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Investigation of a soft aperture formed by photooxidation
of a rare-earth impurity in fluorite and used as an
intracavity component in a YAG : Er3+ laser

S G Lukishova, N R Minhuey Mendez, T V Tulaikova

Abstract. Intracavity investigations were made of a soft
(apodised) aperture made by photooxidation of Pr2"1" in
y-ray-coloured CaF2 : Pr under the influence of argon laser
radiation. This aperture reduced the divergence and
increased the output energy of single-mode YAG : Er3 +

radiation, compared with the case when a hard aperture was
used.

1. Introduction

Photooxidation of a rare-earth impurity in fluorite [1-3]
has been used [4-7] in the fabrication of soft (apodised)
apertures preventing the formation of Fresnel diffraction
rings in amplifying modules of power lasers. Crystals of
CaF2: Pr have been used for this purpose in lasers emitting
near-infrared radiation.

We shall report the results of our investigation of a soft
aperture made by photooxidation of CaF2: Pr and placed
inside the resonator cavity of a YAG: Er3 + laser. The aim
was to determine the feasibility of improving the output
characteristics of this laser, which emits single-mode
radiation, compared with the case of a hard intracavity
aperture. Much experimental and theoretical work has been
done already (see, for example, [8- 12]) on the improvement
of the output characteristics by various intracavity
components [8], particularly apodised components with
optical characteristics that vary over their cross section [9 -
12]. Among apodised components the most popular are
multilayer dielectric mirrors with a smooth variation of the
reflecting coefficient over the cross section (graded
reflectance mirrors) [13-15]. Among soft apertures for the
near infrared, whose operation is based on the absorption as
in the case of our apertures made by photooxidation, those
used inside a resonator include apertures made by
photoconversion of colour centres directly in the cavity by
the action of the laser radiation itself on an LiF crystals
[16,17], as well as those formed by the diffusion of metal
ions into glasses [18] and by photothermochemical reactions
in additively coloured fluorite [19]. An improvement in the
angular divergence and in the degree of filling of the cross
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section by a beam have been reported [16]. Unfortunately,
we do not know the results of investigations of apertures
[18,19] inside laser resonator cavities. Reports of the use of
liquid crystal mirrors have appeared recently [20-22].

2. Experimental methods and results

The soft aperture used in the present study was made by a
method [4-7] involving illumination for 3 h of y-ray-
coloured CaF2 : Pr3+ crystals (with Pr molar fraction 0.2%)
by radiation (radiation dose 109 R) from a 2 W cw argon
laser made by Coherent Radiation (emission wavelength
X = 0.488 um). The Pr2+ ions, formed by y-ray colouration
[23,24] (their maximum fraction was ~10% of the initial
total number of Pr3+ ions before ionising irradiation [1])
and characterised by wide near-infrared absorption bands,
were converted by the photooxidation process [1-3] again
to the trivalent state. This process bleached the sample in the
zone of interaction with the argon laser radiation, so that an
aperture with smoothed-out edges was formed as a result of
a smooth reduction in the intensity in the incident argon
laser beam along its radius.

The transmission profile of the soft aperture at
X = 2.94 um, formed in a crystal 7 mm thick, was bell-
shaped (Fig. 1). The transmission at the centre of the
aperture was 87% at this wavelength.
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Figure 1. Transmission profile T(r) of a soft aperture, made by
photooxidation, recorded at the wavelength of 2.94 um (r is the radial
distance from the centre of the aperture).

The semiconfocal resonator cavity of a YAG : Er3 +

laser containing such a soft aperture 4 (Fig. 2) was formed
by a concave copper mirror 1, with a radius of curvature of
+ 3 m and a reflection coefficient close to 100%, and a plane
mirror 2 in the form of a silicon plate ~ 300 um thick with a
reflection coefficient of one of the surfaces amounting to
~30%. (In the multimode regime a second spot appeared
alongside the main one in the output radiation of this YAG
laser. This additional spot disappeared under conditions
close to single-mode emission.) The resonator length was
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150 cm

Figure 2. Schematic diagram of the resonator cavity of the YAG: Er3 4

laser with a soft aperture.

150 cm. The active element 3 was a YAG: Er crystal with a
diameter of 6.3 mm and 120 mm long. This element was
placed inside an internally silvered monolithic enclosure
made of quartz. The crystal was separated by a distance of
65 cm from the copper mirror 1. The laser operated under
free-running conditions (pulse duration 150 us) a nd the
repetition frequency was 0.4 Hz.

The spatial distribution of the intensity at the laser exit
was recorded by a pyroelectric sensor placed in front of a slit
100-200 (im wide. The output energy was measured by a
pyroelectric energy meter.

When a hard metal stop was placed inside the resonator
cavity, single-mode emission was observed only if the
diameter of this stop did not exceed 3 mm. Fig. 3 shows the
transverse distribution of the intensity of the beam recorded
at distances of 10 cm (curve 1) and 130 cm (curve 2) from
the laser when this hard stop, 3 mm in diameter, was used to
achieve single-mode emission. In both cases the pump
energy was 200 J. The position of the hard stop (47 cm from
the exit mirror) was selected so as to maximise the output
energy of the laser.
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Figure 3. Transverse distributions to
the intensity I{r) in an optical beam
at the laser exit, recorded at different
distances from the exit mirror of a
resonator containing a hard
aperture.
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Figure 4. Transverse distributions
of the intensity I(r) in an optical
beam at the laser exit, recorded at
different distances from the exit
mirror of a resonator containing a
soft aperture.

Fig. 4 shows the transverse distributions of the intensity
in the beam recorded at distances of 10 cm (curve 7) and
105 cm (curve 2) from the laser when the soft aperture was
placed inside the resonator cavity at exactly the same place
as the hard stop. Once again, single-mode radiation was
obtained.

The divergence of the laser radiation in the presence of
the soft (curve 7) and hard (curve 2) apertures is shown in
Fig. 5. The far-field zone was selected in the plane of the
minimum size of the spot at the exit from a focusing lens
with / = 30 cm. In the case of the soft aperture the
divergence angle was approximately 2.1 mrad, whereas for
the hard aperture it was about 3.2 mrad. The results
presented in Figs 5, 3, and 4 were obtained for the same
charging voltage across the capacitance in the pump system,
but for different laser radiation energies.
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Figure 5. Comparison of the intensity distributions 1(8) in the far-field
zone of the radiation emitted by the laser with hard (2) and soft (/)
apertures.

The energy of the laser output radiation obtained in the
single-mode regime is plotted in Fig. 6 as a function of the
pump voltage for the soft (line 7) and hard (line 2}
apertures. The soft aperture exhibited, apart from the
reflection losses (~6%), a residual absorption in its central
part (Fig. 1), but in spite of this the output energy in the
single-mode regime was higher when the soft aperture was
used than in the case of the hard aperture.

The Fresnel losses were compensated in the comparison
of the two apertures by placing a CaF2 sample with the same
Fresnel reflection losses as the soft aperture inside the
resonator cavity containing the hard aperture. The line 3 in
Fig. 6 demonstrates an even greater difference between the
output energies obtained with the soft and hard stops at the
same pump voltage.

The reflection losses could be reduced significantly by
antireflection coatings and the residual absorption could be
removed by longer illumination with short-wavelength laser
radiation (possibly in conjunction with heating of the
sample by an additional source in the course of fabrication
of the soft aperture).

3. Conclusions

The first results of the use of a soft aperture of the
absorption type, formed by photooxidation of Pr2+ in a
fluoride crystal and placed inside the resonator cavity of a
YAG : Er3 + crystal, demonstrate its advantages over a hard
stop in achieving single-mode emission. A reduction in the
divergence and an increase in the output energy in the
single-mode regime were achieved, in agreement with earlier
results obtained for a soft LiF aperture [16] and with the
calculations of Lyubimov and Orlova [25]. However, it is
necessary to make further investigations of the use of these
soft-apertures in other lasers (for example, in a YAG: Nd3 +

laser) and in other resonator systems. The advantages of
CaF2: Pr include its high optical strength [5] and the absence
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Figure 6. Comparison of changes in the output energy E of the laser with
hard and soft apertures on increase in the pump voltage U.
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of bleaching when exposed to high-power laser radiation
with X= 1.06 |im [5]. Moreover, soft apertures formed by
photooxidation are easy to fabricate and use.
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V A Konyushkin of the Institute of General Physics,
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y rays and to Yu K Danileiko, A N Sidorin, V A Chikov,
and A V Osiko for discussing the results.
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