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Co:YSGG possesses a very broad
absorption band from 0.9 to 1.8 pum (see

Figure 1) which is characteristic of

transition-metal-ion-doped matcrials. Co2+

in various crystal hosts!-3 has been used as a
tunable laser source from .5 — 2.3um. We

have investigated Co2* in YSGG as a
possible saturable absorber Q-switch for 1.5
um lasers. The Co:YSGG crystal was grown
in the <[> direction using the standard
Czochralski method. The Cobalt
concentration was 2% alt. wi. and Silicon was
added to the melt for charge compensation.
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Figure 1. Room temperature
absorption of Co:YSGG near 1.5 pm.

The saturation (lucnce ol the
Co:YSGG was mecasurcd using a Raman-
shifted Nd:YAG laser at 1543 nm. The
1543 nm light had a pulscwidth ol 15
nanoseconds and was focussed (0 a 0.5 mm
spot diameter. The Co:YSGG crystal used in
the bleaching experiment was | cm thick

with an intermnal small-signal transmittance of

about 4%. The 1.54 pm beam was aligned
parallel to the <II1> crystallographic
direction in the crystal. The results of this
experiment arc plotied in Figure 2.

We analyzed the bleaching data,
assuming a four-level, slowly relaxing
absorber model. The following equation
was derived using Avizonis and Grotbeck
methods. 4 Ifog is the ground-state
absarption cross-scction and Ggsa is the
exciled-state cross-section, then the fluence
E as a function of the position z along the
crystal, varies according 10:
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where Ng is the absorber ion concentration
and hv is the photon energy ol the
bleaching light. It is assumed. in order 10
usc the above equation, that the pulse
duration of the bleaching light is short
comparcd with the cxcited-slate relaxation
time for Co?*:YSGG. A very good fit to the
experimental data is obtained by using Og =
5.2 x 10-20 ¢m? and ogsa = O (see Figure
2). The cross-seclion (og) at the Q-switched
Er:glass laser wavelength of 1532 nm should
not be significantly different (see Figure 1).
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Figure 2. 1543 nm bleaching of 1 cm thick
Cao:YSGG erystal, Solid curve is from
Avizonis-Grotheck model.



The Q-switching results were
oblained using a Kigrc 4 x 76 mm QE-7S
Er:glass rod. The rod was pumped with a
flashlamp pulsc ol about 600 pscc
pulsewidth, The pump cavily uscd in this
experiment was designed for a much larger
laser rod and thcrefore was not an optimized
system. Threshold was 40 J and 27 J for the
Q-switched and (frcc-running laser,
respectively. The outcoupler had a curvature
of 2.5 cm and a rellectivity of Y4%. An
intracavity lens with a 5 cm local length was
used to focus the light into the Q-switch.,

The Q-switch thickness was (0.5 mm
with internal transmittance of 85%. It was
cut with the faces perpendicular 10 the
crystallographic dircction <Il1>. The Q-
switch was polished flat with parallel surfaces
and was uscd uncoatcd in the laser
experiments.

A typical Q-swilched pulse is shown
in Figurc 3 (4 mJ, 20 nsce). The wavelength
of the Q-swilched output was 1532 nm.
measured using a 1/4 mecter Jarrcll-Ash
monochromator. This  was  abour 2
nanometers less than the pceak ol the
emissions of the free-running lascr (1534
nm).

We numerically solved saturable
absorber Q-switch rate cquationss-0 using
cross-sections of 0.8 x 1029 ¢m? and 5.2 x
10-20 ¢m?2, respectively lor the Er:glass and
Co:YSGG. Slowly-relaxing Q-switch theory
predicts that Q-switching with this material
should occur ecven without intracavily
focussing, although cxperimentally no Q-
switching was obscrved without locussing.
The reason lor this discrepancy may be duc
to a short relaxation lilctime ol the Q-switch
which was not included in the theoretical
model.  With focussing included in rhe
theory, a 28 nanosccond  pulsewidth was

Figure 3. Output pulse from Er:glass
laser Q-switched using Co:YSG(G.

calculated (reasonably good agrecment with
cxperiment),

In conclusion. we have demonstrated
a4 new passive Q-switch material for the
Er:glass laser.  The very broad absorption
bund may permil its use as a Q-switch for a
varicly ol lasers in the | — 2pm wavelength
range. Fulure rescarch in this area will
include  spectroscopic measurements
(including Nuorcscence liletime).
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