Available online at www.sciencedirect.com

sclEN05@DlREcT° thermochimica
acta

ELSEVIER Thermochimica Acta 429 (2005) 143-147

www.elsevier.com/locate/tca

A new evaluation technique for analyzing the thermoluminescence
glow curve and calculating the trap parameters

M.S. Rasheedy

Physics Department, Faculty of Science, Assiut University, Assiut, Egypt

Received 5 September 2004; received in revised form 7 February 2005; accepted 1 March 2005
Available online 12 April 2005

Abstract

A step-fitting simulation technique was developed for the thermoluminescence (TL) glow-curve analysis and the kinetic trap parameters
determination. These parameters include the order of kingtibe activation energg (eV) and the pre-exponential factst(s™!). A general
equation was developed to estimate the order of kinbtide characteristics point of this equation is that any set of three data pointsina TL
glow curve can yield the kinetics order. Using this characteristic, an improved procedure was suggested to separate a composite glow curve,
which includes several overlapping peaks, into its individual components and to obtain the trap parameters of the glow peaks. The program
was used to analyze the TL glow curve of the UV dosimetric material pure zirconium oxide)(ZrO
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction The aim of this work is to present a procedure for sepa-
rating the TL glow curve into its component of glow peaks.

Most of insulating or semi-conducting materials exhibita Also, this work aims to present a new technique for obtaining

thermoluminescence (TL) glow curve with one or more peaks the trap parameters of the individual glow peaks in sequence

when the charge carriers are released. This glow curve is aby using a program based on the general-order of kinetics.

graphical representation of TL emission as a function of time These parameters include the order of kineticthe activa-

or temperature. This emission is due to heating of a substanceion energyE (eV) and the pre-exponential factsf (s™1).

after the absorption of energy from ionizing radiation. The Also, the relative value of the initial concentration of trapped

glow curve is related to trap levels lie at different depths in electronsi, (cm~3) can be obtained analytically. In this work,

the band gap, between the conduction and the valence banda general equation is developed to estimate the order of ki-

of asolid. These trap levels are characterized by different trapneticsb. The applicability of this technique is demonstrated

parameters. Hence, several peaks are found to appear in thbere by analyzing the TL glow curve of the ultraviolet new

TL glow curve at characterized temperatufgé2]. There- dosimetric material pure zirconium oxide (ZfO

fore, the glow curve provides information about parameters

corresponding to each peak. In order to obtain the physical

parameters associated with the various TL bands, itis neces2- Thermoluminescence kinetics

sary to fit a theoretical equation containing these parameters

to the entire glow curvig]. For general-order kinetics, the behavior of TL intensity of

a phosphor is governed by the following equatjéh
d b —
[=—2 = —';_1 S exp(—) @)
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Fig. 1. Anisolated TL glow peak. The parametgysly, Iz, Tx, Ty and T,
are as defined in the text.

wherel (in arbitrary units) is the TL intensity) (cm~3) the
electron concentration trapped attingg),N (cm~3) the traps
concentration antl (eV/K) is the Boltzmann’s constant. Eq.

(1)is more general than the two equations describing the first- - T, [Tx _ Tz] In [ﬁ_i] -1, [Tx _ Ty] In [%]

and second-order kinetics. The solution of Eb).for b#1
is given by[4]:

noS” exp(—E/kT)
[1+[((b — 1)S")/B] [1, exp(—E/kT)dT"]

I =

b/(—1)
)

whereg (K s~1)is the linear heating rate amg (cm~3) is the

concentration of traps populated at the starting heating tem- ¢ __

peraturél, (K). The pre-exponential fact® (s1), whichiis
defined a8’ = S(n/N)°~1is constant for a given dose, but it
varies with changing the absorbed dose, i.e., wittcm=3).

3. Determination of the trap parameters
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whereA, andA, indicate the areas under the glow peak from
the temperatureB, to Tr and7; to Ty, respectively. As shown
in Fig. 1, there are not any relations between the intensities
at whichTy, Ty andT; exist. Also,Tx can anteced@, or vice
versa andy may exist on the rising part wherescan exist
on the descending part of the glow peak.

From Eqgs(3) and(4) one obtains:

kT, T,
B =i(n )~ b Infa,/a ) {0 ©)
x y
Also, from Eqs.(3) and(5) one obtains:
KT\ T,
E=ina)-oiniaad |7 ™

Now, by equating Eqg6) and(7), one can easily obtain:
Ty [Tx — T:] In() = T. [Tx — Ty] In(z)

(8)

The order of kinetick€ can be obtained after determining
the parameters involved in E(B).

Once the order of kinetids is determined using E@8),
the activation energlf (eV) can be determined using E¢)
or (7). Thereafter, the pre-exponential fac&r(s1) in case
of the general-order is obtained from ER). Thus[6,7]:

BE exp(E/ k)
[bKT3] — (b — 1) E¢ exp(E/ kTrn)

©)
whereTy, (K) is the temperature corresponding to the maxi-
mum intensitylm, of the glow peak and
Tm —E
exp| — | dT.
p(kT/)

6= (10)

To

Previously, several expressions have been suggested for Therefore, oncé andE are calculated an@, is known,

obtainingb of a single glow peak5-7]. These expressions

Eq. (9) can be used for obtaining’ (s™1), respectively.

assuming the concentration of populated traps at a temperaThe last parameter to be obtained is the relative valug, of

tureT; during the TL run is proportional to the arég where

A is the area under the glow peak between Thand T,
whereT; is the final temperature of the glow peak. As shown
inFig. 1, let us considdy is the TL intensity at a temperature
Ty at any portion of the glow peak, EL), thus, becomes:

whereTy (K) is the temperature corresponding to the inten-
sity Iy, andAy is the area under the glow peak between the
Tx andT;. Also, let us assume thit=ly/y and/, = I/z are

the intensities at portions equal to alyd 1/zfrom the inten-
sity Iy, respectively. Then, similar to E¢3), the following
equations may be written:

®3)

L (A —E

YTy TONbL S eXp(kTy> ’ “)
Ix (Az)b —E

L=7="w1 5 exp kT. )’ ©®)

(cm~3). Usuallyn, is not evaluated by using one of the analyt-
ical methods, but instead, is taken either to be proportional

to the height of the glow peak;,, at the peak temperature,
Tm, or proportional to the area under the peak. However, in-
stead of using the peak height or peak area, a simple analytical
method has been developed to obtain the relative valog of

in case of general-order glow peak, by inserting @yinto
Eq.(2). Inthis case, an expression for the maximum intensity
Im can be found afg]:

. noS” exp(—E/kTy)
((bkTZS" /B E) exp(—E/kTn))

Thus,n, can be given afs]:

I eXp(E/KTry) bkT2s”  \7¢D 12)

B s BE exp(E/kTy)

In Eq.(12), the parametels E, S” andg are known, and the
values ofl,,, Ty can be obtained from the shape of the glow
peak. Then, the relative value of can be obtained.

Im

=k (11)

no
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Fig. 3. The dependence of the trap parameieEs S’ andn, of peak (1) on

Fig. 2. TL spectrum of pure zirconium oxide samples under UV irradiation.
9 pectiu pure zI um oxi plesu ! at the temperatur@y.

The spectrum was measured with heating gel0°C s1 [8].

4. Results

The above-mentioned technique will be used here to an-
alyze and to obtain the trap parameters of the UV-irradiated
pure zirconium oxide (Zrg) glow curve depicted ifFig. 2.

The experimental details can be found elsewH8te Re-
cently, this material is used in the filed of UV dosime-
ter [8-12]. The glow curve as recorded with heating rate
B=10°Cs 1 shows two peaks: the higher one (peak 1) at
Tm=129°C and the lower one (peak Il) 8,=62°C. Let Temperature (*C)
us start with obtaining the trap parameters of the peak I. The _ _ o
value ofb of this peak is calculated according to H8) at Elg 4.. Curve (a), a part from the experimental glow curve appearing in
) . . . . ig. 2; curve (b), the theoretical glow peak () estimated according to Eqg.
different intensities of the descending part starting fim (2) with b=2.02,E=1.28eV,S = 1.0x 1051 andn, = 7.5x 10P (a..):
It is worth mentioning that, the rising part of this peak was curve (c), the remaining part of the experimental glow curve after of the
not considered during the calculation due to apparent par-subtraction of the theoretical peak (1) appearing in curve (b).
tial overlapping at this side with the lower temperature glow
peaks of the glow curve. The valuestoére obtained by fix-  Table 1. Now using the average values of the paramatgrs
ing Ty andT; with respect tdly at intervals equalto 2.3and b, E,S" andg=10°C s~1, the shape of higher temperature
4.6°C, respectively. The activation energyis determined peak (l) is then fitted to Eq2). The theoretical peak, curve
according to Eqg6) or (7), while the pre-exponential factor  (b), with the average values of the trap parameters fits well to
S’ (s71) is estimated according to E(). Finally, the rela- the experimental one, curve (a), as showhim 4. Using the
tive value ofn, is estimated according to E@.2). The values previously determined theoretical shape of the higher tem-
of E, 8’ andn, are determined for each calculated value of perature peak, curve (b), this peak is subtracted from the ex-

TL Intensity (x10%)

0 T T T T 7 ? T f
60 70 80 90 100 110 120 130 140 150 160

b. Fig. 3 shows the dependence of the parametefs, S’ perimentally given glow curve, curve (a), to reveal the shape
andng on Ty. As shown in figure, the value dfstarts to de-  of the remaining part of the glow curve, curve (c)Fof. 4.
crease quickly at the higher valuesTgf resulting in several The above-mentioned procedures in case of peak (I) are

orders of magnitudes reduction in the valueStfAlso, the then repeated to account for the peak () of the glow curve.
values of the activation energy ang are affected with this Here, both the rising and the descending side of the peak have
fast decrease di. Therefore, for this peak, the valuestof  been used for obtaining. The values of the trap parameters

is the result of calculations from the maximum intensity at are listed inTable 1. Again, using the average values of the
temperature 129 up to 25% of the maximum intensity. The parameters,, b, EandS’, the shape of peak (l1) is then fitted
values of the parameters involved in this peak are listed in to Eq. (2). Again as shown irFig. 5, the theoretical peak,

Table 1
Present method and CGCD data for the peaks | {©9ll (62°C) and Il (104°C)
Peak | (129C) Peak Il (62°C) Peak Il (104C)
Present method CGCD Present method CGCD Present method CGCD
b 2.02+0.04 2.00 1.43%0.04 1.4 1.06:0.09 1.1
E (eV) 1.284+0.04 1.29 0.7#0.01 0.72 0.7 0.06 0.82
S (s7Y (1.0+£1.1)x 106 1.31x 106 (8.3+£1.2)x 100 4.68x 1010 (2.1+3.2)x 100 6.64x 1010

no (a.u.) (7.5£0.2)x 10° 7.35x 10° (1.1+.01)x 107 1.05x 107 (6.0+0.4)x 10° 6.9x 10°
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Fig. 7. The glow-curve deconvolution analysis of 2rO
Fig. 5. Curve (a), typically the same as curve (cFig. 4; curve (b), the
theoretical glow peak (Il) estimated according to E2) with b=1.41, which fits well to the experimental one except a small shoul-

E=0.71 eV,S’ =3.34x 10105_1 andno =1.1x 107 (a.u.); curve (C), the re- der at the rlSlng part Of the gIOW peak (”), as Showﬁig 5'
maining part of the glow curve after of the subtraction of the theoretical peak curve (c). We believe this shoulder is the lower part of the
appearing in curve (b) descending side of a fourth peak is not fadeout completely at
this degree of temperatures. We did not try — by the present

rv with the aver val f the tr rameters fi i~ . . .
curve (b), with the average values of the trap parameters tSmethod—flttlng of this shoulder for reasons of inconsistency.

well to the remaining experimental one, curve (a). As shown
in Fig. 5, curve (a) is equivalent with curve (c)feig. 4, i.e.,

the remaining part of the glow curve after of the subtraction 5 piscussion
of the theoretical peak (l). Using the previously determined

theoretical shape of the lower temperature peak, curve (b)  geveral methods are applied now to obtain the trap param-
in Fig. _5, this peak is subtracted from the experimentally oters of TL glow peakl3-18]. However, the main problem
remaining glow curve, curve (a), to reveal the shape of the ot measuring the trap parameters is the presence of several
remaining part of the glow curve, curve (c). Now, we have a qyerjapping peaks within the TL glow curve. Very few meth-
new overlapped small peak (l1l) between the main two peaks 44g exist, which allow for the separation of the TL glow
(1) and (I1). The maximum intensity of this peak (I1l) appears - ¢rye into its individual componenig,19,20]. It is worth-
at 1040,(:- ) i while mentioning that many scientists in the field of TL mea-
Again, the above-mentioned processes in case of peaks (Isyrements use the least square method of non-linear func-
and (Il) are then repeated to account for the peak (IIl) appear-tion for computerized glow-curve deconvolution (CGCD).
ing at 104°C. The average values of the trap parameters areThg gpplication of CGCD technique for the decomposition
listed inTable 1. Now using the average vaIL_Jes of thg param- of 5 composite thermoluminescence (TL) glow curve into
etersno, b, EandS’, the shape of peak (Ill) is then fitted to  jis individual glow peaks is widely applied since 1980. The
Eq.(2). The theoretical peak, curve (d), with the average val- yeconyolution method, applied to the TL glow curve allows
ues of the trap parameters fits well to the experimental one, yeing the kinetics parameters. Many functions describing
curve (a), as shown iRig. 6. F|_g. 6shows the deconvoluted single glow peak have been proposed, which are reviewed
glow curve estimated according to the average values of theby Horowitz and Yossiaf21]. In order to improve the value
trap parameters of the peaks appearing at 62, 104 ant29 o the present work, the glow curve of Zs@vas analyzed
also using the CGCD technique as described by Furetta et
al. [22]. For this analysis, Eq2) was used for the deconvo-
lution of a glow peak. The results of this deconvolution are
shown inFig. 7, and the trap parameters of the present method
and the CGCD method are listed Table 1. The results of
the CGCD technique are very close to that obtained by the
present method.
We applied in this paper to an improved technique for
_.J;/ obtaining the trap parameters of overlapped TL glow peaks.
The program begins with obtaining the trap parameters of the
20 40 60 S0 100 120 140 160 higher temperature glow peak by using the descending side
Temperature (°C) of this peak. In all kinetic measurements on TL materials,
methods or procedures must be chosen so as to eliminate or
Fig. 6. Curve (a), a part from the experimental glow curve appearing in account for the effects of overlapping of the different glow
Fig. 2; curve (b), the theoretical glow peak (I); curve (c), the theoretical peaks. We believe at this side of temperatures that the contri-
glow peak (ll); curve (d), the theoretical glow peak (Ill) at T@! esti- . ! e A .
mated according to Eq2) with b=1.00,E=0.79eV,S' =2.1x 101051 bution due to the other peaks is negligible comparing with the
andn, =6.0x 10° (a.u.). peak under investigation. As it is above explained, this part

10
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of the peak is used successfully to obtain the trap parameterdang the descending part of this peak. The shape of this peak is
of the higher temperature peak of ZrO then fitted to the general-order kinetics. The theoretical peak
Another problem that must be mentioned here is actually with the average values of the trap parameters can fits well
related to the determination of the kinetics ordgwhere ear-  to the apparent parts of the experimental one. Subtraction of
lier authors have suggested several methods to obtain the traphe higher temperature peak from the combined glow curve
parameters of TL glow peak. However, the difficulties arise reveals the shape of the descending part of the pre-higher
due to the absence of previous knowledge regarding to thetemperature peak. The above-mentioned process in case of
kinetics ordeib of the peak. The most important method for the higher temperature glow peak is then repeated to account

obtainingbis the symmetry factqug. The difficulties with re- for the next peaks of the glow curve. The applicability of the
spect to the use gfg for obtainingb have been demonstrated present work are demonstrated by analyzing and fitting the
elsewherg5,6]. However, instead of usingy, several inde- composite TL glow curve of the UV dosimetric material pure

pendent expressions have been derived which give the valuezirconium oxide (ZrQ).

of bin terms of its temperatures and areas at certain portions

of the increasing and decreasing part of the glow j&hkn

these expressions, a relative relation between the intensitiesAcknowledgment
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