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Editor's note: Following are summaries of some of the principal advances in 

optics during the past year. The work has been disclosed in detail elsewhere, 
usually at the Society's meetings and in the technical journals. While this 

summary is not all-inclusive, it is meant to review these emerging processes and 
technologies in nonspecialist language so that researchers will be aware of 

what their colleagues are doing in adjacent fields. 

Edited by Alexander Wolfe 

Photon localization 
S. JAMES A L L E N 
BELL COMMUNICATIONS RESEARCH INC. 
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Photon propagation in disordered dielectrics and 
electron localization in disordered conductors have 
been shown to be governed by the same physical 
phenomenon, coherent backscattering. 

The most recent developments in electron localiza
t ion have focused on so-cal led "un iversa l fluctua
tions" of the resistance of small devices. Lee et a l . 7 

have pointed out that due to the bui ldup of correla
tion through mult iple scattering, the conductance of a 
microscopic sample w i l l fluctuate independently of 
its size and degree of disorder. 

Etemad et a l . 8 showed that photon coherent back-
scattering is also dominated by fluctuations. Prior to 
their work, the crucial role of ensemble averaging in 
photon coherent backscattering was not appreciated. 
Instead of dielectric spheres suspended in a fluid me
dia, they used a r igid, nonabsorbing but disordered 
media made from a network of collodial sil ica. They 
found that the backscattering peak was completely 
swamped by fluctuations in the scattered intensity 
(Fig. 1). They were able to recover the backscattering 
peak only after ensemble averaging by rapidly mov
ing the sample in front of the photon beam. (Presum
ably the Brownian motion in the fluid samples per
forms this ensemble averaging.) However, they do 
not find, wi thin experimental accuracy, the expected 
autocorrelation that is intimately connected to the 
universal fluctuation in the electron problem. 
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FIGURE 1. (a) Reflected intensity from a rigid net
work of colloidal silica. The "speckle" reflections 
from the surface are removed with an isolator.8 The 
"sample specific, noise like" trace comes from mul
tiple scattering in the bulk. (b) Ensemble averaging 
of many traces like (a) by rapidly moving the sam
ple. (c) Backscattering peak broadens as the diffu
sion becomes quasi-two dimensional. 

Recently, researchers have become aware of the ex
istence of rather strict analogies between electron 
and photon coherent backscattering. Van Albada et 
a l . 5 and Wol f et a l . 6 have independently reported ex
per iments that revea led coherent backscat ter ing 
peaks from dielectric spheres suspended in a fluid 
medium and have pointed to the close analogy with 
weak electron localization. 

There remains one glaring omission in the experi
mental studies of photon localization, especially as 
they mirror the properties of electrons. No one has 
reported a disordered media, without loss, that scat
ters sufficiently such that the mean free path for pho
tons w i l l become comparable to the wavelength. 
Such a medium is required for the strong localization 
of photons. 

Nonetheless, the observation of the photon back-
scattering peak, the appreciation of the critical role of 
ensemble averaging, and the rigorous analogy with 
electron transport in disordered conductors has both 
broadened and unif ied our v iew of wave phenomena 
in disordered materials. 
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Tunneling and photoconductivity 
F E D E R I C O C A P A S S O 
A T & T B E L L L A B O R A T O R I E S 
M U R R A Y H I L L , N . J . 

Recently a striking new type of photoconductivity 
based on quantum mechanical tunneling in superlat¬
tices has been reported by Capasso et al. The under
ly ing physical cause of this phenomenon is effective 
mass filtering. Since the tunnel ing probability of car
riers through the barrier layers of a superlattice in
creases exponentially wi th decreasing effective mass, 
electrons are transported through a superlattice much 
more easily than through the heavy holes. When light 
is shined on the superlatt ice, the photogenerated 
holes essentially remain local ized in the wells whi le 
the electrons can tunnel through the barriers. Thus 
the superlattice acts as a filter for effective masses. 

This gives rise to a new photoconductive mecha
nism controlled by tunneling. Since the electron mo
bil i ty perpendicular to the layers depends exponen
tially on the supperlattice gain thickness, it follows 
that the electron transit t ime, the photoconductive 
gain, and the gain-bandwidth product can be artifi
cially varied over a wide range. This allows greater 
versati l i ty in device design than is avai lable wi th 
standard photoconductors. 

High-performance infrared photoconductors uti l iz
ing effective mass filtering were recently demonstrat
ed . 3 The devices, grown by molecular beam epitaxy, 
consisted of 100 periods of A l InAs (35 Å)/GaInAs (35 
Å) between two contact layers and responded to 
wavelengths in the 1.6-1.0 µm region. These detec
tors exhibit high current gain (up to 2 x 104) at very 
low voltage ( ≤ 1 V), wi th response times in the 1 0 - 4 

sec range. The low bias operation cuts down on the 
device noise, wh ich was only 3 x 1 0 - 1 4 Watt(Hz)½. 
These are the highest gain and lowest noise photo
conductors operating at such low voltage. 

Another important advance is the first observation 
of sequential resonant tunnel ing through a superlat
t ice. 4 If the quantum wells are weakly coupled (rela
tively thick barriers), the state of a superlattice is wel l 
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