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experiment were that poling introduced no additional 
loss and that there was a factor of greater than 10 margin 
between the oscillation threshold and the damage limit. 

We have built a variety of QPM OPOs using bulk 
PPLN.5 With 25-mm long crystals and 1.064-μm, 7-
nsec Q-switched pump lasers, we measured oscillation 
threshold of 6 μJ. These PPLN OPOs run robustly, with 
typical pump conversion of 70% at 8 times threshold, 
and operation at 25 times threshold without damage. 
Large gain and noncritical phasematching make PPLN 
well-suited to low peak power applications, such as with 
high-repetition-rate, acousto-optically Q-switched 
diode-pumped solid-state pump lasers and cw pump 
lasers. We recently demonstrated a doubly resonant 
OPO directly pumped by a commercial cw diode laser. 
Thresholds for cw singly resonant OPOs of less than 10 
W are also possible. 

The flexibility of QPM OPO designs is illustrated by 
our recent demonstration of a device consisting of mul
tiple grating sections fabricated on a single chip. This 
multi-grating OPO is tuned by translating the crystal 

through the resonator. We demonstrated tuning from 
1.36-4.84 μm with 1.064-μm pumping. This experi
ment shows the level of domain pattern control now 
obtainable in bulk PPLN. In the future, we expect to 
build devices with tailored phasematching curves and 
with multiple nonlinear processes on a single chip, as 
shown in Figure 1. 
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LASERS 
Gain Theory of Wide Gap 
Semiconductors 
W. W. Chow, Sandia National Labs, Albuquerque, 
N.M., and A. Knorr and S. W. Koch, Fachbereich 
Physik, Philipps Universität Marburg, Marburg, 
Germany 

S emiconductor lasers based on wide-bandgap semi
conductor compounds have substantial application 

potential because they can provide output with wave
lengths covering almost the entire optical spectrum, 
including the range from green/blue to ultraviolet. At 
present, operation of II-VI semiconductor lasers has 
been demonstrated at room temperature with injection 
current pumping.1 Light emitting diodes (LEDs) based 
on group III-nitride heterostructures are commercially 
available, and lasing in bulk GaN was recently achieved 
using optical pumping.2 

Since wide-bandgap lasers are in the early stage of 
development, the detailed physical mechanisms affect
ing their behavior are under active investigation. The 
results of experimental investigations show that the las
ing frequency is red-shifted with respect to the unexcit
ed exciton resonance, and an absorption resonance is 
present at densities that are sufficiently high for gain to 
occur. 

In recent publications3,4 we presented theoretical 
results showing that the experimentally observed gain 
characteristics are significantly influenced by the strong 

Coulomb correlation effects in wide gap semiconduc
tors. Using the Maxwell-Semiconductor Bloch 
Equations,5 which provide a consistent treatment of 
many-body Coulomb effects at the level of the screened 
Hartree-Fock approximation, we analyzed gain spectra 
of bulk group III-nitride and II-VI quantum well struc
tures. A typical result is shown in Figure 1. We clearly 
see a pronounced excitonic absorption peak for low 

Figure 1. Computed gain spectra at T = 77K, for bulk GaN at carrier 
densities, N = (a) 1 0 1 7 c m - 3 and (b) 1 0 1 8 c m - 3 . EgO is the unexcited 
GaN bandgap energy at 77K. 
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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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