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Abstract. Intense, directional, and narrow-bandwidth ASE by theF, color center, which has three electrons at two
113Gnm emission was generated frobiF crystal at room negative-ion vacancies in the nearest neighbor positions, in
temperature by the pumping with radiation in the wavelength.iF crystal at room temperature.

region of the absorption band of tl& color center. The A single crystal oLiF crystal (the size is 580x 10.04 x
emission was observed by the pumping with radiation 0B.72 mn) was colored by the irradiation with electron beam
pulse energy above mJ and the divergence angle of the at room temperature. The coloréiF crystal was purchased
beam was about6 mrad This emission is attributed to the from General Physics Institute Company, Moscow. Although

amplified spontaneous emission by fecenter. this crystal is remarkably big, the coloration is made homo-
geneously throughout the whole crystal. This was checked
PACS: 42.55.Cj; 61.70.Dx; 78.55.Fv by the measurement of the absorption spectrum at different

places in the crystal.
The two crystal surfaces perpendicular to 8%80-mm

In a laser operating as an amplifier, population inversion isength were polished and longitudinally pumped with the
achieved in the active material. As the inversion is increasedaser radiation from a Surelite optical parametric oscillator
a number of different processes begin to depopulate the upp@PO). The OPO was pumped with the third harmonic (i.e.
level. For example, amplification by the process of not only355 nmradiation) of a Surelite I-10 pulsed YAG:Rd laser
stimulated emission but also spontaneous emission is genperated at a repetition rate 80 Hz The pulse duration of
erated. The latter process, which is called amplified spontahe YAG laser i ng and the maximum output energy of the
neous emission (ASE), is considered the randomly fluctuating55 nmlaser is100 mJper pulse. The spotsize of the OPO
noncoherent amplifier noise [1, 2]. The ASE is highly direc-laser beam is aboli mm in diameter. The maximum out-
tional and narrow-bandwidth radiation of high intensity andput energy isL5 mJper pulse aB30 nmlaser radiation. The
has some spatial and temporal coherence when the populadtput emission from thé&iF crystal was viewed using an
tion inversion is achieved in high-gain materials under strondR viewer and an IR sensor card. The emission power was
pumping conditions. Therefore the ASE is useful because aheasured with a Gentec TPM-310 power meter. The emis-
application to mirrorless lasers (where a powerful laser-likesion spectrum was detected with an Advantest Q8381A spec-
beam is generated without installing the oscillator elementsyal analyzer which has a sensitivity in a spectral region of
as in the cases of conventional nitrogen and excimer laseré00-1750 nm Absorption spectra of the crystal were meas-
although the coherent properties of the ASE-type laser argred with a Shimadzu UV-3100 spectrophotometer.
conceptually different from the usual laser radiation [3, 4]. Figure 1 shows the absorption spectrum?@ K, of the

Color centers are lattice vacancies trapping electronkiF crystal used in the ASE experiment. Absorption bands
or holes, which are produced mostly in ionic crystals [5].due to theF; andF; color centers [13,14] are observed at
The color centers used for laser oscillation have the hom®60 and800 nm respectively, in addition to the strong ab-
geneously broadened emission bands with high oscillatssorption bands due to the andF} centers [15, 16] which
strengths and high quantum efficiencies. Therefore a lasévrave peaks at 445 anth8 nm The 960 nm F absorption
using color centers exhibits the characteristics of wide tuningpand has an absorption coefficient af47 cnt?! at the
range, high output power and low-threshold pump power [64peak position and has a half width 58350 cnt?, which were
9]. There are various laser-active color centers, but the ASE @& stimated by subtracting the background. The concentration
color centers has been observed in onlyBa@andF; color  of color centers can be calculated from the absorption spec-
centers inLiF crystal, where two electrons are trapped bytrum using Smakula’s equation [17]. The oscillator strength
two and three negative-ion vacancies in the nearest neighbof the 960-nm F, absorption band has been estimated to be
positions, respectively [10—12]. We report the observation 06.5 x 10~2 [13]. Usmg this value and the observe@80-nm
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Fig. 1. Absorption spectrumsplid line,
left-hand scalg of an electron-beam-
irradiated LiF crystal at296 K and the
excitation spectrumofpen circle, right-
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Fig. 2. Emission spectra of th&, center inLiF crystal which was ex-
cited with the930-nm laser radiation with pulse energies b6 mJ(solid
line) and9 mJ (broken ling at 296 K. The amplified spontaneous emission
(shown bybroken ling was measured at the distant2cmaway from the
crystal

hand scalg for the amplified sponta-
1100 1200 neous emission of th&, center where
the pump radiation with pulse energy of
9 mJwas used|: emission intensity

spectrum is shown in Fig. 2 (see the solid line). When the
pulse energy of the OPO radiation was increased and beyond
5 mJper pulse, strong emission of highly directional light (i.e.
ASE) emerged from the output surface of the crystal. The
spot of the ASE beam was observed eve®atmaway from
the crystal. The diameter of spot was ab8immat17 cm
away from the output surface of the crystal, which was ob-
tained wherD30-nm pump radiation with the energy éfmJ
was used. The divergence angle of the ASE beam was about
16 mrad This angle is smaller than in the cases offjecen-
ter 20 mrad[11]) and theF;, center 80 mrad[10]), but it is
not so different from those of tH‘%‘* andF, centers. However,
the angle is considerably larger than in the case of laser ra-
diation whose angle is less tharmrad In the present ASE
experiment, no care was taken to focus the beam inside the
crystal.

The ASE was obtained by the pumping radiation whose
wavelength is betwee860 and 1030 nnas shown in Fig. 1
(see the open circles). THB$0-103Gnmregion corresponds

absorption spectrum, we estimated that the concentration & the F, absorption band region. It is noted that thg

theF, centers i2.8 x 10 cm3.
TheF, luminescence band with a peak at abdli20 nm

ASE intensity does not reflect tHg, absorption spectrum,
i.e. the intensity does not depend on the absorption coefficient

[8,9] was observed by exciting the crystal with the OPOof the F, absorption band as shown in Fig. 1. The broken

radiation of various wavelengths 8#0-1070 nmwhich cor-

curve of Fig. 2 shows the spectrum of the ASE which was ob-

respond to thé=, absorption band region. The luminescencetained usin@30-nm pump radiation. The ASE has a peak at
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tensity of theF, center plotted against the pulse
energy 0f936:nm pump beam
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about1130 nmand the half width is abou80 nm which is In conclusion, the intense, directional and narrow-band-
much narrower than the half width of the luminescence banaidth 1136Gnm emission was observed by the pumping with
(180 nm); the ASE bandwidth is appreciably narrower thanradiation in the wavelength region of thg absorption band
that of spontaneous emission. The ASE exhibits a Lorentziarand by the pumping with radiation of pulse energy above
like line shape with a sharp peak and long tails at both shors mJd This emission is attributed to the ASE by thRg center
and long-wavelength sides. in LiF crystal.

The favorable condition for strong ASE is a high gain
combined with long path length in the active material [1]. The
two end surfaces of th84.80-mm-long LiF crystal are pol-
ished and almost parallel to each other. This indicates thdteferences
not only the fluorescence but also the pump radiation can be
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