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Note 

Simulation of Thermoluminescence and Thermally Stimulated Currents 

The studies of thermally stimulated processes, like thermoluminescence (TL) and 
thermally stimulated conductivity (TSC), in different solids yield information about 
the different traps in them. Based on a model for recombination of trapped electrons 
and holes via the conduction band, these processes are governed by the equations 
given by Halperin and Braner [I] : 

- dmjdt = Amnc , (1) 

- dnjdt = Sn exp(-E/kT) - B(N - n) nc , (2) 

dn,ldt = dmldt - dnldt, (3) 

where N is the concentration of traps, m is the concentration of holes in recom- 
bination centers, n is the concentration of electrons in traps, nc is the concentration 
of free electrons in the conduction band, t is the time, A is the recombination proba- 
bility, B is the retrapping probability, S is the preexponential factor, and E is the 

S’T”exp(-E/KT) S’T”exp(-E/KT) 

FIG. 1. Schematic of simulation. FIG. 1. Schematic of simulation. 
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activation energy for the process. Temperature is varied at a linear rate /?. Resulting 
TL intensity is proportional to 1 dm/dt 1 and TSC is proportional to rzc . 

If I dnc/dt I << I dn/dt I and n, < n, (l), (2), and (3) reduce to a much simpler form: 

dn 
I = - z = Sn exp 

-E 
( > 

Am 
kT Am+B(N-n)’ 

The validity of the above assumption has been tested by Kelly et al. [2]. Equations 
(l), (2), and (3) h ave also been solved without using this assumption, by Shenker and 
Chen [3]. A modified Runge-Kutta integration procedure was used by them. 

In this paper simulation of the glow curves using CSMP (Continuous System 
Modeling Program) language is reported. The schematics of the simulation is given 
in Fig. 1. Simple relation of the type S = S’Ta where a = 0, 1,2, -2, is chosen to 
study the temperature dependence of the preexponential factor. Milnes’ tith-order- 
predictor-corrector method was used as the integration procedure. Full details of the 
description of the application of CSMP are given in IBM Users’ Manual, “CSMP 
(360 - A - CX - 16X).” 

The results are given in Table I and are compared with those given in [3]. A represen- 
tative simulated curve is given in Fig. 2. The situation where there are more than one 
trap can easily be studied through CSMP language making use of what is known as 
“Integral arrays.” Also the derivative of the TL or TSC curve can be obtained easily 
using the mathematical function DERIV. The compactness of the program and the 
ease with which it can be applied, enables one to concentrate more on the process 
simulated than on the process of simulation. 

FIG. 2. Calculated values of n, and I dm/dt I. A = 5 x IO+ cm*se@, B = 10-’ cm*sec-l, 
m, = 10’ cm-*, n, = IO8 cm-*, N = lW” cm-‘, nCO = 8.48 cm-5, E = 0.316 eV, ST” = ~O%X-~ 
KM, fi = 1” K se&, To = 120” K. The values of a are shown by arrowheads. 
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