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We have studied systematically the chemical trends of the band-gap pressure coefficients of all group 1V,
IlI-V, and II-VI semiconductors using first-principles band-structure method. We have also calculated the
individual “absolute” deformation potentials of the valence-band maximBM! and conduction-band
minimum~CBM!. We find that-1! the volume deformation potentials of tikg, CBM are usually large and
always negative, while2! the volume deformation potentials of tig, VBM state are usually small and
negative for compounds containing occupied valedcgate but positive for compounds without occupied

valenced orbitals. Regarding the chemical trends of the band-gap pressure coefficients, we fi3d ﬂﬁéte



efficients by systematically calculating the pressure coeffi-
cients for all group 1V, 1lI-V, and 1I-VI semiconductors. We
also calculate the “absolute” deformation potentials of the
VBM and conduction-band maximur€BM!. We show that
-1! the volume deformation potentialaS®" of the
conduction-band minimumCBM! state Gg. are usually
large and always negativenergy increases with pressyre
while ~2! the volume deformation potentials'°™ of the
VBM Gg, state are usually small and negative for zinc-
blende compounds containing occupied valetistate~e.g.,
GaAs, InAd but positive for compounds without occupied
valence d orbitals ~e.g., AIAd. Regarding the chemical
trends of the band-gap pressure coefficients, we find-8iat
a3~ ¢ decreases as the ionicity increasds,a;”© increases

significantly as anion atomic number increasé!;,ag‘G de-



T

coefficients for all the compounds. However, the stable crys-
tal structures for the nitrides and some of the 1I-VI com-
pounds-CdS, CdSkare wurtzite-WZ!. It appears reasonable
to assume that compounds in the WZ structure will have
similar pressure coefficients as in the ZB structure, since the
nearest-neighbor tetrahedral environment is similar in both
structures. However, a recent calculation of Christensen
et al® using linearized muffin-tin orbitatLMTO! method
found that for InNay = 3.1 meV/kbar in the WZ structure,
but only 1.9 meV/kbar in the ZB structure. The difference
was attributed to the extra structural degrees of freedom
available in the WZ structure: the variation Bf due to the
change in the’=c/a ratio~wherec anda are the hexagonal
lattice constants parallel and perpendicular to @@0% di-
rectiorl, and the internal structural parameterTo test their
results, we have repeated their calculation for InN. In the WZ
structure
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~C, AIN, GaN, InN, etc.. In the following, we will analyze
the chemical trends of the volume deformation potentials and
pressure coefficients in terms of simple models, including the
s—s, p—p, andp—d couplings and level repulsions.

IV. EXPLANATION OF TRENDS USING SIMPLE MODELS

Since the deformation potentiaa® ¢=aClB"—aVBM

where aS®M=dE®®M/dInv is the deformation potential of
the CBM (Gg.) anday®™=dEEM/d Inv is the deformation
potential of VBM (Gg,), we will first analyze individually
the chemical trends of the CBM and VBM volume deforma-
tion potentialsTable IV! and the volume dependence of the
bulk moduli~Table II':

A. Volume deformation potential of the I'g. State

Under pressure, the antibonditg, state moves upward
in energy due toeal increase in the kinetic energy, which is
proportional tok? or 112, wherek is the reciprocal lattice
vector~in the extended Brillouin zoeand| is the anion-
cation bond length, aneb! s—s level repulsion. The two
effects add up for this antibonding state, & is always






lated results ofa)®™(GaAs)=—1.21eV anda/®™(InP)=



where the bowing coefficierﬂag’G of the pressure coeffi-
cient is found to be 3.8 meV/kbar for Aba, _,As. Since

by ~© is larger than the differenced.6 meV/kbal between
the band-gap pressure coefficients of AlAs and Ga&s,°

will decrease initially as AIAs composition increasemear
extrapolation from the Al-poor samples has the tendency of
underestimatingtg’G(AlAs), thus, partially explains the ex-
perimental observatiolt. Bowing of the band-gap pressure
coefficient has also been noticed® iGa, dny P and it
GaNAs; , alloys. In fact, due to wave function mixing at
the band edge, we expect that bowing of the pressure coef-
ficient should be a common phenomena, especially for alloys
whose constituents has large valence-band ofésgt, MgSe
and ZnSéand/or large size mismateb.g., GaAs and GalN

VI. LDA CORRECTED BAND-GAP PRESSURE
COEFFICIENTS

LDA calculation underestimates the band-gap pressure
coefficient, as seen in Table Il and other first-principles
calculations’? To corrected the LDA error, we have adopted
a simple method by adding an external potefti& to the
LDA potential in solving the self-consistent LDA Schro-
dinger equations, so that the corrected band gaps are similar

to experimental dafaor quasiparticle resulf$:*® The LDA

corrected band-gap deformation potentials and pressure co-

efficients for the group-IV, llI-V, and II-VI compounds are

given in Table V. The pressure coefficients are obtained us-

ing Eq.~3! and experimental bulk moduli given in Table II.

The uncertainty of our predicted values is about 0.5

meV/kbar, mainly due to the uncertainty in fitting the exter-

nal potentials and uncertainty of the experimental bulk

moduli used to derive the pressure coefficients. We see that

after correcting the LDA error in the band structure, the pre-

dicted values o&J are in better agreement with experimental 6 ) ) )
data-Table 1II'. But the chemical trends are the same as increasessiii! a;~ decreases slightly as cation-atomic num-

the LDA calculations. ber increases;jv! the variation ofa®~* are relatively small
and follow similar trends aa ¢, and-v! the magnitude of
VII. CONCLUSION a3~ " are small;a$~* are usually negative, but are positive

L . for compounds containing first-row elemen@, AIN, GaN,
In summary, we have tested the validity of the “empirical 534 |nN. We suggest that the “empirical rulé2 of the
rule” and studied theehemical trendof the band-gap pres-  pressure coefficients should be modified and that one should

sure coefficients of all group IV, Ill-V and II-VI semicon- pe cautious in using the absolute deformation potentials from
ductors. We also calculate the absolute deformation pOterbrevious calculation®16

tials of the VBM and CBM. We find that the volume
deformation potentiala®™™ are small and negative for com-
pounds containing occupied valendestate but positive for
compounds without occupied valendeorbitals. Regarding We thank Professor P. Y. Yu for raising our interest in
the chemical trends of the band-gap pressure coefficients, whis subject and many helpful discussions. This work was
find that-i! a5~ decreases as the ionicity increaseil,  supported in part by the U.S. Department of Energy, Grant

ag‘G increases significantly as anion atomic number in-No. DE-AC36-98-GO-10337.
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