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carrier densities. This peak decreases in amplitude with 
increasing carrier density, because of the filling of the 
electron and hole states, and the increased effectiveness 
of plasma screening of the attractive Coulomb poten
tial between electrons and holes. Furthermore, Figure 1 
clearly shows that the gain peak is red shifted in com
parison to the exciton resonance by several tens of 
milli-electronvolts. Also, we note the simultaneous 
appearance of an absorption resonance and gain at 
higher carrier density (Curve b). The absorption peak 
at high carrier density illustrates the effect of interband 
Coulomb attraction (excitonic enhancement) even in 
the presence of gain. These results are quite general for 
all wide-bandgap lasers. High temperature mitigates 
the phenomena, while quantum confinement enhances 
them. The stronger Coulomb effects in wide-bandgap 
compounds also lead to a smaller anti-guiding or 
linewidth enhancement factor than found in III-V 
infrared lasers. 
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High Brightness, Eye-safe 
Lasers 
James T. Murray and Richard C. 
Powell, Optical Sciences Center, 
University of Arizona, Tucson, Ariz. 
and William Austin, Lite Cycles Inc., 
Tucson, Ariz. 

T he 1.5 μm spectral region is of sig
nificant interest because it is "eye-

safe" with low loss atmospheric and 
fiber transmission. Applications involv
ing these special features have driven a 
significant amount of research on high 
power laser sources at this wavelength. 

Most 1.5 μm laser designs are based 

on nonlinear optical conversion techniques such as 
optical parametric oscillators. These suffer from prob
lems associated with requirements for wavelength, tem
perature, and angular acceptances, low conversion effi
ciencies, and thermal birefringence. Frequency conver
sion with Raman gas cells has also been demonstrated, 
but these systems are not as rugged, compact, and effi
cient as an all solid-state system. 

A unique all solid-state, intracavity Raman laser 
operating at 1.56 μm has been developed.1,2 The opti
cal layout2 is based on an innovative coupled cavity 
design using a Nd:YAG laser operating at 1.3 μm and a 
Ba(NO3)2 crystal that uses the breathing mode vibra
tion of the nitrate molecular ion at 1047 cm-1 to shift 
the operation wavelength through stimulated Raman 
scattering to the desired output wavelength. The high 
Raman scattering cross section and narrow linewidth of 
the first Stokes emission leads to a high Raman gain3 

for Ba(NO3)2. 
The importance of this laser is associated with the 

operating characteristics of the output beam that have 
not been achievable at 1.5 μm with any other solid-state 
laser. These include: excellent beam quality with near 
diffraction limited output; efficient energy extraction; 
high optical conversion efficiency of 85% (quantum 
limited); and high energy per pulse leading to high 
average power operation. Several versions of this laser 
system have been built with pulse repetition rates vary
ing from single pulse to continuous wave. Lasers oper
ating at 100 Hz can be scaled to well over 0.25 J/pulse. 
Figure 1 shows the result of the Raman beam cleanup. 

This breakthrough in the technology of high bright
ness lasers with high wall-plug efficiencies is a result of 
detailed optical modeling of the laser system leading to 
an optimized design. Modeling is required to match 
cavity modes and stability ranges to optimize conver
sion efficiency, produce high beam quality, compensate 
for astigmatism, and account for thermally induced 
cavity mode dynamics. This is an ideal source for 
pumping nonlinear optical frequency converters. 
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Figure 1. Beam cleanup in a solid-state Raman laser. (a) Output of pump laser at 
1.33 μm; (b) Output of 1.56 μm Raman laser. 
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Compact Solid-State Dye 
Laser Oscillators 
F. J. Duarte, Eastman Kodak Company, Rochester, 
N.Y. 

S olid-state dye lasers1,2 were first discovered in 1967. 
Following a long period of relegation to the 

archives, these tunable lasers have experienced a strong 
resurgence in interest from researchers around the 
world. Much of this activity is focused on the develop
ment and demonstration of new low-cost laser gain 
materials. The availability of these materials, such as 
dye-doped modified PMMA and ORMOSILS, have 
shifted the interest in the dye laser field from traditional 
high-power devices to compact solid-state sources. 

For many applications, in addition to tunability, 

lasers are required to yield highly coherent emission. 
This enables traditional tunable dye lasers, for example, 
to be applicable to a wide variety of fields such as fun
damental physics, spectroscopy, isotope separation, and 
lidar. 

Until recently,3 the element of narrow-linewidth, or 
highly coherent emission, was absent from the realm of 
the solid-state dye laser. A significant improvement in 
this area was made possible by the availability of high 
optical quality dye-doped modified PMMA materials 
that were then incorporated in very compact multiple-
prism grating oscillator configurations.4 These disper
sive oscillators have been configured in cavities as short 
as 55 mm and have yielded TEM 0 0 beams and single-
longitudinal-mode emission at laser linewidths as nar
row as 420 MHz. Tunable single-longitudinal-mode 
emission coupled with near-Gaussian temporal pulses4 

and good beam quality, open a whole gamut of applica
tions for these new compact oscillators. 
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Young's Double-Slit 
Interferometry within an Atom 
Michael W. Noel and C. R. Stroud, Jr., Institute of 
Optics, University of Rochester, Rochester, N.Y. 

Y oung's double-slit interference is fundamental to 
our understanding of the coherence properties of 

any wave phenomenon. It has played a major role in the 
development of optical coherence theory.1 The quan
tum mechanical deBroglie waves described by 
Schrödinger's equation have coherence properties that 
can be studied in much the same way as optical waves. 
In a recent paper2 we demonstrated a version of 
Young's double-slit interferometer in which the 
deBroglie wave associated with a single valence electron 
in a potassium atom is split into two wave packets that 
are ejected into a Rydberg elliptical orbit about the 
nucleus. The two packets are injected one at a time with 
a relative delay such that they are centered on the oppo
site sides of the orbit, separated by approximately 

0.5 μm. These two wave packets then act as secondary 
sources just as the slits in Young's interferometer. The 
two wave packets propagate around the orbit and dis
perse due to the nonlinear nature of the Coulomb 
potential. Eventually, the two packets overlap and inter
ference fringes are formed. The fringe pattern can be 
controlled by adjusting the initial relative phase 
between the deBroglie waves of the two wave packets. 

The actual experiment was carried out using fre
quency doubled 25 psec pulses from a synchronously 
pumped mode-locked dye laser to excite the valance 
electron of potassium atoms in a collimated atomic 
beam. The laser pulse was sent through a series of beam 
splitters and delay lines whose optical path lengths were 
actively controlled by a servo-system to an accuracy of 
approximately one-hundredth of an optical wavelength. 
This arrangement allowed illumination of the atom 
with a series of three pulses whose amplitudes and rela
tive phases could be controlled very accurately. The 
wavelength of the laser pulses was chosen so that they 
each excited a coherent superposition of approximately 
five Rydberg levels in the vicinity of principal quantum 
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