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Abstract

Yb**-doped NaY(MoOy), with dimension of @22 x 35 mm? has been grown by Czochralski method. Absorption and emission spec-
tra of the crystal were investigated. The absorption band at 976 nm has a FWHM of 41 nm for n-polarization and 56 nm for c-polar-
ization, and the absorption cross-section o, is 3.32 x 1072° em? for m-polarization and 2.49 x 1072° cm? for o-polarization at 976 nm.
The emission cross-sections o, are estimated from the fluorescence spectrum using the Fiichtbauer-Ladenburg formula, which is
2.32x 1072° cm? at 1016 nm for m-polarization and 2.02 x 1072° em? at 1015 nm for o-polarization room temperature. The fluorescence

lifetime 7 is 535 ps and the radiative lifetime 7, is 276 ps. The laser parameters Pun, lsae and I,;, have been calculated.
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1. Introduction

With the development of InGaAs diode lasers, much
attention has been focused on Yb*"-doped laser materials.
The energy structure of ytterbium has only two manifolds,
i.e. the ground state 2137/2 and the excited state 2F5/2. The
trivalent ytterbium has an advantage in comparison with
other rare-earth ions, such as Nd**. There is no lumines-
cence concentration quenching, no upconversion and
excited-state absorption. The ytterbium-doped lasers have
a longer emission lifetime than that of Nd*"-doped materi-
als, which enhance storage capacity and reduce quantum
defect between absorption and emission.

Molybdate and tungstate crystals with general formula
M'Re(M"0y4), (M’ = Li, Na, K; M”" =W, Mo) have been
reported to be good host material for solid-state lasers
[1,2]. Most of these crystals have a tetragonal symmetry
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with the structure of the scheelite CaWOQy [3]. The NaLa-
(Mo0Oy), crystal has been reported as laser host material
[4]. The optical properties and laser performance of NaLa-
(Mo0Oy,), crystal doped with Nd** ions have been inves-
tigated [5-8]. Most of the molybdates melt almost
congruently and can be grown from the melt by Czochral-
ski method, for example LiGd(MoQOy), [9], NaBi(Mo00O,),
[10]. The crystal NaY(MoO,), belongs to the tetragonal
symmetry with space group Iy,; a=>b=5.1989 A,
c=11.3299 A [11]. Although the emission and growth of
Nd**:NaY(MoOy), were reported [12], no attention was
paid to Yb*"-doped NaY(MoO,), crystal. This paper
reports the growth and spectroscopic properties of
Yb*":NaY(MoO,), crystal.

2. Crystal growth
Yb*t:NaY(MoOy), crystals were grown by the Czo-

chralski method. The raw materials of Yb**:NaY(MoOy),
were synthesized by means of solid-state reaction. The
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chemicals used were Na,CO3 (99.95%), MoO;3 (99.95%),
Y,05 (99.99%) and Yb,03 (99.99%). The chemical reaction
is as follows:

0.5N32C03 + 05(1 — )C)Y203 + 0.5XYb203 + 2MOO3
= NaY,_,Yb,(MoO,), + 0.5CO, |

The stoichiometric amount of Na,COs3, Y,03, Yb,O5; and
MoO; were weighted accurately in addition to 2 wt.% excess
MoOs;. The excess MoOs is to compensate the loss of MoOj
volatilization in process of solid-state reaction and crystal
growth. After grinding and extruding to form pieces, the
samples were placed in the crucible and held at 650 °C for
24 h. The process was repeated once again and held at
850 °C for 24 h to assure adequate solid-state reaction.

The synthesized materials of Yb*>":NaY(MoO,), doped
with 10 at.% Yb>" ions were melt in a @50 x 40 mm? plat-
inum crucible. The crystal was grown by Czochralski
method in a 2 kHz frequency furnace and at a pulling rate
of 0.5-1 mm/h and a rotating rate of 10-30 r/min.

The transparent Yb>":NaY(MoO,), crystal with dimen-
sions of @22 x 35 mm? was obtained. The grown Yb*":
NaY(MoO,), crystal is black, as shown in Fig. 1(a). This
color is caused by color centers in the grown crystal. It is
generally believed that the formation of color center was
caused by the oxygen vacancies in deficiency oxygen atmo-
sphere [13]. In order to remove the color center in crystal
as far as possible, the grown Yb’":NaY(MoO,), was
annealed in air at 700 °C for 20 h. The result of annealing
shows the annealing can remove the most color center in
crystal, as shown in Fig. 1(b).

The melting point of Yb*":NaY(MoOy), crystals mea-
surement was performed by differential scanning calorimetry
(DSC) analysis using a NETZSCH PC404 Simultaneous
Thermal Analyzer. The result of DSC analysis indicates
Yb*":NaY(MoO,), crystals melt congruently at about
1128 °C, as shown in Fig. 2. The hardness of Yb*":NaY
(Mo0Oy), crystal was determined using a 40lMVA™ Vick-
ers-microhardometer. The hardness of Yb3+:NaY(MoO4)2
crystals is 314 VDH.

3. Spectral properties

The sample with dimension of 7 x 7 x 1.2 mm® was cut
from the grown crystal and polished for the spectral mea-
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Fig. 2. DSC curve of Yb*":NaY(MoOy), crystal.

surement. The absorption spectrum of Yb*":NaY(MoOy),
was measured using the Perkin—Elmer UV-VIS-NIR Spec-
trometer (Lambda-900). The fluorescence lifetime and fluo-
rescence spectrum at room temperature were measured
using an Edinburgh Instruments FL.S920 spectrophotome-
ter with a continuous Xe-flash lamp.

Fig. 3 shows the absorption spectrum of Yb’':NaY
(Mo00Qy), crystal. The absorption band observed in the
800-1100 nm is due to ?F;/, — *Fs), transition of Yb>*
ion. The strong absorption occurs near 966, 976 and
994 nm for m-polarization and 935, 964 and 976 nm for
o-polarization, respectively. The absorption line at 976
nm has a full-width at half-maximum (FWHM) of 41 nm
for m-polarization and 56 nm for o-polarization, which is
suitable for diode-laser pumping. The absorption cross-sec-
tion o,, was determined using o,, = «/N,, o is absorption
coefficient which is 12.78 cm™! for m-polarization and
9.58 nm for o-polarization at 976 nm, NV, is the concentra-
tion of Yb>" ions in Yb*T:NaY(MoOy), crystal, which was
determined to be 5.89 at.% by ionic coupled plasma (ICP)
spectrometry, i.e. 3.84 x 10* cm ™. Then, the absorption
cross-section gy, is 3.32x 1072° cm? for m-polarization
and 2.49x10*cm? for o-polarization at 976 nm,
respectively.

Fig. 4 shows the fluorescence spectrum of Yb*":NaY
(Mo0Qy), crystal excited with 976 nm radiation. The
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Fig. 1. Yb*":NaY(MoOy), crystals.
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