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T he question of equivalence between photon propaga
tion in disordered dielectric media and electron prop

agation in disordered conducting media has been inten
sively investigated within the last several years. 1 - 3 Recent
ly, the question of equivalence has been addressed with 
respect to ordered, or spatially periodic, media by Yablon
ovitch 4 and by John 5 , yielding interesting new perspectives 
on the band theory of spin-one particles and "strong," or 
Anderson, localization, with potentially important impli
cations for the development of optoelectronic devices. 

By drawing an analogy to electron wave propagation in 
crystals, Yablonovitch4 pointed out that the well-devel
oped one-electron band structure concepts of solids could 
be applied with some modifications to describe photon 
propagation in periodic dielectric structures. This analogy 
leads to the concept of "photonic band structures," with 
reciprocal spaces and Brillouin zones (albeit on 1000x 
different length scales), effective masses, Van Hove singu
larities, etc. 

Most important, this analogy also leads to the identifi
cation of "photonic" band gaps, photon energy ranges in 
three-dimensionally periodic dielectric structures where 
propagating optical modes cannot be sustained in any di
rection.4 (Of course, similar optical phenomena are well 
known in one dimension, as they form the physical basis 
for optical filters, laser mirrors, etc.) The length-scale dif

ference makes it possible to pattern a dielectric medium, 
for example a semiconductor, so that the photonic band-
gap overlaps the electronic band edge. In this case, the 
complete absence of optical modes regardless of spatial 
direction means that zero-point fluctuations and sponta
neous electron-hole recombination are rigorously sup
pressed. As the major parasitic current sink in semicon
ductor lasers is spontaneous emission, its elimination, to
gether with the use of suitable strained-layer superlattice 
structures,6 could lead to laser threshold current densities 
as low as 1A/cm 2 compared to current typical values of 
500-1000 A/cm 2 . 

Interestingly, the absence of a photonic equivalent of 
the Coulomb interaction and greatly reduced many-body 
(nonlinear) effects should make "one-photon" band struc
ture calculations virtually exact, in contrast to their one-
electron counterparts. However, the vector (spin-1) nature 
of photons leads to a much richer band structure than for 
electrons, where spin effects are often ignored. A presently 
unanswered question is the degree to which the index of 
refraction must be modulated to ensure that a photonic 
bandgap will occur. The model proposed by Yablonovich 4 

suggests that a 21% difference is necessary, while the per
turbation calculations of John 5 indicate a value of 45%. 
Both regard the fcc structure as near optimal. 

The introduction of weak disorder in a three-dimen
sionally periodic dielectric produces the photonic analog 
of an amorphous semiconductor,5 yielding densities of 
states complete with mobility edges and the possibility of 
finding the elusive strong photon localization phenome
non in a quite unexpected context. 
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