


II.

III

Iv.

S <

Energy Bands and the Theory of Solids

J. C. SLATER

UNIVERSITY OF FLORIDA, GAINESVILLE, FLORIDA
and

MASSACHUSETTS INSTITUTE OF TECHNOLOGY, CAMBRIDGE, MASSACHUSETTS

The Self-Consistent-Field Approximation in the Many-Body Problem .
The Correlation Problemin Crystals . . . . . . . . . . . . .. .. ...

. The One-Electron Schréodinger Problem . . . . . . . . . . . . . . ...
Convergence of Energy-Band Calculations . . . . . . . . . . . . .. .. 12
Deviations from the Muffin-Tin Potential . . . . . . . . . . . . . . .. 15
Empirical Modifications of Energy-Band Calculations . . . . . . . . . . . 17

References . . . . . . v v v i v e e e e e e e e e e e e e e e 20






IL.
III.
Iv.

VL

Interpolation Schemes and Model
Hamiltonians in Band Theory

J. C. PHILLIPS and R. SANDROCK

THE JAMES FRANCK INSTITUTE
UNIVERSITY OF CHICAGO, CHICAGO,ILLINOIS

. Character of the Problem . . . . . . . . . . . . . . . .. ... ... 21
Pseudopotential Form Factors . . . . . . . . . . . . . .. ... ... 23
Combined Model Hamiltonians . . . . . . . . . . . . . . .. .. ... 26
Applications of Model Hamiltonians . . . . . . . . . . . . . . ... .. 27

. Statistical Analysis of Band Structures . . . . . . . . . . . . .. .. .. 30
Conclusions . . . . . . . . . ... 30
References

21






The Pseudopotential Method
and the Single-Particle Electronic
Excitation Spectra of Crystals

DAvVID BRUST

NORTHWESTERN UNIVERSITY
EVANSTON, ILLINOIS

I. General Introduction . . . . . . . . . . . . .. .. ...
II. Description of the Pseudopotential . . . . . . . . . . . . . .. . ...
III. Computational Procedures . . . . . . . . . . . . . . . . . .. ....
A. The Secular Equation . . . . . . . . . . . . .. . ... ... ..

B. Determination of the Potential . . . . . . . . . . . . . . ... ...

C. Further Reduction of the Secular Equation . . . . . . . . . . . . ..

D. Comparison with Other Work . . . . . . . . . . . . . . . . . ...

IV. Investigating the Brillouin Zone . . . . . . . . . . . . . . .. .. ...
A. Calculation of Histograms . . . . . . . . . . . . « . v v« o o . ..

B. Analysis of Histograms . . . . . . . . . . . . .. .. ... .. ..
References . . . . . . . . . . . . . ... e e e e

33






A Procedure for Calculating
Electronic Energy Bands Using
Symmetrized Augmented Plane Waves

L. F. MATTHEISS

BELL TELEPHONE LABORATORIES, INCORPORATED
MURRAY HILL, NEW JERSEY

J. H. Woobp

UNIVERSITY OF CALIFORNIA
LOS ALAMOS SCIENTIFIC LABORATORY
LOS ALAMOS, NEW MEXICO

and

A. C. SWITENDICK

SANDIA LABORATORY
ALBUQUERQUE, NEW MEXICO

I. Augmented Plane-Wave Method . . . . . . . . . . . . . ...
A. Introduction . . . . . . . . . . ..o e e e e e e e e e

B. Slater’s Original Formulation . . . . . . . . . . . . .. ... ...

C. Revised Formulation . . . . . . . . . . . . . . oo

D. Early Applications . . . . . . . . . . . . . o000 e e e

II. APW Matrix Elements . . . . . . . . . . . . o« o o o o v 0w
A. Unsymmetrized APW Functions . . . . . . . . . .. . ... ...

B. General Calculational Procedures . . . . . . . . . . . . . . . ...

C. Symmetrized APW Functions . . . . . . . . . . . . ... . ...

III. Calculation of Functions Involved in APW Matrix Elements . . . . . . .
A. Legendre Polynomials . . . . . . . . . . . . . . 00000

B. Spherical Bessel Functions . . . . . . . . . . . . .. ... ...

C. Integration of the Radial Schrodinger Equation . . . . . . . . . ..

IV. Crystal Potentials . . . . . . . . . . . . . . o o0
A. “Muffin-Tin>’ Approximation . . . . . . . . . . . . . . . . ...

B. Calculation of “ Muffin-Tin”’ Potentials . . . . . . . . . . . . . ..

C. Corrections to the “ Muffin-Tin”’ Potential . . . . . . . . . . . ..

D. Self-Consistent Calculations . . . . . . . . . . . . .« .« . . ..

V. Determination of Eigenvalues . . . . . . . . . . . . . . .. ... .. 100

A. Evaluation of Determinants . . . . . . . . « « « « .« o 0 o o
B. Location of Zeros . . . . . v v v e e e e e e e e e e e e e e e e
C. ACCUTACY . .« v v e e e e e e e e e e e e e e e e e e
D. Eigenvectors . . . . . . . . . v e e e e e e e e e e e e e



64 L. F. MATTHEISS, J. H. WOOD, AND A. C. SWITENDICK

VI. Convergence of the APW Method
A. Size of the Secular Equation
B. Dependence on I, . . .
VII. Testing Procedures
A. Introduction . . . . . . . . .. L.
B. SAPW Program Tests
C. Plane-Wave Tests . . . . . . . . . . . . . ... o
D. Tests for Compounds . . . . . . . . . . . . . . . . .. ... ..
VIII. Self-Consistent APW Calculations . . . . . . . . . . . . . . ... ..
A. Limitations of ad hoc Potentials
B. SAPW Charge Densities . . . . . . . . . . . . . . . ... .. ..
C. “Muffin-Tin"’ Potentials Derived from SAPW Charge Densities .
D. Iteration Procedures . . . . . . . . . . . . . .. ... .. Coe
Appendix A. SAPW Functions via Projection Operators . . . . . . . . .
Appendix B. Properties of Logarithmic Derivatives . . . . . . . . . . .
Appendix C. Alternative Expressions for APW Matrix Elements . . . . .
References









Interpolation Scheme for the
Band Structure of Transition Metals
with Ferromagnetic and Spin-Orbit

Interactions*

HENRY EHRENREICH

HARVARD UNIVERSITY
CAMBRIDGE, MASSACHUSETTS

and

LAURENT HODGES

IOWA STATE UNIVERSITY
AMES, IOWA

II. The Basis of the Interpolation Scheme . . . . . . . . . . . . . . .. ..
III. Description of the Interpolation Scheme . . . . . . . . . . . . . . . ..

Homa « o oo e

cHeorr . - o e

SRS

Summary .. oL oL L L L e,
IV. Apphcatlon to Ferromagnetic Nickel . . . . . . . . . . . . . ... ..
References . . . . . . . . . . . ..o,

149






Electronic Structure of Tetrahedrally
Bonded Semiconductors:
Empirically Adjusted OPW Energy
Band Calculations®

FrRANK HERMAN, RICHARD L. KorTUM, CHARLES D. KUGLIN,

and JouN P. VAN DYKE

LOCKHEED PALO ALTO RESEARCH LABORATORY, PALO ALTO, CALIFORNIA
and

SHERWOOD SKILLMAN
RCA LABORATORIES, PRINCETON, NEW JERSEY

I. Introduction . . . . . . . . . . . . ..o
II. Survey of Recent Developments . . . . . . . . . . . . . . . . ....
III. Empirically Adjusted First-Principles Band Calculations. . . . . . . . . .
IV. Nonrelativistic OPW Energy Band Calculations . . . . . . . . . . . . .
V. Relativistic OPW Energy Band Calculations: Preliminary Results for Si, Ge,
aSn, Pb, GaAs, InSb, GaSb, ZnTe, CdTe, HgTe, HgSe, and HgS . . . . .

VI. Improvement of First-Principles Energy Band Models . . . . . . . . . .
VII. Illustrative Examples: GaP, GaAs,and GaSb . . . . . . . . . . . . ..
VIIL. Concluding Remarks . . . . . . . . . . . . . . . .. ... ....
Appendix . . . . . L. L e e e
References . . . . . . . . . . . . . e
Addendum . . . . . . .. oL

193






The Green’s Function Method

of Korringa, Kohn, and Rostoker

for the Calculation of the

Flectronic Band Structure of Solids

BENJAMIN SEGALL and FrRANK S. HAM

GENERAL ELECTRIC RESEARCH AND DEVELOPMENT CENTER
SCHENECTADY, NEW YORK

[

II. Review of Green’s Function Method

mmYow >

A. The APW Method and Other Plane-Wave Scattering Formulations

B. Methods Using Pseudopotentials and Model Hamiltonians . . . . . .
1V. The Muffin-Tin Potential as a Limitation on the Green’s Function Method .
V. The Green’s Function Method as a Parametrization Scheme . . . . . . .
VI. Generalizations of the Green’s Function Method . . . . . . . . . . . .
VII. Applications of the Green’s Function Method . . . . . . . . . . . ..
A. Free-Electron-Like Metals . . . . . . . . . . ... ... ....
B. Cu, the Transition Metals, and the Brass Alloys . . . . . . . . ..
C. Nonmetallic Crystals . . . . . . . . . . . . . . .. ... ...
References . . . . . . . .« . v i v i e e e e e e e e e e e e e

251

Introduction . . . . L L L L L L L L e e e e e
Basic Equations and Procedures . . . . . . . . . . .. .. ...
Nonvariational Derivation of the Secular Equation . . . . . . . . .
. The Secular Equation in Terms of Phase Shifts . . . . . . . . . . .
Units . . . . . . . e e e e e e e e e e e e e e e
Convergence of the Green’s Function Method . . . . . . . . ..
. Use of the Green’s Function Method to Obtain Explicit Wave Functions .
III. Relauon of Green’s Function Method to Other Methods of Band Calculation .



	page1
	page2
	page3
	page4
	page5
	page6
	page7
	page8
	page9
	page10
	page11
	page12
	page13
	page14
	page15
	page16

