function of S and B, when B lies between
- -l
0.5 and 2.5% sec . and S equals the value 2.9 x 109 sec , the

above equation reduces to

E = 25 KIm (4.45)

¢) Method due to Grosswiner

Grosswiner (14) derived an equation for detemmining B; for
First Order Kinetics as =

g = le51 KIm Ty
T - T

B .. (4.46!

According to him this equation glves accurate results withint 5%
provided 3/B > 107 C’k"']' and E/KTm » 20 Chen's modific-ation to

Groswiner @

Chen modified the Grosswiner's relation emperically giving -
B = S8 Ty

D

= co  (4.47)
m 1

where Cy = 1.4l for first order kinetics and C, = 1.68 for second

orderes

d) _Method due to Pwisel and Bube :

Dugsal and Bube (10) have shown that Grossweiner's method
yields values of vhich are about 7% higher for an improved accuracy
they suggested emperically
'('Trn"_ ‘l‘l ) e (4048)
According to them when

E =C18

K%n-v— =17, 22 or 256, C8 has values 10402: 1.415
or 14421 respectlively.

e) licthol due to Garlick and Gibgon ¢ (Initial Rise Method) 3

This method is independent bf order of kinetics. The method

of initlal rise, sugrgested by Garlick and Gibson (13) 'is based on the
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fact that for all types or kinetics the intensity in the inttial
part of the glar curve can be expressed in the form

I=Fe¢ (-E/T) oo (4.49)

E being a function of number of camnpletely f£illed traps and empty
centres which takes inTto account the transition probabilities in-

volved. Assuming F to be constant in initial part of glow curve the
equation (4.49) takes the farm 3

Log I = i'-'%- + constant .+ (4.50)
Hence,the plot of InI vs i1-',1:--(c:a].3!.ed the Arrhenius plot).

fJor temperature well below Tn is a straight line with slope -E/K,
and hence E can e evaluated. The method provides a quick analysis
of initial ascending part of the glow which ylelds E,

without any knovledge of 3 and is independent on recombination

mechanisme.

£) Method due to Hambi, Bapat and Ganquly @

Activation energy can be determined by the empirical formula

deve loped by Nambi et al. (28) for cas O43Re phosphors. The relation

between glow peall temperature Ma and activation energy E is given by

E = 3.12 % 10 -3 ™M = 0.23 . -+ {(4e51)

g) Numerical Kinetics Method

This method of analysis (8) involves a numerical camputation,
which proceeds in small arbilirary steps, During each step the concen~-
tration of traj‘vpcd charge, the carrier concentration, the radlative
relaxation of excited centres etc. are adjusted in accardance with
the physical proeess involved when used to analysis the experimental

data, same Mitiddpproximate values of E and 3 are choosen and they
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are suitably varied to determinc the valwes giving the best

least squre, £it to the experimental data.

h) Isothermal decay method

In this method, after excitatinn the sample is quickly heated
to specific temperature and at this temperature the luminescence decay
1s measured. This .= method has the advantage that such difficulties
aris'ing form overlapping of peaks and change in quantum efficieny
or the emission spectra occuring under the non-isothermal conditions
are avoided. The decay curve obtained can be analysied inTto sum of
sharply defined linear regiosn and it hag been shown (15) that for the
first odér kinztics 3

”s

I(r) = noﬂ XD (-'E/K.‘l‘)o exp. (osoto eXPe (%) e (4052)

where t is time

‘Taking logarithm of egquation (4.52) we have,

log I{(T) = =5 £ exp. (- %’i‘ ) - 'I%i‘ + logns .. (4.53)
 fThus slope m of log I('I") versus t . curve is giwven by
m = S.exp. (<E/KT) ee (4.58)

Taking the slopes ML and M2 at at two different tempe. Tl and T2 one

can write -

1L E 1 1

wvhich can be waed to detemmine the activation encrgy E. The escape
frequency factor may be found by the substitution of equation (4.55) in
equation (4.54).

4.4 METHUIDS FOR DETERMINATION QF FREQUENCY FACTOUR

The value of egscape frequemncy factor 'S' can be obtained f£ram

photoconductivity, phosphorescence decay, dielectric relaxation

measurement and thermoluminescence meas urement. Thepe exist severl
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methods for determinig 3 from TL studies and a brinf survey is

given below ¢

4.4.1 liethod due to Randall and Wilking @

Randall and iilkins (31) for the First Order Kinctics have

given the general equation

I = - dn/dt with a constant heating rate B.

) T
I=23n_exp. (~E/KT). exp.( - %7 o B ‘ )
o [ ’I‘J expe (= I':'.l.‘.')dT L leuss)

By equating derivatives of this egquation to zero, the condition

for maczimum of gloyy one obtains,

B S ,
..-—‘3 = == @D e (..E/L_’nn) .o (4.57)
KT P

where Tm is temperature at the maximum of glow peak knowing

T, P, and E (detzrmined by other method) S canbe calculated.
4.4.2 Method due to Qarlick and Gibson :

Following the second order kinetics, the solutinn of equation

I =~ dn/dt ... given by Garlick and Gibson (15) with constant
heating rate B is

2 S'n T E - ,
I=g3" no elpPe (—E/KT) (1+ o) f [_e-xpo(" =-) ar* L X (40584
B TS KT*
Djifferentiating the equation and equation the derivative to zero, the

condition for maximum of peak 1is ,

1 + S'no Im 2
— f expe (-E/KT) dfe = 2KIm“ 5'n o €fpe (~E/KTm)
P b 54 PE .. (4.59;

Assuaing Tm to be the experimental peak temperature, and with all
other parameters in equation (4.59) are known one can calculate the
frequency factor 3 = Sno for different value of E.

4.4.3 _Igsothermal decay liethod _

The method suggested by Garlick (15) for the first order

kinetiecs poiats thot in an isothrmmal decay a plot bw log I versus t
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may be regarded 2g 2 sum of sharply defined lincar region slope m
given by equation. m = S exp. (-E/KT). By knowing E, the frequency
factor 3 can be calculated using equation,

5 = m.oxp. (E/KT) .o (4.60)
4.4.4 Iethod due to Aramu and Maxia

The methol due to Aramu and Maxia (1) starts from Kinetic
equation and allosms to determine the fregquency factor by the use
of simplified formula,

S = B. exp. [ .o (4.61)
where B 1s heating rate and n is intercept with vertical axis bf
plot of log I versus 1/T. The formula is applicble for satwated
glow peak and‘ when the concentration of holes bound to lumin escence
centre is equal to the trapped electron concentratione

4.4.5 Method due to Curie

'As suggested by Curie (9) , the glow pealr temp. T and heating

rate P are related to escape frequency factor, by the equation of
the type,

_-S!IB“ = %—- expe. —?‘-J\m .o (4,62)

where = T, - T 1is high temp. half width. Once ratio of Tm/4
is known, the escape frequency factor 8 can be evaluited,

4.5 DETERMINATIDI OF SIZE (F TRAP

The capture cruss-scetion (6) of each trpe of trapping
centre can be evaluated from the knowledge of escipe frequency f£actor.

Hott and Gurney (26) proposed the following equation on the
assumption that the density of f£ree electrons (or holes in case of

hole trap) is equal to the density of empty traps.
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o} 2 !
}/—1—'—- F=3 —?;'t:r m(I\T) 6]‘ exp.( - -E-‘ ) e (4.63)
g ‘? KT
on canbining this equation with equation viz.

1 - E
P = -i;'- =a.exp.(---—KT )

we have a numerical equation of type,

6 = 3
1.63 xz 10

21 .2

which in its simplest form be given as (32)
26

qlm

Thus value of & can be estimited appraximate ly.l

4.6 RESULTS AND DISCUSS ION

Results obtained under uv exeitation for 5 minutes can be )
brief ly stated as follows :

e e e eyt ——
a) Glow Curves

The glors curves are plo-txzd for the undoped CaS Phosphor with Mn
and rare earth (Dy) as activator (£ig. 4.4). The heating rate used
Wiz 2.4 Ok/sec. The medsuroments have been carried out in the tempo.
range of 300% to 693%. Fraa these graphs it seemg that undoped K
Ccas exhibits very weak luminescence. This may be due to defect in
the crystal gstructure or inherent impurities present in the starting
(host) material. The luminescence gets enhanced in prt;éence of acti-
vators ln, Dy and Bi and Th. lbwever, overall shape of glow curve

rewling sawme. Wypical glo; cuwves for different samples with different
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concentration of Dy with Mn and To with Bi are as shown in the

fige 4.5 t0 4.7. i3 seen fram thegraphs asingle broad peak at round
613% for the phosphor CaS:Bi:Tb and the peak at round 633 % for
cas:Mn:Dy phosphor,from shape of glow curves it seems that the peaks
are not a single but it may have more than one peak. These peaks

are situated close to each other and thelr resultant is indicated

by & composite glow curge. In the present study, hovever, the isolated
peaks are not resolved w ing partial bleaching technigque. Calculations
of activation energies frcm the shape of glow curve are done

assuning peak to be single.

It is olserved that the variation of concentration of Dy and
™ intpresence '\fh and Bl respectively Ms not sigh.ﬂficantly affected the
shape of the glos curve. Unly the peak intensity changes with concen-
trationg E.g. 4.8 shows variation of peak intensity with conce of M
and Dy;’also Bi with Tbh. Frum graph it is seen that peak intensity
intially increases and then decreases wlth conc. of Dy with
Mn and again it increases. Similar change is also observed with
variation of pealt with change in conc. of Tb with Bi.@ig. 4.2, 4e3.
4.9 and 4.10% shoug variation of peak intensity with concentration of
activaters. The tiable noedel - gives the makéﬂ. and peak intensi-
tics of the prepoered samplese

As fran TL out put varlations 1t seems that ln with 0.1% and Dy
with 0.001%% gives maximum TL glow pealk intensitye The sample MD=33
glve maxzimum TL out put amongst the choosen concentruation. Thus

optimun concentration of lin in the host seems to be around 0.1% and

for Dy it is  around 0.001%
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Similar, TL outdariation is observed for Ca3:Bi:Th
phosphore The phcxsphbr 1MD-24 with camposition Cas:BL:Tb(BL =0.1%
and T = 0.005%) gives maximum TL out put amongst the choosen

concentratione Thus optimum conce. of Bi in the host scems to be

around 0.1% and for Th it is around 0.005% .

B) Zctivation Enerqy
The activation energy 'E' of a glow peal can be evaluated
by several ways ag desceribed in section 4.3+ In the present study
activation encrgies are calculated fram the shpae of glow curve by
using method due to -
i) Urbach (ii) luschik (4ii)Halperin & Branncr, (iv) Chen
(v) Grossweiner, values thus calculated by different formulae
are listed in tabhle noe 4.2 and are in good arrangement for the

Ca3:MniDy and CaS: Bi: Th phosphor.

c) variation of activation energy with activator concentration -

From Table noe 4.2, it is observed that activation energy
does not V;;y significantly vith activator concentration. The
effective trap levels are distributed fram O.hlev to 1.2 eV. for
Ca3:BisTh and 05 to 1.7 eV for Cas:lni:dy, observed variation is
not systematic with respect to concentration variation. This
suggests that the addition of activators does not introduce any
new traps but only modifies the relative importance of traps res-
popsible for thermoluminescnece, (23, 24).

d) Kinetics of Luminescnece

Kinetics of lumilnescence can be determined by various methods =
The symretry factor g = ‘r/w, 1s a characteristic of the type of

kinetics involv:d in the process. The values of symmetry factor are

listed in table no. 4.2
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In the present stwly the values of mg faor same samples the values
are less than e"l( 1+ 2/p ) and for others, the values are greater.
This may be due to the canposite nature of the glow peak instead of
a single pacake

For Ca3:Bi:Tb the variation in the amg (symmetry factor) is systematic
and which is not for @ass!in:Dye. But both the phosphars having ag
values less and greater than e"’l( 1+ t% ). Iknce any conclusion
about the kinctics, drawn fram the magnitude of umg is likely to be
erroneous. Efforts are there fore made to determine kinetics by

another method.

e) Escape frequency factor - The escape factor 's' calculated by

using eqn. (4.8) with different values of activation energies obtained

£from different mvth(xy&éiven in section 4.3.3. The cscape frequency
factox.';s dcpcnd:;:t on E« The 's' values are calculated by

taking E values fran Halperin and Branner and Grossweinner f£ormulae.

They are listed in table noe. 4.3 for both the phosphors. The ‘s‘

values vary from 1.0% tolg sec"'l for CassBi:Th and 103 to 109 sec"j'

for CaSstnsDy phosphor.

£f) Size of traps @

The slze of trap can be evaluated fram the knowledge of escape
frequency factor. The values of ¢ are calculated by using equation
446+4. The values are listed in table nos4.3. The size of the trap
1s about 10717 to 1072? cm? for CaS Mn:Dy and that for Cas:BitTb

1017 to 10723 2. This trap size in the present wark is of medium
size trap (29.)

g) Dose dependance

The excitation dose will affect the peak intensity, of the glow

curve, Intensity is function of extcitation dose. The glow curves for
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various excitation time are shown in fig. 4.11 for a
sampel D 24. The peak intensity of glow curve initilally increases

gradually and then ik saturates around 45 minutese.
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Table Nos. 4.1:~ Cbservation Table showing the peak temperature and

peak intensity values obtained fram glow curves of
uv excited sample.

Sample No. Peak temp %k Peak intensity M.
MD-18 613 279
9 MD-19 613 199
=20 | 613 199
1D-21 613 149
M>-22 \ 613 319
MD-23 613 349
MD-24 613 389
" MD-25 613 279
MD-34 613 137
1D~35 593 167
1D-26 613 149
MD-27 613 235
1D-28 613 219
MD-29 633 175
1D~30 593 127
MD-31 613 149
MD-32 613 209
MD-33 633 395
1D-36 613 119

D= 37 613 159
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Table Noe4s2 ¢ shoring activation energy calculated with different
formulae (uv-excited samples).

Eu - Energy calculated £ram Urbach formula
EiCc - Enerqy calculated from Luschik formula with
Chen's correction.

Egpo- ERergy calculated from Halperin & Branner formula
with Chens correction.
Es - Energy calculated fram Chen's formula

BEgc—- Energy calculated fraom Grosswicner formula with
Chen's correctione.

A A A S .
ID.18 0,7383 1.,1031 0.5243 1.226 0.6275 0.3541
ID.19 0.6587 1.1058 0.4967 1.226 10,4487 0.2452
1D.20 0.7045 1.1058 0.5783 1.226 0.5367 0.3
1D.21  0.8364 1.1072  0.6395 1.226 0.6027 0.2558
ID.22 1.0325 0.9962 1.1487 1.226 1.12395 0.56
D.23 0.9482 1.,1651 1.,0949 1.226 1.0659 0.5740
ID.24 0.9892 1.,1044 0.9640 1.226 0.9526 0.4054
1D,25 1.1052 1.1755 0.9583 1.226 0.91.85 0.4468
ID.34 0.5403  0.9928 0.5218 1.186 0.4787 0.3898
ID,35 1.,10813 1.1653 0,71189 1.186 049409 0.4545
ID.26 1.2178 1.2020 1.2734 1.226 1.2575 0.5348
D27 0.9708 1.2973 0.8254 1.226 0.8003 0.325
iDe28 1.3919 1.3823 1.4237 1.226 1.5289 0.5263
1D.29 0.9194 1.6865 0.6844 1.226 0.6483 0.2380
ID.30  0.8484 0.7839 1.02176 1.186 0. 9908 0.5892
1D.31 1.1297 0.7415 1.226 0.7126 0.3333
0.8588

1D.32 1.518 1.0544 1.0679 1.226 1.0645 0.4285
1D.33 0.9448 1.1243 0.86011 1,226 0,8377 0.3658
1D.36 0.8428 0.9873 0.7619 1.226 0.7066 0.4666

1D.37 0.7210 0.9885 0.6178 1,226 0.5794 043265
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-

Table 10443 ¢ Shoving frequency factor and size of trap
(uvecszcitation).

e -~

Samp le Lrecuency factar | 3ize of tray
noe SEGC; sec_l SEHBC, sec"l s om
ID.18 7.4332 x 102 6.27010 x 103 4.1800 x 10-23
ID.19 4.1798 x 10° 1.5244 x 10° 1.0163 x 10724
1D.20 2.2762 % 10° 9.6263 x 102 6.4174 x 10724
iD.21 8.0165 x 103 3.7652x 10° 2.5100 x 10723
.22 2.1916 x 10° 1.3440 x 10° £.9606 x 10717
1D .23 7.5747 := 107 4.2509 x 107 2.8339 x 10717
1D.24 5.6007 x 10° 4.4522 x 10° 2.9681 x 1020
1D.25 4.9917 x 10° 2.2550 % 10° 1.5034 x 10~2°
1D .34 1.0538 x 103 4.1562 x 10° 2.7707 x 10~2%
ID.35 5.9079 x 10% 6.8549 x 10° 4.5899 x 10~2°
1D .26 25714 x 107 1.8802 x 10° 1.2534 x 1077
D27 1.9948 3z 10° 1l.2201 x 105 Se134L x 10"20
1D .28 4.9294 = 10° 3.8807 % 107 2.5870 x 10719
1D, 29 1.2500 x 10% 6.1079 x 10° 4.07196 x 10~23
D30 3.6266 x 107 1.9198 x 107 1.27985 x 10~1?
1D .31 6.400 x 10% 3.5628 x 10% 2.3752 x 10722
1D .32 4.4239 x 107 4.1351 x 107 247567 x 1071°
ID. 33 3.9254 x 10° 2.5346 x 10° 1.6897 x 1072t
1D.36 9.6824 x 10% 3.1545 x 10% 2.1030 x 10722
D .37 5.1437 x 10° 2.3285 x 10° 1.5523 x 10723
s

EGC - Escape frequency factor calculated by taking activation energy
Ege ‘
S L J

EIIC -~ Escape frequency factor calculated by taking activation energy
Eyec. ~

6 - sine of the trap calculited by taking, BEype,
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