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This is the first book to describe thoroughly the many facets of doping in
compound semiconductors. Equal emphasis is given to the fundamental
materials physics and to the technological aspects of doping.

The author describes various doping techniques, including doping during
epitaxial growth, doping by implantation, and doping by diffusion. The
key characteristics of all dopants that have been employed in III-V
semiconductors are discussed. In addition, general characteristics of
dopants are analyzed, including the electrical activity, saturation,
amphotericity, autocompensation, and maximum attainable dopant
conceniration. Redistribution effects are important in semiconductor
microstructures. Linear and non-linear diffusion, different microscopic
diffusion mechanisms, surface segregation, surface drift, surface migration,
impurity-induced disordering, and the respective physical driving
mechanisms are illustrated.

Topics related to basic impurity theory include the hydrogenic model for
shallow impurities, linear screening, density of states, classical and
quantum statistics, the law of mass action, as well as many analytic
approximations for the Fermi-Dirac integral for three-, two- and one-
dimensional systems. The timely topic of highly doped semiconductors,
including band tails, impurity bands, bandgap renormalization, the Mott
transition, and the Burnstein—Moss shift, 1s discussed as well.

Doping is essential in many semiconductor heterostructures including
high-mobility selectively doped heterostructures, quantum well and
quantum barrier structures, doping superlattice structures and &-doping
structures. Technologically important deep levels are summarized,
including Fe, Cr, and the DX-center, the EL2 defect, and rare-earth
impurities. The properties of deep levels are presented phenomenologically,
including emission, capture, Shockley—Read recombination, the Poole-
Frenkel effect, lattice relaxation, and other effects. The final chapter is
dedicated to the experimental characterization of impurities.

This book will be of interest to graduate students, researchers and
development engineers in the fields of electrical engineering, materials
science, physics, and chemistry working on semiconductors. The book may
also be used as a text for graduate courses in electrical engineering and
materials science.
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absorption coefficient

Sommerfeld’s fine structure constant
variational parameter

Bohr radius

effective Bohr radius

lattice constant

area

normalization constants

magnetic induction

velocity of light in vacuum

constant

electron (hole) capture probability

electron (hole) capture rate

capacitance per unit area

delta function

delia operator (3%/3x° +3%/3y® +3%/3:%)
activation energy

discontinuity in the conduction (valence) band
lowering of emission barrier (Poole~Frenkel energy)
longitudinal straggle

projected straggle

diffusion constant (also called diffusion coefficient)
diffusion constant in intrinsic semiconductors
pre-exponential factor of diffusion constant
permittivity (€ = €.€p)

permittivity in vacuum

dielectric constant

doping activation efficiency

doping efficiency
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normalized Fermi energy
clementary charge

electron (hole) emission probability
electron (hole) emission rate
energy

activation energy

accepior ionization energy

donor ionization energy

deep donor ionization energy
bandgap energy

kinetic energy

potential energy

shallow donor ionization energy
trap ionization energy
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energy of bound exciton

energy of conduction band edge
donor energy
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electric field

potential
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Maxwell-Boltzmann distribution function
force
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state degeneracy
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Innoscience1366-00138693

XiX

RX-0255

RX-0255.20



337-TA-1366

XX

I

J (Afem?)
J (cm~2s71)
k J/K)
k cm™)
K -

Kc (')

K, O]

A (cm)

A {cm)

! (cm)

1 )

by (cm)
L; (cm)
ip {cm)
n (cm?/V s)
o (V /A m)
m kg)
my kg)
m’ (kg)
me kg)
my, (kg)
My, kg)
my )

my (kg)
min &g)
my (kg)
my (kg)
my, kg)
m; (kg)
M kg)
Mc (")

Y (cm~1)
n (cm™?)
n )

n; (cm™3)
n3DEG (cm~2)
M 2D (cm -2 )
n 1D (cm - l)
N, (em™?)
NP (em™%)
NP (em™)
Negi (cm~?)
N, (cm™?)
Na (cm™3)

Published online by Cambridge University Press

Page 21 of 629

RX-0255

Symbols

intensity

current density

particle flow density

Boltzmann’s constant

wave vector (2m/A)

equilibrium constant

compositional distribution coefficient
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wavelength

transition region thickness
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emission time constant

mean time between inelastic scattering events
minority carrier lifetime

time
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depletion thickness

spacer layer thickness

absolute temperature

velocity
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root-mean-square velocity

velocity along the x-direction
potential

voltage (potential difference)
volume

excitonic volume

depletion layer width

cartesian coordinate

composition of alloy semiconductors
cartesian coordinate

composition of alloy semiconductors
cartesian coordinate

depth of doped layer

period of superlattice

width of ground-state subband
charge state of center

Some quantities have no dimension and these are marked by *(-)’. If a quantity can have
different dimensions, then the dimensions are omitted. Infrequently used symbols are

defined in the text.
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