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Ab initio static dielectric matrices from the density-functional approach.
II. Calculation of the screening response in diamond, Si, Cse, and LiCl
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The density-functional approach with ab initio pseudopotentials has been used to calculate the
static dielectric matrices for diamond, Si, Ge, and LiCl. The dielectric matrices for a regular sample
of points in the Brillouin zone are used to calculate the screening response of the crystals to external
perturbations. The perturbations considered are a constant external electric field and an added point
charge at various locations in the unit cell. Through these examples, the local fields in the screening
are illustrated and a qualitative picture of the role of exchange and correlation (included in the
local-density approximation) is obtained. Local fields in semiconductors and insulators are found
both to be quantitatively important and to alter the qualitative features of the screening response.

I. INTRODUCTION

In the preceding paper' (referred to as I), we have dis-
cussed the ab initio calculation of static dielectric matrices
within the density-functional approach. The only major
approximation is the use of the local-density approxima-
tion (LDA). The full dielectric matrices include the local
fields in the screening. In I, the details of the calculation
were given and the detailed results for the dielectric ma-
trices themselves for the four materials diamond, Si, Ge,
and LiC1 were presented. The importance of local fields
was demonstrated using the idea of the dielectric band
structure and through their effect on the macroscopic
dielectric function. The role of exchange and correlation
as included in the LDA was illustrated in the same way.
A key feature of our approach in I is that it allows ab ini-
tio calculation of the dielectric matrices on a regular grid
of q points through the Brillouin zone. This is essential
for describing the response of the crystal to nonperiodic
perturbations, e.g., a point charge.

In the present paper, we illustrate the local fields and
the effect of exchange and correlation by showing the
dielectric response of the materials studied to specific
types of perturbation. Previous work based on empirical
pseudopotential or tight-binding band structures has illus-
trated several of the trends in screening. However,
with the exception of Ref. 9, these results have been re-
stricted to periodic perturbations (q=O) or to perturba-
tions in the long-wavelength limit (e.g. , phonons for
q~O). ' Here, the ab initio dielectric matrices over the
full Brillouin zone are exploited to consider a broader
range of perturbations. In particular, the screening of a
localized perturbation is illustrated. Consideration of the
examples conveys some physical intuition regarding the
local fields that is otherwise difficult to obtain from the
elements of the dielectric matrices themselves. There are
many important local perturbations. The case of a point
charge (electron) is important for the problem of quasi-
particle energies where local fields play an important
role. "' Response to a substitutional impurity, hydrogen,

or a positron are other examples. Previous work on
point-charge perturbations has illustrated some aspects of
the response based on a local orbital approach for the
dielectric matrix.

In Sec. II the microscopic response to a constant exter-
nal electric field is considered. This makes contact with
previous work and illustrates the important polarizable
parts of the crystal. Trends as a function of metallicity
(diamond to Ge) and ionicity (Si to LiCl) are illustrated.
The contribution of exchange and correlation is also
shown. The screening of an added point charge at dif-
ferent points in the unit cell is shown in Sec. III. This
provides a dramatic illustration of local fields. For exarn-
ple, the induced charge due to an added point charge in
the bond center of Ge is quite different from that induced
by the point charge in the interstitial region. Comparison
is made to previous work. Brief concluding remarks are
given in Sec. IV.

II. RESPONSE TO A CONSTANT EXTERNAL FIELD

Because of charge inhomogeneity, the microscopic
response of a semiconductor or insulator to a macroscopic
perturbation varies considerably over the unit cell. Essen-
tially, the spatial variations in the polarization of the con-
stituent units of the crystal (e.g. , the bonds of a covalent
material) become evident.

Consider a lang-wavelength external (longitudinal) elec-
tric field:

E,„,= lim qEoe'q' .
q~O

Under the assumption of a longitudinal field, the corre-
sponding perturbing potential can be derived. The result-
ing density response is obtained from the polarizability
matrix discussed in I. In real space, one finds

p;„d(r) =iEO g lim Xo o o(q)e'
Q

The result is well defined for a given direction of q since
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(b) (b)

FICx. 1. In part (a) the pseudo valence charge from a self-
consistent local-density functional calculation for diamond is
plotted in the 110 plane. In part (b) the induced charge due to a
constant applied electric field in the z (vertical) direction of
magnitude eEo ——2 Ry/a. u. The contour interval is 2 electrons
per unit cell in both panels Negative contours are indicated by
dashed lines. The bond chain is indicated schematically.

limq OXo G 0(q) is proportional to
~ q ~

for Cx~O. The
microscopic response is thus strictly a local-field effect be-
cause Zoo(q) goes as q for small

~ q ~

.
The linear response to a uniform applied field has been

calculated for the four materials diamond, Si, Ge, and
LiC1. The vector q was taken to approach zero along the
z direction. The polarizability matrices described in I
were used. These include of order 140 to 220 Cx vectors
depending on material. Exchange-correlation effects are
explicitly included using the local-density approximation.
The results for the induced charge are given as a contour
plot in the (110) plane of diamond, Si, and Ge in part (b)
of Figs. 1—3. The induced charge for LiC1 is displayed in
a (010) plane in Fig. 4(b). (Note that the change in the
number density of electrons is displayed. ) Part (a) of each
figure shows the valence charge density for the crystal as
calculated from an ab initio pseudopotential calculation.
This is provided for reference and ease of comparison.
The units used in the plots are electrons per cell. This
choice allows meaningful comparison among the four ma-

(b)

FIG. 3. Same as Fig. 1 for Ge.

terials of generally different average electron density. All
have eight electrons per unit cell. The corresponding cell
volumes are given in a.u. along with other useful data for
each material in Table I.

We start by considering the series of homopolar materi-
als. The polarizable unit in this case is the bond. There is
a chain of bonds in the plane of the figure (indicated
schematically in Figs. 1—3). The maxima in the charge
density associated with the bond are evident, with the case
of diamond exhibiting a strong two-peak structure. '

There is also another pair of bonds associated with each
atom in the figure in a plane perpendicular to the page.
This gives rise to the smaller relative maxima seen in the
plane of the figures. The charge density at the atomic
sites is low since only the valence electrons in the pseudo-
potential formalism are considered. In units of electrons
per cell, the maxima in the charge density are about the
same in all three materials.

Application of the external field causes electrons to be
pushed across the bonds. All the bonds in the crystal are
at an angle to the direction of the applied field considered
here. A dipole is established on each bond. However, the
dipole does not appear to be parallel to the applied field.
This is a consequence of the directionality of the bonds.
The covalent bonds are not spherically symmetric objects
and the induced charge reflects the shape of the bonds to
some degree. The polarizability along the bond is larger
than in the transverse direction. Although the microscop-
ic dipoles associated with each bond are not aligned with
the external field, the net macroscopic polarization field is
parallel to Eo. Quantitatively, the induced charge is

TABLE I. The cell volume, corresponding r„and Thomas-
Fermi wave vector q TF are tabulated for the four materials stud-
ied here.

FIG. 2. Same as Fig. 1 for Si.

I I

I

Diamond
Si
Cxe

LiCl

(a.u. )

76.61
270.01
304.89
228. 17

r,
(a.u. )

1.317
2.005
2.088
1.895

qTF
(a.u. —')

1 ~ 36
1.10
1.08
1.14
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LiC1 (a)

FIG. 4. In part (a) the pseudo valence charge for LiCl is plotted in the (010) plane. The contour interval is 8 electrons per unit cell.
In part (b) the induced charge due to a constant applied electric field in the z (vertical) direction of magnitude eEO ——2 Ry/a. u. The
contour interval is 4 electrons per unit cell. The atomic sites are indicated, Li by a solid diamond and Cl by a solid square.

smallest for diamond and largest for Ge when taken rela-
tive to the average density (or peak density). This is intui-
tively reasonable in so far as it follows the trend in the
dielectric constants for the materials. The material of
larger metallicity (Ge) is more polarizable.

The results described here are consistent with the work
of Baldereschi and Resta ' based on empirical pseudopo-
tential band structures. Their results for the induced
charge due to an external field parallel to the bond in the
(111) direction show polarization of about the same mag-
nitude.

The response of the ionic crystal LiC1 is shown in Fig.
4. The Cl ions are the polarizable units in this case.
There is very little charge remaining on the Li sites as
shown in Fig. 4(a). The Cl sites are also relative minima
in the charge density with the largest density being at the
peak of the 3p wave function for the Cl ions. The in-
duced charge shown in Fig. 4(b) reflects these observa-
tions. The primary effect is polarization of the Cl ions.

The electrons are pushed from one side of the Cl ion to
the other. In addition, electrons are pushed across the
peak in the valence charge density. This accounts for the
node in p;„d located near the peak of the 3p wave func-
tions. Quantitatively, the proportion of the valence
charge displaced per unit electric field strength is smaller
than in the homopolar cases. This is consistent with the
smaller dielectric constant in LiCl.

The induced charge shown in Figs. 1—4 all included the
effect of exchange and correlation. It is straightforward
to illustrate the role of exchange and correlation by drop-
ping E„, from the calculation of 7 leaving the usual
random-phase approximation (RPA) response function.
[See Eq. (10) in I.) In Fig. 5, the difference between the
induced charge with and without exchange-correlation ef-
fects is shown for the three homopolar materials. The
same is shown for LiC1 in Fig. 6. %'hat is apparent is that
the inclusion of exchange-correlation effects in the screen-
ing explicitly gives 10—20% more effective screening.

diamond (b) Ge (c)

FICx. 5. The portion of the induced charge due to the exchange-correlation effects in the polarizability from a constant applied
external electric field as in Figs. l —3. The cases of diamond (a), Si (b), and Cxe (c) are shown. The contour interval is 0.5 electrons per
unit cell.



35 Ab initio STATIC DIELECTRIC. . . . II.

seen by a test probe Ze around an added point charge Z'e
is straightforward to derive in terms of the dielectric ma-
trix:

V„,(r, r') = g e'q+ "[eGG (q, co =0)—5GG ]
q, G, G'

2

X
47TZZ e

0/q+G'f
(3)

FIG. 6. The portion of the induced charge due to the
exchange-correlation effects in the polarizability from a con-
stant applied external electric field as in Fig. 4 for LiC1. The
contour interval is 1.0 electrons per unit cell.

This arises physically because the exchange-correlation
energy is negative and thus favors building up of charge
(e.g., bonding). In the case of the screening response, a
deeper corrugation in the density is possible to lower the
total energy of the perturbed system. The trends
described in I for the relative importance of exchange-
correlation effects are also seen here. The effect is larger
in Ge and Si as compared to diamond and LiC1. This is
consistent with the larger average value of r, in Si and
Ge.

III. RESPONSE TO A POINT-CHARGE
PERTURBATION

In the example of the added point charge, the induced
potential is a full two-point function, V„,(r, r ). This is
due to the local fields; the screening potential depends on
r —r if only the diagonal part of the dielectric matrix is
included. The details of the full screening potential de-
pend dramatically on the location of the added charge r'
and in general the screening potential is anisotropic.
These aspects of local fields are illustrated in this section.

The expression for the electrostatic screening potential

The usual Coulomb interaction is present as the perturba-
tion from the point charge of magnitude Z'e at r'. In the
case where the dielectric matrix is zero for G&G' (local
fields are negligible), this expression reduces to being a
function of r —r' as noted above. Derivation of p„,(r, r')
follows directly from Poisson's equation and brings in an
extra factor of

~
q+G

~

in Eq. (3). The case considered
here is Z=Z'= —I (relevant for the quasiparticle prob-
lem"' ).

In evaluating Eq. (3), eight q points were used in the ir-
reducible wedge of the Brillouin zone. (One should note
that these must be unfolded to the full Brillouin zone in
practice to obtain the screening potential at general points
r. ) The details of the technique used for the Brillouin-
zone summation and handling the Coulomb interaction
are given elsewhere. " The full dielectric matrices avail-
able from I were used including exchange-correlation ef-
fects appropriate for a test-charge probe of the screening
potential. These include approximately 140 to 220 Cx vec-
tors depending on material and q. The results presented
here are converged to 10% or better with respect to the
size of the dielectric matrix and the Brillouin-zone sum-
mation. One should note that the extra factor of

~
q+G

~

required for p„, leads to more difficulties with
convergence. The results presented for p„, are reliable out
to a radius of about 6 a.u. around r'.

The local-field contribution can be simply illustrated by
considering the screening potential at the site of the per-
turbing charge, V„,(r, r). The response is sensitive to the
charge inhomogeneity with the bond chain being more po-
larizable than the interstitial region. Thus, the V„„(r,r)
depends on r. This is strictly due to the local fields;
neglecting the off-diagonal elements of the dielectric ma-
trix leads to V„,(0) independent of r. The role of local
fields for the four materials studied here is summarized in
Table II. The first row gives V„,(r, r) without local
fields. This is obtained by including only the Cx=G

TABLE II. The screening potential acting upon a test probe (Z= —1) at r due to a negative unit
charge (Z'= —I) at r [i.e., V„,(r, r)] is shown for the materials studied here and for r at several sym-

metry sites. For comparison, the screening potential without local fields is also shown. The latter is in-

dependent of r. The potentials are given in Ry.

Site

No local fields

With local fields
Atomic

Bonding
Antibonding
Hexagonal

Diamond

—1.72

—2.46

—2.05
—1.77
—1.09

Si

—1.40

—1.37

—1.84
—1.48
—0.87

—1.34

—1.25

—1.74
—1.42
—0.82

LiC1

—0.97

—0.65(Li)
—1.92(C1)
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terms of the summation in Eq. (3). The succeeding rows
give the full case including local fields for different sites
in the unit cell: on the atoms, in the center of the bond, in
the corresponding antibonding site [j.e., along the (111)
direction past the atom towards the interstitial region],
and in the interstitial region (hexagonal site).

Consider first the case of LiC1. For the case of the add-
ed charge on the Cl site, the local fields enhance the
screening potential. This is intuitively reasonable since
most of the valence charge density is accumulated around
the Cl ions. In contrast, for the case of the added charge
on the Li site, the local fields reduce the screening poten-
tial. There is very little charge near the Li sites leading to
significantly less screening. For the homopolar materials
Si and Ge, the bond is the most polarizable unit. Local
fields lead to enhanced screening of a point-charge pertur-
bation in the center of the bond. On the other hand, the
screening potential is significantly reduced by the local
fields for the case of a perturbation in the interstitial re-
gion. For the atomic sites, the net effect of local fields is
small. Although the charge on the atomic sites is quite
small (see Figs. 2 and 3), the tetrahedral bonds are
symmetrically placed about each atom. The perturbing
charge polarizes these bonds leading to a substantial
screening potential. In diamond, the peak charge density
in the bonds is sufficiently close to the atomic sites that
the resulting screening potential is larger for the on-site
case than for the bond-center case. This is probably relat-
ed to the pronounced double peak structure specific to the
carbon bond. Otherwise, the local-field effects in dia-
mond are similar to Si and Ge.

The trend in the magnitudes can be understood in terms
of the changes in density as well as metallicity (gap size).
Using a Thomas-Fermi model for the dielectric function
results in

V„,(0)= —ZZ'e qTF .

This then suggests that materials with lower density will
have a smaller screening potential. Referring to the

values of qTF for the average density given in Table I, dia-
mond should have a larger screening response than Si,
which is, in turn, larger than Ge. This is consistent with
the results in Table II without local fields. (The Thomas-
Fermi model does not take local fields into account. )

However, on this basis, LiCl should exhibit a larger
screening potential than Si and Ge, contrary to Table II.
Furthermore, Eq. (4) is in poor quantitative agreement
with our accurate results. There are two reaons for this.
First, the Thomas-Fermi model dielectric function is only
valid for small q, whereas V„,(r =0) depends on the large

q behavior of e. Second, the small-q screening in the in-
sulators is significantly different than in the metallic
Thomas-Fermi model. In particular, for materials with a
small dielectric constant such as LiC1, the point perturba-
tion is significantly less screened. This accounts for the
less effective screening (without local fields) in LiC1 as
compared to Si and Ge. The competing effects of the
density and the metallicity determine the magnitude of
the screening response.

Having discussed these basic trends in the screening
response and the role of local fields, we turn to specific
examples to provide a more detailed picture. The induced
charge exhibits many more details of the response to the
added point charge than the screening potential. The
latter averages over the induced charge:

(The p„, is taken as a number density with the charge in-
dicated explicitly. ) Also, due to the incomplete screening
in semiconductors and insulators, V„, is long range. Re-
sults are given here for Ge representative of the homopo-
lar materials and for LiC1.

In Fig. 7, the induced charge around a negative point
charge (Z'= —1) in the bond center is depicted for the
case of Ge. Figure 7(a) shows the induced charge without
local fields (Cx=Cx' terms only). It is spherically sym-
metric and centered on the added charge. ' Negative con-

Ge~ No LF &(~) Wjth LF ~(c)

FICs. 7. The induced change in electron number density due to a negative point-charge perturbation of magnitude e at the center of
the bond is shown for the case of Ge. In part (a) only the diagonal part of the dielectric matrix is included (no local fields). In part (b)
only the off-diagonal part is included (local fields only). In part (c) the total induced change is plotted. The contour interval is 3 elec-
trons per unit cell. The site of the added point charge is indicated by a cross (+ ).
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FIG. 8. Same as Fig. 7 but for a negative point charge in the interstitial region (hexagonal site). The contour interval is 3 electrons

per cell in (a) and (b). The contour interval is 0.5 electrons per cell in (c).

tours are dashed and the density is reduced near the per-
turbation. The contribution of the local fields is isolated
in Fig. 7(b) (Cx&G' terms only). Several features are evi-
dent. First, the response is deepened in the bond. The
bond region is more polarizable than the average density.
This is quantitatively quite important. Near the perturba-
tion, the local-field contribution is just as large as the
average response given in Fig. 7(a). Second, some of the
charge pushed out of the bond accumulates around the
outside of the bond and on the atomic sites (region of pos-
itive induced density). Thirdly, there is polarization of
the neighboring bonds. This is evident from the nodal
surfaces that bisect the other two bonds in the plane of the
page. Only half of each of these bonds is shown terminat-
ed by the edge of the figure. Charge is pushed out of the
part of those bonds seen in the figure into the other half
of the bond. There is similar polarization of the bonds in
the plane perpendicular to the figure, although this is less
evident from the figure. In Fig. 7(c), the net induced
charge is plotted including both the diagonal contribution
as well as the local fields. The local fields contribute
about half the response near the perturbation. In addi-
tion, the polarization of the six neighboring bonds is still
evident as well as the charge pushed out into the intersti-
tial region.

Figure 8 depicts the same contributions to the induced
charge, but for the case of a perturbation in the interstitial
region (hexagonal site). The diagonal part in Fig. 8(a) is
the same as that shown in Fig. 7(a) but now centered
around the hexagonal site. The local-field contribution in
Fig. 8(b) is now positive, indicating that the local fields
reduce the response substantially. Also, tracking the no-
dal surfaces in Fig. 8(b) reveals the polarization of all the
surrounding bonds. Some electrons are moved across the
bonds below the hexagonal site; the part of the bond near
the perturbation is depleted while the other side of the
bond is enhanced somewhat. The bonds along (111) and
(111) are polarized in the longitudinal direction. The
bonds in the plane perpendicular to the figure are similar-
ly polarized. The net induced charge depicted in Fig. 8(c)
dramatically illustrates the nonsphericity of the response
of the full crystal including local fields. There are maxi-
ma in the induced charge displaced from the site of the
perturbation toward the regions of higher charge density
in the bonds. The polarization of the neighboring bonds
is still evident. Finally, the depth of the induced charge is
considerably smaller with the inclusion of local fields. It
is consequently more spread out. Note that integrated
over the crystal, 1 —1/eo electrons are displaced indepen-
dent of the detailed arrangement or inclusion of local

Ge No LF With LI

I
II

/r
r

r

FIG. 9. The screening potential seen by a test probe (Z = —1) due to a negative point-charge perturbation at the center of the bond

is plotted for the case of Ge. The figure is arranged as in Fig. 7. The contour interval is 0.2 Ry in (a) and (c) but is 0. 1 Ry in (b).
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FIG. 10. Same as Fig. 9 but for a negative point charge in the interstitial region (hexagonal site). The contour interval is 0.1 Ry.

fields. This follows from the q~0 limit of e '(q) and
proper definition of the macroscopic dielectric constant Ep

as described in I.
Next we consider the corresponding screening potential.

Figure 9 depicts the screening potential seen by a test par-
ticle (Z= —1) due to an added charge (Z'= —1) at the
bond center in Ge. The response to a point charge in the
interstitial is shown in Fig. 10. The three panels of the
figures are the same as for the induced charge shown in
Figs. 7 and 8. Neglecting local fields results in a spheri-
cally symmetric screening potential independent of r'.
The local-field contribution in Figs. 9(b) and 10(b) pri-
marily alters the response near the perturbation. In the
bond-center case, the screening potential is enhanced,
whereas in the interstitial case, it is reduced. (This trend
was also observed in Table II.) In addition, the local-field
contribution introduces asymmetries in the response.
These reflect, in a convoluted way, the microscopic polari-
zation of the bonds. Comparison to Figs. 7 and 8 shows
that much of the detail is washed out but that the overall
features remain. The response to the bond-center pertur-
bation is elongated along the direction of the bond and
somewhat reduced in the interstitial region. In the inter-

stitial case, the response is extended towards the bonds
and retains the triangular symmetry seen in Fig. 8(c). The
detailed polarization of the neighboring bonds described
above has a small impact on the shape of the net screening
potential. Although evident in the local-field contribution
in part (b) of each figure, these small oscillations are not
apparent in part (c). The long-range tail of the screening
potential is much larger. Finally, unlike a metal, the
screening potential is long range, as is readily evident in
the figures. Given the values of q&F in Table I, metallic
screening would give the response a range of only 1—2
a.u.

A similar study showing the response to a positive
point-charge perturbation in diamond and Si has been per-
formed by Mattausch et al. The results are in qualitative
agreement with those found in the present work. In par-
ticular, the structure of the response to an interstitial per-
turbation in Si conforms closely to the results shown here
in Figs. 8(c) and 10(c) for Ge. Mattausch et al. included
exchange effects using the time-dependent screened
Hartree-Fock approximation (the ladder bubble diagrams).
The net effect is similar to that found here using the LDA
and illustrated in Sec. II: The screening is more effective.

LiCl p„,
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FIG. 11. The induced change in electron number density (a) and screening potential seen by a test probe (b) due to a negative
point-charge perturbation of magnitude e on the Li site (indicated by solid diamond) in LiCl is plotted. The contour interval in (a) is

0.5 electrons per unit cell and in (b) is 0.1 Ry.
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FIG. 12. Same as Fig. 11 but for a negative point charge halfway between the Li and Cl sites (indicated b
tour interval in (a) is 3 electrons per unit cell and in (b) is 0.1 Ry.

en e r an sites indicated by + ) in LiCl. The con-

The quantitative role of exchange-correlation reported in
Ref. 9 is consistent with the LDA results here for the stat-
ic response (included but not separated out explicitly).
However, the quantitative importance of local fields is
significantly greater in the present study than shown in
Ref. 9 for the interstitial perturbation. One might expect
the tight-binding basis to be less adequate for that case.

The local fields fulfill a similar role in the ionic corn-
pound LiC1. The response to an added negative point
charge on the Li site is plotted in Fig. 11. The net in-
duced charge (a) and screening potential (b) are shown.
The case of a perturbation halfway between a Li and a Cl
site in the (010) plane is given in Fig. 12. Recalling from
Sec. II that the Cl ions are the dominant polarizable unit,
the structure of the induced charge in each case is clear.
There is very little charge on the Li site, but the added
charge polarizes the neighboring Cl ions. The maxima in
Fig. 11(a) are all displaced toward the Cl ions. The nodal
surface passes through the region near the peaks in the Cl
3p wave functions. Charge is transferred from the outer
region of the Cl ions (near the perturbation on the Li site)
to the region nearer the Cl sites. In addition, some charge
is pushed across the whole Cl ions, although this is out of
the figure. The corresponding screening potential, Fi
11(b)] is significantly reduced by the local fields and has
taken on the fourfold symmetry of the Li site in this
plane.

For the case of the perturbation between the Li and Cl
sites, the position of the added point charge r' is outside
the peak in the Cl 3p wave functions. The resulting in-
duced charge has its peak displaced from the site of the
perturbation into the region of higher density. This is
purely a local-field effect. Also, some of the charge is dis-
placed in the regions around the Li sites and a small po-
arization of the other two Cl ions in the figure is evident.

The corresponding screening potential is highly asym-
metric. The peak is displaced from r'. The nearest-
neighbor Cl ion concentrates the screening response near
the perturbation. However, beyond this Cl ion, the
response is reduced. That region appears to be shielded to
some degree by the Cl ion.

s a final note, the results given here all include the ef-
fect of exchange and correlation within the LDA. Com-
parison to RPA results shows the same trend as that illus-
trated in Sec. II for the uniform perturbation. Na 1

the r
arne y,

t e response of the crystal is enhanced in each case by in-
clusion of exchange-correlation effects. This applies both
to the diagonal part of the response as well as to the
local-field contribution with the effect being roughly pro-
portional. The tight-binding-based results of Mattausch
et aI. show a similar trend for exchange effects with some
differences in detail.

IV. CONCLUDING g.EMARKS

The local fields in the microscopic dielectric response
of semiconductors and insulators are shown to be quanti-
tatively quite important. The resulting induced charge
from a uniform or point-charge perturbation varies con-
siderably from that given by the average density. The lo-
cal fields describe the variation in the polarization of dif-
f
the
erent parts of the unit cell. As extensively shown hown ere,

t e polarization of the bonds in the homopolar materials
depends on the source and nature of the perturbation. For
the ionic material LiC1, the predominance of the Cl ion as
the polarizable unit in the crystal is reproduced by the lo-
cal fields. Although the chemical origin of these varia-
tions is quite different in the homopolar and ionic cases,
the dielectric matrix includes the microscopic variation in
the polarizability in both cases. The dielectric matrix ap-
proach thus unifies the description of the screening
response in a single formulation.
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