230 / 0SA Annual Meeting

grating-surface-emitting diodes coupled ei-
ther as a linear array or in a ring configura-
tion. A realistic model incorporating power
saturation, saturable losses, and saturable
dispersion effects is established. Optimiza-
tion of operation by injection-current control
and phase modulation is studied. Modeling of
the general (nonsymmetric) ring geometry is
more complicated than the corresponding
linear array because the number of un-
knowns is four instead of two. We show an
approach that reduces the number of general
ring unknowns to two.
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A number of visible upconversion lasers
have been demonstrated using near-IR
sources to pump short monolithic laser crys-
tals doped with Er3*, Nd3+, or Tm3* ions at
low temperatures.}2 In many cases the spec-
tral widths of the emission lines were compa-
rable with the frequency spacing of the cavity
modes, and the upconversion lasers operated
in a single longitudinal mode. Recently, blue
laser operation at 469.7 nm was achieved by
using red or near-IR dye laser radiation for
upconversion pumping of a 3.6-mm-long
laser crvstal of Er:YLiF4 with mirror coatings
directly applied to the spherically (r = 2 cm)
polished end 1aces.2 This laser operates on the
“P3n - 4112 transition of Er37, which has a
homogeneous linewidth of 16 GHz at low
temperatures. The free spectral range (FSR)
of the short monolithic laser crystal was 29
GHz. To achieve laser oscillation, the laser
mode frequency must overlap with the nar-
row emission line and, consequently, the
laser operates in the TEMjk mode that exhibits
the lowest pump threshold considering the
frequency match of the cavity modes and the
gain spectrum and the spatial overlap of the
faser and pump profiles. Systematic studies of
the laser mode selection were performed by
applyingamagnetic field to the Er: YLikF4 crys-
tai and observing the far field of the laser
output and measuring the laser frequencies
with a scanning Fabry-Perot interferometer.
With appropriate adjustment of the magnetic
tield, Zeeman tuning of the biue Er3* laser
transition could be used to obtain laser oper-
ation in the TEMoo mode. Sufficiently large
detuning of the magnetic field resulted in
TEMo; mode operation, and further changes
of the field led to a switching of the modes
trom TEMok to TEMgk +1 modes every 2.5kG.
The Zeeman tuning of the 2P32 = 41112 emis-
sion line was 2.1 GHz/kG. The measured 5.2
GHz spacing of adjacent TEMok modes is in
good agreement with theoretical calculations
tor higher-order Gaussian modes in this ge-
ometry. The blue upconversion iaser oper-
ated between 1.5 and 35 K, and in this range
the iaser mode frequency was measured to
exhibit a temperature tuning rate of 140
MHz/K.
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Using a cw Ti3+:sapphire laser operating
near 800 nm, to pump Er:YLiF4 and Er:BaY2Fs
laser crystals, we have obtained laser oscilla-
tion from upper levels 4h3p, 4172, 4Fen, 1530,
2Hop, 4G112, and 2P35 of the Er3+ ion. We will
summarize the observations to date, covering
0.47-2.7 um. Five of the upper laser levels are
above the pumped level and therefore must
require that cooperative energy sharing pro-
cesses be occurring or involve a sequential
absorption of two, three, or more pump pho-
tons, or both. To our knowledge, the laser at
470 nmis the first blue laser to be excited with
a single IR pump. Previous reports of blue
operation have required either a pair of yel-
low pump photons or a combination of a
visible and a near-IR pump to achieve a cas-
cade absorption pumping pathway. An exam-
ination has been reported by Xie and Rand!
of the appearance of instabilities that occur
under conditions of nonlinear coupiing be-
tween the several state populations. [t ap-
pears likely trom our observations, that for
many of the above systems, an accurate de-
scription of the laser behavior will need this
complex nonlinear analysis.
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The mode-locked Nd:glass laseris of inter-
est as a source of short puises because of its
iarge fluorescence bandwidth (5.3 THz). This
lasing medium 1s particularly suited to pump-
ing by iaser-diode arrays, and the perfor-
mance of several AM mode-locked
laser-diode-pumped Nd:giass lasers has been
reported.]ZWe present what we believe to be
the first report ot an FM mode-locked laser-
diode-pumped Nd:glass laser. The laser cav-
ity used in our experiment was an
astigmatically compensated 3-mirror cavity.
The active medium, a 1.2 mm thick disk of
highly doped LG760 giass, was inserted at the
focus of the cavity at Brewster’s angle. With

1.5% output coupling we have o
power of 35 mW for 400 mW incide
glass. The FM modulator was a Bre
gled LiNbOs3 crystal. Its insertion
determined to be 3%. The modulate, w
driven at a 235 MHz, by 1-2 W of ¢f pOWIs
The phase retardation was 0.7 rad. The Pul:
duration, which was measured by means of
standard autocorrelation techniques, was §
ps (assuming a Gaussian pulse shape), ang
the laser bandwidth when mode-lockeq was
71 GHz. The maximum mode-focked Power
output was 14 mW. Detailed performance
characteristics of this laser will be presenteq
and tuture development of this system wil pe
discussed.
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A stochastic mode-locking model has been
developed to study the effect of intrinsic
spontancous noise and carrier shot noise on
the phenomenon of active mode-locking in
external-cavity semiconductor lasers. This
frequency-domain numerical model inciudes
nonlinear carrier dynamics, population pul-
sation, and sell- and cross-saturation of the
gain and is sufficiently flexible to account tor
coupling of multiple harmonic field compo-
nents. The computer simulation of noise fol-
lows Marcuse’s approachl! except that,
because of active modulation, the Langevin
noise strengths are allowed to depend on the
time evolution of the gain and photon num-
ber. The resulting numerical simulation mod-
els the pulse-height probability distributior:
and the correlation of pulse height deviations
under various operating conditions, such as
the bias level, modulation strength, modula-
tion type, and frequency detuning. The array
of optical pulses are also numerically sampied
and averaged to reveal the detailed stable
structure of pulses, including possibly the
reproducible satellite peaks, as have been ev-
idenced in other experiments.
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