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GENERAIJZATIO~ OF A METHOD FOR CALCULATING 
ACTIVATION ENERGIES OF GLQW CURVES 

i 

Receixd 26 July 1971 

A known method for calculating activation energies of certain thermally stimulated conductivity gIotK curves is 
slightly modified and is thus shown to apply to other thermally stimSted conductivity curves and to various ther- 
mohuninescence curves as well. 

Various methods for calculating activation ener- 
gies from the geometrical shape ofthermolumines- 
cence (TL) glow curves have been developed [l--3]. 
Thermally &m&ted conductivity (TSC} curves have 
been investigated for some tie, assuming that they 
obey the same Iaws, namely, assuming that formulae 
developed for calculating TL activation energies can 
be used for TX curves as well. Dussel and Bube [4] 
and Land [5f have.shown that TSC curves may sub- 
stantially differ from TL curves. FolIowing Saunders 
(61, Chen has investigated [7] the case of TSC curves 
corresponding to second order TL peaks when the 
lifetime of free carriers is not necessarily assumed to 
be constant. A similar treatment was given by Chen 
f8] for TX peaks corresponding to first order TL, 
peaks when constant lifetime is not necessarily as- 
sumed. The shape of the curve is given in eq. (7) of 
ref. [S] . In this case, an empirioal formula for caicu- 
ting the activation energy was found to be 

Ec=3pgkT;/7, : 

where E, is the calculated activation energy, ~~‘is the 
form factor given by & = 610 where 6 = T2- T,and 
+J = T2 - T, and where T, is the temperature of the 
mar&urn and T, and T*‘are thk loti and high tem- 
peratures at half iniensity, respectively, k is the. Boltz- 
.mann constant and r = T, - Tl; V&ations of the pa- 
rameter 01= c/ye,- namely, the ratio of corqntrations 

._ of inactive traps to the ini*l c~n~n~a~on of adtive 
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traps, were investigated. Vaiues ofgg between 0.42 
and 0.44 were found for o? > I, which is aIso charac- 
teristic to the corresponding TL peaks [3] _ The val- 
ues of ctp decreased substantiaIly for Q GZ. I, and for 
a < 10-3 values of llg < 0.3 where found, For all these 
cases, E, given in eq. (1) &as reported to be correct to 
15% or better, with values more bften above the cor- 
rect ones than below. 

The above mentioned TX curves for (Y < I are 
thus characterized by a fast decrease at the high tem- 
perature side of the maximum as compared to the 
first order TL peaks where 0.4t 5 <J+ < 0.440. On 
the other hand, second order kinetics TL peaks are 
characterized by almost symmetric curves [3], name- 
ly with pg = 0.52. TX curvescorresponding to sec- 
ond order glow curves are found to decrease more 
slowly at the high temperature range [6,7]. The shape 
of these curyes is given by eq. {4) in ref. [7] and the 
derived values of Izg are as high as 0.78 to 0.85. In 
view of the different nature of the function at the 
above mentioned extreme cases ofTSC curves, it was 
quite surprising to discover that eq. (I) is a good ap- 
proximation for the latter case as well. In both castes 
the calculated.values were on the higher side so that it 
seemed reasonable ta s&&&y decrease the empiricat 
vabe of 3 ineq. (1). A vaIue_of 2.8 was found to be 
better. 1:. : 

Apart from this, it seems vaIuabIe to mtroduce a 
new par&meter 8 = 71% = T@ which is also given in 
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Table 1 
Calculated Parameters of non-constant lifetime TX peaks 

corresponding to first order TL 

EteW- a Tm CR) IJg E,(eV) 

-0.1 86.8 .0.436 0.097 
0.1 

::t. 2 

87.0 0.434 0.098 
0.1 loo 88.3 0.419 0.100 
0.1 i0-’ 91.7, 0.379 0.105 
0.1 lo-* 95.3 0.335 0.107 
0.1 1o-3 .98.2 0.297 0.104 
0.1 lo4 100.5 0.267 0.098 

Table 2 
Cakzubted Parameters of non-constant lifetime TSC peaks 

corresponding to second order TL 

E (ev) G- (a-‘) T, (%I r(“W 

0.1 
0.4 
1.6 
0.1 
0.4 
l-6 
0.1 
0.4 
1.6 

IO9 2!8.4 24.9 
log 826.0 90.7 
10s 94.8 15.2 
los 347.2 52.8 
lo5 1278.5 184.9 

% E, (eV) 

0.836 0.058 
0.840 0.347 
0.843 1.373 
0.812 0.096 
0.816 0.377 : 
0.820 1.493 
0.788 0.113 
0.788 0.434 
0.792 1.693 

OK, Eq. (1) is thus transformed into 

E; = 2.8 kT;/B . (2) 

Tables 1 and 2 give some representative parameters 
calculated for non-constant lifetime.TSC peaks corre- 
sponding to first and second order TL peaks respec- 
tively. The data were taken from the tabies in refs. 
[8] and [7] respectively and E, was calculated by the 
use of eq. (2). 

TL glow curves, not necessarily of first or second 
order were investigated [9, lo] assuming the following 
equation 

I = -dn/dr = s’n’ exp(-E/kT) , : (3) 

, . . 
I = sr10 exp(_ElkT) 

r 
x [{(l-l)d@ _/ exp(-ElkT’)d~ti]-‘/(‘-l) 

.To (i) 

where s = s’n’-l and /!I is the (constant) heating rate. 
Values of I b&+een 0.7 and 2.5 were investigated as 
shown in ref. [lo]. : 

It is even more surprising than before that eq. (2) 
gives activation energies correct up to 15% for this 
broad variety of TL peaks as well. Table 3 gives some 
representative parameters of glow curvesof this sort, 
the data are taken from table 2 in ref. [lo]. First and 
second order TL peaks were separately checked pith 
data taken from ref. [3], the results being again in the 
range of 215%. 

A method for calculating glow curves’ activation 
energies based on the shape of the peak which is more 
general than any other shape method has thus been 
found. This method i$ limited in that the accuracy of 
the method is only up to 15% whereas the methods 
given before [3,7, lo] are correct to 3-4%. This limi- 
tation is not .too severe as in many cases, the experi- 
mental errors due to uncleaned peaks, noise and other 
inaccuracies, are of the same order.. 

The fact that this method is usable for such ex- 
treme cases both of TL and TSC glow curves, encour- 
ages us to use eq. (2) for many other glow peaks for 
which the kinetics is not precisely known. An experi- 
mental comparison of the results with those of the 
rather general iriitial rise method [ll] should be car- 
ried out when it is possible, namely, when the initial 
rise range is broad enough to perform the measure- 
ment. 

As shotin in ref. [3], equations for calc&ting ac- 
tivation energies should be modified by subtracting 
akT in cases where the frequency factor s depends on 
temperature as s = ~‘~7n where.s” is a constant and 
-2 <a < 2. Eq. (2) should now become 

EC = 7.8kTi/8 -,akT,, (5) 
where I is the TL intensity, n the concentration of 
trapped carriers, s’ a.constant and 1.a number repre- 
senting the order of the kinetics. Thus, first order 
peaks are found for 2 = 1 and second order for I = 2’. 
The general solution of eq. (3) is given in ref. IlO] to 
be 
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which should be used when a is @own separately. If 
a is not known, eq. (2) should be used, and an addi- 
tional inaccuracy of up to klCt% may thus be intro- 
duced; ’ : .:’ ,‘. -I : 

It 3 to ,benoted that the present treatment involves 
only-the’case’where a single trapping level contributed 1.. 
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Table 3 
C&xkttcd parameters of general order TL peaks 

. 

E (eW s (set-‘) 1 Tm C’K) rC=K) % E, WI 

1.6 lOI 2.5 554.1 28.1 0.548 i .445 
0.1 10s 2.5 82.1 8.8 0.566 0.105 
1.6 1013 1.9 554.6 26.4 0.509 1.431 
0.4 1Ol3 1.9 14423 7.1 0.510 0.361 
0.1 1O’3 1.9 31.6 1.9 0.511 0.092 
1.6 10S 1124.3 100.2 0.524 I .595 
0.4 IO5 ::; 303.6 28.9 0.526 0.405 
0.1 lo5 1.9 82.5 8.4 0.529 0.103 
1.6 1013 1.5 554.9 25.0 0.476 1.415 
0.4 10’3 1.5 144.4 6.7 0.476 0.357 
0.1 1o13 1.5 37.6 1.8 0.477 0.090 
1.6 lo5 1.5 1126.6 95.9 0.490 1.564 
0.4 IO5 1.5 304.3 27.7 0.492 0.397 
0.1 lo5 1.5 82.7 8.1 0.495 0.101 
1.6 1.1 555.2 23.3 0.431 1.375 
0.4 $: 1.1 144.5 6.3 ci.431 0.345 
0.1 lOI 1.1 37.6 1.7 0.432 0.087 
1.6 lo5 1.1 1129.1 90.4 0.445 1.514 
0.4 IO5 1.1 305.1 26.1 0.447 0.385 
0.1 10s 1.1 02.9 7.6 0.449 0.098 
1.6 lo5 0.7 1131.6 82.6 0.376 1.410 
0.1 1OS 0.1 51.6 35 0.372 0.085 

to the thermally stimulated process.The case of quasi- 
continuous or continuous trap distribution had previ- 
ously been investigated [ 12,131, mostly for the rela- 
tively simple case of the phosphorescence decay. As 
for the general case of a thermally stimulated curve, 
it seems that in cases where one has a narrow distri- 
bution (e.g. narrow gaussian distribution), the meth- 
ods for calculating the activation energy, including 
the present one, would give the value of the center of 
the.distribution curve to a good accuracy. When the 
distiibution curve is much broader, the only applica- 
ble method for fmding the traps’ spectrum seems to 
be the repeated heating and cooling of the sample 
after one irradiation and using the initial rise method 
for each partial cdyve thus observed [14]. 

C.B. Lushchick, Dokl. Akad. Nauk SSSR 101 (19.55) 
641. 
A. Halperin and AA. Braner, Phys. Rev. 117 (1960) 
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