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Special  Issue Papers 

Introduction to the 
Sp.ecial Issue  on  Optical  Bistability 

PTICAL bistability can be defined as  the  existence of 
o t w o  stable output  optical  states for a single input op- 
tical state.  The  subject per se began with the study of the 
optical transmission of a  saturable  absorber in a Fabry- 
Perot.  Experiments revealed that,  more often, optical bist- 
ability resulted  from  a  nonlinear refractive index.  Char- 
acteristic hysteresis and  nonlinear  transfer  curves inspired 
researchers  to envision optical computation and signal 
processing using bistable optical devices. Observations of 
all-optical switching in semiconductor etalons at milli- 
watts of input light  indicated practical and .inspired fur- 
ther  research.  Additional theoretical and experimental 
studies showed that not all solutions were  stable,  that  there 
were dynamic  instabilities, sometmes leading to the pre- 
diction of optical chaos.  Furthermore, plane wave analyses 
were shown to be  limited  in  their applicability, and trans- 
verse effects due to nonuniform spatial  distributions were 
investigated. Lastly, the  design of  new devices was ex- 
plored, with the identification of numerous examples ex- 
hibiting optical bistability. Thus, the field no longer con- 
sists merely of a  nonlinear  Fabry-Perot, but  may include 
compound cavities, hybrid combinations of optical and 
electronic components, and several implementations with- 
out any cavity. 

This Special Issue  contains  papers which highlight the 
state of the  art  in  a  number of expanding areas.  The im- 
portant observation of bistability in semiconductor etalons 
using the  large  nonlinearities  at  the  bandgap has led to the 
implementation of several optical switching schemes which 
may have practical applications.  Some of these  are ex- 
plored in  the  first  section.  The second section contains 
studies of optical bistability in several new semiconduc- 
tors. 

With the indication that  optical  switches may indeed  be 
practical, considerable attention has been focused on  the 
instabilities which  may occur  due to transverse  spatial  ef- 
fects,  to  dynamic  effects,  or to the  introduction of noise. 
The next four sections, of this  Special  Issue  address var- 
ious aspects of these  questions. Both theoretical  and  ex- 
perimental  progress are being made along many lines. 

A new focus of research in  the  last year has been the 
understanding of conditions  under which bistability may 
exist without a cavity, with particular emphasis on absorp- 
tion-induced bistability. Semiconductor structures utiliz- 
ing electrooptic effects offer promise of exceptionally large 
sensitivity. The section devoted to absorption-induced 
bistability highlights  these  recent  studies. 

In addition  to optical bistability in media with a nonlin- 
ear  refractive index or  absorption, bistability and  instabil- 
ities have long been studied in lasers. Included in this is- 
sue  are several interesting  papers describing effects seen 
in  COz  and  semiconductor  lasers. Finally, theoretical work 
i s  reported on new geometries as well as new mechanisms 
of bistability. 

This issue represents  a rather broad overview of the field 
of optical bistability at the  time  this  issue went to press. 
In  December  there will be  a Topical Meeting on Optical 
Bistability which should provide an even more  up-to-date 
view of the field and  its  potentialities. 
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