510 / CLEO 2002 / THURSDAY AFTERNOON
discrepancy between theory and experiment in
cavity length is within 2% and in stability range is
within 10%.
In conclusion, multi-reentrant ring laser is
demonstrated. We have successfully derived the
reentrant condition and get a good agreement
with the experimental results for the planar and
non-planar ring cavities. The stability criteria
have also been analyzed. Long round-trip length
can be achieved with short cavity length by using
the multi-reentrant ring laser cavities. The ring
lasers have potential applications in such as short
cavity mode-locked laser and high-sensitivity
trace gas detection.
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Simple and Efficient Pumping Scheme for
Sidepumped Laser Rods
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Moderate power lasers (few tens of watts) with
relatively good beam quality (M2 = 5 - 10) found
many potential industrial applications. Sidepumped geometries with high-power diode-laser
bars as pump source have been widely adopted
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Laser performance of a 2 mm N d YAG rod in a plane-plane cavity.

for this kind of lasers.However it is difficult to design a pumping chamber with both high coupling
efficiency and good pump power deposition, especially for small diameter rods.
We circumvent this difficulty by simply putting a reflector directly on the diode bar submount.’ Namely the cupper mount is polished
and gold coated in order to reflect the pump light
which has not been absorbed by the first path
through the rod, as seen on figure 1. By assembling three such diode bars around a 2 mm laser
rod calculations show that up to 75% of the
pump power are absorbed by a 1.1% doped
NdYAG rod. It should be pointed out that no
guiding or shaping optics is needed and that this
simple and robust scheme is inseiitive to the
alignment of diode bars. The system is scalableby
simply adding more diodes around the rod.
If the diodes are at the right distance (from the
rod center) as given by the ray tracing simulation’
the distribution of the pump light is uniform over
the rod cross section. Homogeneous pump deposition is important to minimize spherical aberrations due to the non-parabolic temperature gradient in the rod?
To confirm the calculations we constructed a
pump chamber using six custom-made 30 W
laser diodes emitting at 807 nm from Thalks Laser
Diode (France). The cupper submounts are polished and gold coated with a reflectivityof appromately 90%. The 2 mm Nd:YAG rod (doping :
1.1% at. Nd) is ground polished in order to get
the best homogeneity. The measured fluorescence
is very flat over the rod cross-section, as expected.
The plane-plane cavity we used for the experimental work is 25 cm in length and has a 90% reflectivity output coupler. The laser threshold is at
35 W pump power and the laser emits 50 W at
1064 nm for 180 W of pump power. The opticalto-optical efficiency is 37.5% and optical-to-electrical efficiency 10.4%. The beam quality M2 is
equal to 4.8.
In summary we proposed a very simple and
cost-effective way to pump laser rods with high
power laser diodes. Simulations show that the
power deposition can be very homogeneous in
order to avoid spherical aberration.
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Optimization of the laser performance of the Qswitched lasers resulting in maximal output pulse
energy and/or minimal pulse width has got much
attention in the recent years.’,’ Here we present
an usable and demonstrative theoretical approach and its practical application to the optimization of the passively Q-switched Er:glass
laser emitting in the so called “eye-safe’’ spectral
range around 1.5 pm.
Our theoretical model is based on the analytically solved rate equations which take into account excited-state absorption in the saturable
absorber. The optimal contributions of the output loss a = In( 1/R)/Nand the initial absorber’s
loss c = ln( 1/T;)/N in the laser’s net-loss N =
In( I/R) + L + ln( I/*) as well as maximal pulse energy were shown to be parametric functions of b
= L/N, where R is the output mirror reflectivity,
To is the small signal transmittance of the absorber, and L is the logarithmical linear intracavity loss.
The theory predictions were compared with
experimental results for the flash-lamp pumped
Er:glass laser operated at 1.53 pm. Three different
mirrors with 91.6,88 and 79.3% reflectivitywere
used for output coupling. The laser was passively
Q-switched by using three saturable absorbers
based on CO’’ -doped LaMgAl,,O,, (LMA) and
Co’+-doped spinel MgAI,O, (MALO) with 92,90
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CTh014 Fig. 1. Optimal output coupling (a-curves) and initial saturable loss (c-curves) versus linear loss parameter b. The solid, dashed and dotted curves correspond to the values of oESA/oGSA = 0,0.07,
0.14, respectively. The horizontal and vertical straight solid lines are utility lines for determination ofthe
intersection points.

and 88.6% transmittance at the laser wavelength.
These crystals were shown recently to be the most
promising saturable absorber Q-switches for 1.5
pm laser^.^-^ Q-switched pulses with pulse energy up to 11.5 mJ and pulse width of 70 ns were
demonstrated in our experiments. The optimal
values of To and R as well as output energy and
pulse width predicted by the theory are in a good
agreement with the experimental results.
The choice of the optimal Toand R for the energy maximization of the laser with known value
of linear intracavity loss L and laser net-loss N
can be done by using Fig. 1. The main trends of
the optimization procedure are following: 1) with
increasing of the relative linear intracavity loss b
the relative optimal saturable loss c is decreased
while the output loss a is increased; and 2) for the
fixed value of L the relative contribution of the
saturable loss c is increased and that of output
loss a is decreased with increasing of the laser netloss. The change of a is negligible in the range of
b from 0.1 to 0.3 that results in nearly proportional dependence of the optimal output coupler
transmission on the laser net-loss.
The growth of the excited-state absorption
(transition from solid through dashed to dotted
curves in Fig. 1 corresponds to oEsA/ocsA
= 0,7%,
14%, respectively)leads to the decrease of the optimal relative contribution of the saturable loss c
and the increase of the optimal relative contribution of the output loss a.
In conclusion, the approach to the energy optimization of the passively Q-switched Er:glass
laser based on the analytical solution of rate
equations is demonstrated. The energy values
predicted by the theory are in a good agreement
with experimental results for the flash-lump
pumped Er:glass laser passively Q-switched with
the Co2+:LaMgAl,,0,, and Co2+:MgAlz0, crystals.
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namics of the pulse formation in Q-switched
NdYAG-lasers. In our investigation we compare
two different resonators. A positive-branch confocal unstable resonator with an gaussian variable
reflectivity outcoupling mirror provides 7 nspulses in a 8 mm beam with a pulse energy of up
to 650 mJ and a near flat-top transverse intensity
distribution. The second resonator consists of a
stable cavity and a resonator-internal telescope.
This system provides IO ns pulses in a 4 mm beam
and a pulse energy of 90 mJ. With an additional
amplifier stage the pulse energy is increased up to
350 mJ. An internal mode-aperture discriminates
high-order transverse modes, leading to a nearly
gaussian transverse intensity distribution (Fig. 1).
For the time-resolved measurement of the
spatial beam profiles we used a two-dimensional,
fast gated and intensified CCD-camera system
with a gating time of 0.25 ns. With a high precision delay the laser pulses were sampled in steps
of 1ns. With this camera-system we can also measure the dynamical development of the beam
quality factor M2 of the lase; pulses.
Figure 2 shows the transverse beam profile of
the laser pulses at four different times during the
pulse formation. In both resonators the oscillation starts with a small spot on the optical axis.
But while in the telescopic resonator the spatial
beam profile remains gaussian throughout the
whole laser pulse, in the unstable resonator the
temporal nonuniform depletion of the laser inversion leads to a strong variation of the intensity
distribution. Correspondingly during the pulse
evolution the beam quality factor MZincreases in
the unstable resonator from a value near 1 to
more than IO, where in the stable resonator the
M2 remains about 1.3 throughout the whole laser
pulse.
We compare our measurements with the results of a numerical simulation (Fig. 3). The numerical model takes cavity-losses, free-space
propagation, diffraction and curved mirror-surfaces into account. Gain depletion is calculated by
the rate equations. With an M2-formalism, based
on the 4-sigma method, the temporal behavior of
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Flashlamp-pumped, Q-switched Nd:YAG-lasers
provide high energy nanosecond light pulses at
repetition-rates of up to 100 Hz. The wide range
of applications covers material processing, optical
spectroscopy and pumping of nonlinear frequency conversion processes. For a high energy
extraction large diameter laser rods in resonator
cavities with large fresnel numbers have to be
used. However the drawback of these cavities is a
transverse highly multimode beam with more or
less poor beam quality. In the past, several methods for an improved laser beam quality have been
investigated. Positive-branch confocal unstable
resonators in combination with variable reflectivity mirrors hereby have become a standard solution for generating large diameter modes in conjunction with a low beam divergence.
In this paper we report on the two-dimensional measurement of the spatio-temporal dy-

CThOl5 Fig. 1. Measured time-integrated,
spatial beam profiles of Q-switched nanosecond
lasers. a) positive-branch unstable cavity with
variable reflectivity outcoupling mirror. b) stable
cavity with internal telescope and mode aperture.

