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Realistic tight-binding model for the electronic structure of 11-VI semiconductors
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We analyze the electronic structure of group 1l-VI semiconductors obtained within linearized muffin-tin-
orbital approach in order to arrive at a realistic and minimal tight-binding model, parametrized to provide an
accurate description of both valence and conduction bands. It is shown that a nearest-rspgiBanodel is
fairly sufficient to describe the electronic structure of these systems over a wide energy range, obviating the use
of any fictitiouss* orbital. The obtained hopping parameters obey the universal scaling law proposed by
Harrison, ensuring transferability to other systems. Furthermore, we show that certain subtle features in the
bonding of these compounds require the inclusion of anion-anion interactions in addition to the nearest-
neighbor cation-anion interactions.
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[. INTRODUCTION neighbor atoms seem necessary. Such a model describes the
valence-band electronic structure with a limited accuracy,
The parametrized tight-bindingTB) method has been however, it is now well established that such a minimal
employed extensively in the past for the study of tetrahemodel cannot reproduce the band gapperforming even
drally coordinated semiconductors due to the simplicity ofworse in describing the overall conduction-band electronic
the approach and its ability to describe properties in terms o$tructure. In order to obtain an accurate estimate of the band-
chemical bonds. This gives the model a more realistic naturgap, Vogl and coworkefsadded a fictitious* orbital to the
as opposed to methods based on weak periodic potehtrals. sp°® basis. Adjusting the various electronic parameters for the
The TB approach is suitable to handle larger systems consp®s* TB model, it was possible to simulate the conduction-
pared to methods based on plane waves, due to the lovand valence-band extremal energies, thereby yielding the
computational costs. The TB method was originally de-correct bandgap. However, this approach failed to account
scribed by Slater and Koster as an interpolation schietne. for the band dispersions even for the lowest unoccupied
has been developed extensively since then and is now a welband. This failure is not surprising in view of the fact that the
established technique to elucidate the electronic structure aficlusion of thes* orbital and the associated electronic pa-
solids® A tremendous advance in the modern computergameter strengths are meredyg hocparameters without any
along with the development of highly efficient calculational rigorous physical basis. However, almost all efforts in ob-
schemes over the past two decades has made it possibletining TB parametrization to describe the electronic struc-
obtain in anab initio manner the electronic structure of al- tures of such semiconductors have proceeded along these
most all compound semiconductors with typically 2—20 at-lines; calculations for a number of tetrahedral semiconduc-
oms in the unit cells, undermining the usefulness of suchors have resulted in the establishment afraversal sgs*
parametrized tight-binding models. However, over the pasmodel based on Harrison& 2 law for the interatomic ma-
one decade, this method is seeing a revival due to the advetrtx elements of the TB HamiltoniahThe universalmodel is
of quantum dots and other related nanoscopic sciences. Sinaseful as only the interatomic distances are required to obtain
semiconductor particles can be routinely prepared today ithe interaction parameters, but its applicability is limited as it
the nanometric length scale to obtain physical properties thatoes not give a good decription of the unocupied part, e.g.,
are significantly different from those in the bulk material, as discussed in the case of GdRurther improvements in the
there is a need to be able to calculate the electronic structurEB model were achieved by incorporatinigorbitals in the
of such nanoparticles. Since these systems lack the lattideasis>® Recently, a TB model based on tke® d°s* basis
periodicity of the infinite solid, a real-space electronic struc-set was employed for the group IV and -V
ture calculation is necessary. Since such systems may contasemiconductoré This empirical model based on the nearest-
several thousand atoms, it is impossible to ob&ininitio  neighbor interactions gives a good description of the elec-
electronic structure information of such systems. Thereforetronic structure of these semiconductors, especially at high-
it becomes absolutely necessary to have simple and ysymmetry points.
highly accurate parametrized TB models to describe such The need for a physical and accurate parametrization ca-
systems. Moreover, the availability of a highly accurate papable of describing both valence- and conduction-bands, and
rameter set may also allow one to perform molecular dynot merely the bandgap, of these semiconductors is evident.
namical studies of such systems containing much largeThere are direct experimental probes such as the photoemis-
number of atoms than can be handled witaminitio meth-  sion and inverse photoemission that map out the density of
ods even in the near future. stategDOY) of the valence and conduction band regions. An
For tetrahedral semiconductors, chemical intuition leadsnalysis of such experiments requires a suitable TB param-
one to consider a minimasp® basis on various kinds of etrization that work equally well for the occupied as well as
atoms in the solid, and interactions only between the nearesthe unoccupied states. Furthermore, it is possible to obtain
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experimental information on the partial density of states byfarther neighbor interactions. This issue can be addressed by
using the site and angular momentum specific x-ray emissionomputing the crystal orbital Hamiltonian population
and absorption experiments; it is then desirable to have a TBCOHP for various pairs of orbitals and atoms, as it pro-
model excluding the fictitious* orbital. Additionally, we vides the relative contributions to bonding arising from dif-
have recently fourftlin the context of InP that even ferent interactions in the systeth.
sp>d®s* TB parametrization does not work very well to  The tight-binding calculations were performed using the
describe the changes in the electronic structure as a consdamiltonian
guence of spatial localization in nanometric clusters. Thus, it
appears highly desirable to analyze the electronic structures |, + (P
of such semiconductors and thereby construct a physical as _i%, E'lai'laa"l"+izj ,1%10 (tij*a, 81,5 T H-C)
well as minimal model that would work satisfactorily for all (1)
these diverse cases. ) o

In order to achieve this, we first study the linearizedWhere, the electron with spiar is able to hop from the or-
muffin-tin-orbital (LMTO) method'° Derived DOS, partial bitals labeled ; with onsite energies equal tg in theith
density of state¢éPDOS, and the crystal orbital Hamiltonian unit cell to those labeled, in the jth unit cell, with the
population (COHP to establish the relative importance of summations ovel; andl, running over all the orbitals con-
various orbitals in bonding as well as in determining thesidered on the atoms in a unit cell, ahdndj over all the
details of the electronic structure in different energy regionsunit cells in the solid. Thus, any orbital in the solid can be
This helps us to identify the important orbitals. From this defined with the two indices,andl,. The hopping interac-
analysis we construct the minimal model, without it tion strength (:jl'z) depends on the nature of the orbitals
orbital. Since we construct the final TB model in successivgnyolved as well as on the geometry of the lattlcEo start
steps of including various interactions, we understand in deyiith, we estimate the values of the various onsite energies
tail the influence of each of these improvements to modify(¢'s) and hopping interactionst’$) from the LMTO band
the energy dispersions of various bands. Our final results fofjispersions and the density of states. Then, a least-squared-
the 11-VI semiconductors using trep° d°-orbital basis are in  error fitting is carried out by varying the's andt's, calcu-
excellent agreement with the LMTO calculations and thejating the band dispersions at a number of high-symmetry
various interaction parameters obtained here obey the univeppints and then comparing with the LMTO band dispersions.

sal scaling law. In the following section, we present the detailed analysis
with the help of ZnS as an illustrative example; the results
Il. METHODOLOGY obtained from all other systems are very similar.
The band structures of tha'BY'-type semiconductors, Il RESULTS AND DISCUSSION

whereA=2Zn, Cd, Hg andB=S, Se, Te are calculated using
the LMTO method in the atomic sphere approximation In Fig. 1(a), we show the LMTO-derived band dispersions
(ASA). The zinc-blende structure, which has one formulafor ZnS along various symmetry directions. The lowest-lying
unit of A"BY! per unit cell, has been studied. The basis set oband at about- 12 eV is due to $ states, while the group of
s, p, andd orbitals was used for both the cation and the aniorfive flat bands near-6.4 eV arises from Zrd states. The
for all the compounds. Empty spheres were introduced in alinain part of the valence-band region in ZnS appearing be-
cases in order to keep the overlap of atomic spheres withitween —5.4 and 0 eV is contributed by three strongly dis-
16% in every case. Onlg orbital is used for the empty persing bands arising primarily from the Sstates. The
spheres. The self-consistency was achieved witk-p8ints  lowest-lying conduction band centered around 4 eV is nomi-
in the irreducible Brillouin zone and band dispersions andnally the Zns derived band, while the next three bands are
density of states were obtained in each case. attributed to Znp states. The parts of bands appearing at the
In order to obtain a detailed understanding of the origin oftop of the figure are contributed dominantly by higher-lying
various features in the electronic structure, we also calculatstates, such as thedslevels. The band gap appearing at the
the partial densities of states corresponding to cation anfl point is about 3.2 eV in this calculation. These results are
anions, p, andd states. While the partial densities of statesconsistent with the previously published band structure of
provide us with the information concerning the relative con-ZnS*?
tributions of various orbitals at different energy regions, it These results suggest that main parts of the valence and
cannot provide ank-dependent information. In order to ob- the conduction bands in ZnS across the band gap are essen-
tain such momentum-related information, we have additiontially due to Zns, p and Ss, p states, suggesting a TB model
ally analyzed the orbital character of the band-eigen statesonsisting only of these levels as the simplest possible start-
and shall present these in terms of the so-called “fatbanding point.This point of view also makes chemical sense as
representation of the band dispersions. However, such analyhe tetrahedral coordination around both Zn and S can be
sis does not provide an insight on the range of interactiongasily achieved in terms of thep®-hybrid orbitals. However,
important for the system. The range of interaction is one ofwve show that such a simplistic model performs very poorly
the most important ingredients to determine the suitablén describing the electronic structure. For this purpose, we
tight-binding model, as it dictates whether a nearestcarried out a detailed fitting of the six corresponding LMTO
neighbor-only model is sufficient or there is a need to includebands in terms of a nearest-neighbor TB model withstp®
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FIG. 1. Band dispersions for the zinc-blende
ZnS(a) LMTO results using the, p andd orbital
basis on both Zn and $b) the tight-binding re-
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basis. The resulting best description is shown in Fi{g) in lines in the fatband representation in six different panels in

terms of the TB band dispersions with the optimized TBFig. 3. While the band dispersions in each of these six panels
parameters. The Zd bands near-6.4 eV and high-lying S are identical, the widtHor the “fatness’) associated with

d bands are naturally missing in the TB results. We find thaieach band at evellypoint is proportional to the orbital char-
the low-lying Ss band is reasonably well described in this acter represented in that panel; for example, Fig) Shows
simplest model. However, the TB band dispersions for bothithe contribution of Zns states to each of the band eigen-
the valence and the conduction bands are considerably diétates. These results clearly establish the detailed nature of
ferent from those in the LMTO calculation. For example, thethe band states. For example, the band dispersion near
band dispersions along X-W-L-K-within the valence-band —12 eV is dominated by S states[Fig. 3(d)], formed via
region are drastically different between the two calculationsthe interactions with Zrs, p andd states[see Fig. 8a—0].
Moreover, not only the band gap is substantially wrong in theLikewise, the flat bands near 6.4 eV are primarily Znd

TB results, the curvature of the lowest lying conduction bandoands[Fig. 3(c)] formed via the interactions with the

near thel’ point is very poorly described within the TB

model. The results clearly suggest the need to go beyond the (@ — Total
simplests p*-nearest-neighbor TB model to provide a realis-
tic description of the electronic structure of ZnS.

In order to understand the origin of these discrepancies,
we plot the total as well as various partial DOS of ZnS in
Fig. 2, with the Zn-related partial DOS in Fig(a? and those
related to the S site in Fig.(B). Focussing on the energy
region for the discrepancies discussed above, we note that
the valence-band features appearing betweém and 0 eV
are indeed dominated by @ states[Fig. 2(b)]; however,
these states have substantial admixture from the Aamdd
states[Fig. 2(@)]. Since the band formation in a nearest-
neighbor model is entirely due to S-Zn interactions, it is
obvious that Znd states, contributing as much as the @Zn-
states in the formation of the valence band, cannot be left out
of any realistic description of the valence-band region of
ZnS. Likewise, it is evident in the results for the conduction-
band region in Fig. 2, particularly in the energy region ap- 2
proximately between 7 and 12 eV, that thel Sontributions
are almost dominant. This must arise from very largepZ | B
d interactions in forming the upper part of the conduction- i
band region, establishing the need to include the Sates 0 :
also in the TB basis for a satisfactory description of the elec- -5 -10
tronic structure comprising both valence- and conduction-
band regions.

In order to obtain a more detailed understanding, as well FIG. 2. Density of states and partial density of states for zinc-
as insight in the momentum-specific discrepancies, welende ZnS calculated using LMTO-ASA methde} Zn s, p andd
present the LMTO band dispersions along the symmetryDOS;(b) Ss, p andd PDOS
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states[Fig. 3(e)]. More importantly, the three strongly dis-
persing bands in the valence-band region have tpeciar-
acter[Fig. 3(e)], formed due to substantial §f-Zn (s, p,
and d) interactions[Figs. 3a—qg], confirming the essential

role played by Znd states in determining the valence-band
electronic structure. Likewise, the extensivedSontribu-
tions in all the conduction-band states are also evident in Fig.
3(f). The inability of thesp> model to describe the curvature

TABLE I. Tight-binding parameters obtained from the least-square-error fit to LMTO band dispersions
for the nine 11-VI semiconductors in thep® d® basis with only the nearest-neighbor Zn-S interactions. The
first row lists the interatomic spacings in angstrom, the next eight rows contain the onsite energies for all the
orbitals, e.g., the row fod.(t,) lists the entries for the thg, d-orbital onsite energies for the cation. The
subscripta denotes the anion. The last 11 rows list the Slater Koster param&f&hs. last column shows the
average value of the Slater Koster parameters multiplied by the square of the cation-anion ditance,

ZnS ZnSe ZnTe Cds CdSe CdTe HgS HgSe HgTe Average
SKK*d?

d @A) 2.34 2.45 2.64 2.52 2.62 2.81 2.53 2.63 2.80
S¢ 0.92 0.74 1.06 0.47 0.30 0.40 -2.03 —-2.05 -1.75
Pc 8.40 8.38 7.24 7.94 7.91 7.21 7.89 7.68 7.12
d.(ty) -582 -6.16 -692 -683 -—-731 -—-797 -599 —-6.15 -6.91
dc(e) —-6.21 —-647 —-724 -—-744 -781 -—-842 -6.31 —6.53 —-7.21
Sa —-10.33 —11.24 —-10.68 —10.58 —11.45 —10.38 —11.04 -—-11.57 —10.49
Pa 241 1.93 2.29 1.43 0.93 1.13 0.69 0.66 0.03
da(ty) 15.54 16.48 13.23 14.43 15.26 12.83 14.84 15.68 12.83
d,(e) 13.60 14.48 12.23 13.15 14.10 11.63 12.87 13.54 11.66
Sso -135 -101 -054 -102 -0.74 -047 -1.07 -0.93 -0.74 -5.73
Spo 2.45 2.33 2.26 2.12 2.06 1.93 1.92 1.85 1.82 13.95
ppo 4.76 4.37 4.01 4.18 3.70 3.54 3.93 3.75 3.08 26.18
ppm -0.84 -083 -095 -064 -067 —-069 -0.69 -0.71 -0.86 -—5.17
pso -225 -189 -052 -199 -166 -094 -181 -187 —-125 -10.36
dso -0.05 -0.04 -000 -0.00 -0.01 -026 -072 -054 -052 -1.67
dpo 1.37 1.19 1.29 1.75 1.52 1.52 1.45 1.42 1.29 9.61
dpw -045 -039 -034 -035 -032 -027 -059 -050 -031 -261
sdo —-259 -271 -305 -114 -122 -211 -094 -1.40 —-179 -—-12.65
pdo -278 —-278 —-336 —-129 -109 -242 -137 -145 —-173 —-13.62
pdm 2.31 2.42 2.27 2.15 2.38 1.90 2.014 2.21 1.82 14.49
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FIG. 4. Band dispersions for zinc-blende Z1t8,LMTO results 0.5 [ () Zn-2Zn
and (b) tight-binding fitted results for the nearest-neighbor interac- L A /\ A, /LL—’
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0.5}
of the lowest conduction band near thepoint (Fig. 1) can
also be understood in terms of these fatbands. The band state Aop o
at thel” point is composed of Zs admixed with Ss states; -5 -10 -5 0 5 10 15

however, these band states acquire rapidly changing contri-
butions from Sp andd states ak moves away from thé&’
point, affecting the detail of the band dispersion in this re- FIG. 5. COHP for zinc-blende ZnS. Top panel shows the total
gion of the momentum space. COHP alongwith the Zn-S interaction COHP. Middle panel shows
The above analysis clearly points to the need of includinghe COHP for S-S interaction and the bottom panel contains the
both Zn and Sd states in the basis of the TB model for a COHP for Zn-Zn interaction.
realistic description of the valence- and conduction-band
electronic structures of ZnS. While we have presented heretrizations, , summarized in Table I, should already be useful
the detailed analysis for only the case of ZnS, we carried ouih modeling these semiconductors to a large extent. How-
similar analysis for all the compounds and arrived at theever, we can still notice certain discrepancies between the
same conclusion concerning the importance of cationic antdMTO and TB dispersions given in Fig. 4. The major devia-
anionicd states. Therefore, we carried out a detailed leasttions of the TB band dispersions from the LMTO ones are
squared-error fitting of the LMTO derived band dispersionsmarked by rectangular boxes in Fig. 4.
in terms of the TB dispersions wigp® d° basis as a function In order to understand the origin of these discrepancies,
of all the electronic parametefsn-site and hopping ener- we show crystal orbital Hamiltonian populatiociCOHP
gies appearing in the TB Hamiltonian. The fitting was car- analysis for ZnS in Fig. 5. The total COHP is compared with
ried out in two successive steps. First, we performed a fittingontributions arising from Zn-S interactions in Figab This
of all the 18 bands arising primarily from Zn andsS, and  clearly shows that the total COHP deviates significantly from
d states, though the 8 derived bands appearing at a very that arising from Zn-S nearest-neighbor interactions alone,
high energy above the Fermi energy do not have any signifisuggesting a longer-range interaction also playing a signifi-
cant bearing on electronic, optical or chemical properties otant role in bonding. We show the COHP contributions aris-
the system. However, the inclusion of thedS®lerived band ing from S-S and Zn-Zn interactions in Figsbband 5c),
dispersions in the first step of fitting ensures that we use eespectively. These results clearly show that while Zn-Zn
realistic and physically sound value for thedSsite energy. interaction[Fig. 5(c)] is small and can possibly be neglected,
We then fix the Sd site energy to this value in the second S-S interaction[Fig. 5b)] contributes significantly and is
step of the fitting and reoptimize the other electronic parameften comparable to Zn-S interactions in certain energy
eters to arrive at the best description for the thirteen lowestanges. Thus, it is evident that a more accurate description of
bands with primarily Zns, p, d and Ss, p characters. The the electronic structure of ZnS must include next-nearest-
results of this optimization process are tabulated in Table heighbor S-S interactions along with the nearest-neighbor
for all the compounds studied here, while the best-fit TBZn-S interactions. Thus, we carried out a detailed fitting of
dispersions within thissp®d® nearest-neighbor model for the LMTO band dispersions in terms of a TB model in the
ZnS are compared with thab initio LMTO dispersions in  sp*d® basis, as before, but including the next-nearest-
Fig. 4. The improvement in using thep® d® model com- neighbor S-S interactions along with the nearest-neighbor
pared to the results obtained froap® model (Fig. 1) is  Zn-S interactions. We follow the same two-step approach to
evident in Fig. 4. We find that all the band dispersions, cov+he fitting, as described before. The resulting TB parameters
ering both the valence and conduction bands, as well as tHer the best-fit results for each compound are given in Table
curvature of the lowest conduction band nearlthgoint are Il and an illustrative example of the simulated band disper-
almost satisfactorily described. We believe that these paransions are shown in Fig. 6 using the case of ZnS. Most of the

Energy (eV)
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TABLE Il. Tight-binding parameters obtained from the least-square-error fit to LMTO band dispersions
for the nine 11-VI semiconductors in thep® d° basis with the Zn-S and S-S interactions. The first row lists
the interatomic spacings in angstrom, the next eight rows contain the onsite energies for all the orbitals, e.g.,
the row ford¢(t,) lists the entries for the the, d-orbital onsite energies for the cation. The subscapt
denotes the anion. The last fifteen rows list the Slater Koster parani&fdrs.last column shows the average
value of the Slater Koster parameters multiplied by the square of the cation-anion distance,

ZnS ZnSe  ZnTe Cds CdSe CdTe HgS HgSe HgTe  Average

SKK*d?
d (A) 2.34 245  2.64 2.52 262 281 2.53 2.63 2.80
Se 2.29 140 050 1.44 0.83 050-085 —0.95 —1.45
Pe 9.32 921 8.36 8.22 780 7.78 8.16 8.35 7.76
do(ty) -6.24 —-646 —726 —753 —7.85 —846 —6.10 —-6.66 —7.27
d.(e) -6.16 —-6.40 —721 -738 -—7.74 —-839 -6.81 -6.46 —7.18
S, -10.66 —11.21 —9.82 —10.58 —11.19 —9.70 —11.47 —11.93 —10.45
Pa 3.17 206 112 3.42 243  1.06 2.59 1.45 0.72
da(ty) 1531 16.10 13.08 14.32 1512 1320 1472 1542 1276
da(e) 13.63 1453 1229 1316 1411 1162 1292 1358 11.66
sso -0.73 —-0.74 —-040 -0.72 -050 —-0.00 —-1.01 -0.88 -—0.63 —4.08
spo 2.57 268 219 2.12 204 201 2.05 2.06 1.81 14.49
ppo 4.95 463 3.99 4.40 4.06 3.83 4.16 4.03 3.63 28.01
ppm -0.88 -0.78 —1.05 -0.44 -049 —-077 -048 -050 —0.64 —451
pso -211 -1.28 —-1.37 -141 -1.70 -086 —1.00 -090 —1.14 -—8.66
dso -0.67 —1.33 -032 -0.73 —-069 —-035 -1.17 —-127 -074 -5.36
dpo 0.91 084 1.04 0.80 0.67 1.47 0.51 0.93 0.70 5.98
dpm -043 -0.20 -0.10 -055 -051 —-0.17 -0.38 -043 —0.37 —232
sso(2) —-0.10 -0.09 —-0.06 —-0.04 -006 —-0.01 -0.00 -0.02 -003 -0.30

spo(2) 0.32 0.42 0.00 0.01 0.00 0.30 0.21 0.23 0.26 1.30
ppa(2) 0.61 0.58 0.50 0.48 0.46 0.37 0.52 0.47 0.38 3.23
ppm(2 —-0.06 -0.02 -001 -0.03 -0.02 -0.01 -0.03 -002 -0.02 -0.16

sdo —261 —-287 —-269 -129 -144 —-190 -095 -—-147 -—-1.85 -—-12.70
pdo —-385 —419 -398 -261 -264 —346 —-273 -3.06 -—-3.06 —22.10
pdm 2.80 2.81 2.55 2.34 2.49 2.24 2.17 231 2.07 16.20

deviations in the band dispersions observed in the case of thher verified the reliability of these parameters in describing,
nearest-neighbor mod@Fig. 4) are largely removed, except not only the band dispersions along the symmetry directions,
for the band crossing along the X-W direction for the con-but also the overall electronic structures by computing the
duction bands in the TB result, shown in Fig. 6, leading to andensity of states within the TB model. In Fig. 7, we show the
excellent agreement with thes initio results. We have fur- comparison of DOS obtained from LMTO and that from the

s (a) LMTO (b) TB-fit (Zn-S and S-S interactions)
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FIG. 7. Comparison of total density of states for ZnS fréan )
LMTO and (b)tight-binding fit with thes p* d®-orbital basis on both FIG. 8. SKK*d? versusd for all the II-VI semiconductors stud-
Zn and S. Both Zn-S and S-S interactions are included in the TBed using the TB model with thep® d° basis on both the anion and
model. the cation with only nearest-neighbor interactions; SKK represents
the various hopping parameters athds the distance between the

tion and the anion. The plot establishes the scaling behavior of
present TB model for the case of ZnS over the valence- angfe hopping parametesse, spo, ppo, ppr, andpso.

conduction-band regions. The figure shows a very goo
agreement between the two. obey the scaling law considerably better. It turns out that
An important step in demonstrating the usefulness of sucleven for the tellurides, the deviations from the scaling law do
parametrized tight-binding approaches was realized by thaot significantly vitiate the description of the electronic
bond orbital model proposed by HarriSomho showed that  structure. To illustrate this point, we show in Fig. 9 the band
the hopping interaction strengths follow a universal scalingdispersions obtained for ZnTe, which exhibits one of the
law with the distance between the two orbital sites. For dargest deviations from the expected scaling law. Figues 9
large number of systems, it was shown that the Slater-Kosteaiescribes theab initio band dispersions obtained within
parameters have a dependencedof, whered is the dis- LMTO, while Fig. 9b) shows the best fit obtained with tight-
tance between the two sites connected by the hopping intdinding nearest-neighbor-only model. The corresponding pa-
gral. This observation ensures that the extracted parameterameter values are given in Table | and the data points are
are transferable to other crystal structures. This approach wasotted in Fig. 8 multiplied by the correspondirtf. The
further extendetito include a description of the lowest con- band dispersions obtained within the same model, but with
duction band along with the valence band within a nearestparameter values corresponding to the average (SKK*
neighborsp®s* model. instead of the best-fit optimized parameters, are shown in
In order to establish the transferability, and consequentlyFig. 9c). A comparison of Fig. &) and 9c) shows hardly
the usefulness, of the hopping parameter values obtaineghy difference between the two, both providing excellent de-
here, we have examined the scaling behavior of these pararseription of theab initio band dispersions shown in Fig(&.
eters. In Fig. 8, we plot the various hopping interactionThis indicates that the parameters obtained within the
strengths(SKK) obtained within the nearest-neighbor-only nearest-neighbor-only model are transferable to other cases.
model(Table |) multiplied byd? as a function ofi for all the We have also examined the scaling behavior of the hop-
compounds. This figure clearly shows that the parameter vaping parameters obtained with the next nearest-neighbor
ues follow the d”? scaling law reasonably well, with model(Table Il) and found a similad~2 dependence. The
SKK* d? being nearly independent dffor each type of hop- corresponding average values of Skd*are also given in
ping parameters, as shown in the figure by the horizontaTable II. Using these average values of the hopping param-
lines representing the average SKdé*values which are also eters we have calculated the band dispersions for ZnTe,
listed in Table I. We find that the primary deviations from the shown in Fig. @d). These band dispersions also provide an
scaling laws are for the three compounds with Te, namelyexcellent description of the band dispersions obtained within
ZnTe, HgTe, and CdTe, while the compounds of S and Sé¢he ab initio approach, shown in Fig.(8).
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V. CONCLUSION are shown to observe th 2 scaling law of the bond orbital

In conclusion, we have presented a systematic develop; odel proposed by Harrison. Furthermore, we glso qbtqin
ment of parametrized tight-binding model for the descriptionthe parameter valugs in a next nearest-neighbor .t|ght—b|_n.d|ng
of the electronic structures of group II-VI semiconductorsModel that further improves the agreement of this empirical
comprising both the valence and the conduction bands. W@pprogch to thﬁb initio results, capturing some suptle fe.a-
analyze the nature and origin of bonding as well as thdures in bonding in these compounds, particularly involving
atomic orbital contributions to each band eigen-states to athe top of the valence band.
rive at the necessary minimal model involvisg® d° orbit-
als at the cationic and the anionic sites, obviating the need to
use any fictitiouss* orbital in the basis. Even a nearest- ACKNOWLEDGMENTS
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convention we have used for the Slater Koster parameters
indicates the first orbital is on the cation and the second orbital
on the anion. Second nearest-neighbor interactions between
anion-anion are markedyka 2 in thebrackets.
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