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Recently, there has been a great deal of interest in de
veloping low power, high speed optical signal proc

essing elements from semiconductor materials. These de
vices use an intensity dependent absorption or an intensity 
dependent index of refraction to modulate light. Bulk 

Absorption as a function of wavelength for a GaAs/Al
GaAs multiple quantum well structure at different exci
tation intensities. The GaAs wells are 100Å thick. The 
sample was grown by metalorganic chemical vapor de
position. 

semiconductors have large optical nonlinearities, especial
ly when exposed to light that is resonant with the band-
gap. Two types of semiconductor materials that exhibit 
even larger nonlinearites are multiple quantum wells 
(MQWs) and doping superlattices (DS).1 

Until this year, virtually all the studies of the nonlinear 

optical properties of M Q W s and DS had been performed 
using materials fabricated by a technique called molecular 
beam epitaxy (MBE). While M B E growth is invaluable as 
a research tool, it is difficult to scale up the process to 
produce large area devices. An alternative growth tech
nique, metalorganic chemical vapor deposition 
( M O C V D ) 2 , has been shown to produce electrical devices 
equal in quality to those fabricated by M B E and offers the 
possibility of much greater throughput. 

Earlier this year, a group at the University of Southern 
California observed saturable absorption in GaAs/AlGaAs 
M Q W s grown by M O C V D . 3 A careful examination of 
the optimum growth conditions led to M Q W s with dis
tinct excitonic absorption resonances at room tempera
ture. On the resonance, saturation intensities as small as 
250 W/cm 2 were observed—comparable to the best M B E 
grown M Q W s . Kramers-Kronig transformations of the 
measured absorption spectrum indicate corresponding 
changes in the index of refraction as large as 0.08. 

GaAs/AlGaAs M Q W s are typically grown on GaAs 
substrates that absorb strongly at wavelengths near the 
excitonic resonances. To observe the transmission of the 
M Q W s , the substrates are removed by selective etching. 
The etching procedure is difficult and leaves no supporting 
structure. Using M O C V D , the group at the University of 
Southern California has grown GaAs/AlGaAs M Q W s on 
transparent GaP substrates. Measurements of saturable 
absorption and electroabsorption verify the high quality of 
these materials. 

The same group has recently observed intensity depen
dent absorption in M O C V D grown GaAs doping super-
lattices. Although the changes in absorption are smaller 
than those observed in the M Q W s , the intensities required 
are less than 1 W/cm 2 . 

The observations in 1987 of large optical nonlinearities 
in multiple quantum wells and doping superlattices grown 
by metalorganic chemical vapor deposition mean the 
grown technique can be applied to a new category of de
vices. Furthermore, M O C V D can be readily scaled up to 
meet the needs of commercial production. It promises to 
be an important technology for the future of large scale 
fabrication of optical signal processing elements made 
from semiconductors. 
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