
ments. This phenomenon is of interest as it is a classic 
example of spontaneous symmetry breaking in a nonlinear 
system. We have identified this instability as being due to 
amodulational instability that develops around the peak of 
each spatial ring.5 

Highly nonlinear phenomena in optical waveguides 
present some novel opportunities for device applications, 
including optical limiting and switching.1,2 In particular, we 
have shown that a soliton emitted from one waveguide can 
be trapped in a second adjacent waveguide.2 This soliton 
coupler gives nonlinear directional-coupler action with the 
need for evanescent field overlap, and is not far removed 
from current spatial soliton experiments in glass6 if two 
adjacent waveguides were imbedded into the structure. 
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QUANTUM OPTICS 

C O H E R E N T TRANSIENT 
OPT ICAL P H E N O M E N A IN 
S E M I C O N D U C T O R S 

B Y D U N C A N S T E E L , U N I V E R S I T Y O F M I C H I 
G A N , A N D J A G D E E P S H A H , A T & T B E L L 
L A B O R A T O R I E S 

Coherent transient spectroscopy of resonances in gas 
phase atoms and molecules has provided considerable 
information on irreversible decay processes in these sys
tems due, for example, to collisions. However, despite the 
presence of strong resonances in semiconductors such as 
excitons, the rapid dephasing times even at liquid helium 
temperatures made the study of coherent optical phenom
ena difficult. 

The dephasing time is the scale for which an ensemble of 
coherently prepared excited states lose phase coherence. 
Excitation decay as well as inelastic and elastic scattering 
contribute to this process. However, the development of 
short pulse laser systems has made it possible to see these 
effects and other related phenomena in semiconductors. 
These experiments are providing new insight into the 
basic physics of electronic excitation and relaxation in 
these systems that are important for electronic and optical 
applications. This past year has seen several interesting 
reports of experimental progress. 

In a series of experiments, measurements have revealed 
the presence of quantum beats in the decay of the optical 
polarization of the heavy hole and light hole resonances in 
GaAs/AlGaAs quantum well structures1 ,2 as well as beats 

between free and bound excitons3 following coherent exci
tation with a short pulse. In general, quantum beats arise 
due to the coherent superposition of two-excited states 
oscillating at slightly different eigen frequencies. In GaAs, 
the light-hole and heavy-hole states are degenerate and no 
quantum beats would be expected. However, in quantum 
well structures, the degeneracy is lifted in the presence of 
one-dimensional quantum confinement. The quantum beats 
occur at the frequency corresponding to the heavy-hole 
and light-hole splitting. Quantum beats have also been 
reported in type II GaAs/AlAs quantum wells.4 

In closely related experiments, coherent excitation of an 
electrically biased asymmetric double quantum well pro
duced the first study of the dynamics of an extended wave 
packet in a solid. 5 A short optical pulse was used to create 
the packet and follow the coherent oscillations between 
the two wells. The period of the oscillation was determined 
by the potential- energy barrier height and width. The 
oscillation was observed in both transient four-wave mix
ing and transient absorption. These measurements pro
vided complementary information since the oscillations 
observed in four-wave mixing decayed due to the polariza
tion decay of the excited states, while the oscillations in 
transient absorption decayed due to dephasing of the 
coherent superposition that formed the wave packet. 

In other experiments, researchers reported the first 
observation of time resolved picosecond stimulated pho
ton echoes in semiconductors. A stimulated photon echo 
or three pulse echo is closely related to the classical two 
pulse echo, except that by using three time separate pulses, 
it is possible to simultaneously measure both the dephasing 
rate and the excitation decay rate. In the first experiments, 
a streak camera was used to time resolve the emission of 
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the st imulated photon echo created by coherent excita
t ion of the mixed crysta l CdSSe. 6 Using a backward st imu
lated photon echo, measurements were repor ted on 
dephasing and excitat ion decay of excitons in GaAs/A lGaAs 
quantum wel l s t ructures. 7 Long dephasing t imes were 
reported in both measurements and were attr ibuted to the 
fact that d isorder induced local izat ion results in reduced 
scatter ing rates. In the GaAs quantum wel l measurements, 
the t ime resolved measurements showed that the signal 
emission inc luded a delayed pulse cor responding to the 
echo, and a prompt pulse (coincident w i th the th i rd pulse) 
due to a free polar izat ion decay signal, showing the pres
ence of two classes of exci tons in these systems that is 
attr ibuted to disorder. 

In the presence of a magnetic field d i rected perpendicu
lar to the layers in a GaAs quantum wel l , the quasi two-
dimensional exci tons become further conf ined to quasi-
zero d imensions, leading to new interest ing phys ics . Using 
femtosecond laser pulses, transient absorpt ion measure
ments show that exciton-exciton Cou lomb interact ions are 
strongly modif ied by the increase in conf inement. 8 At high 
magnetic f ields (12 T) , Is electron-hole pairs behave l ike a 
gas of noninteract ing part ic les. The magnetic field also 
serves to spl i t the Zeeman substrates of the heavy hole 
exci ton. In the range of 2-4 T, quantum beats were ob
served between the spl i t rates of magneto-excitons. 9 The 
magnetic field dependence of the beat f requency enables 
a measurement of the cor responding Lande'g factor. 
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SQUEEZED LASERS 
B Y C . M . S A V A G E A N D T . C . R A L P H , 
A U S T R A L I A N N A T I O N A L U N I V E R S I T Y 

A s imple mechanism whereby lasers can " lase" squeezed 
light has recent ly been d iscovered . 1 - 5 Unl ike previous 
schemes, the pump does not have to be regular; rather, the 
atoms themselves regularize the pumping process. This is 
signif icant because opt ical measurements are ult imately 
l imited in their sensi t iv i ty by the l ight's quantum mechani
cal noise. 6 

Unti l recently, it was believed that laser light must have at 

S C H E M A T I C D I A G R A M O F T H E A T O M I C L E V E L S T R U C 

T U R E F O R T H E T H R E E - L E V E L L A S E R D I S C U S S E D IN T H E 

T E X T . 

least shot-noise. However, in 1987 Machida et al.7 operated 
diode lasers that produced sub-shot-noise light. This was 
achieved by control l ing the pump noise—that is, the noise in 
the injection current. The new theoretical result is that 
certain laser systems can intrinsically reduce the "pump 
no i se " and hence p roduce sub-shot -no ise ( in tens i ty 
squeezed) light. 

The phys ics of this squeezing is uncompl icated and 
appl ies to a var iety of laser systems. The key observat ion 
is that by d iv id ing a stochast ic process into steps it can be 
made less no isy . Consider the three-level laser shown in 
the figure. The relevant stochast ic process is the excita
t ion of an electron f rom the lower laser level |L> to upper 
laser level |U>, v ia level |G> The stochast ic var iable is the 
"pump-cycle t ime" for this exci tat ion to occur . Usual ly the 
decay rate out of |L> is fast to maximize the populat ion 
invers ion. However this means that the pumping is com
parat ively s low and hence that its noise dominates the 
pump-cycle noise. If the decay and pump rates can be 
made approximately equal , the percentage noise in the 
pump-cycle t ime is reduced, 2 - 4 the exci tat ion process be
comes more regular, and the laser becomes quieter. The 
more the pump cyc le is d iv ided into transi t ions wi th nearly 
equal rates, the more regular both the exci tat ion process 
and the laser light become. The effect had prev ious ly gone 
unnot iced because laser theorists usual ly made the ap-
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