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e l FIG. 2. Dependence of the band gap on the wire size. For the wire with
t=0.42p8 free surfaces we consider only intrinsic states.
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tions of off-T" bulk states, not effective masslike states: The  four highest VBs and four lowest CBs (Fig. 1) and is
projections of Egs. (3) and (4) shows that 90% of the characterized by a slow average emission lifetime -1,
valence-band maximum (VBM) comes from couplmg of _[g f": 7 ] Of 0.35 ps. This lifetime increase rapldlv as
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states are qualitatively different from simple effective mass
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pling and off-I" (j3%0) contributions. The fact that the
VBM and CBM wire states project into bulk states of
different wave vectors k (i.e., different j,, j,) proves con-
clusively that the band gap is pseudodirect, not direct. ]
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band-gap wave function amplitudes [t,lr‘“re(x,y)[ , energy
e Jevel sepgrations. and ladiativelifeiimesforglaan (o) and o )
hydrogen-covered (b) 8x8 Si wire are shown. Three o i :
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concentraies more of ihe VBM and CBM wmtm—&my (V)

amplitude toward the interior of the wire. Thus, despite a

large surface-to-volume ratio, the band-edge states are ex- FIG. 3. Calculated radiative transition lifetime from the four highest VB

pected te reflect the properties of the Si skeleton rather  states as functions of the transition energy.
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T -3 -~ Exp. WIreW contribution from boxes. This means that the “effective”
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periment If a mixture of quantum dots and wires Is postu- P. D. J. Calcott, K. J. Nash, L. T. Canham, M. J. Kane, and D.

lated: Figure 4 shows that the calculated 7 vs € curve shows Br “mh"-"dg Phys. Condens _Mﬂ“"f S, L1 (1993).

1493 (1993).

- sured curve. This means that as size increases the calc.u- °Y, Peirava-Kach. T, Muschik, A, Knx B K _Mever E_Koch. and V.
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than the measured one. This could be explained by assum- g+ L Wang and A. Zunger (unpublished).
. P .. .. . See reference inside the letter of A. J. Read, R. J. Needs, K. J. Nash, L.
ing that porous Si is made of wires and boxes. In fact, it is T. Canham, P. D. J. Calcott, and A. Qtiesh, Phys. Rev. Lett. 69, 1232
reasonable to imagine that at the beginning of the etching (1992).
process. of poraus Si ape fhrms mostlv thick wires. while ?Inside @ band, the band edge transition has a 2.2 ms lifetime and is 26
after extended etchin g the wires thin down into linked- meV below the next transiti(?n. This happens to be close to the very slow
. transition of 3 ms with a 20 meV energy separation detected and des-
sausage shapes and eventually some of them break into

ignated as spin-triplet transition by Ref. 4, although spin-degree of free-
quantum boxes. Thus, the small photon energy region dom is not considered in the present calculation.
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