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We show how the simple extended ¢kel theory can be easily parametrized in order to yield accurate band
structures for bulk materials, while the resulting optimized atomic orbital basis sets present good transferability
properties. The number of parameters involved is exceedingly small, typically ten or eleven per structural
phase. We apply the method to almost fifty elemental and compound bulk phases.

[. INTRODUCTION In this contribution, we apply a new EHT parametrization
scheme to different elemental and compound solids, which is
Accurate electronic structure calculations that involvebased on the SK approach. Contrary to the general belief, we
large unit cells still represent a major challenge in solid-statdind that the EHT, when compared to the traditional SK
physics, primarily due to their high computer demands. Detight-binding results;* can provide a similar level of accu-
spite the recent development of highly efficieath initio, racy while presenting several important advantages inherent
density functional theory-based formalisms that scale linto the theory itself, namelyi) a considerable reduction in
early with the unit-cell sizé,it is still a common procedure the number of parameters to be fittdd) natural scaling
to study this type of systems with the use(sémj-empirical  laws for the AO’s interactions andiji) an enhancement of
tight-binding Hamiltonians that employ linear combinationsthe transferability of the parameters for their use in different
of atomic orbital{fLCAO) as the basis. Following the Slater- chemical environments. Our approach is in essence similar to
Koster (SK) approactf, a preselected set of tight-binding pa- the recent TB parametrization of M.J. Meht al,** who
rameters(TBP’s) is fitted to accurate band structures thathave generalized the extensively used set of TBP’s of Ref. 3
may either be calculated or extracted from experiméfts. (hereafter referred as DAPIn order not only to account for
Alternatively, and despite its long recognized deficienciesthe dependence of the overlap and Hamiltonian matrix ele-
the semi-empirical extended kel theory(EHT) is still of- ments on distance, but also to reproduce total energy trends
ten employed in electronic calculations for periodic and non-and elastic constants. To this end, they fit the TBP’s of each
periodic systems;® mainly due to its simplicity and the element to accurate band-structure calculations for different
chemical insight it provide¥’ In most EHT studies the as- structural phases at different lattice constants, whereas the
sociated Huakel parameters are transferred between differenon-site energies are made dependent peeudoatomicen-
chemical environments with the only and rather ambiguousity specific for each elemental phdseHowever, the fits
requirement of providing aeasonabledescription of the involve up to around 70 parameters per element.
electronic structure of the system. In the transfer process, itis We explain our parametrization method in the next sec-
also quite common to vary the AOs’ on-site energies self{ion, also providing tables with the optimized AO basis sets
consistently until a preselected charge distribution for theand the on-site energies for all the cases studied. In Sec. I,
different atoms in the unit cell is achiev&d? although the an outlook of our approach is given together with the con-
amount of charge transfer between the atoms, or even thgusions of this work.
assumption of atomic charge neutrality are somewhat dubi-
ous concepts and will in general lead to different electronic
structures depending on the AO basis set selected.
Thus, the EHT has generally been regarded as a scheme Within the EHT (Ref. 10 an orthonormal AO basis set
capable of providing, at most, qualitative trends on the bond{«i} is chosen for each inequivalent atdmGenerally, the
ing chemistry and bonding geometry of the sysfemuller  basis involves rather extended radial wave functions, al-
et al® attempted a parametrization for nickel and aluminumthough any other type of basis set may be employed as well.
via a fit to accurate band structures, and concluded that thehe Hamiltonian matrix elementd ,; 5 between any two
EHT could not accurately reproduderesolved quantites AQO’s, « andg, centered at atorisandj (i # j),respectively,
such as the density of statp$k) or the band structure, al- are approximated by setting them proportional to the
though Brillouin Zone integratedor energy integrated corresponding overlap O, 5 according to H,; g
quantities presented a much better agreement with the acce=K i gj- O.i gj» WhereK,; 5 only depends on the on-site
rate calculations. On the other hand, NisHidehieved a energies of both elementg,; and EB-&. Despite the exis-
remarkable fit for Si within the EHT formalism by defining a tence of different formula foK,; 4 ,%12we have employed
rather large parameter basis set that resembled a typictl this work the form:K ,; 5j=KgnutX(E,i+Egj)/2, where
SK-TB parametrization. However, it is surprising that, to ourKgyt is a dimensionless constant tradionally set to a value of
knowledge, a systematic quantitative study on the accurac¥.75:3 It is important to notice from the above formula that
attainable with the EHT when applied to different bulk ma- the strength of the Hamiltonian matrix elements is weighted
terials has not yet been attempted. by the mean value of the on-site energies, so that a shift in
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energy of these on-site parameters does not translate intoram values below 100 meV for most cases. These values
rigid shift in energy of the EHT-derived band structure. compare well with the accuracy of the fits obtained within
Therefore, and in order to avoid any arbitrariness in the orithe two- or three-center orthogonal approximation by DAP,
gin of the energy scales, we have fixed the Fermi level forlthough our EHT fits involve less than half the number of
transition metals to- 10 eV and the top of the valence band parameters for each phase. The transferability of the AO ba-
for semiconductors to-13 eV. We have then found that sis sets is evidenced by noting from Table Il the good agree-
increasingKeyr to 2.3 consistently provided better fits for ment obtained for the different phases considered for the
all elements, although we recall that similar good fits may beslements Sc, Ti, Mn, Fe, Co, Ni, Zr, Tc, or Ru. Furthermore,
obtained withKgy+=1.75 if the Fermi level is lowered to an important point which renders our EHT-TBP’s physically
around—20 eV. meaningful is the fact that they follow the expected trend of

Our EHT parametrization scheme is then as follows. Wea stronger AO localizatiofi.e., largery, or ¢;) as the cor-
employ a minimalspdbasis set per element, while each AO responding on-site energy becomes lower in enéigy; the
is described by a doublg-Slater wave function. Apart from  AO becomes more tightly bouidlt is also worth mention-
the on-site energieskg, E,, and Ey), this leads to three ing that the fits obtained following the same scheme but
parameters pdrquantum number: the exponenis and ¢, employing a smaller cut-off radiusr{=5 A) are only
(with £1<<{,), and the coefficient for the formec;. The  slightly worse by roughly 40% than those given in Table II,
second coefficient,, is determined by imposing normaliza- even though the energy bands are not fully converged and
tion of the wave function. For transition metals the optimi- the transferability of the TBP’s is considerably worsened for
zation of the three AO parameters was found to be redundauch a small range of interactions.
for the s and p orbitals, and equally good fits could be ob- A second test for the transferability of the AO basis sets
tained by fixing¢, to a rather large value;,>20.0. Since consists in modifying the chemical environment in addition
such a highly localized term gives a negligable contributionto the geometrical environment. To this end, we have also
to the overlaps with neighboring orbitals, we explicitly omit considered several compound materials: AlP, AlAs, GaP,
it, while allowing the coefficient, to take values smaller and GaAs. We have performed the same type of optimization
than 1.0(i.e., the ¢, Slater orbital only contributes to the as described above, fitting the band structures of the four
normalization of the wave functionFor thed orbitals, on  semiconductors together with those for Ga-fcc and Al-fcc
the contrary, we have found necessary to include/theon-  simultaneously. For the latter, we have again used as the
tribution. Hence, our transition metal fits comprise 10 param-accurate bands those of DAP, while for the IlI-V compounds
eters per elemental phase. In order to improve the transfewe employed the quasiparticle band structure calculations of
ability of the EHT-TBP'’s, we have also optimized the AO X. Zhu et al,'® fixing the top of the valence band to
basis set of a given element simultaneously for different—13 eV and including just thE, X, andL k points in the fit
structural phasege.g., Ti-fcc, -bec, and -hgpwhile the on-  up to —5 eV. For the description of Ga we supressed the
site energies have been treated as independent parameters3ed AO’s since they are highly localize@yielding a very
each phase. For the spin polarized phases of Fe, Co, and Marrowd band in the metallic phaseand used the 4} ex-
we have additionally varied the, coefficient of thed orbit-  cited orbitals in order to improve the fit of the high-energy
als independently for each spin, since thbandwidths are bands. Therefore, this calculation comprised four elements in
larger for the spin minority bands than for the majority ones.six different phases, involving up to 62 parameters in total.

The accurate band structures used in the optimization of The resulting optimized EHT-TBP’s are included in
the EHT parameters for transition metals were calculatedables | and Il, following the same format as the one used
employing the DAP’s two-center non-orthogonal set ofabove for the transition metals. This time, we find that, for
TBP’s. For the fits, we selectéd,~30—40 representativk ~ the 6 elements involved, the AO’s need to be explicitly
points both at high symmetry directions and at equispacedescribed by doublé- Slater orbitals, while thel orbitals
grid points inside the irreducible Brillouin Zone, and in- may be simplified to singlé- (with ¢, as an additional pa-
cluded all bands up to 4-5 eV above the Fermi léfel, rametefor Ga and P. The corresponding band structures are
which was always fixed te-10 eV (Kgyt=2.30). We set a displayed in Fig. 2, where the data points used for the semi-
cut-off radius for the AO overlaps and interactions rgf  conductor fits are indicated by open circles. We again con-
=9.0 A for all cases, and checked that this value alreadyirm the good performance of the EHT-TBP's; for the semi-
provided well-converged energy bands. conductors, although the number of data points fitted is just

The parameter optimization was carried out via conjugatd 4, the rms values obtained are remarkably small, implying
gradient minimization'$ of the root mean square deviation that the energy gaps are accurately reproduced, whereas for
(rms) between the EHT bands and the accurate ones. In ordéhe Ga and Al metallic phases we still find a satisfactory
to avoid the algorithm to home at undesired local minima weagreement. We also present in Figiddtted lineg the bands
also seldom employed the simulated annealing optimizationleduced from the recently published set of orthogonal SK-
technique’® which does not require a good initial set of pa- TBP's of Janctet al,* which was restricted to the first near-
rameter values for locating the global minimum. est neighbors interactions. Despite the fact that Jat@l.

The final optimized AO basis sets are listed in Table I,employed a larger basis set than ours, we consistently find a
while the on-site energies for each fitted elemental phase ateetter fit to the pseudopotential results with our approach.
given in Table II, together with some details of the fit. We  The transferability of the so derived As and P AO basis
also present in Fig. 1 energy bands, together with their resets has next been tested by performing a further optimiza-
spective accurate ones, for some representative phases. Tiwn for InAs, InP, and metallic In-fcc. During the simulta-
accuracy of these EHT-derived parameters is mirrored byeous fit for the three phases, we kept fixed the AO param-
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TABLE I. Optimized EHT AO basis sets after the parametrization procedure described in the text.
Although all AO’s are of the doublé-Slater type, thel,, andc, values are not included in the table
whenever,>20.0 (see text for further explanations

AO {1 Cy &2 C2 AO {1 Cy 9 Cy
Sc &5 1.325 0.575 Ti 4 1.337 0.707

40 1111  0.624 4 1135 0617

3d 1.332 0.527 4.172 0.690 d3 1.464 0.532 4.760 0.695
Cr 4s 1.426 0.753 Mn 4 1.468 0.725

4p 1.210 0.632 p 1.233 0.625

3d 1.676 0.502 4.688 0.683 d3 1.683 0.447 4,534 0.720
Fe Fi Sy 1.594 0.777 Co g 1.561 0.665

4p 1.315 0.658 p 1.282 0.616

3d 1.755 0.442 4.845 0.730 d3 1.724 0.393 4,765 0.769
Ni 4s 1.616 0.691 Cu ! 1.705 0.614

40 1307 0.630 4 1340 0648

3d 1.775 0.392 5.238 0.785 d3 1.855 0.367 6.770 0.842
Zr 5s 1.539 0.706 Nb L) 1.615 0.772

5p 1.263 0.530 p 1.285 0.602

4d 1.646 0.593 4.478 0.629 d4 1.761 0.587 4.335 0.603
Mo 5s 1.662 0.789 Tc £ 1.647 0.803

5p 1.334 0.638 p 1.365 0.623

4d 1.900 0.573 4.693 0.618 d4  1.962 0.546 4.870 0.645
Ru 5 1.729 0.769 Rh ) 1.697 0.786

5p 1408 0.667 F 1415 0.638

4d 2.048 0.538 5.500 0.676 d4 2.042 0.457 4.857 0.711
Pd 5 1.816 0.741 Ag 5 1.846 0.589

5p 1.452 0.695 p 1.475 0.610

4d 2.120 0.496 6.622 0.753 d4 2.076 0.325 4,907 0.812
Cd 5 1.703 0.570 W 6 2.216 0.673

5p 1.281 0.508 p 1.642 0.603

5d 1.237 0.453 ] 2.132 0.546 5.139 0.665
Re 6 2.253 0.723 Ir 6 2.252 0.651

6p 1.615 0.703 f 1.712 0.631

5d 2.194 0.517 4.926 0.667 ds 2.287 0.432 4.929 0.727
Pt 6s 2.294 0.625 Au 6 2.309 0.600

6p 1.715 0.681 §] 1.740 0.622

5d 2.318 0.429 5.327 0.749 ds 2.291 0.349 5.065 0.799
Ga iy 2.041 0.662 Al 3 1.657 0.749

4p 1.616 0.705 5.835 0.596 p3 1.312 0.750 4.679 0.492

4d 1.028 0.636 a8 0.860 0.609 4,245 0.717
In 5s 2.110 0.580

5p 1770 0.670

5d 1.089 0.527
ca 2s 2.125 0.790 Si 8 1.864 0.720

2p 1.269 0.177 2.271 0.851 p3 1.470 0.303 1.813 0.705

3d 0.906 0.687 d 0.675 0.671 1.705 0.485
P S 2.131 0.769 As 4 2.344 0.634

3p 1.859 0.633 2.479 0.384 p4 2.102 0.753 7.588 0.539

3d 0.797 0.709 d 0.918 0.660 3.926 0.681

Kepr=2.8 (see text

eters of As and P to the values given in Table I, while theirmeV for the two semiconductor phases and 111 meV for
on-site energies were varied independently for each phas&-fcc (see Tables | and )l reflecting the high transferability
together with the parameters relevant to In. The number obf the AO basis sets. We also show in Fig. 2 the correspond-
parameters involved in the fit was then 22. Accurate bandsg band structure plots.

were extracted from Ref. 16 and from DAP. The results are For completeness, we have finally derived EHT param-
again encouraging, as we obtain rms values of just 32 and 4&ters for Si, diamond and SiC, for which we placed the top of
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TABLE Il. Optimized on-site energies, in eV, for the different bulk phases considered in this work,
together with the rms value and the maximum energy deviation of any of the fitted gpgds,correspond-
ing to the final fit between the accurate band structures and the EHT derived ones. The element-specific AO
basis employed for each phaghird column are given in Table I. All rms and ,,,, values are in meV,
while the lattice parameter for each phasds in A. Notice that for the spin-polarized phases of Fe, Co, and
Ni, T(|) refers to the spin majorityminority) bands, while thec; coefficients for thed orbitals have also
been optimized independently, attaining values different from those given in Tékée lfootnote

Phase a Element Es Ep Eq rms A hax
Sc-hep 3.31 Sc —8.419 —5.989 -8.391 51 215
Sc-bcce 3.54 Sc —8.305 —-5.917 —8.453 41 139
Ti-hcp 2.95 Ti —8.131 —6.124 —9.308 64 259
Ti-fcc 4.10 Ti —7.957 —5.986 —9.145 52 148
Ti-bcc 3.31 Ti —7.879 —5.950 —8.943 36 124
Cr-bcc 2.88 Cr —8.492 —6.269 —10.635 44 118
Mn-bcc 2.86 Mn —8.906 —6.630 —11.162 35 96
Mn-fcc 3.60 Mn —8.700 —6.283 —10.823 37 167
Fe-bcc 2.80 Fe —8.994 -6.177 -11.323 34 92
Fe-bcct 2.86 Fé —9.136 -6.319 —11.855 38 197
Fe-bcc| 2.86 Fé& —9.275 —6.582 —-10.273 74 216
Co-fcc 3.46 Co —9.543 —6.685 —11.689 51 433
Co-hcp 251 Co —9.683 —6.894 —11.699 36 113
Co-hcp? 2.51 C§ —9.783 —7.226 —12.600 54 342
Co-hcp| 2.51 cd —9.673 —6.890 —10.910 64 368
Ni-fcc 3.46 Ni —9.523 —6.553 —11.744 32 127
Ni-fcc T 3.52 NF —9.867 —6.962 —12.210 36 199
Ni-fcc | 3.52 Nf —9.758 —-6.779 —11.526 32 143
Cu-fcc 3.61 Cu —10.563 —6.780 —12.869 36 268
Zr-hep 3.23 Zr —8.017 —6.033 —9.022 81 267
Zr-fce 4.40 Zr —7.886 —5.766 —8.920 103 487
Zr-bcc 3.49 Zr —7.691 —5.600 —8.722 108 335
Nb-bcc 3.30 Nb —7.768 —5.246 —9.318 112 305
Mo-bcc 3.15 Mo —8.365 —5.666 —10.855 97 273
Tc-hep 2.74 Tc —8.406 —5.804 —11.386 115 308
Tc-fcc 3.84 Tc —8.142 —5.674 —11.324 83 258
Ru-hcp 2.70 Ru —8.953 -5.778 —12.352 120 368
Ru-fcc 3.81 Ru —8.450 —5.598 —-11.871 60 168
Rh-fcc 3.80 Rh —8.412 —5.854 —12.388 29 104
Pd-fcc 3.89 Pd —8.781 —5.627 —12.346 32 130
Ag-fcc 4.06 Ag —9.925 —6.437 —14.705 23 117
Cd-fcc 4.34 Cd —10.743 —7.779 —6.441 64 179
W-bcc 3.16 W —11.013 —6.062 —10.806 110 322
Re-hcp 2.76 Re —10.959 —5.944 —11.337 79 311
Ir-fcc 3.84 Ir —11.548 —6.650 —13.089 51 272
Pt-fcc 3.92 Pt —11.851 —6.304 —13.058 46 176
Au-fcc 4.08 Au —12.131 —6.760 —14.000 39 185
Diamond 3.57 C —22.649 —14.871 —3.440 122 245
Si 5.43 Si —18.137 —11.277 —5.336 103 160
SiC 4.36 C —19.545 —12.821 —1.705 7 190
Si —19.525 —11.858 —6.415
Al-fcc 4.02 Al —13.133 —8.525 —5.141 114 477
Ga-fcc 4.14 Ga —14.660 —8.400 —3.429 140 452
In-fcc 4.73 In —13.907 —8.294 —3.864 111 401
AIP 5.46 Al —15.645 —-10.211 —5.144 12 29
P —20.236 —12.437 —3.845
AlAs 5.66 Al —15.720 —10.464 —5.278 12 24
As —21.439 —12.531 —4.107
GaP 5.45 Ga —17.544 —10.607 —3.544 26 83

P —20.615

—12.714

—5.196
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TABLE Il. (Continued.

Phase a Element Eg E, Eq rms A max

GaAs 5.65 Ga —17.629 —10.766 —3.507 12 31
As —21.764 —12.822 —5.488

InP 5.87 In —16.845 —10.070 —1.354 42 80
P —20.617 —12.981 —5.696

InAs 6.04 In —17.078 —10.794 —4.279 32 72
As —21.530 —12.776 —4.831

3, =0.412. dc,=0.437.

bc,=0.508. c,=0.376.

‘c,=0.360. fc;=0.403.

the valence band at 13, —15, and— 14 eV, respectively the other hand, owing to the large dispersion of the diamond
(we again set.=9 A). Accurate band structures for the bands, we found that accurate results throughout the entire
three phases were taken from the quasiparticle calculatiorergy range could only be obtainedkif,r was consider-

of M. Rholfing et al1’” For diamond and Si we also included ably increased. Hence, in the EHT optimization, we kept
in the fit their respective conduction-band minir@BM)  Kgyr=2.3 for Si, but usegyt=2.8 for diamond. In the
since they are not located at high-symmetry points but aloniC case, we retained these values for the Si-Si and C-C
thel'—(A)— X line. Moreover, and in order to improve the interactions, respectively, while for the Si-C interactions we
fit around the gap region, we included an energy dependemmployed their mean valukg,t=2.55. From the results
weight function in the rms evaluation so that data pointslisted in the tables and shown in Fig. 2, we still find a satis-
close in energy to the gap were given special emphasis. Ofiactory performance of the EHT, although the rms values are

5 Rh- fcc rms— 29 meV_5 Nb-bcc: Ims—l 12 meV T1 hcp rms— 65 meV

T i :/,,,_w_ﬁ : :
2 7 VA G ] [ [
o0 ] ] C [
£ 13 ] - -
[sa} ] ] [ [
_s Ag-fee: rms= 23 meV ; Fe-bee: rms= 39 meV . Ru-hep: rms=119 meV
] t 4 N - / Y PN P L
> 0] /Y/ /\'_10' 5/’ A 101 ' FIG. 1. Best fit EHT band
[ ] : ] AN [~ ] C o
: ] : : ] P L [ structures(solid lineg and those
2o ] ] boi [ ] C obtained with the two-center non-
g 159 . A F-15 1 - orthogonal TBP set of Ref. @lot-
= ] ] C ] r ted lines for some selected bulk
. . . transition metals. The accurate
5 Ni-fce: rms= 35 meV_ Mn-bcc rms= 34 meV; Co-hep: rms= 58 meV_ band structures have been rigidly
=~ i\ \ ] [ ] X shifted in energy so that the Fermi
] / \ / C ] C ] ;\ / { \ X level lies at —10 eV (horizontal
5 g0l lii X C 10 ] 7T 10 ] : C solid lines. On top of each graph,
L Y I\ L] f B ; <= the fitted elemental phase and its
Eﬁ ] [ ] C C corresponding rms value is indi-
g 15 157 15 [ cated.
K ] [ ] C [
201 [.20] [ 20 C
W- bcc rms—lll
> ] -
2, ] C
B ] C
:,_f ] C
Lﬁ ] C
20 5

=
=
>
!
~
-
>



7970 J. CERDAAND F. SORIA PRB 61

In-fcc: rms=111 meV

-5 -5

InAs: rms= 32 meV _s InP: rms=42 meV

ARV
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] N ] F FIG. 2. Best fit EHT band
107 \\// / \ 2 structures for the bulk phases indi-
S E LA i : cated on top of each grapsolid
L .15 3 o ! s lines). For all semiconductors, dia-
2 1 /04 i\ F mond and SiC, the accurate band
E 203 : : structures of Refs. 16 and 17 are
0 3 : F indicated by small open circles.
253 kSt M They have been shifted in energy
) so that the top of the valence band
_s Alfcc: rms=114 meV is located at—13 eV except for
1 VWi s diamond (15eV) and SiC
— ] : / ' \\ u (=14 eV). The dotted lines corre-
% '10: oo I spond to band structures obtained
- . o - with the two-center orthogonal
8o -15 - r TBP set of Ref. 4, again shifted in
g ] C energy by the same amounts.
= 2201 C Graphs for Al, Ga and In are the
] - same as Fig. 1.
_5 Si:rms=103 meV C diamond: rms=122 meV SiC: rms= 77 meV
T ’ ’ P P >

Energy [eV]

somewhat larger than those obtained for the 11I-V semiconHamiltonianH (k) matrices is minimalonly two-center in-
ductors, attaining values close to 100 meV. The Hédcu-  tegrals plus the simple EHT formula are involyethd more
rate) energy gaps are 5.85 .67 e\) for C and 1.30 eV jmportantly, for a fixed cut-off radius,, it scales linearly
(1.31 eV for Si, while the CBM are correctly located within \yith the number of orbitals in the unit cell. Moreover, we

the I'—X line. We should notice, however, that the energy eqard the explicit use of AO’s as advantageous, particularly

diffe_rence between the CBM and _the fi_rst conduction band % what concerns the transferability of the EHT-TBP’s, since
X1 Is around half the value obtained in Ref. 17 both for Slthe dependence of the overlap ters; 4 on the inter-
I,p)

and diamond. Nevertheless, we_checke_d that this d|scre.pan%xomic distancel;; readily provides a natural scaling law that
could be removed by further increasing the rms weights

around the gap region, although this lead to a poorer descri;? not retshtncted t%'?:natll vatr)[[at]orli dflj ' Alfgrthe{ ad}/ar;-t
tion of the lowest valence bands. age is the possibility to obtain the local density of states

p(E,F), while the traditional TB methods only provide real
space integrated quantities.

We should finally stress that the TBP’s deduced in this

We have presented a EHT parametrization scheme fowvork do not correspond to the best fits attainable with a
bulk materials, which employs a very reduced parameter baHuckel type Hamiltonian. There still exists a great freedom
sis set and still provides transferable AO basis while mainfor increasing the actual parameter basis set, such as the use
taining an accurate description of the electronic structfire. of triple- or multi- Slater orbitals or any other type of AO's,
The main difference from the traditional TB schemes is thethe inclusion of three-center correctidris® or usingKgyt
explicit definition of the AO’s, which might look at first as a further parameter for each pair of orbital interactions.
glance as a disadvantage, since it requires the calculation ¢fideed, the latter option seems necessary in the case of dia-
the overlap matrix elements. However, the computational efmond in order to attain an accurate fit for the lowest energy
fort involved in constructing the actual overldp(k) and  bands. Furthermore, if one is only interested in the electronic

IIl. FINAL DISCUSSION AND CONCLUSIONS
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structure within a small energy windo@uch is the case for teriorating too much the fite.g., specific AO decay lengths
transport properties in metals or optical properties in semiat surfaces, small cut-off radius for huge unit cells, )etc.
conductory the accuracy may also be improved by using In conclusion, we hope that the present EHT parametriza-
larger weights in the calculation of the rms for the datation scheme will be fruitful for future tight-binding studies.
points contained in the energy range of interest. We also
believe that the present scheme may be easily modified in
order to reproduce total energy trerfdsilthough such a gen-
eralization is beyond the scope of this work. On the other J.C. acknowledges financial support from the Spanish
hand, one may impose further restrictions on the basis sédlinisterio de Educacio y Ciencia and from the Spanish
depending on the specific problem to be tackled without de€ICYT under Contract No. PB96-0916.
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