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FIG. 3. Contour plots of wave-function squares on the~110! plane for theG15v, G1c, X5v, andX1c states in zinc-blende InP~lattice
constanta511.01 a.u.! as calculated by using LDA, SLDA, and SEPM potentials. The LDA and SLDA results are obtained using k
cutoff energyEcut525 Ry, and the SEPM results are obtained usingEcut56.8 Ry and the Gaussian correction~Appendix B!.
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averaged errors between the LDA and the SLDA results
0.07 and 0.02 eV for the lowest eight bands in zinc-blen
and rocksalt InP, respectively. In the metallicb-Sn form, the
error is larger: 0.35 eV for the first and fifth bands and 0
eV for other bands. In order to find the reason for this re
tively large error, we intentionally let the fitted curve in Fi
1~b! pass through theb-Sn data points. Application of this
potential to study the band structure will result in error
flecting only the spherical approximation. We find that in t
b-Sn structure the spherical approximation error is ab
0.15 eV and the nontransferability error is 0.20 eV for t
first and fifth bands. We attribute the relatively larger er
for b-Sn structure to the large difference in the sizes of the
and P atoms, and to the low symmetry of theb-Sn structure.
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We find that the LDA wave functions are also accurate
reproduced by our fitted SLDA potentials. As an examp
Fig. 3 compares the contour plots of the wave-functi
squares for theG15v, G1c, X5v, andX1c states of zinc-blende
InP as calculated from the LDA and from the fitted SLD
potentials. The agreement is excellent: the LDA vers
SLDA wave-function overlap is larger than 99.9%.

The first three columns in Table I29–41 compare zinc-
blende InP band energies, effective masses, and deform
potentials obtained from LDA and SLDA calculation
showing good agreement.

The good agreement between LDA and SLDA calcu
tions persists after we reduce the kinetic cutoff energy fr
25 to 6.8 Ry, while compensating for the reduced basis
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~which contain reciprocal lattice vectors that are absent in
bulk! requires that the potentials should be flat nearG50
i.e., the potential slope atG50 is zero. As an illustration of
this point, we calculated the planar-averaged potentialV% a(z)
for ~110!-oriented InP films with different thicknesses, usin
the SEPM potentials~i! with nonzero slope and~ii ! with zero
slope atG50. Here,

V% a~z!5
1

2l Ez2 l

z1 l

V̄~z8!dz8, ~7!

where

V̄~z!5
1

S E V~r !dx dy, ~8!

V~r !5(
a

(
Ri

vSEPM
~a! ~r2Ri !. ~9!

In the above equations,z is the distance from one side of th
supercell along the direction vertical to the film, andS is the
area of cross section parallel to the film plane.l is the thick-
ness of a single monolayer in the InP~110! film. The planar-
averaged potentialV% a(z) for films with different thicknesses
are shown in Fig. 8~a! for the SEPM potentials with nonzer
slope, and in Fig. 8~b! for the SEPM potentials with zero
slope atG50. It can be seen that in Fig. 8~a! the potential at
the slab center has not approached the bulk value even
15-ML-thick films while the potential in Fig. 8~b! has
achieved the bulk value at the film center even for rather t
films. ThisG50 treatment has no effect on the properties
bulk InP, but is crucial for the investigation of quantum co
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finement effect in nanostructures such as in dots. The slo
of the SEPM potentials generated previously13 for Si and
CdSe are very close to zero too.

The final InP SEPM as well as the Si and CdSe potent
can be found on an FTP site for the interested reade43

They can be used in numerous applications requiring lar
scale calculations.

IV. APPLICATIONS TO QUANTUM DOTS

As an illustration of the utility of our semiempirica
pseudopotential, we use it to calculate the band gaps
surface-passivated InP quantum dots with different siz
Here we discuss only the salient features of the results
detailed description of InP quantum dot will be deferred to
future paper.

We consider InP dots containing 17, 29, 107, 259, a
712 atoms~not including the passivating atoms!. The dots
take cubic shape with faces oriented along the~001! and
~110! planes of zinc-blende structure. Using the same den
as in the bulk, the effective dot sizes are calculated
D5(a/2)(N)1/3 wherea is the lattice constant andN is the
number of atoms in the dots. This gives effective siz
D57.49, 8.95, 13.83, 18.57, and 26.01 Å for the dots w
17, 29, 107, 259, and 712 atoms, respectively.

We next discuss the surfaces of the dots. Previous ca
lations on other-material dots using thek•p theory,44 tight-
binding method,45 or truncated crystal method46 have ig-
nored the existence of surfaces either by assuming infi
potential barrier or by removing the dangling bonds in t
Hamiltonian matrix. Since one of our future objectives is










