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Abstract. Yb:Ca4YO(BO3)3 (Yb:YCOB) crystal with good
quality and large size has been grown by the Czochralski
method. The polarization absorption and fluorescence spec-
tra have been measured. The laser action of theYb:YCOB
crystal has been demonstrated when it is pumped by a fiber-
coupled laser diode (LD) at the wavelength of976.4 nm. The
pumping threshold is55 mW, the light-light conversion effi-
ciency is58.7%, and a slope efficiency of up to73% is thus
calculated.

PACS: 42.55.Rz

TheYb3+ ion in a laser host crystal is the simplest example
of electronic energy levels in an impurity-doped solid, since
Yb possesses only two electronic states: the2F7/2 ground
state and the2F5/2 excited state. The two energy levels are
split under the crystal field, which means that allYb lasers
are quasi-three-level systems. TheYb-doped crystals display
some advantages overNd-doped crystals: theYb-doped me-
dia generally have longer radiative lifetimes (there is no con-
centration quenching effect for highYb doping concentra-
tion) and higher quantum efficiency than their counterpartNd
doped materials; theYb3+ ions in the host materials possess
no up-conversion effect or excited state absorption, which
will greatly reduce thermal effects in the crystal. The absorp-
tion peak ofYb3+ ions around970 nmcan couple with the
wavelength ofInGaAsLD (0.9–1.1µm). These properties of
the Yb-doped laser are the motivation for studying theYb-
doped materials [1].

The monoclinicCa4YO(BO3)3 (YCOB) and its family
crystalCa4GdO(BO3)3 (GdCOB) are new and efficient non-
linear optical crystals with a large transparent range, high
damage threshold and non-hygroscopicity [2, 3]. Their space
group isCm [4]. TheY or Gdions inYCOB or GdCOBcrys-
tals can be replaced byNd3+ or Yb3+ ions [5–10].Yb:YCOB
crystal laser emission was first reported by Chai et al. in 1998.
They pumped aYb:YCOB crystal with a cwTi:sapphire

laser at the wavelength of900 nm, and the laser output wave-
length centered at1090 nmwas demonstrated with a pumping
threshold as high as370 mW[8].

In the work reported in this letter, we measured the polar-
ization absorption and fluorescence spectra of theYb:YCOB
crystal, determined the Stark energy level diagram ofYb3+
ions in theYCOB crystal, demonstrated laser output when the
Yb:YCOB crystal was pumped by a fiber-coupled LD at the
wavelength of976.4 nm, and found the slope efficiency of up
to 73%.

The Yb:YCOB crystal was grown by the Czochralski
method in a2 kHzradio frequency furnace heating an iridium
(Ir) crucible (5.6 cm in diameter and4 cm high) containing
Yb:YCOB polycrystalline material. The growth atmosphere
was N2 or Ar. A b-axis Yb:YCOB single crystal bar with
dimensions 3×3×25 mm3 was used as seed. The concentra-
tion of Yb doped in theYb:YCOB polycrystalline material
was20 at%. The pulling rate was 1–4 mm/h, the rotation rate
10–30 rpm. After growth, the crystal was cooled to room tem-
perature at a rate of200◦C/h. The diameter of the as-grown
Yb:YCOB crystal boule is25 mm, its height80 mm, and its
weight139 g.

The polarization absorption spectra of theY-cut
Yb:YCOB crystal at room temperature are shown in Fig. 1.
From this figure, we can see that there are three main ab-
sorption peaks in our measuring range, whose wavelengths
are centered at900 nm, 949 nmand976.4 nm. The absorp-
tion intensity at the wavelength of976.4 nmis the strongest in
the measuring wavelength range. The absorption coefficient
is 8.43 cm−1. So the LD with976 nmwavelength is ideal for
use as a pumping source for the crystal.

The fluorescence of theYb:YCOB crystal in the infrared
range was recorded by using an optical spectrum analyzer
(Anritsu Co. MS9030A). Figure 2 shows the polarization flu-
orescence spectra ofYb:YCOB when the crystal is pumped
by a LD with the wavelength of963 nm. From Fig. 2 we can
see that there are five peaks in the fluorescence spectrum of
Yb:YCOB crystal from 930 to1130 nm. The wavelengths of
the five peaks are centered at976.4 nm, 1002 nm, 1019 nm,
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Fig. 1. Polarization absorption spectra ofYb:YCOB crystal
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Fig. 2. Polarization fluorescence spectra ofYb:YCOB crystal

1032.4 nm and 1084.7 nm. The peak around976 nmis the
strongest of these, but the wavelength is the same as that of
the strongest absorption peak, so this wavelength cannot be
used in practice for laser output. The peak around1032 nmis
the second strongest and this is a useful wavelength for laser
output. The peak around the wavelength of1084.7 nmis also
useful for laser output.

The fluorescence lifetime of the upper level of20 at%
Yb3+ ions inYb:YCOB is measured to be2.28 mswhen the
Yb:YCOB crystal is pumped by a pulsed LD. The lifetime
is much longer than that inNd:YCOB crystal (96µs for Nd
doping concentration of5 at%).

The Stark energy level of theYb3+ ion in YCOB is
determined by the absorption and fluorescence spectra. Fig-
ure 3 shows the Stark energy level diagram of the2F5/2 and
2F7/2 manifold of the Yb3+ ion in YCOB at room
temperature.

A Y-cut crystal sample (1.86 mm) was used for the laser
experiment. Pumping light of a1.6 W fiber-coupled LD at the
wavelength of977 nmwas tuned to976.4 nmby controlling
the temperature. The crystal temperature was controlled by
a Peltier cooler. A plane-concave cavity was used in this opti-
cal system. The flat input mirror was coated for a high reflec-
tivity (HR > 99.5%) at 1030–1100 nmand its transmission
was 92% at 976 nm. The output coupler had a1 cm radius
of curvature, and transmission at1030–1100 nmwas1.6%.

Fig. 3. The Stark energy level diagram of the2F5/2 and 2F7/2 manifold of
the Yb3+ ion in YCOB

Figure 4 shows the fundamental output power versus the ab-
sorbed power of theYb:YCOB crystal sample. The pump-
ing threshold power is55 mW. The highest output power of
446.4 mW is achieved at an absorbed power of760 mW(be-
cause of the power loss of the focussing lens, the uncoated
crystal, and the about66% absorptivity ofYb:YCOB crystal,
the highest absorbed power is760 mW), the light–light con-
version efficiency is58.7% and a slope efficiency of up to
73% is obtained from the fitted line. The wavelength of the
output laser is tunable from 1045 to1090 nm. Our experimen-
tal results for the highest output power and slope efficiency
are higher than the values of Chai et al. [8] (the highest power
is about140 mW, and the slope efficiency is28.6%). Our
pumping threshold (55 mW) is lower than that of Chai et al.
for pumping by cwTi-sapphire (370 mW).

To improve the laser performance of theYb:YCOB crys-
tal, we need to optimize the cavity design, for example, by
adding HR and AR (anti-reflection) coating on the crystal,
and by optimizing the curvature and transmission of the out-
put coupler and the crystal length. If the cavity design is
optimized, better results for the laser output will be obtained.

Fig. 4. Fiber-coupled laser-diode-pumped lasing ofYb:YCOB crystal
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The broad output wavelength range shows that theYb:YCOB
crystal may be used in a tunable laser.

In conclusion, Yb:YCOB crystals with good quality
and large sizes can be grown easily by the Czochralski
method. Spectral and laser experimental results show that the
YB:YCOB crystal is a potentialYb-doped laser material.
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