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FIGURE 1. (a) Reflected intensity from a rigid net-
work of colloidal silica. The “speckle” reflections
Jrom 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. (¢) 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
al.5 and Wolf et al.5 have independently reported ex-
periments that revealed coherent backscattering
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 will 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 unified our view of wave phenomena
in disordered materials.
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FEDERICO CAPASSO
AT&T BELL LLABORATORIES
MURRAY HiLL, N.].

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

This gives rise to a new photoconductive mecha-
nism controlled by tunneling. Since the electron mo-
bility perpendicular to the layers depends exponen-
tially on the supperlattice gain thickness, it follows
that the electron transit time, the photoconductive
gain, and the gain-bandwidth product can be artifi-
cially varied over a wide range. This allows greater
versatility in device design than is available with
standard photoconductors.

High-performance infrared photoconductors utiliz-
ing effective mass filtering were recently demonstrat-
ed.3 The devices, grown by molecular beam epitaxy,
consisted of 100 periods of AllnAs (35 A)/GalnAs (35
A) between two contact layers and responded to
wavelengths in the 1.6-1.0 pm region. These detec-
tors exhibit high current gain (up to 2 X 104) at very
low voltage (= 1 V), with response times in the 1074
sec range. The low bias operation cuts down on the
device noise, which was only =3 x 10714 Watt(Hz)".
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 tunneling through a superlat-
tice.4 If the quantum wells are weakly coupled (rela-
tively thick barriers), the state of a superlattice is well



described by the quasi-eigenstates of the individual
wells. Suppose now that a uniform electric field is ap-
plied to the superlattice. As the bias is increased, at
some point the energy potential drop across the sup-
perlattice period equals the energy difference be-
tween the first two levels of the quantum well. At this
point, resonant tunneling occurs between the ground-
state of the nth well and the first excited state of the
well, followed by intrawell energy relaxation by pho-
nons.

This process is repeated sequentially through the
superlattice. Two pronounced peaks were observed
in the photocurrent of a reverse-biased molecular-
beam-epitaxy grown p*in™ diode. The low-doped i
region had 35 periods of AllnAs (135 A)/GaInAs (135
A). The voltage position of the two peaks divided by
the number of periods (35) gave exactly the calculated
energy difference between the first two excited states
and-the ground states of the quantum wells. This pro-
vides direct evidence of sequential resonant tunnel-
ing through the superlattice.

There are some potentially important device appli-
cations of this effect, including a semiconductor laser,
proposed by Kazarinov et al., 3 which will emit in the
infrared region of the spectrum, from 5 pm to 10 wm,
depending on the well thickness.
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Improved calibration standards
in laser-Stark spectroscopy
W.H. WEBER

PHYSICS DEPARTMENT, RESEARCH STAFF
FOoRD MOTOR CO., DEARBORN, MICH.

Two recent developments promise major improve-
ments in both the electric field strength calibration
and laser frequency standardization of Stark-tuned
Lamb-dip spectroscopy, a technique developed over
15 years ago which has become a widely used tool for

high-resolution studies of molecular vibration-rota-
tion spectra.

In its simplest form, Stark-tuned Lamb-dip spec-
troscopy involves measurement of the absorption of a
laser beam in an optical cavity versus the measured
electric field strength produced in a Stark cell, in the
same cavity, containing the molecule being studied.
Narrow resonances (Lamb dips) are observed when-
ever a molecular transition is Stark-tuned into coinci-
dence with the laser frequency.

In principle, the precision of the measurements
should approach the 10-kHz to 20-kHz linewidths ob-
tainable from a typical infrared gas laser, but in prac-
tice the precision is much worse. The laser center fre-
quency is often uncertain by several MHz. Since the
positions in field strength of the Lamb dips depend
upon this frequency, its uncertainty precludes using
them for accurately calibrating the electric field
strength measurements against known standards such
as the oxygen carbonyl sulfide (OCS) dipole moment.

Promising improvement in electric field strength
calibration is the discovery of accidental three-level
cascade-type double resonances in several ammonia-
type molecules: in the 10-pum region of PHs (Ref. 2) in
the 6-um region of 1SNHs (Ref. 3), and in the 5-pum
region of PD3 (Ref. 4). These resonances are narrow
sub-Doppler features that can be characterized as
two-photon absorptions with an exactly resonant in-
termediate state. When observed in an optical cavity,
they occur in pairs. One is associated with co-propa-
gating absorption (both photons from one beam), and
the other is its counter-propagating partner (one pho-
ton from each of two opposed beams).

The co-propagating resonances are particularly sig-
nificant since they can be observed under single-pass
conditions (ne cavity) and their resonant field
strengths are independent of the laser frequency. In
this regard, they are similar to level-crossing and anti-
crossing resonances seen earlier in the laser-Stark
work, but are stronger and narrower and thus more
suitable for calibration standards.

A laser-microwave double resonance method has
been used to calibrate two of these three-level reso-
nances against the widely-used OCS dipole moment
standard.+6 Relative accuracies of 10.ppm for the 10-
pm PHas resonances and 25 ppm for the 5-um PDs3
resonances were obtained. These exceed the preci-
sion of 50 ppm with which the OCS dipole moment is
known.

On the laser frequency standardization front, it has
been demonstrated that the saturation Lamb dips in
an intracavity Stark cell can be used to frequency-sta-
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