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A compact, efficient and high-power laser diode (LD) single-end-pumped Nd:YVOy4 laser with continuous-wave
emission at 1342 nm is reported. With a single crystal single-end-pumped by fibre-coupled LD array, an output power
of 7.36W is obtained from the laser cavity of concave-convex shape, corresponding to an optical-to-optical efficiency
of 32.8%.
Nd concentration, transmissivity of the output mirror and the cavity length on the output power have been studied

The laser is operated in TEMyy mode with small rms amplitude noise of 0.3%. The influences of the

experimentally.
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1. Introduction

High-power diode-pumped solid state lasers emit-
ting around 1.3um can find applications in several ar-
eas, including medicine, optical fibres, and production
of red radiation by frequency doubling.

Nd:YVO, has been known as an attractive laser
material because it is particularly suitable for the
diode-pumped operation due to its large absorp-

11 and because of its

tion cross section at 808nm,!
large stimulated emission cross section.?3] The stim-
ulated emission cross section of Nd:YVO4 at 1342nm
((6£18)x 10712 cm?) is of the order of that of Nd:YAG
at 1064nm (6.5x1071% cm?).

the output beams of Nd:YVOQO, lasers are linearly po-

Another merit is that

larized. These favourable properties make Nd:YVOy
an important candidate for the realization of efficient
1342 nm sources.

There have been already some papers on diode-
pumped 1342nm Nd:YVO, lasers since 1993. Up to

date the diode-pumped 1342 nm Nd:YVOy lasers have
been developed greatly.[4—11]

In this paper, a compact, efficient and high-power
laser diode (LD) single-end-pumped Nd:YVOy laser
with continuous-wave emission at 1342 nm is reported.
With a crystal single-end-pumped by a fibre-coupled
LD array, an output power of 7.36W is obtained
from the concave-convex cavity, corresponding to an
optical-to-optical efficiency of 32.8%. The laser is op-
erated in TEMgy mode with small rms amplitude noise
0f 0.3%. For the development of the lasers, we consider
many parameters to search for an optimum configu-
ration. The influences of the Nd concentration, trans-
missivity of the output mirror and the cavity length on
the output power have been studied experimentally.

The key elements in attaining the best perfor-
mances are the use of relatively long crystals with very
low Nd doping and a careful design of the optical res-
onator.
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2. Experimental setup

A schematic diagram of the LD pumped Nd:YVOy laser is shown in Fig.1. The pumping setup (the fibre

and the coupling system) is also sketched.
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Fig.1. Experimental setup of the LD pumped Nd:YVOy laser. 1 pump source (diode laser),

2 fibre, 3 coupling system, 4 high reflection mirror, 5 Nd:YVOy4 crystal, 6 output coupler.

The pump source is a high brightness thermoelec-
trically cooled fibre-coupled LD with a centre wave-
length of 808 nm from Coherent Corporation of model
FAP-SYS-30. The maximum output power of the LD
is 30 W. The core diameter of the optical fibre is
800pm with a numerical aperture of 0.22. The line
width of the emitted radiation is comparable to that
of the Nd absorption line and the central frequency
can be tuned by changing the diode temperature.

A coupling system with a 40-mm focal length and
86% coupling efficiency is used to direct the pump
beam onto the laser crystal.

The crystals used in the experiments are pro-
vided by Fujian Castech Crystals; they are all a-cut,
have a square section of 3mmx3mm, and a length of
10mm. Each crystal is wrapped by an indium foil
and tightened inside a small copper holder to insure
a good thermal dissipation, and the holder is lodged
into a copper housing cooled by water at an opti-
mal temperature of 16°C. The crystal optical faces are
anti-reflection coated at all the relevant wavelengths,
namely 1342, 1064 and 808 nm.

The resonator shown in Fig.1 consists of only two
end mirrors. The pump beam reaches the crystal af-
ter passing through the high reflection (HR) mirror,
which is a plano-concave one that has a dichroic coat-
ing with a reflectivity larger than 99% at 1342nm,
lower than 30% at 1064 nm, and about 5% at 808 nm.
The available output couplers (OC) have a transmis-
sivity of 5% or 10% at 1342 nm and a reflectivity lower
than 30% at 1064nm. The OC mirrors are plano-
convex mirrors, with a 100-mm radius of curvature.
The dichroic coatings are necessary to prevent para-
sitic lasing at 1064 nm.

An optical power meter of model 8025C from
Newport Corporation was used to measure the input
and output power.

3. Selection of the Nd concentra-

tion of the laser crystal

In recent years, the availability of large, high-
quality Nd:YVO, laser crystals with low Nd?+ dop-
ing concentrations (< 0.5at.%) has stimulated re-
newed interest in power scaling of diode end-pumped
Nd:YVO, lasers.[7=912 For low doping, the reduced
absorption coefficient at the pump wavelength permits
the deposited heat to be spread along the axis of the
laser-crystal, reducing heat load, and consequent ther-
mal lensing and other problems. Chen!*? has shown
that the pump-power fracture limit of Nd:YVOy is
inversely proportional to the concentration. Theoret-
ical calculations!'*~16! agree that the optimum con-
centration of a Nd:YVOy laser at 1064nm is in the
range 0.25-0.4at.% for a pump power of the order of
30W. Experimentally, continuous wave output pow-
ers of 8 and 25W at 1342nm and 1064 nm respectively
have recently been demonstrated for LD double-end-
pumped Nd:YVOy, lasers with doping levels as low as
0.3 at.%.[®1% Considering that during laser action, the
thermal loading is larger for single-end-pumped opera-
tion than that for double-end-pumped operation, and
larger for operation at 1342nm than that at 1064 nm,
we used two crystals for comparison and optimization
with Nd doping levels of 0.2 at.% and 0.3 at.%, re-
spectively.

4. Design of the adjustable stable

concave-convex resonator

The resonator stability and the mode spot size
are crucially dependent on the thermal lens induced
in the crystal by pump power dissipation. The thermal
lensing effect of the laser crystal diminishes the mode
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volume of the oscillating laser, brings about mode mis-
match between the oscillating laser and the pumping
laser, thus decreases the laser output power, its sta-
bility and the efficiency of the laser.

Therefore, the design principles of the adjustable
concave-convex resonator are as follows: (1) The spot
radius of the TEMgg oscillating laser at the position
of the thermal lens should be as large as possible to
obtain a large mode volume and achieve high power
and efficiency. (2) The mode volume should be as
insensitive as possible to the change of the thermal
focal length in order that the resonator is thermal-
insensitive. (3) Keep mode matching between the os-
cillating laser and the pumping laser so as to improve
optical efficiency.

In our experiments, we have designed a concave-
convex thermal-insensitive resonator structure accord-
ing to the principles mentioned above and based on
ABCD matrix method. For plano-convex mirror with
proper curvature can adjust the radius, curvature and
beam waist position of the oscillating laser, overcome
the reduced efficiency induced by thermal lensing ef-
fect, and thus keep mode match between the oscil-
lating laser and the pumping laser. In short, we use
the concave-convex cavity to compensate the thermal
lensing effect of Nd:YVO, crystal and eliminate the
focusing effect of the laser rod effectively.

5. Experimental results and dis-

cussion

Figure 2 shows the output power versus pump
power measured with laser crystals of 0.2 at.% and
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Fig.2. Output power versus pump power measured
with laser crystals of 0.2 at.% and 0.3 at.% Nd concen-
trations.

0.3at.% Nd concentrations. Though the crystal with
Nd doping level of 0.3 at.% has the lower pump thresh-
old of about 1.3W, the crystal with Nd doping level
of 0.2 at.% shows the better performance than the for-
mer. This result corroborates the choice of designing a
cavity based on long crystals with very low Nd doping
level, and points out that the optimal concentration
may be even somewhat lower ( 0.12%-0.15%) than the
value estimated.

Another important parameter affecting the laser
performance is the transmissivity of the output cou-
pler. There exists an optimum transmissivity. In the
experiments, the available output couplers have trans-
missivities of 5% and 10%, respectively. With other
experimental conditions being the same, Fig.3 shows
the output power as a function of the absorbed pump
power. A better result has been obtained using output
coupler with transmissivity of 5%.
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Fig.3. Output power versus pump power with T=5%
and T'=10% output couplers.

With the curvature of the input and output mir-
rors fixed, by adjusting the position of the input mir-
ror, we can change the size of the focused pump spot
and the radius of the beam waist, thus carry out the
mode match adjustment under different pump pow-
ers and improve the output power and efficiency of
the laser. Typical values of distance between the HR
mirror and the nearer crystal face are between 5 and
35bmm in our experiment, while the distance between
the HR mirror and the output coupler (the cavity
length) is around 80mm according to our calculation.
By adjusting the position of the HR mirror, several
cavity lengths of the resonator were tested in order to
optimize the output power. With other experimental
conditions the same, Fig.4 shows the output power as
a function of absorbed pump power with the cavity
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length of 84, 79, 75 and 70mm, respectively. The best
result is obtained for cavity length of 79mm.
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Fig.4. Output power versus pump power for different
cavity length.

Diode pumping and careful cavity design result
in a good stability of the output power, which is an
urgent request in most applications. Figure 5 shows
the stability of the output power of the 1342nm laser
We have
measured the intensity fluctuations for the laser de-

with the best parameters selected above.

livering about 6W and found that the rms amplitude
noise is less than 0.3% for a total recording time of 1h.

In short, we have obtained the best result with
laser crystal of 0.2 at.% Nd concentration, output cou-
pler of T=5% transmissivity and cavity length of
79mm. An output power of 7.36W is achieved with
the above mentioned parameters, corresponding to an
optical-to-optical efficiency of 32.8%. The laser oper-
ates in TEMyg mode by observation.
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Fig.5. Stability of the output power of 1342 nm laser.
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Summary

In this paper, by using relatively long crystals
with very low Nd doping and a careful design of
the optical resonator, a compact, efficient and high-
power LD single-end-pumped Nd:YVOy4 laser with
continuous-wave emission at 1342 nm is obtained. For
the development of the lasers, we have considered
many parameters in order to search for an optimum
configuration. The influences of the Nd concentra-
tion, transmissivity of the output mirror and the cav-
ity length have been experimentally studied. With
a crystal single-end-pumped by fibre-coupled diode
laser, an output power of 7.36W is achieved from
the concave-convex resonator, corresponding to an
optical-to-optical efficiency of 32.8%. The laser oper-
ates in TEMgyg mode with small rms amplitude noise
of 0.3%.

References

[1] Cross P L, Barnes N P, Skolaut M W and Storm M E
1990 Appl. Opt. 29 791

[2] Tucker A W, Birnbaum M, Fincher C L and DeShazer L
G 1976 J. Appl. Phys. 47 232

[3] Tucker A W, Birnbaum M, Fincher C L and Elder J W
1977 J. Appl. Phys. 48 4907

[4] Agenesi A, Reali G C and Gobbi P G 1998 IEEE J. Quan-
tum Electron. 34 1297

[5] Zhang HL, He J L, Chen Y C, Hou W, Liu R, Feng B H,
XuZY, Wang J M, Wu X, Wu B C and Chen C T 1998
Acta Phys. Sin. 47 1579 (in Chinese)

[6] Shang L J 2003 Acta Phys. Sin. 52 2476 (in Chinese)

[7] Lieto A D, Minguzzi P, Pirastu A, Sanguinetti S and
Magni V 2002 Appl. Phys. B 75 463

[8] Ogilvy H, Withford M J, Dekker P and James A P 2003
Optics Expres. 19 2411
[9] Lieto A D, Minguzzi P, Pirastu A and Magni V 2003 IEEE
J. Quantum Electron. 39 903
[10] Shang L J and Ning J P 2005 Chin. Phys. 14 1387
[11] Shang L J and Zheng Y 2002 Acta Phys. Sin. 51 2015 (in
Chinese)
[12] Chen Y F, Huang T M, Liao C C, Lan Y P and Wang S
C 1999 IEEE Phot. Tech. Lett. 11 1241
[13] Chen Y F 1999 IEEE J. Quantum Electron. 35 234
[14] Peng X, Xu L and Asundi A 2002 IEEE J. Quantum Elec-
tron. 38 1291
[15] Peng X, Asundi A, Chen Y and Xiong Z 2001 Appl. Opt.
40 1396

[16] Zagumennyi A I, Mikhailov V A and Shcherbakov I 1996
Laser Phys. 6 582



