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TABLE lll. Bulk-band parentageé\;(n) (Eq.~12!# of bulk-phonon bandsn51, . ..,6) in forming the
A(G), LA(X), TO(G), LO(G), and SO modes of thB532.5 A dot.

ContributionA;(n) ~in %! of bulk bandn to dot model

Dot model n5112 -TA! n53 -LA! n5415 -TO! n56 ~LO!
A(G) 86.5 3.9 8.1 15
LA(X) 08 91.3 41 3.9
TO(G) 5.4 05 87.7 6.4
LO(G) 0.1 3.6 0.9 95.4
SO 1.9 4.1 315 62.5
n§ot= nfux. .15 tion radiusie.g.,R; 7 12 A in Fig. 2b and, therefore, de-

o stroys the conditions for the applicability of the truncated-
We use the “Brillouin-zone parentageP,(k) to answer  crystal model.

this. Figure 5 shows, for thB532.5 A dot, the Brillouin-

> Since the surfacelike modes are localized in real space on
zone parentages of the bulklikdG), TO(G), LO(G), and

> ! the dot surface and, therefore, contain contributions from the
LA(X) mzzodes W|th_frequen0|e¢$250.046, 119.2,140.7, and |k GaP modes all over the Brillouin zone, there is not a
51.1 THZ, respectively. singlek* to be used in Eq:15! to describe their frequencies.

We see from Fig. 5 that the above considered bulklikeryig operty of the surface modes is illustrated in Fig. 5
modes all have a dominant BZ parentage peak around the-|r property J >

Which  shows, for comparison with the bulklike
bulk origins fe.g., A(G), TO(G), LO(G) near G, and ’ ———
LA(X) nearX#, i.e., for the bulklike dot modes there exists aA(G)’ LO(6), TO(G), and LA(X) modes, the Brillouin

o ) zone parentage of a surfacelike optieSlDl mode with n?
* that satisfies Eq:L5.. For theG-derivedA(G), TO(G),  &126'6 117 for the DB32.5 A dt. We se6 from Fig. 5
and LO@G) modes, the peak positions of the Brillouin-zone

parentages are located nélef |52p/D. In fact, thisk* has that the surfacelike mode is delocalized in reciprocal space.

been usetf in the “truncated crystal” method to estimate

the electronic-orbital energy in dots from the bulk-band

structure using Eq:15!. In the truncated-crystal method one

seeks a wave vectdk* for which the envelope function

vanishes at the dot boundary. For spherical dots the smallest

k* that satisfies this boundary condition ip/D. This ap-

proach then relates tHmulk dispersiom,,, to the frequency

ny in dots. The smaller the dot, the further ddes}1/D

move away from theG point. Thus, the slope of the bulk

dispersion away front determines, in this model, the size

dependence of the frequency of the dot's mode. Since the

frequency of the bulk GaP optical phonotidg. 1! decreases

whenk departs from th& point, the frequencies of the dot’s

TO(G) and LO@G) modes should exhibit eedshiftrelative

to their bulk values. This expectation is confirmed by our

results obtained from the direct diagonalization of the dy-

namical matrix~Fig. 4. The scaling exponent of 1/D? in

Eq.~13! can also be qualitatively understood from a TC-type

argument: since the frequencies of the bulk acoustic-phonon

branches nea6 are linear functions of the wave vector

3}k, and sincek*}1/D, we obtain thatdn}1/D -~i.e., t

51), as indeed given by Eq13! for the A(G) mode. The

bulk-phonon dispersion relations of the LO- and TO-phonon

modes aiG and of the LA-phonon mode & are parabolic

and, thus, lead ta/n}1/D?, i.e., t” 2 in Eq.~13\. More

quantitatively, Table Il compares the frequencies of the bulk-

like dot modes, as obtained from direct calculations, with

those obtained from Egl5!. We see that the two methods

give the same trend of the frequency change with the dot g 6 «Bulk-band parentage’A(n) 6Eq. ~12% of ~al n56
size, and that they give quantitatively accurate results for the, ik 0-phonon bantdand-b! 5415 ~bulk TO-phonon bands
bulklike LO- and TO-derived modes. However, for th¢G) in forming dot modes with frequenay? - 40 THZ. The results for
dot-phonon mode, the frequencies obtained from the twéhe D522.2 A dot are shown. The shaded areas indicate the modes
methods are quite different. This is probably due to the Surthat have a sizable LO/TO mode mixing. Par@lshows the local-
face effect, which causes this mode to have a large localizazation radii of the dot modes in order to facilitate the comparison.






