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Correlation Between the Static Dieléctric Constant

and the Minimum Energy-Gap*
D. J. Chadi and Marvin L. Cohen

Departmeht of Physics, University of California

B

and
Inorganic Materials Research Division,

Lawrence Berkeley Laboratory, Berkéiéy; California 94720

Abstract

. For'bihary ANB8-N_type crystals we find a striking :

and useful correlation between the static electronic

dielectric constant and (VY/%E . )71 where E .  is

) : min min.
the minimum (direct or indirect) energy gap between -
the valence and'éonductibn bands and V is the volume

per valence electron,

For a large series of crysfalé (with gaps > 0.5 eV)
we find that the electronic contribution to the static
dielectric constant, él(O), is described to a very good

approximation by a relation of the type

e (0)-1 = =% - Q)
_ n : -
V'E_. : -
min
where a is a constant, V is the‘volﬁme per'electron,n = 1/2,

and-Emin is the minimum (direct or'indifect) energy gap
between the valence and cohduction‘bands."We find‘the

constant a to have the same value for 8 electrbn'ANB8—N



crystalS'with the‘diamond‘ 21ncblende or rocksalt structures,'
this constant also has the same value for wurt21te crystals
7w1th 16 electrons per primitive’ cell.v The choice of n = l/2
gives the best overall results but n-='l/3'gives somewhat
improved values fordthe rocksalt crystals.l | | |

' The relation given by (l) is obv1ously 1nadequate for
crystals w1th a small energy gap and 1t overestlmates € (0)
for these crystals. Desplte this restrlctlon f{ 4(1) is
useful for'estimating N (0) for-a large number of crystalsl
.,Once‘EmiA and the lattlce constant are known..iIanable l S
we have used (l) with n = 1/2 to evaluate €1 (0) for a'
series of crystals which have energy. gaps greater than
0.5 eV.v ‘For the rocksalt crystal structures the,values of
e, (0) obtained from (1) using n = 1/3 are also given (in |
parenthesis) in Table‘I' Most of the lattice-constants and
_the experlmental values of €1 (0) llsted in’ Table I were |
obtalned from Van Vechten.l_ The experlmental values of
Emin were gathered from a number of sources. - For crystals:y
'with the dlamond, zincblende and rocksalt-structure (1)

can be expressed conveniently as

2 @)

- B -
€,¢0)-1 = —— (n =
a E .
) min
.-or
e, (0)-1 = L — (n=1/3) . )
~min - . .

where a is.the cubic lattice constant.. The value,ofvawasl'
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determinéd by fitting té'the expgriméntal“value‘Of el(O) in
Si. As seen from Table I the same §a1ue of B also gives a
véry good prediction of 61(0) in'NaCl. .Thé value of B in
Table I is'B =.412.1, Where a is measured in Bohr units and

E in in eV. For ihe roéksalt~crystals 'j~(3) with y = 124.5
(fitted to el(O) for NaCl) gives’slightly better results than
(2). A |

 In'Table>I,ufor the diémond and zincb;endeiérysfals

the maximum deviétioh.from the experimental value is about
25% and the average.deviatiéh is only about'ld—ls%.’AThis is
remarkable in View of fhe*variet§ of cryétai'sfrUCfures and
the father large number of crystals involved. We héve been
unable to thaih'an expreséion as simple as (2) or (3), with _

is restricted

‘only one‘adjustable parameter, in which Emin

to be the-minimum direcf enérgy gap between the valence.and
conduction bands. In édditiéhvfor crystals with indirect
’ energy gaps we'find that the choice of (2) of_(3) with E in
(indirect) is always better than Bmin (direct). This latter

observation is particularly difficult to justify or under-

stand theoretically. The formal expression for el(O) is

given by _
' f. (k) :
e, (0)=1 = (Kw )2 5 [, d%k &= ()
1 : P BZ 2 :
. _ v,c E, (k)

where wp is the plasma frequency of the valence electrons,

f&c is the valence-conduction band oscillator strength and

Evc(k) is the energy difference at k. The usual approximation
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to (4) consists of taking Evc(k) x Eg,'where>Eg isjah averagex
effective gap. Then dsing the f-sum rule we obtain the
familiar resu1t2

o ho 2 -

e (0)-1 = (B . o (5)

g ol _

This result is véry different in its depéndence'oh enérgyf
‘gap and lattiée parameters than (1). The only_poséibilityv
of obtéiﬁing a minimum (direct or indirect) énergyrgap.aé .
in (1) starting from (4) appears to be'thrbUghitﬁé matrix .
élements”fvc. At thié point, however; we_do ndt have a |
theory of the dependénce of e on.thé_lattice cqﬁétanf or

‘the minimum energy gap.
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Table I. -The values of 61(0) evaluated from él(O)

e,(0) = y/a'zm.

-6~

‘Table Caption

B/al'SE

min

are compared to the experimental values df'el(O). For

the rocksalt crystals the values of el(O) Obtaiﬁed from .

in are- given in parenthesis. - In the case

of the wurtzite crystals the‘effective lattice constants

given in'fable I are calcuiated-by éssuming‘the crystéls
to bevzincblende in stfucfufé'with'fﬁe‘volume per atom
being the same as in the original'wurtZife struéture.
Crystal with Eﬁin < 0.5 eV are not inéluded. The values .

B = 412.1 and y = 124.5 were used in determining el(O).
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Table I~ .
a) Diamond and Zincblendé
Compound  Lattice Constant E_. (eV) 'sl(O)v £1(0)
(Bohr units) : ‘ - calculated Expt.
o 6.74 . 5.33 s 5.7
Si | '10.26 .- 1.1y 12(fitted) 12
L Ge  10.89 0.7 . 17.8 . 16
' GaAs 10.68 1.32 - . 8.9 10.9 -
GaP 10.30 © 2,26 6.5 8.5
Gasb 11.56 0.78 - 14.u 144
AlSb - 11.59 1.5 - 8.0 10.2
ZnSe ©10.71. 2.6 5.5 5.8
Zns S 10.22 3.8 w5 5.2
ZnTe =  11.51 2.2 5.8 7.3
CdTe 12.25 1.5 7.y 7.2
InP | 11.09 1.3 9.6 9.6
AlP 10.30 2.4 " 6.2 8.5
BP 8.58 2 9.2 9
sic o s.22 ~3 ~6.8 6.7
AgI 12.23 2.6 - 4.7 4.9
cuCl 10.22 3.3 4.8 4.8
" b) Rocksalt v '
| NaCl 10.64 9 2.3(2.3) 2.3
" . KBr 12.47 7.7 2.2(2.3) 2.3
"RBI - 13.87 | 6 ©2.3(2.5) 2.6
Licl - 9.69 | 9.3  2.5(2.4) 2.7
Mg0 7.96 | 7.8 13.3(3.0) 3.0
KF o 10.10 10.9 2.2(2.1) 1.8
LiBr 10.4 .8 2.5(2.5) 3.2
LiF - 7.59 S~ ~2.6(2.4) 1.9
RbF ~ 10.886 | 10.4 2.1(2.1) 1.9
NaBr 11.29 © 7.5 2.4(2.5) 2.6
5.0

AgBr . 10.91 . 2.9 4.9(4.9)
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AgCl
RbC1
Nal
KT
RbBr
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LiI
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' ¢) Wurtzite
CuBr
A1N
GaN
Zn0
InN
Cds
CdsSe

11.
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any warranty, express or implied, or assumes any legal liability or
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.
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