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Fig. 1.4.11 A computer-generated curve of electron concentration n
vs. inverse temperature 7' for the four-level model of Fig. 1.4.10
and Eq. (1.4.43). It is assumed that C, is a donor, and C, an
acceptor. The various other assumptions are as follows: N, = N, =
5x10%cm™; Ny=2x10"cm™>; %,=1.37eV (or E,=0.15 eV);
&=1.09¢eV (or E;=0.43eV); and g,/g20=gs1/gs0=1. The sharp
increase in n at high temperature is due to intrinsic electron
excitation. Note that N, cannot be interpreted in terms of N, N,, N;,
and N, unless the donor/acceptor natures of C, and C, are known

Data from a pure, vapor-phase epitaxial GaAs layer, irradiated with
1x 10'*/cm? 1 MeV electrons, are shown in Fig. 1.4.12 (Sizelove and Look,
1988). It is evident that two centers are contributing to the temperature-
dependent electron excitation, so that Eq. (1.4.43) and Table 1.4.3 should
apply. The fitted energy values (for T =0) are: & =1.375¢eV, or E,=
66— 6=1519-1.375=0.144¢V, and & =1.228¢V, or E;=0.291eV.
These values agree very well with those measured by deep-level transient
spectroscopy (Pons and Bourgoin, 1985), in which they are designated,
respectively, as E2 and E3. The value of N,, 1.0 x 10" cm™3, could be
interpreted in four different ways, as shown in Table 1.4.3; however, it is
known from other work (Look, 1987a) that E2 is a donor, so that N, is
either Ny— N, or N;—N,—N;, where N, is the total concentration of
donors with &> &, and N, is the total concentration of acceptors with
€ < €. The values of the degeneracy factors, (g./gxo) exp (a/k), are both
about 0.5, which is somewhat unexpected since a simple, s-like donor
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Fig. 1.4.12  The electron concentration n vs. inverse
temperature 7' for a pure, epitaxial GaAs layer
irradiated with 1 X 10 cm™ 1MeV electrons. The
solid line is a fit by Eq. (1.4.43), with the following
parameters: N, =1.58x10"cm™; N,=1.44x
10%em™; Ny=1.03x10"cm™>; €, =1.375¢eV (or
E,=0.144eV); %=1228¢eV (or E,=0.291eV);
and g51/820= g31/830="0.5. (After Sizelove and Look
(1988))

should give gi1/gxo=2, as shown in Fig. 1.4.1(b). However, the tempera-
ture factor a;, must also be taken into account, where @, here is given by
€= (T =0)— o T. Since & is an energy with respect to the wvalence
band, a positive a; implies that the level is moving closer to the valence
band, as temperature is increased. In fact, it is more likely that the opposite
is true, in which case @, would be negative, and exp (ay/k) < 1. Thus, the
values of the degeneracy factors could be explained by g.,/g.o=2, and
exp (a/k) =14, but there is no way of knowing this for sure without
separate determinations of these quantities. Indeed, there is some evidence
from emission and capture measurements (Pons and Bourgoin, 1985) that
@, =0, and a3 =—1.7k, over restricted temperature ranges. If these values
are accurate, then g,,/g,0=0.5 and gs,/gs,=2.7; however, further inves-
tigation needs to take place before any firm conclusions can be drawn in this
matter.
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