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Abstract

Saturable absorber Q-switching of the 1.54 um Er:glass laser using U4+:SrF; has
been obtained for the first time. Q-switched pulses of 3 mJ, 60 nanoseconds FWHM were
achieved using a 2.69 mm thick Q-switch in a 14 cm long flat-flat cavity, with a 3 x 50 mm
Kigre QE-7S Er:glass rod. Pulses of 40 mJ, 64 nanoseconds have been obtained using a 4 x
76 mm Er:glass laser rod. The high absorption cross-section of U4+:SrF; at 1.54 pm resulted

in efficient Q-switched operation (without intracavity focussing) in agreement with the
theoretical predictions.

Introduction

Er:glass has been Q-switched electro-optically,! with a rotating mirror,! and using
frustrated total internal reflection.2 These methods are usually efficient, but require additional
power supplies and moving parts which increase the size, complexity, and cost of the laser
system. Er:glass saturable absorber Q-switching using color centers> or the Erbium ion in

various hosts*3:6 has generally performed poorly or has required a certain amount of
focussing of the light in the Q-switch material.

We have demonstrated a saturable absorber which efficiently Q-switches the Er:glass
laser at 1533 nm in a flat-flat resonator cavity without intracavity focussing. The saturable
absorber, tetravalent Uranium ions in Strontium Fluoride (U4+:SrF3), possesses a broad
absorption feature,’” which peaks close to the Er:glass wavelength (see Figure 1).

Q-Switching Experiments

We had two different U4+:SrF2 rods available for this work.8 Their absorption
spectra were almost exactly the same at 1.5 um, however, the second rod possessed
significantly reduced U3+ absorption peaks (see Figure 2).

The initial Q-switching results were carried out using a Kigre 3 x 50 mm QE-7S
Er:glass rod. The rod was flashlamp-pumped with a lamp pulse of about 600 ptsec FWHM.
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The resonator cavity consisted of two flat mirrors separated by 14 cm. With the 3 x 50 mm
laser rod, two different output mirror reflectivities were used: 82% and 94%. This
configuration was used to test Q-switches cut from the first U:SrF3 rod. The flashlamp
energy at threshold for the free-running laser in this case (i.e. without a Q-switch) was 13 ]
with the 94% output mirror, and about 16 J with the 82% mirror.

N
/1)
\

NN

0.5

N

o
w

Optical Density
o
-—

O. 1 ----- - Wavelength of
Q-switched Wavelength used in
Er; bisaching
{1533 nm) experiment
. (1543 nm)
0 1 1 1 |

1300 1400 1500 1600 1700 1800 1900
Wavelength (nm)

Figure 1. Absorption spectrum of U4+:SrF; near 1.54 pum.

The Q-switches fabricated from the first U:SrF7 rod had thicknesses 1.37 mm and
2.69 mm. The Q-switches were polished flat with parallel surfaces and were used uncoated
in the laser experiments. The Q-switch surfaces were aligned parallel to the resonator cavity
mirrors in all but one case where the 1.37 mm Q-switch was placed at Brewster's angle.
These results are summarized in Table I, and a sample pulse (=60ns FWHM) for the 2.69
mm thick Q-switch with the 94%R output mirror is shown in Figure 3. A 4 x 76 mm (QE-
7S) Er:glass rod, with a 63%R outcoupler, was used to test a 2 mm thick Q-switch (at

Brewster's angle) cut from the second U4*+:SrF; rod. This result is also summarized in Table
1

The output beam diameter of the Q-switched laser was always much smaller than that
of the free-running laser (regardless of Q-switch and Er:glass rod used). Figure 3 shows
some sample beam burns, with the 4mm diameter Er:glass rod, which demonstrate this
observation. The free-running beam (Figure 4a), was roughly the same size as the laser rod
aperture. However, the Q-switched output appeared to be limited to a few low order
transverse modes, and as a consequence the output energy was much smaller than that of the
free-running laser at the same input. Just above threshold, the Q-switched output was near
diffraction-limited (Figure 3b, single-pulse burn), verified by scanning the near and far-field
beams with a knife-edge. As the flashlamp input was increased, one or more additional
modes appeared, usually as a second pulse (Figure 4b, double-pulse burn). With the 4 mm
diameter rod in a 15.5 cm long cavity, we were able to obtain a higher-order mode in a single
Q-switched pulse (Figure 4¢). As expected, the larger modes, which filled more of the laser
rod aperture, resulted in higher output energies.
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Figure 2. Room temperature absorption spectra of the two U:SrF2 rods used in
this work.

Table I. Summary of U%+:SrF2 Q-Switch Experimental Results.

Q-Switched Q-Switched
QOutput mirror Er:glass Q-Switch QOutput Pulsewidth
reflectivit rod Thickness (mmz Enerix SmJ ! snsocz Threshold (J)

94% 3 x 50 mm 1.37 2 220 15
94% " 1.37 (Brewster) 3 91 17
94% " 2.69 3 60 20
82% " 1.37 1.2 590 18
82% " 2.69 5 130 23
63% 4 x 76 mm 2.0 (Brewster) 40 64 55

The wavelengths of both the Q-switched and free-running laser were measured using
a 1/4 meter Jarrell-Ash monochromator. The wavelength of the Q-switched laser was about
1533 nm, compared to about 1534 nm with the free-running laser.
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Figure 3. Q-switched pulse (50 nsec per division).
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Figure 4. Beam burns of (a) free-running laser, (b) Q-switched laser with 20
cm. cavity and 1.5 mm U4+:SrF, Q-switch, and (¢) Q-switched laser with 15.5

cm. cavity and 2 mm Q-switch.
Measurement of Saturation Fluence

The U4+:SrF; absorption cross-section was determined by measuring the saturation
fluence using a Raman-shifted Nd:Y AG laser at 1543 nm. The 1543 nm light was focussed
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to a 1.3 mm spot diameter and the Full-Width at Half-Maximum (FWHM) pulsewidth was 15
nanoseconds. The FWHM spectral linewidth was less than one nanometer. The results of
this experiment are shown in Figure 5.
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Figure 5. 1543 nm bleaching of 9 mm thick crystal cut from the first
U4+:SrF; rod. Saturation fluence = 1.86 J/cm2.

Assuming that the lifetime of the upper level of U4+:SrF; is long compared to the

bleaching pulse, the Frantz-Nodvik equation,? modified for absorption, can be used to model
the experimental results. The transmittance T is given by:

T = 29 Topexpliil] - 1) + 1) )
Fin Fsat

where Fip is the incident fluence (J/cm2), Fgy is the saturation fluence, and Ty is the small-
signal transmittance. A least-squares fit to the experimental data yielded a saturation fluence

of 1.86 J/cm? (see Figure 5). For a 3-level absorber (i.e., the upper level of the transition
empties to a third level infinitely fast compared to the bleaching pulse duration), Fsa =hv/c,

where o is the absorption cross-section. The absorption cross-section so determined using
the first U:SrF7 rod was about 0.7 x 10-19 ¢cm2 at 1543 nm. The bleaching results from the
second rod indicated an even higher cross section of 0.9 x 10-19 cm2. Theoretical modeling
of the Q-switched operation showed good agreement with the results listed in Table L.

In order to measure the upper level lifetime for U4+:SrF5, we used a continuous-wave
1.52 pm Helium-Neon (HeNe) laser to probe a region of the crystal pumped with a single
pulse from a Q-switched Er:glass laser. The Q-switched pulse bleached the crystal while the
HeNe probe was used to monitor the transmittance as a function of time. Our preliminary

results show a e-! lifetime of approximately 65 microseconds. This confirms our assumption
of a slowly relaxing saturable absorber.
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