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A series of samples with various chromium ion concentrations as sensitizing additive
have been prepared and studied with respect to manufacturing of active laser elements
made of erbium-activated phosphate glass. The spectral, luminescence, and laser charac-
teristics were measured. It has been shown that the synthesides glasses provide high
enough laser efficiency attaining about 1.8 % in the free-running mode.

C mesbio CcO3maHUsI AKTUBHBIX JIa3€PHBIX 2JeMeHTOB u3 (ocdaTHOro spOémMeBOro CTeK.a
Oblyia MBrOTOBJIEHA WM HCCJIEIOBAaHA cepusi 00Pa3I0B C PA3MHUUYHBIMM KOHI[EHTPAIMSMU CEHCH-
OMIMBUPYIONX NO0ABOK MOHOB Xpoma. VaMepeHbl MX CIEKTPaJbHbIEe, JIOMHHECIIEHTHBIE U
Jla3epHble XapakTepucTuku. IIoKkasaHo, UTO CHHTE3MPOBAHHBIE CTEKJA O0ECIIeUMBAIOT JOCTATOU-
HO BBICOKYIO d(P(P)eKTHBHOCTHL IeHepanuu B cBobomuoM pe:xume ~1,3 %.

It is known that there exists a great inter-
est in development and application of lasers
for the 1.5 to 1.6 um range [1,2]. This range
corresponds to the atmospheric transparency
window and the eye-safe spectral region,
therefore, it is applied in some fields of sci-
ence and technology such as remote laser di-
agnostics and spectroscopy, medicine, fiber-
optics communication, and ranging. Erbium
glass lasers with flashlamp pumping emitting
at wavelength of 1.54 um are the easiest and
the most widespread sources of high power
radiation in this region.

In erbium glasses erbium ions obtain
practically the whole of non-monochromatic
pump energy via non-radiating channels
from ytterbium ones. The latter are the
main sensitizing additive [3] in this case.
The erbium phosphate laser glasses now in
production have high enough operating
characteristics [4]. The full laser efficiency
for these glasses is within limits of 1 to
3 %, that is comparable with that of Nd-
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glass laser (2 to 5 %). The aim of this
work was to improve the technique for
manufacturing of erbium glass and to de-
termine its photophysical features and laser
characteristics of active elements made of
this glass.

To prepare erbium glass, we have used
barium phosphate matrix with introduced
erbium ions as an activator and ytterbium
and chromium ones as sensitizing agents.
Since the optimum concentrations of erbium
and ytterbium ions were known [5—7], our
task was to determine that for chrome ions.
For this purpose, we have synthesized ytter-
bium-erbium glasses with various chromium
ion concentrations. The glasses were fused
in silit furnaces using a modified two-stage
technique. Special purity grade starting mate-
rials were used. The initial blend was boiled
thoroughly in a 0.5 dm3 crucible made of a
"Stekrit” type glass ceramics. Then the glass
mass was poured in refined platinum crucible
of the same volume, where the next techno-
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Table 1. Main characteristics of LFS-E glass

Parameter

Value

Notes

Erbium concentration
Ytterbium concentration

Chromium concentration

Thermal expansion coefficient

1.79:1019 ¢m™3 —
(1.6+2.6)-10%21 ¢m™3 —
8.6-1018 t0 6.0-1019 ¢cm™3

Refraction index, n, 1.573 —
Luminescence decay duration, T, 7.81078 g For chromium conc. up to
5.1-101% cm ™3
Density 3.38 g/cm? —

8.0.107% (°C)™?

0.02 to 0.14 wt %

For temperature range 20-120°C
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Fig. 1. Absorption spectra of erbium glasses: (a) without chromium ions; (b) with 0.06 wt % Cr,04.

logical stages (deuteration, the melt bub-
bling with oxygen, homogenization of the
fluid glass, ete.) were carried out. The glass
cast in a mould was annealed in electrical
resistance furnace in accordance with the
preset temperature-time schedule. The sam-
ples for determination of physicochemical
properties and spectral and luminescence pa-
rameters as well as the laser active elements
(D4x60 mm?2) with certain chromium concen-
trations were prepared from this glass casts.
The main characteristics of the LFS-E glass are
cited in Table 1 and characteristic absorption
spectra thereof measured using an SF-20 spectro-
photometer are shown in Fig. 1. The absorption
bands of erbium are rather narrow and low-
intense. This is one of the main obstacles for
its efficient lasing in glass without additional
sensitizers. Moreover, the 550—-900 nm spec-
tral range in which a significant fraction of
flashlamp pumping energy is radiated, is not
utilized even though ytterbium ions are used
as a sensitizer. Therefore, the lasing thresh-
old for ytterbium-erbium glasses is rather
high. Introduction of chromium ions as an
additional sensitizer (Fig. 1b) enables to in-
crease the use factor of flashlamp pumping
radiation and to reduce the laser generation
threshold as a result. The absorption spec-
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trum of chromium ions in phosphate glass
consists of two wide bands with maxima
near 460 nm and 650 nm, overlapping the
visible spectral range. The luminescence
band of chromium encompasses a wide spec-
tral region of 750-1000 nm with maximum
near 820 nm. This region overlaps with that of
ytterbium absorption, thus, an efficient energy
transfer from chrome to ytterbium is provided
as a result.

The erbium ion luminescence lifetime 1
and amplitude of its intensity I; for all stud-
ied samples of the glasses have been meas-
ured with disk t-meter of TI-28 type. Fig. 2
shows the results of these measurements. The
increasing chrome content in glass is seen to
amplify sensitization effect, so the erbium
ion luminescence rises more than by a factor
1.5 as a result. This indicates the efficient
chrome-ytterbium-erbium energy transfer,
whereas the optimal chromium concentra-
tion range amounts is 0.1 to 0.14 wt. %.

One of the main channels of the ion er-
bium luminescence quenching is the ex-
change of the activator electron excitation
energy for stretching vibration of the oxy-
hydryl groups (O,-H,,)” as an acceptor. The
hydroxyl groups (O-H)™ have the strongest
quenching effect among them. The induc-
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Fig. 2. Dependences of luminescence pulse
amplitude I, (a) and its decay duration 1; (b)
on Cr3* concentration for deuterated (1) and
non-deuterated (2) glass.

tance-resonance mechanism of non-radiat-
ing ion-vibration transfer of activator ex-
citation causes energy degradation of er-
bium metastable state and reduction of
quantum yield, luminescence decay time,
laser efficiency and raising the lasing
threshold.

One of the main ways to reduce influ-
ence of these groups is deuteration of the
glass melt because the maximum of the (O—
D) bond vibration spectrum has a batho-
chromic shift with respect to (O—H) one.
Moreover, using the dehydration of the
glass mass, it is possible to reduce consid-
erably the overlapping of the erbium emis-
sion spectrum with hydroxyl absorption
one and to reduce the Erd* luminescence
quenching as a result.

The dehydration degree of the studied
glasses may be estimated qualitatively
from their absorption spectra. Fig. 3
shows absorption spectra of the dehy-
drated (by deuteration) and non-dehy-
drated glass samples. The spectra were
calculated from the transmission ones
measured using an IKS-39 spectro-
photometer. It is seen that, using the
technology of glass melt deuteration, it is
possible to reduce absorption with (O—H)~
groups since the intensity and lifetime of
the luminescence erbium ions being in-
creased at the same time (Fig. 2). The ab-
sorption coefficient of the samples was
lower than 0.15 mm~! at v= 3000 cm™!
for the all chrome concentration series.
This fact indicates the main fraction of
hydroxyl groups to be removed.

Four cylindrical exemplars of active
elements were fabricated with the following
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Fig. 3. Typical absorption spectra of an LFS-E
glass with Cr®* concentration 0.12 wt. % for

deuterated (1) and non-deuterated (2) glass.

parameters: diameter of 4.0 mm, length of
65 mm, Cr,O5 concentration of - 0.08, 0.1,
0.12, and 0.14 mass % for laser researches.

The elements were tested in two laser
pumping systems (LPS) with INP-5/60
type flashlamps used in the 15t system
and INP-3/45 type ones in the 214, There
was applied the forming circuit of flash-
lamp discharge calculated as described in
[8] to increase its light output and provide
the spectral matching of pump radiation
with absorption band of the laser active
medium. A quartz reflecting enclosure
with diffuse coating was used in the 1st
LPS. The pumping light pulse duration
therein was 135 5~2 ms (FWHM). Laser cav-
ity of 300 mm length was formed by two
plane dielectric mirrors with the reflection
coefficients Ry =99.5 % and Ry =90 %
at A = 1.54 pm. The studied samples differ
noticeably neither in the pumping thresh-
old W;,, nor in lasing energy W, under
the same pumping energy of 343 J. An
insignificant distinction was probably con-
nected with the presence of inhomogenei-
ties in the samples.

A quartz reflecting enclosure with mir-
ror coating was employed in the 21d LPS.
Its geometric proportions were matched
with dimensions of the examined samples
considerably better than for the 15t system.
The testing with respect to energy parame-
ters demonstrated that optimal reflectivity
of output mirror in the 2%d LPS was equal
R2z70 0/0 .

We have measured the output laser energy
at the same charge energy of laser capacitor
bank but at different parameters of its dis-
charge loop to clear up the influence of
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Table 2. Laser energy under fixed pumping
energy Wp =63 J and for different dura-
tions of its pulse 1y 5 (FWHM) in the gnd
system

Ty5 ms| 0.8 | 1.4 | 1.5 | 1.7 2.1 |2.75 3.6

Wi | 428 | 475 | 490 | 485 | 490 | 449 |415

pumping duration upon laser efficiency of
the samples. The results of these measure-
ments for the sample with 0.14 wt. %
Cr,03 under pumping energy W,=63J
are represented in Table 2. The sample ef-
ficiency is seen to vary weakly in the dura-
tion range of 0.8 to 4 ms. Some increase of
the laser output energy at the pulse duration
increase from 0.8 ms to 2 ms may be con-
nected with relatively long time of energy
transfer from Yb3* to Erd* [9] being mani-
fested in this case. The insignificant decrease
of W,,. at pulse durations 15 5 > 2.1 ms was
probably caused by losses due to the addi-
tional inductance that was used in this case.
Delay time of the laser pulse with respect to
the pumping one for all the duration values
turned out to be nearly equal to rise-up por-
tion of the pumping pulse, similar to the 18t
system. This result agrees with other re-
searches [3].

Fig. 4 shows a typical dependence of laser
radiation energy W, . on the pumping one W'
for the glass with 0.08 wt. % Cr,05 in the
2nd gystem with output mirror Ro=70 %.

The presented results demonstrate that the
obtained samples of the erbium glass provide
a rather high laser efficiency attaining about
1.3 % in the free-running mode that is com-
parable with the known analogues.
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Fig. 4. Dependence of laser radiation energy
W,,, on pumping one W for glass with Cr,0O4
concentration of 0.08 wt. %; the 224 system.
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Jlazep Ha ¢docdar-anominiii-0apieBoMy cKJIi,
mo reHepye Ha A = 1,54 MEKM

M.1./]3106enko, B.A.Konpadii, B.B.Macnos,
I0.I1.Hikonaeé, B.B.llle6wenko|

3 MEeTo0 CTBOPEHHS aKTHBHHUX JIA3ePHHUX ejleMeHTIiB 3 (pocharHoro epbieBoro ckJa BUIO-
TOBJIEHO Ta [IOCJIJJKEHO cepifo 3pasKiB 3 pisHMMMU KOHIeHTpallisMu ceHcuOinisyroumx goba-
BOK iomiB xpomy. Bumipsino ix cmexkTpaibHi, JIOMIiHECIIEHTHI Ta Jia3epHi XapaKTEepPHUCTUKH.
ITokaszano, 1m0 cuHTE30BaHiI cTeKjJa 3a0e3IeuyloTh IOCTATHHO BHCOKY e(EeKTHUBHICTH IeHe-

parii, aka mocarana ~1,3 % y BiarbHOMY peKuMI.
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