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We design and build a cw high quality and high power Nd:YVO4 laser of single frequency operation with a

laser-diode dual-end-pumped geometry. The in
uence of the Nd3+-doping concentration in the Nd:YVO4 crystal

on the output performance of laser is theoretically and experimentally studied. With a Nd:YVO4 crystal of the

Nd3+-doping concentration 0.3 at.% and at pump power of 45W, the output power of the single frequency laser

is 18W, and the slope eÆciency is 48%.

PACS: 42. 55. Xi, 42. 60. By

Diode-pumped solid-state lasers are compact, re-
liable and high eÆcient sources of coherent radia-
tion. High power stable single-frequency lasers are
applied for high-precision laser-based metrology and
spectroscopy. The Nd:YVO4 crystal has often been
used in diode-end pumped lasers[1;2] owing to its high
absorption coeÆcient over a wide pumping wavelength
bandwidth, large simulated emission cross section at
the lasing wave, and production of polarized laser
output.[3:4] Because of the poor thermal conductivity
of the Nd:YVO4 crystal, a large amount of thermal
energy arises from the absorbed pump power accu-
mulated near the pump region for the end-pumped
geometry. The e�ect of thermal induced higher order
spherical aberration on extraction eÆciency and out-
put beam quality depends on the complicated inter-
action of many resonator parameters. The mode size
optimization in end-pumped lasers has been investi-
gated by several researchers.[5;6] We notice that the
thermal e�ects are related to the Nd3+-doping con-
centration of laser crystals. It is useful to optimize
the Nd3+-doping concentration of Nd:YVO4 crystals
to obtain high quality and high power lasers at high
pump power.

In this study, we design and build up a cw high
quality and high power Nd:YVO4 laser of single fre-
quency operation with a laser-diode dual-end-pumped
geometry. Based on investigating the in
uence of the
Nd3+-doping concentration of Nd:YVO4 crystals on
the output performance of the laser, the characteris-
tics of the laser output are studied and the optimum
Nd3+-doping concentration is experimentally chosen.

The experimental setup of the cw high power
Nd:YVO4 laser of single frequency operation is shown
in Fig. 1. The ring resonator with two concave mir-
rors and four plane mirrors was designed with a �bre-

coupled laser-diode dual-end-pumped geometry.

Fig. 1. Experimental setup of the cw high power
Nd:YVO4 laser of single frequency operation with a laser-
diode dual-end-pumped geometry.

In the case of the laser-diode end-pumped geom-
etry, it is easy to control the laser to be operated
on the TEM00 mode. The laser intensity inside the
cavity is far above the saturation intensity when the
pump power is higher. The laser output power and
the threshold pump power can be written by[7;8]
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where �p is the pump laser wavelength, � is the laser
wavelength, !pa is the average radius of pump beam,
!l is the radius of laser beam, m = !l=!pa; Isat is
the saturation intensity, Pin is the output power of
laser-diode, �t is the optical transfer eÆciency of pump
beam, and �Q is the quantum eÆciency that is related
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to the Nd3+-doping concentration of the laser crystal
and can be written as[9]

�Q =
1

1 + (�=�0)6
;

where � is the Nd3+-doping concentration in units of
atomic percentage; �0 = 3:5 at.%; �abs = 1�exp(��l)
is the absorption eÆciency of pump radiation with �
and l being the absorption coeÆcient and the length
of the Nd:YVO4 crystal. It should be noticed that
it is diÆcult to give an exact expression for the rela-
tionship between the Nd3+-doping concentration and
the absorption coeÆcient of the Nd:YVO4 crystal be-
cause both are related to the fabrication procedure of
the crystal and test methods. We can approximately
give � = C � �b (cm�1). In our experiment, the �bre-
coupled laser diode is in partial polarization with the
wavelength of 808 nm, b = 0:96, and C = 10:5 was ob-
tained experimentally. Inside the resonator the round-
trip loss Æ = T +Æf +Æd, where T is the transmissivity
of the output coupler, Æf is the nondi�raction round-
trip losses (such as impurity absorption and scatter-
ing at interfaces), and Æd is the di�raction loss due to
the thermally induced spherical aberration and can be
calculated by[10]
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where rb is the laser rod radius and the phase shift
�' induced by the wave aberration is given by
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where dn=dT is the thermal dispersion, � is the frac-
tion of the absorbed pump power converted to the
heat, Kc is the heat conductivity.

Figure 2 shows a plot of the dependence of the
thermally-induced di�raction loss on the pump power
for several Nd3+-doping concentrations and m = 1. It
can be noticed that thermally-induced di�raction loss
will increase with increasing pump power and increas-
ing Nd3+-doping concentration.

Obviously, it can be noticed that the thermally-
induced di�raction loss could be improved by us-
ing lower Nd3+-doping concentration and lower pump
power. However, the power conversion eÆciency
is generally greater for the Nd:YVO4 crystal with
higher Nd3+-doping concentration because of its
higher absorption coeÆcient. Therefore, an optimum
Nd3+-doping concentration exists for the high power
Nd:YVO4 laser.

Fig. 2. Dependence of the thermally-induced di�raction
loss on the pump power for several Nd3+-doping concen-
trations with m = 1.

In the experiment of the cw high power Nd:YVO4

laser of single frequency operation we designed and
built, the pump sources were two 25W �bre-coupled
laser-diodes with central wavelength of 808 nm by con-
trolling the temperature of laser-diode. The diameter
of coupled �bre is 800�m and the numerical aper-
ture is 0.20. Laser-diode beam was focused to the
Nd:YVO4 crystal by the collimation and focus system
with �t = 85%. The temperature of the Nd:YVO4

crystal was controlled by a home-made temperature
controller with the precision of 0.01ÆC. The size of
the a-cut Nd:YVO4 crystal was 3mm�3mm�6mm.
Both the end faces of the Nd:YVO4 crystal were an-
tire
ection coated at 1.064�m and 808 nm. The ring
cavity mirrors of M1 and M2 were 45-deg plane input
couplers with antire
ection at 808 nm and high re
ec-
tion at 1.064�m,M3 andM6 were 45-deg mirrors with
high re
ection at 1.064�m, M5 was a 0-deg concave
mirror with high re
ection at 1.064�m, M4 was a 0-
deg concave output coupler with the transmission of
18.5% at 1.064�m. The radius of both the concave
mirrors was 100mm. The optical length between the
two concave mirrors was 98mm and the rest optical
length of the resonator was 480mm. Such a kind of
design could make the resonator stable condition of
jA+Dj � 2 and the mode matching between the pump
beam and laser beam to be satis�ed. Using an optical
diode formed by a TGG crystal and a half-wave-plate
in the resonator, high power Nd:YVO4 laser of single
frequency operation could be obtained. Three pieces
of the Nd:YVO4 crystal with the Nd3+-doping con-
centration of 0.2 at.%, 0.3 at.% and 0.5 at.% were used
to build the high power Nd:YVO4 laser of single fre-
quency operation. The relation between the laser out-
put power and the pump power is shown in Figs. 3(a),
3(b), and 3(c). The squares represent the experimen-
tal data and the solid lines denote the theoretical pre-
diction using Eqs. (1){(4) with the experimental pa-
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rameters. Obviously, the experimental results were in
good agreement with the theoretical predictions.

Fig. 3. The laser output power versus pump power: (a)
� = 0:5 at.%, (b) � = 0:2 at.%, (c) � = 0:3 at.%.

When the Nd:YVO4 crystal with the Nd
3+-doping

concentration 0.5 at.% was used, the maximum output
power was obtained to be 14.7W at the 35W pump
power, the threshold pump power was 6W and the
slope-eÆciency was 50%. When the pump power was
more than 35W, the output power dropped because
of the thermal fracture limit. When the Nd:YVO4

crystal with the Nd3+-doping concentration 0.2 at.%
was used, the maximum output power was obtained
to be 15.1W at the maximum pump power 47W,
the threshold pump power was 9W and the slope-
eÆciency was 42%. No thermal fracture limit was ob-
served. When the Nd:YVO4 crystal with the Nd3+-

doping concentration 0.3 at% was used, the maximum
output power was obtained to be 18W at the 45W
pump power, the threshold pump power was 7.5W
and the slope-eÆciency was 48%. When the pump
power was more than 45W, the output power also
dropped because of the thermal fracture limit. At the
output power of 15W, the laser frequency was moni-
tored by a confocal F-P cavity, and the transmission
intensity of the F-P cavity is shown in Fig. 4. It is
shown that the laser was in single-frequency opera-
tion and the frequency shift of the laser output was
60MHz (1min). Figure 5 shows the measured laser
output power stability that is better than 1% (more
than 4 hours). When the laser output was attenuated
by an attenuator, the beam quality factor was mea-
sured by a beam propagation analyser (Modemaster)
from Coherent Inc. and the M2 of the laser output
beam was 1.05.

Fig. 4. Transmission intensity of the confocal F-P cavity.

Fig. 5. The measured laser output power stability.

In conclusion, we have designed and built a cw
high quality and high power Nd:YVO4 laser of sin-
gle frequency operation with a laser-diode dual-end-
pumped geometry. The in
uence of the Nd3+-doping
concentration in the Nd:YVO4 crystal on the out-



No. 5 XI Wen-Qiang et al. 1147

put performance of the laser is theoretically investi-
gated The characteristics of the laser output is exper-
imental studied using three pieces of Nd:YVO4 crys-
tals with the Nd3+-doping concentration of 0.2 at.%,
0.3 at.% and 0.5 at.%. The experimental results were
well agreement with the theoretical predictions. In our
experiment, the optimum Nd3+-doping concentration
was 0.3 at.%, and at the pump power 45W, the out-
put power of single frequency laser is 18W, and the
slope-eÆciency is 48%.
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