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dimensionality lower than the by-now-familiar quantum 
wells, is expected to improve the performance of lasers 
and nonlinear optical devices. With varying degrees of 
success, teams of researchers have made quantum wires 
and dots in various ways—for example, by etching free
standing structures, by defining buried structures by ion 
implantation, and by growing them directly on patterned 
or unpatterned substrates. 

We have developed and demonstrated a new technique 
for lateral confinement of excitons near semiconductor 
surfaces, that uses patterns of inhomogeneous strain. 1 - 3 

This confinement technique is unique in that it is univer
sally applicable to almost all semiconductors, without re
gard to their fabrication characteristics, growth properties, 
or crystal structure. 

Strain confinement works by locally altering the energy 
level structure of carriers by patterned strain that is gener
ated by patterning etching wire or dot stressors from a 
uniformly strained overlayer. Relaxation of the compres
sion in those structures is accompanied by dilation of the 
underlaying semiconductor in the region near the center of 
the stressor. As pictured in the figure inset, this dilation 
results in a reduction of the bandgap and creates a poten
tial well for excitons. 

Evidence for stable trapping of excitons in an array of 
strain-induced wires within a continuous semi-conductor 
quantum well is shown in the figure. The upper spectrum, 

5 K photoluminescence spectra from a unpatterned (up
per) and patterned (lower) 9 run thick GaAs quantum 
well. Inset: spatial variation of the conduction band 
minimum for a rectangular wire. 

with a peak at ~ 795 nm, is that of an unpatterned GaAs 
quantum well with A lGaAs barrier layers. The lower 
curve is that of a nearby region of the same sample that 
has been patterned with an array of linear stressors 350 
nm wide. These stressors were etched from a 160 nm thick 
layer of amorphous, highly compressed carbon that was 
deposited directly onto the upper barrier of the GaAs 
quantum well. Excitons trapped in the wires recombine at 
811 nm. This luminescence red shift is the measure of the 
lateral potential well, here 31 meV. Excitons recombining 
in the well regions between the wires are the source of the 
emission peak at ~794 nm. Lateral potential wells for ex
citons of up to 50 meV have been achieved in dots pat
terned on a GaAs epitaxial layer. 
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There has been considerable interest in the electric-field 
dependence of optical properties of semiconductor 

quantum-well structures.1 ,2 We have extended these elec
tric-field studies to quantum dots, i.e., to structures con
fined in all three dimensions. 3 , 4 The new CdTe quantum-
dot glass first reported here is especially suited for electric-
field effects because of the large Bohr radius, aB = 73 Å; it 
has as many as six quantum-confinement peaks in the ab
sorption spectrum with dot radii, ro = 36 Å. The observed 
changes in the absorption spectrum (see top figure) are 
interpreted to arise mainly from a red shift of the lowest 
transition and the redistribution of the oscillator strength 
as forbidden transitions are opened up by the symmetry-
breaking action of the external field. This interpretation is 
made plausible by a spherical-coordinate-system calcula
tion (upper figure), that neglects the Coulomb interaction; 
it is similar to that for cuboidal structures by Mil ler, 
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The shapes of the changes in the absorption spectra at 
8K for a uniform external field (b) or photo-induced (c) 
are indistinguisable above the peak of the lowest transi
tion and very similar to the spectrum calculated (a) for a 
uniform field (and for point charges at z = ± 1.1 ro ex
cept 8a is ten times larger for the point charges). 

Chemla, and Schmitt-Rink,5 and predicts a differential ab
sorption spectrum in good qualitative agreement with the 
data. 

This quantum-dot Franz-Keldysh experiment was moti
vated by our conclusion from other evidence that photo-
induced absorption changes result from electric fields aris
ing from trapped carriers. Wang et al., independently and 
using very different evidence, also deduced that the optical 
nonlinearity of CdS clusters arises from the presence of 
trapped carriers on the cluster surfaces.6 The lower figure 

shows the observed change in absorption coefficient pho
to-induced by a 2-µs, 644-nm, 30-kW/cm 2 pump. Its 
shape is indistinguishable from the measured electric-field 
spectrum of the center figure. We attribute these photo-
induced absorption changes to the creation of electric 
fields within some of the dots, primarily because the pho
to-induced absorption changes last for nanoseconds or 
longer, characteristic of long-lived trap states. In fact, it 
was the amazing similarity of the differential absorption 
spectra of nanosecond 7 , 8 and microsecond (lower figure) 
excitation and even of photodarkening8 that led us to the 
trap electric-field hypothesis. 

In summary, measurement of the quantum-confined 
Franz-Keldysh effect in quantum dots has been made,9 

and the close similarity to the photoinduced differential 
absorption adds substantially to the growing evidence that 
nonlinear optical effects, except at the earliest times, arise 
primarily from the electric fields of trapped carriers. 6 , 1 0 

Therefore, traps must be eliminated or permanently satu
rated if quantum-dot nonlinearities are to recover rapidly, 
for example, as needed in an all-optical switch. 
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