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ABSTRACT

The decay of the afterglow intensity of KCI : T1 phosphor excited by 11 kV cathode rays
is studied over the temperature range 150°-400°K. The decay constant is strongly influenced
by the glow peaks exhibited by the phosphor, and it passes through maxzimum values near the
temperature corresponding to the glow peaks. From the temperature variation of these decay
constants the trap depth has been estimated. The results show that the value of s, the frequency
factor, is not the same for all the trapping centres.

1. INTRODUOCTION

The luminescence of thallium activated alkali halides, especially KCl : Tl, has
drawn considerable attention from experimental as well as theoretical workers,
viz. Biinger and Flechsig (1931), Pringsheim (1942), Kato (1944), Johnson (1954),
Hill and Schwed (1955), etec. The long period afterglow of such phosphors is highly
temperature dependent and is presumably due to the electrons trapped during
excitation. Assuming that the probability of the escape of an electron from a trap
of depth E is

p = ae~EKT
where 8 is a constant having the dimensions of frequency, the intensity of phospho-
rescence is given by

_ dn_ -E/KT
I = ——-E—-'nse

ki

where 7 is the number of electrons in the metastable state at the beginning of the
decay. The solution of this for a fixed temperature gives

~E[KT _-st ~E/KT
I = ngse IKT st exp (-E/KT)

or

I=1I,e7%,

where I is the initial intensity. The decay of afterglow of any phosphor having a
single trap depth at any particular temperature is thus exponential. The trap depth
E and the frequency factor s can, therefore, be determined for such phosphors from
the temperature dependence of the decay constant « from the relation

~E|KT
o = 8¢ K .

Biinger and Flechsig (1931) carried out measurements on the afterglow decay
constant of KCl : Tl under ultraviolet excitation over the temperature range, 200°K

VOL. 25, A, No. 2.



112 V. V. RATNAM : LONG PERIOD AFTERGLOW OF Kcl:Tl

to 340°K, and estimated the value of s to be of the order of 2-9x10? sec~1. This
value of s has been utilized by Randall and Wilkins (1945) to estimate the trap depths
in alkali halides and similar phosphors. However, the thermoluminescence experi-
ments of Bose (1955), Bose and Laskar (1956}, Johnson and Williams (1953) and others
clearly indicate the existence of a number of traps in alkali halide phosphors excited
by cathode rays or ultraviolet radiation. When traps of different depths are present
in the system the long period afterglow decay is given by a general expression of the

type,
1= zN,-s‘ exp (—E;/KT) exp [—s,.t eXp (-—-E,./KT)].

The trap depths in KCl : TI phosphor are, however, quite distinct from each other and
the system shows well separated glow peaks in thermoluminescence. As such,
it is possible to find in the neighbourhood of each glow peak temperature, a small
range of temperatures, over which the afterglow decay will be mainly due to the
corresponding trap depth. The afterglow decay within such a temperature range
will, therefore, be practically exponential, and will be due to the single trap pertaining
to this glow peak temperature, the contribution due to other traps being negligible.
Hence the temperature variation of this exponential decay yields the corresponding
values of s and E. In the present paper the decay constants in the temperature
range of 150°~400°K have been studied and from observations of the variations
of these decay constants with temperature, E, the trap depth has been estimated
and the variation of s with trap depth observed.

2. EXPERIMENTAL METHOD

The experimental set up and the apparatus used are similar to those of Bose and
Sharma (1950). The sample taken was 1 per cent KCl : Tl obtained by fusing TIC]
with KCl in a furnace at 850°-900°C. A thin layer of the powdered specimen
was rubbed uniformly on the sample holder. The specimen was excited by 11 kV
cathode rays at liquid nitrogen temperature for not less than ten minutes so as to
completely fill up all the traps at that temperature. The excitation was done with
the cathode ray beam bent by an external magnet to avoid ionic bombardment. The
afterglow intensity was detected with a 931A photomultiplier and the temperature
at which the decay was occurring was obtained from a thermocouple. The output
currents of the photomultiplier and the thermocouple were sent through two micro-
moll galvanometers, the movements of which were recorded photographically on a
rotating drum. While recording the decay, the temperature was kept constant to
within a degree. Starting from low temperatures the afterglow decay was recorded
at temperature intervals of 5°C,

3. REsULTS

The thermoluminescence curve for the substance studied (KCI : Tl) exhibits
four prominent glow peaks at the temperatures 205°K, 307°K, 338°K and 398°K
as shown in Fig. 1. The decay constants for the various temperatures were obtained
from the decay curves recorded at these temperatures, by drawing the graph of log I
against time for each one of them. Three typical plots of log I versus time at three
temperatures are shown in Fig. 2.

Tables I, II and III show the manner in which a, the decay constant, i.e. the
slope of log I against time curve, varies with temperature. Observations in Table I
are for temperatures in the vieinity of the glow peak at 205°K, and those in Tables 11
and III are for the glow peaks at 338°K and at 398°K respectively.
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F1a. 1. Thermoluminescence curve of KCl: Tl 1 per cent obtained by heating the sample at
the rate of 3-9°C./sec. after cathode ray excitation at liquid nitrogen temperature.
The temperatures at which the phosphorescence decay curves were recorded as shown
in Tables I, IT and III are indicated by circles in this figure.

The nature of the variation of the decay constant with increase of temperature
can be seen from Tables I, IT and III. The value of the decay constant passes
through the same number of maxima as observed in the thermoluminescence emission,
and the nature of the temperature variation of the decay constant has a similarity
to the glow curve. The maxima in the values of the decay constant, however, do
not occur exactly at the glow peak temperatures, obviously due to the fact that the

TABLE I
T°K 1/T ~x 102 a=d(log I)/dt
192.5 0:5195 0-059
1975 0-5063 0-091
2030 0-4926 0-131
208-0 0-4819 0-199
212:0 04717 0-268
218-0 0-4587 0-288
223-5 0-4474 0:229
229-0 0-4367 0-196
2330 0-4283 0-156
238-0 0-4202 0-099




114 V. V. BATNAM : LONG PERIOD AFTERGLOW OF KOIl:Tl

1+
- c

‘5 1 { 1 1
4 5 6 7 8

+ ——> gges.

Fic. 2. Variation of the intensity of the phosphorescence emission with time at constent tem-
perature. A at 208°K, B at 341°K and C at 385°K.

Tasre II
T°K 1/7 x 102 e=d(log I)/dt
307-6 03252 0-098
3135 0-3190 " 0134
316-0 0-3165 0-158
321-0 0-3115 0-215
327-0 0-3058 0-299
336-0 0-2976 0-291
341-0 0-2933 0-312
346-0 0-2890 0-268
3562-0 0-2841 0-226

Tasre III
T°K 1/T x 102 a=d(log 1)/dt
371-0 0-2695 0-158
376-0 0-2660 0-186
381-0 0-2625 0-277
385-0 0-2597 0-370
391-0 0-2558 0334
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glow peak temperature is a function of the rate of heating and the luminescence
efficiency of the phosphor is temperature dependent. The decay curves obtained
at the temperature of the glow peaks and at temperatures very close to them cannot
be much relied upon since at these temperatures the decay is too fast for the galvano-
meter to follow. For temperatures above T'g, the glow peak temperature, the decay
gradually slows down till it is influenced by another peak. This may be due to the
partial filling up of the trapping centrcs, since the temperature of observation is
already above the glow peak temperature. The temperature range for which the
decay is practically exponential is thus limited to temperatures below T, since
the decay at those temperatures, chosen on the rising portion of the thermolumines-
cence curve, is mostly duc to the approaching glow peak. Thus it can be seen the
decay constant does not vary exponentially with the temperature over the entire
range studied. The pattern of tha glow peaks is reflected in the variation.
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Fig. 3. Variation of & with 1/T corresponding to the 205°K glow peak.

The values of « for temperatures below the glow peak are plotted against 1/T
and are shown in Figs. 3, 4 and 5. The slope of the log « against 1/T graph (Fig. 3)
gives the trap depth E corresponding to the glow peak at 205°K. This value is
compared with that obtained by the relation

E =21 KTG,V

developed by Randall and Wilkins (1945) and Leverenz (1950). This comparison
for the three glow peaks is given in Table IV.
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of & with 1/T corresponding to the 338°K glow peak.
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of « with 1/T corresponding to the 398°K glow peak.

Substituting these values of £ in the relation

-E/KT
o= 8e

3

s has been evaluated for the different trapping levels. Different values of s have
been reported for various phosphors, Randall and Wilkins (1945) give the value

3B
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TasLE IV
Tq E=21KT,; E (Experimental) s
205°K 0-37 eV 0-27 eV 0-5 x 108t gee ™!
338°K 0-61 ¢V 0-50 eV 1-2x 107+ gee?
398°K 0-72 oV 0-81 eV 1-2x101=7 gee™?

1-5x 109 sec™1, Dutton and Maurer (1953) give 109 sec™! and a value of 2-9x 10°
sec™l for the KCl:Tl phosphor was given by Biinger and Flechsig (1931). But
the present investigation indicates that s for the KCl: Tl phosphor is not the same
for all the trapping levels. It varies between the values 0-5x 108+l sec™1 and
1-2x1010+1 gec™l . The nature of the trap might also be responsible for this
variation,
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