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CHAPTER IV 

fflERMOLUMIHBSCENCE

4.1 IimCBUCTM

Thermoluninescence (TL) has been extensively used as a 

technique far elucidating qualitatively the nature of electron 

traps and the trapping process involved in phosphors. She lumin

escence process in which the stored energy in the suitably excited 

phosphor is realesed in the form of luminescent emission^ after 

supply of thernfel energy is known as thermoluminescence. The 

intensity of the luminescent emission is to be measured as a 

f motion of temperature. A glow curve is plotted between intensity 

against temp. Hie glen/ curves is used for the estimation c£ 

activation energy (E) and escape frequency factor (3) • As both 

E and S depend sensitively upon the trapping centres# glow curve 

can give valuable information about the role of various impurities 

present in the sample.

The object of present investigation is to analyse the
concentration# 1

observed glow curves for samples containing varying

of Iin # Bi and Dy # 'lb as to get the following information of the

prepared phosphors.

i) Hie effect o£ activators on general features of glow curves 
and on trap distribution.

ii) The distribution c£ trapping levels.

iii) Hie values of escape frequency

iv) Hie sice of traps

v) The type of kinetics involved in TL process

vi) The dcoe dependence a£ TL glow peak,

4.2 THEORY OF GLOW CURVES
4.2 .r~TL-qlcw curve parameters s

The simplest and commonly used technique for studying the TL 
one ..

glow curves i3 suggested by Utbach Cl2) and Randall and Wilkins (31)



Fear the calculation of TL intensity, it Is presumed that the 

trapped electrons have maxwellian distribution cf thermal energies 

and that probability 'p* for the thermal release of trapped electron 

form the trapper unit time is given by -

P « S — (E/KT) .. (4.1)

So that, TL intensity is given by

It «>< n^.p ** (4*2)

where T = absolute temp.

K = Boltzmann's constant 

E so trap depth or activation energy 

3 = constant having the dimensions of frequency, 

nt = nunber of filled traps at time *t'

't' and 'T' are related to heating rate JJ by
p _ dT .. (4.3)
F dt
In the simplest case, the factor‘g’is connected with the capture 

cross section ST of trap given by

S = Vc ilc 3t .. (4-4)

where Vc = thermal velocity of electron in conduction band 

IIG = density of available trap levels*

In a physical sense, however, one can regard the trap as a 

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

product of nunber of times an electron hits the wall and the wall ^

reflection coefficient. It then follows that values of should be 

of the order of^or le33 than the vibrational frequency of the 

crystal (27). However, in practice, one dose come across situation Ac L
's’' r ?----

wheretakes values differing from lattice phonon frequencies by 

many order of magnitude.This is attributed to fluctuation in local 
environment of the trap such as produced by a nearby impurity, causing



changes in the frequency of localised phonons*

4.2.2 Rand,all and j/ilkins Theory : (Firat order Kinetics) *

Randall and Wilhins (31) have given a simplest mathematical 

representation for the luminescence glow peaks without any over

lap ing, The basic assumptions made are -

i) an injection of electron is the only rate determirJfAprocess •

li) radiation-less transition and probability of re trapping 
is negligible.

iii) The life time T for recombination is so small that
fo « n/T with n- as concentration c€ Octrees in

conduction band.

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

With these assumptions they obtained an expression for 

variation of TL intensity with temperature.

The luninescence intensity at any time i6 directly proportional 

to the rate at which detrapping occurs. During the heating# if n is 

the concentration cf filled traps at any time *t* (temp* t) then 

intensity of TL i,s given by,

I «< dn
dt

or I = — c dn
dt

w » c p h

a-CnS e - E/lCT .. (4.5)

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

and c is constant.

dn
n S 'Q

-c | a
-E/lCT

-E/KT
dT ax 

dT



by integrating and substituting in equation (4*5) the TL intensity

turns out to be

1 = no G Se ~3/KT e*P

where nQ is the initial number of trapped carriers* It is easily 

seen that the intensity builds up as T increases# reaches maximum 

for particular value of T = Tm and then falls off for further 

increase in temp.

By setting dVdT = 0 at T = Tin one obtain the important 

relationship

K Bn
At a fixed temperature T^Csexp (-e/Kt) is a constant# say A*

Equation (4.5) can thus be written as = - A dt which on integra

tion gives

(4.9)n = n

from equation (4.5) and (4.8)
—At

I » I e where Io » Ano (4.10)

Thus when at a fixed temperature T the TL intensity decays exponen

tially, the TL process is said to be followed the First Order Kinetics.

4.2.3 Gar licit and Gibson theory :
(second order Kinetics)

Gar lick and CJibson (13) exten-ded the Randall and Wilkins 

theory by considering the equal probabilities for the retrapping 

and recombination of released electrons.
3

If W is the total number of traps per cm of which n are filled 

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

tion centre is _
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a
n

dn rjTherefore, I =» C -?r. 7?* dt W

„ P SL. s _ -E/KT 
N (4.11)

By Integrating equation (4.11) and rearranging# TL intensity is 

obtained as- 

I s

2- „ „ , -E/kTn_ C o e o .. (4.12)

^1 +S‘ -2 jT exp. (-E/kT1) dT'J

where 3 ' = — is called the pre-exponentia 1 constant and has the 
3 —1unit (cm * sec ).

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

derived as

o
,2

(4.13)
(1 + A'n t)‘ 1

A straiglit line graph obtained by platting x* against time

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

process.

4.2.4 General Order Kinetics

A fundamental approach to this was developed by Braunlich

and co-x/orkers (2/ 19)
M3

Fig.^depicts a simple band picture or a phosphor containing 

localised energy levels in the forbidden gap. For simplicity 

only two kinds c£ electron traps are assumed to Joe present 

corresponding to the energy level and and one reeembinatien 

level Eg. Excitation of phosphors populates levels 

with electron while Eg traps holes from the valence band. Ihe 

thermal depopulation of shallow trap at E^ with deeper trap of 

E2 lying dormant leads to the active regiiriJLof an isolated TL 

peaJc.
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If the electrons are released into the conduction band we 

have model I. If they are raised to an excited 3tate E9 We 

have model II* let vis define the following symbols for various 

parameters of this model*

= Concentration of traps at energy level E^

II2 a Concentration of traps at energy level Eg

Ug = Concentration of traps at energy level Eg

nx = Concentration of electron^in trap at E^

n? = Concentration of electron^in traps at Eg

n = Concentration of electron in the conduction band* c
N = Concentration of holes in the valance band

(assumed to be zero)

P = probability per second of the electron re lease/?from 

traps E^ given by

P *= S exp. ( - E/Kt) where E is trap depth cf level E 

E = Eg - E1 for model I 

E s s1 - E^ for model II

q is retrapping coefficient# R = recaribination coefficient as 
introduced in following rate equation 

Model I : see fig* A*13-

The rate at which the concentration of trapped electrons and 

conduction electron vary are given by

&L = "*Pnl + ^ nc ^ N - n^) -------(4.14)

n = ft, R n H_ c i c 3

Ihe charge balance gives

------- (4.15)

N. n, + n0 + n x 2 c (4.16)

Ihe differential equations are analy tically untraceablc without 

the following siiuplyifying ass umptions.
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nc and nG << ni •• (4.17)

Justification of these assumptions is to be found in the 

work of Kelly et ai (19) and Shenkar and Chen (33) who obtained 

numerical solutions of the equation to check the assumptions*

With these assumptions# the rate equation are readily integrated 

to yield the density of trapped electron as a function of tempera

ture when linear heating program J3 = t is used.

PN1 , , „ , « . %
( 1 - ) in x - F ( 1 + N_ ) in

nl + N2 
no + H2 / s

3
Q-E/l C.T * dT, (4*13)

which reduces when 1I2 is negligible to 
(1-3?) in X + | (1 - i) + | fT e~:

IT ' y = C ' p " S“

dT1 (4.19)

when x =

nQ being the density of electrons on traps at the initial temp.

T the thermoluminescence intensity. I# for model - I given by

*1 = —---------------- .. (4.20)
N2 + PNX + (1-F) n

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

glow curve can be constructed by (4.2 0) Par any sat of model 

parameter E, S, F # nQ# and N2«

The above generalised Kinetics equations reduce to first order 

and second order cases when F = 0 and F = 1 respt.

Model II s The trapped electrons are taken to the excited state E' 

from which they tunnel to recombination centres, 'die bate equation 

given by Multi (25). The theoretical glcw curves for this model 

can be obtained fron the following tv/o equations 3
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_ §. tn ...-------+
F1I2 n0 + N2 J | dT' « 0 — (4.21)

T Jro

.T

•• (4*22)

while applying model I of the abcnre approach to determine the TL 

parameters# Hraunlich (3) and Shenkar and Chen (33) shewed the 

dependance cf the obtained values on the trap oceqpancy. Shenkar and 

Chen in particularly demonstrated by computation that the term 

'Kinetics Order* may become mean-ing-less if the inequality9

RIT3 y q (1^ - r^) or RNg < q (Nx - ^ X

changes direction during the TL glow peak emission.

DETERMINING
4.3 METHODS FOR TRAP DEPTH

There exist several methods for determination of trap depth 

from glow curves. In this section method are divided into three 

grotps (i) Method making use of shape of glow curve (ii) Method 

making use of various heating rate (iii) Other Methods.

4.3.1 Methods mailing use of shape of glow curve

Fig. represents a general shape of glow curve defining

sane characteristic quantities such as Thi, T2, J , W etc. It 

can be approximated by a triangle. This principle has been used 

for the derivation of several express ions for the trap depth* as 

method using high temperature side of the glow peak : (aiter luschik

(20)

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

dependent qpon both the transition probabilities and on the number 

cf traps compared to that of luninescence centres. By assuming that

the area of the half peak towards the fall off is e< 

of triangle having the same height and half width.
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that the activation energy for the first order Kinetics is given by -

KTm2

= T2- \
(4-23)

Iflider the same assumption he obtained an equation far the sec aid 

order kinetics and is

2KHn2
~ T2 - Bn (4-24)

In the above equations/ Tm is glow peak temperature and T2 is temp, 

on high temp, side cf 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 urder and Second Order Kinetics respectively-

(4.25)
Far first order Kinetics

(4.26)
Far second order Kinetics.

b) Method tfeing Low temperature side cf the glow peak : (After 
Hal-perin and Braner) _

In this method# the symmetry cf glow peak about its maximum is

used for calculation of activation energy. Halperin and Braner(16,17)

considered the luminescence emission as mainly due to two kinds cf
tsS

recombination pr00003. In one process (such model I of Fig. 4-t3)/ the 

electron raised to an excited state with the forbidden gap below the 

conduction band recombines with the hoJe by tunneling process and in 

other the recombination takes place via a conduction band (sub Model-II 

of fig. Z*. 1*3 ) it is assumed that the ratio f , of the initial 

concentration of the trapped electrons to trapped holes is close to

JJlUP VftJ ildVC|

KTm2
E = 0.976 T2 - Bn

and KTm2___
E a 1.706 T2 - Tm
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unity, then the thermal activation energy E, can be calculated 

using the appropriate equation of following :

Type of process Equation condition

Tunneling % = 1

a) Recombination 
dominant

H 88 t2 - Tm
JUfcrce"’3’ • • (4.27)

b) Re trapping 
dominant

E „2K0m2 _
a2 T,* - Tta ugciO.5 (4.28)

Via conduction band ^ « 1

2a) First order Kinetic 1.72 Kim
dominant ° Clfin - T^) v

5.16
A

) Mg ^ e"1 (1 + ^)

..(4.29)

b) Second order Kinetic 
dominant E, lKTm

Tm a- | > % e4U + f) .. (4.30)

where £ *= ~jjr « 1 is a correction Factor, and is the 

temperature on low temp, side cf glow peak at which intensity is 

one half cf its peak value. The Factor Hg =
i
W t2 - am 

T2“T1
is called the symmetry factor, and is a characteristic cf the type 

of Kinetics involved in the process.

JU3 e~ (1 + 2/a ) f or First order Kinetics, and 

Ug y e”3^ 1 + 2/a ) for second order kinetics.

Thus the advantage of this method\Lies in the fact that 

the first half of peak is sufficient for the evaluation cf E and 

it also points a way of determining the Kinetics cf the process 

involved. But many times# the presence of weak shoulders at the 

high temp, side of glow peak causes an apparent increase in the
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Ug values which may wrongly indicate the process to be of the

second order (2l). The disadvantage is that E has to be evaluated

in an iterative manner, die has to estimate E first by assuming

correction factor to be Zeto t then calculate the correction factor

KTm and then re-evaluate E.
E

When the ratio ^ is greater than unity the activation eeergy 

is given by

E KTm
T2 - Tm (4.31)

with condition JUg = 0.5

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

gave following equations far First Order Kinetics#
2

E 1.52 KThi 
Tm - T-, - - 3.16KTm

and for Second order Kinetics#

1.813 K Tm
am - as, 4 K Tm

(4.32)

(4.33)

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

Chen (32) has develcped Mathematical equation f or E which 

makes use of the full half width of a glow peak which can be me as ued 

with better experimental accuracy and gave following relations s 

For First order Kinetics#

e » 2 k am ( ~~Mjr-t) .. (4.34)
2 1

and for second order Kinetics,
E = 2 K Tm (-A»J5&Jttn,) _ x .. (4.35)

r2 ” *1

Here numerical constants are chosen emperically to have adds a better

estimation of E and E \\ 1# Moreover Chen (6) showed that the
K Tm 5
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symmetry Factor JUg = 0.42 is characteristic. am correlating the 

synraetry Factor JU63 and Order of Kinetics e(. # he gave the following

equations to evaluate E far general order Kinetics# 

r 2
= [( 1.51 +3.0 iUg - 0.42)]E

E

E

am - t.

Korn=* ^ 0.976 + 7.3 (jug - 0.42)J

= ^2.52 + 10.2 Oug - 0.42Q |~~r

t2- am

J^l.5 + 4.20ug - 0.42jj.
.. C4.36)'

.. C4.37)

2K0m

2 Kam (4.38)
Tm

4.3.2 Methods Making use of various Heating Rates

a) Method due to Booth# Bohun and Parf ianavitchj- 

Booth (4) Bohun (5) and Parfianovitch (30) have shown 

independently that the activation energy can be determined without 

prior knowledge cf frequency Factor S# by heating the phosphor# at 

two different heating rates J*1 and ^ .Pi > P2 then Ota^ > OYi^

where om^ and Olr^ are the corresponding values c£ glow peak temp, 

at two different heating rat' 3 H and Eliminating S from eqn.

E/ KOm2 =» (3/JB) exp. (-E/iCim) they found

E - Kanl Tn*2 In -Pi 
Okij - Tm2 p2 (4.3$)

If am can be measured within an accuracy of l°k# the method is

found to yield E within an error of 5% (22). 

b) Method due to Schon :

To achieve an improved accuracy in E values flchon (34)
0 o c

modified the eqn. (4.39) by replacing Tm by Tm which results in

E _ k am1am2
- am2 in

b4

B,

Tm3.5
2

T 3.5m.
.. (4.40)
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c) Method dias to Chop aryl, Winer s

Consider Im to be the glow peak intensity corresponding to TL 

maximum obtained with heating rate j3» Chen and Winer (7) have shewn 

a plot of In (3mi Tm£ / pi2) versus (1/Oni) • Yields a straight line 

with a slqpe equal to E/K. knowing the slcpe# 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 equation.

m 2
in mi

J3i KT + Ln
mi

E
SK (4.41)

'2
Thus the plot between in (Tmi'/pi) and (1/Tmi) is linear with slope 

equal to E/K^ from which E can be evaluated#

4.3.3 Other Methods

a) tfethod due to Urbach •

Urbach (37) derived independently fran equation (4.7) an 
expression for activation energy by taking 3al0° sec*"1'.

The equation is

E = Tm / 500 .. (4.42)

b) Method due to Randall and Wilkins

Randall and Wilkins method is based on equation (4.7) which 

assumes mancmolccular Kinetics and no re trapping. In this method TSn 

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. UE/foim) £l+ P(3,j3)j =1 .. (4.43)

The Functi- n F 0 ,J3> « 1 and this gives the trap depth E.

The equation for E is
E = Tm £ 1+ F (3#B) ] K logs (4.44)
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where P(3#jp) is another function of S and p* when J3 lies between 

0.5 and 2*5°k sec*"^ and S equals the value 2*9 x 10^ sec""^# the 

above equation reduces to

E = 25 KTm •• (4*45)

c) Method due to Grosswiner $

Grcsswiner (14) derived an equation for determining far 

First Order Kinetics as -

B . 1'S1 KTm T1 .. (4.46)

Tm -

According to him this equation gives accurate results wit hint 5% 

provided S/p > 107 0k*"1 and E/KTm > 20 Chen's modific-ation to

Grosswiner :

Chen modified the Grosswiner's relation errperically giving -

E

where C^

- ciK^Ti

= 1.41 far first order kite tics and Cx

.. (4.47)

1*68 for second

orde r .

d) Method due to puss el and Bubo :

Dues el and Bdbe (10) have shewn that Grossweiner's method 

yields values of which are about 7% higher for an improved accuracy 

they suggested emperically 

E _ K Tm T-,

6 tsvs (4.48)

According to them when ^E_ = 1?# 22 or 26# G8 ^ i#402, 1.415

or 1 * 421 respectively.

e) Method due to Oar lick and Gibson : (initial Rise Method) *

This method is independent b£ order of kinetics* Ihe method 

of initial rise, suggested by Gar lick and Gibson (13) is based on the
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fact that for all types or kinetics the intensity in the initial

(4.49)
part of the gla; curve can be expressed in the form

(-E/kT)I = F e

E being a function of number of completely filled traps and empty 
centres which takes in~to account the transition probabilities in
volved. Assuming F to be constant in initial part of glow curve the 
equation (4.49) takes the farm s

«J3Log I = prr* + constant .. (4.50)KX 1Hence, the plot of In I vs -^-(called the Arrhenius plot). 
for temperature well below Bn is a straight line with slope -E/K, 
and hence E can be evaluated, ihe method provides a quick analysis 
of initial ascending part of the glow which yields E#
without any knowledge of 3 and is independent on recombination 
mechanism.
f) Method due to Nambl# Bapat and Ganguly s

Activation energy can be determined by the empirical formula 
developed by Nambi et al. (28) for Ca3sRe phosphors. The relation 
between glow peak temperature Bn and activation energy E is given by 

E = 3.12 x 10 "3 Tm - 0.23 . .. (4.51)

g) Numerical Kinetics Method
This method of analysis (8) involves a numerical computation# 

which proceeds in small arbitrary steps# During each step the concen
tration of trapped charge# the carrier concentration# the radiative 
relaxation c£ excited centres etc. are adjusted in accordance with 
the physical process involved when used to analysis the experimenta 1 
data, some ^^la&pproximate values of E and 3 are choosen and they
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are suitably varied to determine the values giving the best 

least square, fit to the experimental data.

h) Isothermal decay; method

In this method, after excitation the sample is quickly heated 

to specific temperature and at this temperature the luminescence decay 

is measured. This method has the advantage that such difficulties 

arising form overlapping of peaks and change In quantum efficieny 

or the emission spectra occuring under the non-iso thermal conditions 

are avoided. The decay curve obtained can be anaVysicd in~ta sum of 

sharply defined linear region and it hag been shown (15) that for the

first Oder kinetics s

l(T) = nj> exp. (-E/KT) . exp. (s.t. exp. ( 

where t is time

inking logarithm of equation (4*52) we have,

.. (4.52)

log I(T) 3 t exp • (- KT ) - E + log n S .. (4.53)
KT

Thus slope m of log I(T) versus t curve is given by

msS.exp. (~E/kT) .. (4.54)

Taking the slopes IH and 112 at at two different temp. Tl and T2 one 

can write -

1/VT ML E , 1 1 %flj “k^t^-Tj^ * * (4«55)

which can be used to determine the activation energy E. The escape

frequency factor may be found by the substitution of equation (4.55) in

equation (4.54).

4-4 METHODS FOR DEOSRMINATIDH OF FREQUENCY FACTOR

The value of escape frequency factor 'S' can be obtained from

photoconductivity, phosphorescence decay, dielectric relaxation

measurement and thermoluminescence measurement. Thoire exist severl



methods for determinig 3 f raa TL studies and a brief survey is 

given below :

4*4.1 itethod due to Randall and Wilkins i

Randall and Wilkins (31) for the First Order Kinetics have

given the general equation

I = - dn/dt with a constant tenting rate |3.

I = 3n0 exp. (-EAT) • «P.(-| rTo ^ {_ E )aT.
T KT' .. (4.56)

By equating derivatives of this equation to zero, the condition 

for maxim im of glow one obtains,

E_
KTn? (-E/lCBa) (4.57)

where Trn is temperature at the maximum of glow peak knowing

Ttn, J3, and E (determined by other method) S can be calculated.

4*4.2 Method due to Car lick and Gibson :

Following the second order kinetics, the solution of equation 

I =* - dn/dt ... given by Gar lick and Gibson (15) with constant 

heating rate B i3
1 T ~2

I = S* n 2 exp. (-E/kT) (1+S'no ) f fexp.U ■§-) dT'l ..(4.58) 
° Tp" L KT« J

differentiating the equation and equation the derivative to zero, the

condition for maximum of peal; is ,

1 + S'no
—— f exp. i-E/KT) <£f. = 2i>an 3 *n exp. (-EAm)
T TJ BE °F2

Assuming "On to be the experimental peak temperature* and with all 

otter parameters in equation (4.59) are known one can calculate the 

frequency factor 3 = SnQ for different value af E.

Tlie method suggested by Gar lick (15) for the first order 

kinetics points th it In an isothermal decay a plot Iry log I versus t

..(4.59:
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may be regarded as a sum of sharply defined linear region slope m 
given by equation, rn ~ S e;:p. (-E/KT). By knowing E, the frequency 
factor 3 can be calculated using equation,

3 = rn.roqs. (E/KT) .. (4.60)
4.4.4 list hod due to Aramu and I-faxia

The method due to Aramu and Max la (1) starts from Kinetic 
equation and allows to determine the frequency factor, by the use 
of simplified formula,

3 =s J3. exp. i\ •• (4.61)
where J3 is heating rate and i\ is intercept with vertical axis i£ 
plot of log X versus 1/T. Hie formula is applicable for saturated 
glow peak and wlion the concentration of holes bound to lumin escence 
centre is equal to the trapped electron concentration.
4.4.5 Method due to Curie

As suggested by Curie (9) , the glow peak temp, lb and heating 
rate p are related to escape frequency factor, by the equation of 
the type,Jj- = exp • .. (4.62)
where = Tg - Tm is high temp, half width. One® ratio of Tm/£ 
is known, the escape frequency factor S can be evaluated,
4-5 DETERMINATE >11 OF S IZE UP TRAP

The capture cross-3oction (tf) of each type of trapping 
centre can be evaluated from the knowledge of escape frequency factor.

Mott and Gurney (26) proposed the following equation on the 
assumption that the density af free electrons (or holes in case of 
hole trap) is equal to the density of empty traps.
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l/X. _ ZJJaMi?----S----  exp.(-E_) .. (4.63)
«* ^3 ICT

on combining this equation with equation viz.
P = y =3. exp. ( - >

we have a numerical equation of type,
= -a----

1.63 x 102l.T2

which in its simplest form be given as (32)
S 1 c „ i «2 6-7- as 1.5 X 10
9

Thus value of & can be estimated approximately.!

4.6 RESULTS AI-D D3SCU33 ION

Results obtained under uv excitation for 5 minutes can be 
briefly stated as follows :

J
a) Glow Curves

JoThe glow curves are ploted for the undqped CaS Phosphor with Mn 
and rare earth (Dy) as activator (fig. 4.4). ®he heating rate used 
was 2.4 °k/sec. Tho me as uromonts have teen carried out in the temp, 
range of 300°k to 593°]t. Fran these graphs it seems that undcped 

CaS ©xhibits very weak luminescence* This may be due to defect in 
the crystal structure or inherent impurities present in the starting 
(host) material. Hie luminescence gets enhanced in presence of acti-A_^vators Iln, Dy and Bi and lb. Ifowever, overall shape of glow curve 
remains same* Typical glow cur von for different samples with different
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c oncent rat ion of Dy with Mn and 3b with Bi are as shewn in the 

fig* 4*5 to 4*7* As seen from thegraphs asi.ngle broad peak at round 

6l3°k for the phosphor CaSsBisTb and the peak at round 633 °k for 

CaS:lln:Dy phosphor, £ ram shape of glow curves it seems that the peaks 

are not a single but it may have more than one peak. 3Jiese peaks 

are situated close to each other and their resultant is indicated 

by a composite glow curve* In the present study, ha/ever, the isolated 

peaks are not resolved using partial bleaching technique. Calculations 

of activation energies from the shape of glow curve are done 

assuming peak to be single*

It is observed that the variation of concentration of Dy and
'lb in^resencefIto and Bi res pec t i ve ly Idts not significantly affected the 

<L -V
shape of the glow curve. Only the peak intensity changes with concen
tration, fig * 4.8 shows variation of peak intensity with cone, of Mi 

4®and Dyjj^aIso Bi with Tb. From graph it is seen that peak intensity 

intially increases and then decreases with cone, of Dy with

Mn and again ifc increases. Similar change is also observed with 

variation of peal; with change in cone, of ^b with Bi.-^Pig. 4*2, 4.3* 

4*9 and 4.10^ show^ variation of peak intensity with concentration of 

activator a. The table no. 4.1 - gives tbs peak tenp. and peak intensi

ties of the prepared samples.

As from TL out put variations it seems that tto with 0.1% and Dy 

with 0.001% gives maximum TfL glow peak intensity. 'Hie sample M3-33 

give maximum TL out put amongst the choosen concentration. Thus 

optimum concentration of fin in the host seems to be around 0.1% and 

for Dy it is around 0*00l%
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Similar, TL out. variation is observed for CaSsBisTb 

phosphor, 'rhe phosphor 10-24 with cani>osition ca3:Bi:Tb(Bi =0.1% 

and lb -= 0.005%) gives maximum TL out put amongst the choosen 

concentration. Thus optimum cone, af Bi in the host seems to be 

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

B) Activation Energy

The activation energy *E • of a glow peak can be evaluated 

by several ways as described in section 4.3. In the present study 

activation energies are calculated fran the shpae cf glow curve by 

using method due to -

i) Utbach (ii) I.uschik (iii)llalpcrin & Branner, (iv) Chen 

(v) Grossweiner, values thus calculated by different formulae 

are listed in table no. 4.2 and are in good arrangement for the 

Ga3:l'3nsf>y and GaS: Bi: Tb phosphor.

c) Variation of activation energy with activator concentration -

Frcm Table no. 4.2# it is observed that activation energy 

does not v^ry significantly with activator concentration. The 

effective trap levels are distributed frcm O.MieV to 1.2 eV. for 

Cu3:Bi:Tb and 0.5 to 1.7 eV for CaS :Mn: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- 

possible for thermoluninescnece, (23, 24).

d) Kinetics of Liialnescnece

Kinetics cf luminescence can be determined by various methods. 

The symmetry factor jug = ^/\r, is a characteristic cf the type of

kinetics involved in the precess. The values of symmetry factor are 

listed in table no. 4.2
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In the present study the values of ug for sane samples the values 

are less than e”*1 ( It 2/& ) and for otters# t.lie valves are greater.

This may be due to the canposite nature of the glow peak instead of 

a single peak.

For caS:Bi:Tb the variation in the jug (symmetry factor) is systematic 

and which .is not for Ca3:MnsDy. But both the phosphors having Jug 

values less and greater than e~^( 1 + ). life nee any conclusion

about the kino tics, drawn from the magnitude oE jug is likely to be 

erroneous. Efforts are there fare 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 nr thorU given in section 4.3.3. The escape frequency
, &

factor/s dependent on E. Tine *s * values are calculated by 

taking E values fran Halperin and Branner and Grossweinner formula.

They are listed in table no. 4.3 for both the phosphors* The 's* 
values vary from 102 to^ sec"'1' for CaS:Bi:Tb and 103 to 109 sec*"1, 

far CaS*MnsDy phosphor.

f) Size of traps :

The size of trap can be evaluated fran the knowledge of escape

frequency factor. The values c£ <5* are calculated by using equation

4.6.4. The values are listed in table no. 4.3. The sise of the trap
is about 10'"'*'7 to 10“23 cm2 for CcS :Mn:Dy and that for CaS:Bi*Tb 

«-l 7 —2.3 210- to 10” cm . This trap size in the present work is of medium 

size trap (29.)

g) Dose dependence

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

curve,Intensity is function of excitation dose. Hie glow curves for
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various excitation time are shov/n in fig. 4.11 for a

sompel 1-0 24. Hie peak intensity of glow curve initially increases 

gradually and then it saturates around 45 minutes.
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Table No. 4.1:- observation Table showing the peak temperature and
peak intensity values obtained fron glow curves of 
uv excited sample*

Sample No* Peak temp °k Peak intensity

10-18 613 279

10-19 613 199

10-20 613 199

10-21 613 149

10-22 613 319

MX- 23 613 349

MD-24 613 389

10-25 613 279

10-34 613 137

10-35 593 167

10-26 613 149

10-27 613 235

10-28 613 219

10-29 633 175

10-30 593 127

10-31 613 149

10-32 613 209

10-33 633 395

10-36 613 119

10- 37 613 159
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gable No«4«2 sharing activation energy calculated with different 
f ormulae ( uv-»e::c ited samples).
Eu - Energy calculated frcm Urbach formula 
EUC - Energy calculated frcm Luschik formula with 

Chen's correction,

E-— Energy calculated frcm Halperin €c Branner formula 
with Chens correction.

Ec - Energy calculated fran Chen's formula
Egc- Energy calculated frcm Gross wiener formula with 

Chen' s c orrec tion •

Sample
no,

ID.18 
ID.19 
ID.20 
ID.21 
ID.22 
ID. 2 3 
ID.24 
ID. 25 
ID.34 
ID. 35 
ID.26 
ID.2 7 
ID. 28 
ID.29 
ID. 30 
ID. 31

ID. 32 
1*0.33 
ID. 3 6 
ID.3 7

Ec
eV

0.7383
0.6587
0.7045
0.8364
1.0325
0.9482
0.9892
1.1052
0.5403
1.10813
1.2178
0.9708
1.3919
0.9194
0.8484

0.8588
1.518
0.9448
0.8428
0.7210

Eicev

1.1031 
1.1058 
1.1050 
1.1072 
0.9962 
1.1651 
1.1044 
1.1755 
0.9928 
1.1653 
1.2020 
1.2973 
1.3823 
1.6865 
0.7839 
1.1297

1.05 44 
1.12 43 
0.9873 
0.9885

E__GC
ev

0.52 43
0.4967
0,5783
0.6395
1.1487
1.0949
0.9640
0.9583
0.5218
0.71189
1.2 73 4
0.8254
1.4237
0.6844
1.0217G
0.7415

1.0679
0.86011
0.7619
0.6178

Eu
ev

1.226 
1.226 
1 o226 
1.226 
1.226 
1.226 
1.226 
1.226 
1.186 
1.186 
1.226 
1.22 6 
1.226 
1.226 
1.106 
1.226

1.226
1.226
1.226
1.226

0.6275
0.4487
0.5367
0.6027
1.12395
1.0659
0.952 6
0.9185
0.4787
0.9409
1.2575
0.8003
1.5289
0.6483
0.9908
0.7126

1.0645
0o8377
0.7066
0.5794

M

0.3541 
0.2 452 
0.3
0.2558
0.56
0.5740
0.4054
0.4468
0.3898
0.45 45
0.5348
0.325
0.5263
0.2380
0.5892
0.3333

0.4285
0.3658
0.4666
0.3265
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Table ilo.4.3 i Shading frequency factor and siae of trap
(uv.excitation) •

Sarnp le 
no.

Fromk>qcy factqr___
3EGG; sec”1 SEIIBC, sec”1

3ise of trap 
<r cm^

ID.18 7.4332 x 102 6.2 7010 x 103 4.1800 x lO”23

ID.19 4.1798 x 102 1.52 44 x 102 1.0163 x 10”24

ID.2 0 2.2 782 x 103 9.6263 x lO2 6.4174 x 10~24

ID.21 8.0165 x 103 3.7652X 103 2.5100 x 10~23

ID.22 2.1916 x 108 1.3440 x lO8 8.9606 x 10"17

ID. 2 3 7.5747 x 107 4.2509 x lO7 2.8339 x 10”19

ID. 2 4 5.6007 x 106 4.4522 x 106 2.9681 x 10"20

ID.25 4.9917 x 106 2.2550 x 106 1.5034 x Id"20

ID.3 4 1.0538 x 103 4.1562 x 102 2.7707 x 10“24

ID.35 5.9079 x 104 6.8849 x 106 4.5899 x 10"2°

ID. 26 2.5714 x 109 1.8302 x 109 1.2534 x 10”17

ID. 27 1.9948 x 105 1.2201 x lO5 8.1341 x 10“2°

ID. 28 4.92 9 4 x 106 3.8007 x lO7 2.5071 x 10T19

ID. 29 1.2500 x 104 6.1079 x 103 4.07196 x 10“23

ID. 3 0 3.6266 x 107 1.9198 x 107 1.2 7985 x 10“19

ID. 31 6.400 x 104 3.5628 x lO4 2.3752 x lO”22

ID.32 4.4239 x 107 4.1351 x 107 19
2.7567 x 10

ID. 33 3.925 4 x 105 2.5346 x lO5 1.6897 x lO”21

ID. 3 6 9.682 4 x 104 3.1545 x 104 2.1030 x 10~22

ID.3 7 5.1437 x 103 2.3285 x 103 1.5523 x 10”23

S
EGG - 

3EiC3C ■

e

Escape frequency factor calculated by taking activation energy 
eGC.
Escape frequency factor calculated by taking activation energy 
eHBC.

■ a±Te of the trap calculated Jay taking,Ejinc#
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C^S: Bi.'Tb ( Tb Vo vied )

Temp in *K ----- >
PLOTS OF TL INTENSITY Vs TEMP.

FiS.Na.4-10
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DOSE OEPEN PA N CE (UV EXCITATION)
BS.N0;4-12.
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