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necessarily constitute or imply its endorsement, recommendation, or favoring by the
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California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
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A. INTRODUCTION

Electron mobility is one of the most commonly measured semiconductor
characteristics. The mobility is determined by the momentum randomizing
scattering processes . These dominant processes can be divided into two
groups: intrinsic effects which include acoustic and optical phonon scattering and
a number of extrinsic effects including ionized impurities, neutral impurities,
dislocations and other extended defects. The maximum mobility that can be
achieved at a given temperature is called the phonbn mobility limit.and is-
determined by the intrinsic scattering processes. Since the material parameters
are known, the temperature dependence of the phonon mobility limit is now quite
well established in GaAs[1- 4]. A deviation of the actual mobility from the phonon
mobility limit can thus be considered a measure of the strength of extrinsic

scattering processes.

in doped material, the most important extrinsic scattering mechanism is
the ionized impurity scattering. Since the scattering rate by an isolated charged
impurity center can be easily calculated, a measurement of the electron mobility
can be used to evaluate the total concentration of ioﬁized impurities in the
sample [2-8]. In most instances, for practical purposes, the theoretical electron
mobility is presented as a function of the electron concentration and the

compensation ratio 0 which is defined as the ratio of the concentration of



compensating acceptors to the concentration of shallow donors, Na/Np. The
functions have been calculated for both room and liquid nitrogen temperature and

are routinely presented in the form of graphs [2-6] and/or tables [7.8]
B. THEORETICAL ELECTRON MOBILITIES

In this review the theoretical electron drift mobilities as functions of the ratio of the
total ionized impurity concentration to the electron concentration, Nimp/n, are
presented in form of graphs and, in a limited electron concentration range are
also approximated by analytic expressions. They provide an easy method for
determination of the total concentrétion of charged impurities from the measured
values of the mobility u and the electron concentration n. Fig. 1(a) and (b) show
calculated drift electron mobilities at 300 K [6] and 77 K [7] using a variational
method [9]. The total ionized impurity concentration is related to the electron

concentration n and the compensation ratio 6 through the equatio‘ri,
Nimp = n(1+8)/(1-6) )

The calculated values were obtained assuming that there is no spatial correlation
between impurities in the samples [10,11]. Also multiple scattering [10,11] and

effects of macroscopic inhomogenities [12] were ignored in these calculations

Use of such graphs for the determination of the total impurity concentration is not
always easy as in general it requires interpolation between the.curves
corresponding to different electron concentrations. In a limited concentration
range it is possible to obtain an analytic expression approximating the

theoretically calculated functions relating the total ionized impurity concentration




with electron mobility and electron concentration. The expression has a following

general form,
Nimp = nf(n)u9(") @)

where n and Nimp are, respectively, the free electron and the ionized impurity

concentration in m-3, and p is the mobility in m2/Vs. For the room temperature

mobility the functions f(n) and g(n) can be approximated by,
f(n) = - 0.41 + 4.1x10-2log(n) (3)
g(n) = - 4.808x104 n-0-2546 (4)

Eqgns. 2 to 4 provide a good approximation only for electron concentrations

n > 1023 m-3 i.e. in the range where the room temperature mobility is
significantly affected by the ionized impurity écattering. Determination of the
impurity concentration in lightly doped GaAs requires measurements at low
temperatures at which the mobility is more sensitive to the ionized impurity
scattering. For very lightly doped GaAs with electron concentrations in the range
1020 m-3 < n <3x1021 m-3 the ionized impurity concentration can be obtained
from the mobility and electron concentration measurements at 77 K. Again Nim'p

can be obtained from Eqn. 2 with the functions f and g given by
f(n) = 2.46x1028n-1.2817 (5)

g(n) = - 3855.9 n-0.1609 (6)



The above phenomenological formulae are approximate and can be used only for
rough estimates of the ionized impurity concentrations. It should be also noted
that, in general, the use of experimental mobilities to determine the ionized
impurity concentration has to be treated with great caution and can be applied

only to a homogenous material with a low density of extended structural defects.
C. CONCLUSIONS

Theoretical room and liquid nitrogen temperature electron mobilities are
presented as functions of free electron and ionized impurity concentration. The .
curves and/or the formulae provide a convenient method to assess the total
concentration of ionized impuritieé frbm the experimentally measured carrier

concentration and the electron mobility.
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Figure Caption
Figure 1 Calculated room (a) and liquid nitrogen (b) temperature electron
mobilities as functions of the concentration ratio Njmp/n. Electron concentration n

is a parameter for the different curves.
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