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Self-stimulating Raman (self-Raman) laser technology, based on Raman-active laser crystals such as Nd
doped vanadates or Nd doped tungstates in combination with a frequency-doubling crystal, is capable of
providing simple, low-cost, and compact yellow laser systems. Potential applications include biomedicine,
ophthalmology, DNA sequencing, and laser display. Passive Q-switching (using a saturable absorber), generates
short pulses at high pulse rates and increases the Raman conversion efficiency while maintaining compactness of
the system. In this paper, we present a compact (cavity length - 30mm) passively Q-switched yellow laser based
on an intra-cavity-doubled, diode-pumped, self-stimulating Raman composite Nd:YV04NV04small-scale laser
with a Cr:YAG crystal as the Q-switching element. The pump source was a 4.5W high brightness 808nm laser
diode. To our knowledge, this is the first report of passively Q-switched yellow output from a self-stimulating
Raman laser based on composite vanadates. A large quantum energy defect between pump and laser photons
occurring in stimulated Raman frequency conversion impacts on the efficiency and the further power scaling of
the system. Use of composite materials, consisting ofNd doped YV04and un-doped YV04, reduces the severe
thermal loading in the self-Raman laser crystal.

An a-cut composite Nd:YV04 NV04 crystal with dimensions 3mm x 3mm x IOmm was used, which
consisted of a 7 mm long un-doped region and 3 mm long 0.5 at.% Nd doped active region. The diode was
focussed into the laser crystal with a 100 urn diameter. The pumped face (YV04 side) of the composite crystal
was directly HR-coated (R>99 .99%) for 1-1.2 urn, and the other face (Nd.Yv'Orside) was AR-coated (R<O.OI%)
for 0.8-1.2 urn. For passive Q-switching, an AR-coated Cr:YAG crystal with unsaturated transmission (T= 90%)
was used inside the cavity. To achieve intra-cavity frequency doubling, an AR-coated (R < 0.1% for 1-1.2 um)
LiB30s (LBO) crystal (4 mm x 4 mm x 10 mm) cut for non-critical phase matching at 1176/588 nm was also
placed inside the cavity (crystal temperature was maintained at -45 "C). The output coupler was a concave
mirror (10 em curvature) with a high reflectivity (R > 99.99%) for 1-1.2 urn and high transmission (T > 85%) for
589 nm, the total cavity length was - 30mm.

When Q-switched, the threshold for yellow output was 3.5W. Above threshold, the yellow output increased
smoothly and its power reached up to 264mW at the maximum pump level. The corresponding conversion
efficiency from diode to yellow output was 5.9%. The system without the Cr:YAG also lased (CW), and its
yellow output power of 115mW was achieved at the maximum pump level, corresponding to an optical
efficiency of2.6%. These output powers are shown in Fig. 1. Pulse width of Raman output was achieved to be 3
4 ns at prfs between 20kHz and 40kHz. The pulse width (2.1 ns) of the yellow output was slightly shorter than
that of the Raman output (3 ns), resulting from the second-order nonlinear frequency conversion process. The
beam quality ofoutput beam also had a measured M2 factor of -1.7 at the maximum yellow power.

In conclusion, we have investigated a frequency-doubled passively-Q-switched self-Raman laser formed by a
composite Nd:YVOJYV04 and a saturable absorber Cr:YAG, for the first time. The system is a promising
candidate for a compact, cost-efficient pulsed or CW yellow laser source. In future, use of 885 nm diode
pumping to reduce thermal lensing may enable further power scaling of the system.

a
Time (ns)

-1-2

o 0.01
:J
ce
'-"

2.. 0.005
......
:Jo

54
•

•
•

..
' 0

. 0 0
o 00

o 00
nOD

1 2 3
Pump power (W)

• Q-switched
o CW----~

E
';:' 200
il)

~o
0-

S 100
0-......
:Jo

Fig. 1 Yellowoutput as a functionof pumppower. Fig. 2 Experimental temporalevolutionof yellow output.
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