
Lawrence Berkeley National Laboratory
Recent Work

Title
SPIN-ORBIT INTERACTION EFFECTS IN ZINCBLENDE SEMICONDUCTORS: AB INITIO 
PSEUDOPOTENTIAL CALCULATIONS

Permalink
https://escholarship.org/uc/item/4nn9d6js

Authors
Li, M.F.
Surh, M.P.
Louie, S.G.

Publication Date
1988-06-01

eScholarship.org Powered by the California Digital Library
University of California

https://escholarship.org/uc/item/4nn9d6js
https://escholarship.org
http://www.cdlib.org/


LBL-25543 

Lawrence Berkeley Laboratory 
UNIVERSITY OF CALIFORNIA ',",' . ,'". 

Materials & Chemical 
Sciences Division 

Presented at the 19th International Conference on the 
Physics of Semiconductors, Warsaw, Poland, 
August 13-20, 1988 

1 ...... . ~ 

1980 

_ I .~ Oj~,' (,,\,'.,' 

,,~NrS S,:- ..... 

Spin-Orbit Interaction Effects in Zincblende Semiconductors: 
Ab Initio Pseudo potential Calculations 

M-F. Li, M.P. Surh, and S.G. Louie 

June 1988 

TWO-WEEK LOAN COpy 

This is a Library Circulating Copy 

which may be borrowed for two weeks. 

Prepared for the V.S. Department of Energy under Contract Number DE-AC03-76SF00098. 

<'. ~ 



DISCLAIMER 

This document was prepared as an account of work sponsored by the United States 
Government. While this document is believed to contain correct information, neither the 
United States Government nor any agency thereof, nor the Regents of the University of 
California, nor any of their employees, makes any warranty, express or implied, or 
assumes any legal responsibility for the accuracy, completeness, or usefulness of any 
information, apparatus, product, or process disclosed, or represents that its use would not 
infringe privately owned rights. Reference herein to any specific commercial product, 
process, or service by its trade name, trademark, manufacturer, or otherwise, does not 
necessarily constitute or imply its endorsement, recommendation, or favoring by the 
United States Government or any agency thereof, or the Regents of the University of 
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 
University of California. 



LBL-25543 

',I 

Spin-Orbit Interaction Effects in Zincblende 

Semiconductors: Ab Initio Pseudopotential Calculations 

Ming-Fu Li·, Michael P. Surht , and Steven G. Louiet 

·University of Science and Technology, Academia Sinica 
Beijing, People's Republic of China 

t Department of Physics, University of California, and 
Materials and Chemical Sciences Division, Lawrence Berkeley Laboratory, 

Berkeley, CA 94720, U.S.A. 

Ab initio band structure calculations have been performed for 
the spin-orbit interaction effects at the top of the valence bands for 
GaAs and InSb. Relativistic, norm-conserving pseudopotentials are 
used with no correction made for the gaps from the local density 
approximation. The spin-orbit splitting at r and linear terms in the 
k dependence of the splitting are found to be in excellent agreement 
with existing experiments and previous theoretical results. The ef­
fective mass and the cubic splitting terms are also examined. 

We report results from an ab initio calculation of the effect of spin-orbit 

interaction at the top of the valence bands for GaAs and InSb. The method 

employed is an extension of the analysis of Hybertsen and Louie [1] to systems 

without inversion symmetry. In this approach, the relativistic pseudopotentials 

[2,3] are first used to obtain a scalar relativistic band structure in a planewave 

local density functional (LDA) calculation, yielding both the unsplit eigenvalues 

and wavefunctions. The spin-orbit interaction is then added as a perturbation on 

the self-consistent scalar bands, and the fully relativistic eigenvalues and wave­

functions are obtained at each k by diagonalizing the Hamiltonian matrix in the 

basis of the scalar relativistic wavefunctions. In a planewave basis the perturba­

tion Hamiltonian is given by: 

H~O ___ = -i <sl Sis'> KxK' '""' ei(K-K').Tn 

s K's' K' KK' L..., , , , n=I,2 

K·K' X{121("~80,n(K K') +601(" ~so,n(K K')} (1) 
1=1' KK' 1=2 , 

The notation is equivalent to that in Ref. 1, except that here the basis -; n yields 

complex structure factors. 
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The scalar bands are calculated with a planewave basis extending up to a 

kinetic energy of 16 Ry for GaAs and 14 Ry for InSb. The calculated LDA direct 

gaps are 0.485 e V for GaAs and -0.201 e V for InSb without spin-orbit splitting. 

The spin-orbit perturbation is included for the first 8 scalar relativistic bands (4 

valence and 4 conduction). Essentially the same results are obtained near r if 

only the top 3 valence and lowest conduction band are included. The E(k) are 

then fitted in the vicinity of r for the valence states r7 and ra to Mth order 

polynomials in each of the high symmetry directions il, A, E (M is typically 20). 

The results are summarized in Fig. 1 and Tables 1 and 2 and discussed below: 

1) The spin-orbit splitting between the states r7 and ra are in excellent agreement 

with experimental results for GaAs and good agreement with experimental InSb 

results. 

2) The linear spin-orbit splittings which arise from the lack of inversion symmetry 

are precisely consistent with the group theoretical relations in Ref. 4 which have 

the ratios for different k directions (Fig. 1): 

(2) 

C 1 - O· C 1 - a1 • C 1 - C l • C 1 - C 1 
.Abc - I - ~cd - ~ab I - Ed - Ea I - Ec - Eb (3) 

where C 1 is the linear splitting coefficient in the [100] direction [4,5]. The only 

available experimental data for InSb is in very good agreement with our calcu­

lation.lnaddition, our results for GaAs are in close agreement with the LMTO 

calculation of Cardona et. al. [61. This agreement comes despite the small calcu­

lated LDA direct gaps. These results indicate that the valence band linear terms 

. are mainly due to the interaction among the r 15 valence bands. 

3) The quadratic coefficients and cubic splittings for the ra bands are listed in 

Table 2. The quadratic coefficients are strongly anisotropic due, in part, to a 

mixing of the light and heavy holes in the [100] and [1101 directions. The cubic 

coefficients differ from those of Ref. 6 by two or three orders of magnitude, since 

the region examined here is close to r, so that the light and heavy holes are nearly 

degenerate and intermix. This is in contrast to Ref. 6, where the analysis was 

performed for a larger region of k, so the holes are split by their different effective 
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masses and do not mix. Additionally, the LDA gaps have not been empirically 

corrected to the experimental values here. 

4) The split-off hole band is very isotropic and parabolic with quadratic coeffi­

cients of -37 eVA 2 for GaAs and -91 eVA 2 for InSb. 
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Table 1. Comparison of present calculation (pseud.) of spin-orbit splittings and 
linear terms to experiment and LMTO calculations of Ref. 6. Units are eV and 
me V A for the splitting and linear terms, respectively. 

. GaAs InSh . 
Pseudo LMTO Exp. Pseudo LMTO Exp. 

s-o splitting 0.345 0.351 0.341 II 0.758 0.799 0.81 (1.5K)C 
0.350b 0.813 (4K)d 

linear term -3.42 -3.4,-3.6 -9.85 -9.2 19.31 e 

a) D.E. Aspnes, A.A. Studna, Phys. Rev. B7,4605 (1973). 
b) T. Nishino, M. Okuyama, Y. Hamakawa, J. Phys. Chern. Solids 30, 2671 
(1969). 
c) C.R. Pidgeon, S.H. Grove, J. Feinleib, Sol. St. Comm. ~, 677 (1969). 
d) R.L. Aggarwal, in Semiconductors and Semimetals, Vol. 9, eds. 
R.K. Willardson and A.C. Beer, (Academic, 1972) p 151. 
e) Landoldt-Bornstein Tables, Vol. 17a, eds. O. Madelburg, M. Schultz, and 
H. Weiss (Springer, Berlin, 1982). 
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Table 2. Quadratic (C 2 ) and cubic (C3 ) coefficients for the r 8 bands. The units 
are .e V A 2 and evA 3 for the C 2 and C 3 coefficients, respectively. 

GaAs InSb 

C 2 - C 2 
~ab - ~cd -6.9 X 101 2.2 X 101 

C 2 - C 2 
Aa - Ad -4.8 -5.6 

Clbc -1.33 X 102 5.5 X 101 

C 2 - C 2 
Ea - Ed -1.32 X 101 -1.6 

C 2 - C 2 
Eb - Ec -1.24 X 102 5.1 X 101 

C 3 -C3 
~ab - ~cd -4.7 X 105 -8.0 X 104 

C 3 -C3 
Aa - Ad absolute value < 10-1 -1.5 X 103 

CXbc 0.00 0.00 
C 3 - C 3 

Ea - Ed -2.4 X 105 -3.6 X 104 

C 3 - C 3 
Eb - Ec 2.6 X 105 3.7 X 104 
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Figure 1. Band structures at the top of the r 8 valence bands for GaAs and InSb 

'in the [100], [111], and [110] symmetry directions. 
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