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The well known Brooks-Herring (BH) formula for charged-impurity (CI) scattering overesti-
mates the mobility of electrons in highly doped semiconductors. The BH approach relies on a
static, single-site description of the carrier-impurity interactions neglecting many-particle
effects. We propose a physically based charged-impurity scattering model including Fermi-
Dirac statistics, dispersive screening, and two-ion scattering. An approximation for the die-
lectric fun¢tion is made to avoid numerical integrations. The resulting scattering rate formulas
are analytical. Monte Carlo calculations were performed for majority electrons in bulk silicon
at 300 K with impurity concentrations from 10'% ¢ to 10%F cm3,
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1. INTRODUCTION (CW) approach. Ridley [4] considered dynamic
screening by assuming only back-scattering processes

Following the review by Chattopadhyay and Queisser ~ (F = 0.5). Hall {5] used a Taylor series expansion of

[1], the most important causes for the failure of the Takimoto's integral including terms up to fourth order.

BH (2] approach are: (1) screening is obviously over-  Chung and Ferry [6] developed an even more compli-

estimated, and (2) multiple scattering is completely  cated integral expression suitable for arbitrary degen-

ignored. Screening is a dynamic process, and the full  erate material.

dielectric function, which depends on the momentum Multiple scattering was taken intc account by

transfer g and the frequency w, has to be included to  Moore [7] using a self-energy approach. Gerlach and

describe correctly the dielectric response of charged  Rautenberg showed that the interaction of the impuri-

carriers to external (or internal) potentials. An early  ties cannot be neglected for concentrations larger than

discussion of dynamic screening for non-degenerate 5.10'0 cm™3 [8]-

material was given by Takimoto who takes into

account the correlation effects among the conduction

electrons [3]. The crucial integral expression, which 2. PHYSICAL MODEL

actually is a simplified expression of the dielectric

function, was approximated by a unit step function  To obtain the total scattering rate A(k) needed in

which conbines the BH and the Conwell-Weisskopf =~ Monte Carlo calculations we first have to compute the
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> =

differential scattering rate W{k, k") from the initial
> -

state | k) to the final state | &) which is given by

Fermi’s golden rule :
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Integration over the k& -space gives the total scattering
rate
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Eq.(2) does not account for the distance of the impuri-

ties, and assumes that only one charged impurity is
involved in the scattering at a time.

Considering only the lowest order screening effects
(linear response approach or random phase approxi-
mation) one gets a specific form of the dielectric
funcuon, the so-called Lindhard function.
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FLEW) [6] is an unsolvable integral which has to be
approximated for Monte Carlo purposes. In contrast

with rather rough approximations in the past (cf. ref.
[3]-[51), which are only useful for small momentum
transfers, we use an adapted Lorentz function of sec-
ond order
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where F is the Fermi integral of order j. This function
shows the same behavior as the integral not only for
small £ {d = 1.5, ¢f. Hall [5] for non-degenerate and
d= 3.75 for strong degenerate semiconductors), but
also for large &(d = 0.5) for arbitrary degeneracy. As
doping increases, the average distance between two
impurities becomes smaller and the neighboring ion
potentials overlap appreciably, such that the single-
site-model for ionized impurity scattering breaks
down, Therefore it is necessary to consider scattering
processes  at simultaneously.
Equally charged pairs of impurities scatter up to twice
as effectively as monopoles |9].

two ion polentials

The total scattering rate for equally charged pairs of
impurities is
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FIGURE 1 BH model combined with the two-ton correction
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Majority electron mobilities as a function of jonized
impurity concentration for silicon at 300 K are shown
in Figs.1-3. Fig.l shows the significantly better agree-
ment with experimental data [10f when combining
the simple BH model with the two-ion correction. It
can be seen in Fig.2 that dynamic screening becomes
significant at impurity concentrations of about
1018 173, Using o from 1.5 at low doping to 3.75 at
high doping takes into account that with increasing

degeneracy the dependence of F{£ p) on the momen-
tum transfer decreases. Fig.3 shows the results includ-
ing dynamic screening {(d = 0.5) and the two-ion
correction.

The new impurity scattering model improves the
agreement between theory and experimental data sig-
nificantiy. Tt is therefore more suitable for Monie
Carlo calculations than the classical BH model.
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FIGURE 3 Comparison of the final results including dynamic screening and the two-ion correction with experimental data
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