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Semiconductor photonic crystals are expected to realize the ultimate control of spontaneous emission, so-called Pur-
cell effect. However, there are two important issues. One is a fine dry etching process for a high aspect ratio over 10 in
submicron period structures. The other is a surface treatment for the reduction in surface recombination. With regard to
these issues we have studied InP-based materials, since they have a low surface recombination velocity vs. We devel-
oped the etching process using the inductively coupled plasma. The surface recombination was evaluated through the
lifetime measurement of photoluminescence at a wavelength over 1 um using the phase resolved spectroscopy. We in-
vestigated various surface treatments and found that the CH. plasmairradiation is effective for reaizing crucia vs of 1x
10° cmIs order. The SIMS analysis suggests that it is due to the electronic insulation near the surface by the shallow im-

plantation of C.
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Fig.1 Internal quantum efficiency calculated with injection

current into unit cell of arhole-type 2-D photonic
crystal. Surface recombination velocity is taken as a
parameter. Purcell effect isignored.
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Fig.2 GalnAsP 2-D photonic crystals formed by Cl. based
ICP etching.
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Fig.3 Phase resolved spectroscopy for lifetime measure-
ment of photoluminescence. (a) shows the optical
setup and (b) shows the phase shift measured for vari-
ous modulation frequencies and fitting curve assum-
ing two lifetimes.
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Fig. 4 Carrier recombination rate (inverse lifetime of pho-
toluminescence) measured for GalnAsPl InP micro-
columns with various diameters.

Tablel Various surface treatments of GalnAsPl InP micro-columns and enhance-
mentl reduction ratio in surface recombination.

BCB  (NH.).S

Treatment . L
coating  passivation

Plasmairradiations

anneal Ar 0. CH.,

Change 210 30 150

60 1000 0430
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