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Frequency and temperature dependences of the real and the imaginary parts of the highfrequency electron mobility in G~J47I1o.53As
are theoretically studied by an iterative solution of
the Boltzmann equation. The high-frequency effects are found to be described by the Drude
model unless a high accuracy is desired. The calculated results are sensitive to the value of the
alloy scattering potential.
PACS numbers: 72.30.

+ q, 72.80.Ey, n.20.Fr

There has been considerable interest in recent years in
Gax In! _ x As (x ::::0.5) mixed crystal because of its usefulness in optoelectronic and high-frequency devicesY The
quality of a material for device applications is judged by a
study of its electron transport coefficients. The dc transport
coefficients ofGaxln! _ xAs have been investigated both experimentally and theoretically. 1-4 There has, however, been
little effort to study the ac transport coefficients. In this communication we shall present the calculated results on the ac
electron mobility of G~.47
In053 As, for which dc results are
available. 1 The results given here may be used to compare
with the experimental data when they appear.
The nonparabolicity of the conduction band has been
considered by writing the energy (E) versus wave vector (k)
relation as
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degeneracy of the electron distribution are also
incorporated.
In the presence of an ac electric field go = 'l? 0 exp(jOJt),
the distribution function may be written

A()E~r

where fz is Planck's constant divided by 21T, a is the nonparaboIicity parameter, and m* is the band-edge effective mass
corrected for the lattice disorder. 5
Effects of polar optic, deformation potential acoustic,
piezoelectric, alloy, and ionized impurity scatterings have
been included. Influences due to mixing of wave functions,
screening of the scattering probabilities by free carriers, and
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where /o(E) is the thermal equilibrium Fermi-Dirac distribution function, e is the electron charge, e is the angle between if and k, and ~r and ~, are functions to be determined
from the Boltzmann equation.
Substituting Eq. (2) in the Boltzmann equation and
equating the real and imaginary parts one obtains

f(k)=/o(E)- -k[~r(E)+J,]cose
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where fuu o is the optic phonon energy. Ao(E) is the sum of
the scattering-out rate for polar optic scattering caused by
absorption and emission of phonons and the relaxation rate"
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FIG. I. Plot of the real part 11, (solid curves)
and the imaginary part 11, (dashed curves) of
mobility versus frequency at 300 K. Curves (I),
and (I') are for ,jEll = 1.15 eV and curves (2)
and (2') are for ,jEll = 0.52 eV. Curves 02 and
02' are obtained on the Orude model with parameters of curves (2) and (2').
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FIG. 2. Variation of fl, (solid curves) andfl, (dashed curves) with temperature for a frequency of 300 GHz. Curves (I) and (I') are for IlE" = 1.15 eV
and curves (2) and (2') are for IlE" = 0.52 eV. Curves 02 and 02' have the
same significance as in Fig. I.

for other scattering mechanisms, A + (E) and A _ (E) correspond to scattering-in rates for polar optic scattering due to
emission and absorption of phonons, respectively, Expressions for Ao , A + ' and A _ for the assumed scattering processes are well known. 4 •6
Equations (3) and (4) were solved by an extension of
Rode's iterative method,7 In the pth step of iteration ¢r(E)
and ¢;(E) were obtained by using the values of ¢r(E ± w o )
and ¢;(E ±
o ) calculated in the (P-l)th step, For p = 1,
¢r(E ± wo)and¢;(E ± w o ) are taken to be zero. A discussion on the method and related convergence is given by
Nag. 8 The complex ac mobility is given by J.lr - jJ.l;, where
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on the basis of the electronegativity theory.2 For
Gao.47 100.53 As the values of .jEa according to the three
models are 1.15,0.83, and 0.52 eV, respectively, Calculations have been done for two extreme values of.jEa, namely,
0,52 and 1.15 eV to study the sensitivity of the results to
changes in4lEa. The ionized impurity concentration is taken
equal to the free-electron concentration which is given a
typical value of 10 16 cm - 3.
The calculated values of J.lr and J.l; are shown in Figs. 1
and 2. It is interesting to compare the exact values with those
obtained from the simple Drude theory. In this theory the
effective relaxation time r; is derived by writing the weakfield dc mobility as J.l = eT/ m *, In the estimation ofJ.l, w = 0
and hence ¢i (E) = 0.1t is thus necessary to solve only Eq. (3)
by the iterative technique of Rode. 7 The quantities J.lr andJ.l;
are then given by J.lr = (er/m*)(1 + w2-?) - I and J.l;
= (ew-? /m*)(1 + w2 -?) - I . It is found from Figs, 1 and 2
that Drude values are close to exact values and unless a high
accuracy is required the ac mobility can be estimated from
the Drude model.
Figure 1 shows that at room temperature J.lr remains
practically constant at the dc value up to a frequency of 100
GHz. Beyond this frequency J.lr decreases whileJ.l; increases
to a maximum and then falls. This sort of behavior is readily
predicted from the simple Drude expressions. Figure 2
shows that both J.l rand J.l; for 300 G Hz decrease as the temperature rises from 150 to 450 K. These results can be explained from the fact that T diminishes with increase of
temperature,
It is found from Figs. 1 and 2 that the ac mobility is
sensitive to the choice of.jEa. In particular,J.l; increases by a
factor of 2 at 300 K and 200 GHz, and by a factor of 1.6 at
150 K and 300 GHz as 4lEa changes from 1.15 to 0.52 eV.
Analyses of dc mobility show' that 4lEa would be close to
1.15 eV. It is indicated that additional information on 4lEa
can be obtained from experimental measurements of ac
transport coefficients.
S.K. Sutradhar helped by punching the computer
cards.
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ly. Takeda, A. Sasaki, Y. Imamura, and T. Takagi, J. Electrochem. Soc.

(6)

The material parameters used in the calculations were
chosen from Ref. 4. There has been controversy over the
choice of the alloy scattering potential .jEa . According to
some authors, .jEa is the difference in band gaps between the
constituent compounds. 3 Some authors, on the other hand,
take 4lEa as the difference in electron affinities between the
constituent compounds,9 while some prefer a different value
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