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Gmachl Figure 1. Single-mode spectra obtained at nine different 
heat sink temperatures between 77 K and 310 K from a QC-DFB 
emitting around 7.8 mm wavelength. Inset: Schematic device 
design of a QC-DFB with top grating. The filled region indicates the 
QC active material. 

material. This grating provides a strong modulation of 
the real part of the waveguide refractive index together 
with a small modulation of the loss component. Bragg 
scattering from the grating, together with the loss mod
ulation, results in reliable single-mode emission. While 
the first approach has the advantage of easy fabrication, 
the second offers stronger coupling with no additional 
loss, resulting in an overall improved device perfor
mance. 

Figure 1 shows single-mode spectra of a Q C - D F B 
emitting around 7.8 m m obtained at nine different heat 
sink temperatures between 77 K and 310 K. The tuning 
of the mode is achieved mainly through the tempera
ture dependence of the refractive index. 

Continuously tunable, pulsed single-mode operation 
of Q C - D F B s in the wavelength range of 5.2-11.6 μ m 
has been observed. The side mode suppression ratio is 
as high as 30 dB. Peak optical powers of 60 m W at 300 K 
and 5.4 μ m are obtained. The maximum single-mode 
tuning range at this wavelength was 70 nm with a tun
ing coefficient of 0.35 nm/K. At 7.8 μ m wavelength peak 
optical powers of 12 m W at 300 K are obtained. The 
maximum single-mode tuning range at this wavelength 
is 150 nm with a tuning coefficient of 0.53 nm/K. 
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Non-Markovian Memory Effects in GaN 
Semiconductor Optical Amplifiers 

S. Hughes, Dept. of Physics, Washington State Univ., Pullman, 
Wash. 

T he physics of group III nitrides, like A1N and G a N , 
is currently coming out of its infancy and has been 

receiving a great deal of attention lately, pr imar i ly 
because of the use in short-wavelength laser diodes. 
Subsequently, and as a consequence of the growth tech
nology of G a N and related devices, high-eff iciency 
light-emitting diodes have been developed. 1 Moreover, 
emission wavelengths between 390-430 nm have been 
observed at room temperature—the lowest ever demon
strated by a semiconductor laser. 

A n important goal in optimizing G a N diode lasers 
involves understanding the microscopic interactions that 
are responsible for gain and stimulated emission. Recent
ly, theoretical studies of G a N have focused on optical gain 
calculations, band structure, and carrier-carrier scattering 
within the Markov approximation. In the latter work, it 
was found that G a N laser devices yield very large carrier-
carrier scattering rates (significantly larger than those of, 
e.g., GaAs) in part due to the large excitonic binding 

Hughes Figure 1. (a) Calculated polarization damping function due to 
intraband carrier-carrier scattering between two quantum states near 
the electron-hole transparency point for GaN. The incoherent density 
is 4 x 1 0 1 8 c m - 3 at room temperature, and the wave numbers are in 
units of inverse Bohr radius. (b) As in Figure l a , but for GaAs. 
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energies and in part to the effective mass properties. GaN 
has an excitonic binding energy of 22 meV, which is more 
than 5x greater than that of GaAs (Ex = 4.2 meV). 

On very short times, the semiconductor many-body 
system has a memory of its earlier states—which can 
manifest in a substantial modification of the dynamical 
dephasing processes. In this regime, one requires a 
kinetic theory beyond the usual Boltzmann kinetics 
with energy conservation for each of its collisions. It has 
been demonstrated that the phenomenological inclu
sion of memory effects in the description of dephasing 
processes reduces the artifacts in the local linear gain 
spectra brought about by the dephasing-rate approxi
mation. Additionally, in the nonlinear regime, the inclu
sion of memory effects was seen to significantly affect 
the dynamical pulse reshaping processes; in particular, 
the threshold for the saturation of the gain becomes sig
nificantly reduced—even for excitation by 150 fsec opti
cal pulses and memory times of 3 fsec.2 The important 
point in obtaining quantitative agreement with experi
mental measurements seems to be that the lineshapes 
obtained at typical gain plasmas are non-Lorentzian.3 

Non-Markovian carrier-carrier memory effects have 
been calculated recently for the wide-gap GaN optical 
amplifier.4 A typical polarization damping (real contri
bution only) is shown in Figure la for GaN. As can be 
recognized, the damping is proportional to t2 for a short 
t (< 20 fsec), and proportional to t for a significantly 
longer t. Surprisingly, the deviation from the Lorentzian 
result (pure-dephasing) continues up to the respective 
times of 200 fsec and 50 fsec for the electrons and holes. 
For GaAs (see Fig. lb), deviation from the linear decay 
continues up to 100 fsec and 20 fsec for the electrons 
and holes, respectively. A simple stochastic memory 
function was found to fit the detailed non-Markovian 
dynamics very well, and subsequently correlation times 
for GaN were found to be 4 fsec and 15 fsec for the elec
trons and holes, respectively; these are significantly 
longer (approximately double) than those calculated for 
GaAs at an equivalent plasma density. Correlation life
times are important for predicting the dynamical prop
erties of laser diodes from the microscopic carrier-carri
er scattering parameters and for aiding the more simple 
phenomonological semiconductor laser theories to 
incorporate the effects of memory. 
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Build-up of the Spatial Coherence in a 
Discharge Pumped Table-top Soft X-ray 
Laser 
M.C. Marconi, J.L.A. Chilla, C.H. Moreno, B.R. Benware, and 
J .J . R o c c a , Dept. of Electrical Engineering, Colorado State 
Univ., Fort Collins, Colo. 

T he rapid development of soft X-ray lasers opens the 
possibility for the widespread use of very intense 

table-top sources of soft X-ray coherent radiation. Good 
spatial coherence will be essential in realizing the full 
potential of these new lasers in nonlinear optics, holog
raphy, and interferometry. We have observed, for the 

Marconi Figure 1. (a) Measured diffraction patterns for plasma 
lengths between 8 and 16.4 cm. (b) Cross section of (a) obtained 
in the region of maximum fringe visibility. (c) Corresponding dif
fraction pattern computed according to a wave-optics model. 
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