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LD-pumped passively @Q-switched red laser at 660 nm
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A laser diode (LD) pumped Nd:YAG red pulse laser at 660 nm was presented by V:YAG passively Q-

switching and LBO intracavity frequency doubling. With 1.6-W incident pump power, average output

power of 46-mW, pulse duration (FWTHIM) of 23.3 us, pulse repetition rate of 21.6 kHz, peak power of 91.4

W, and single pulse energy of 2.13 uJ were obtained. The beam quality factor M? was less than 1.2. The

fluctuations of pulse energy and repetition rate were less than 3% in 4 bours. The pulsed laser at 660 nm

is expected to be used as the pump source of Cr®*:doped crystal to obtain the gain-switched tunable laser.
OCIS codes: 140.3480, 140.3540, 140.7300, 140.3530.

In recent years, LD-pumped continuous-wave (CW) or
pulsed red laser has been developed by intracavity or
extracavity doubling the 1.3-um laser of Nd*t-doped
crystall'!=®).  In the case of the pulsed red light out-
put, the fundamental wave was actively Q-switched>?,
thus the laser was complex and expensive. Saturable
absorber passively (-switching is proved to be a simpler
and lower cost way because of no high-voltage and radio
frequency (RF) driversi4. When the doubler is included
into the cavity, pulsed second harmonic wave can be
generated® 7). Saturable absorber Cr:YAC ha: been
widely used in @-switched and intracavity frequency
doubling green and blue lasers!*™", hut it is not saitable
for 1.3-pm wave band. The satursble absorber V:YAG
has been proved to be an effective passively Q-switched
crystal for this wave band®—191. It has the properties of
large ground-state absorption cross section, small ratio
of excited- and ground-state absorption cross section,
short recovery time, low saturable energy density, and
high damage threshold. :

In this paper, a compact and low cost LD-pumped
red pulse Nd:YAG laser at 660 nm was demonstrated
simultaneously by V:YAG passively @Q-switching and
LBO intracavity frequency doubling. The combination
of Nd:YAG and V:YAG was analysed theoretically for
passive ()-switching. The parameters of pulsed red laser
as a function of pump power were studied experimentally.
The fluctuations of red pulse energy and repetition rate
were less than 3% in 4 hours at last.

The properties of V:YAG was extensively studied in
Ref. [8]. The linear absorption spectrum of V:YAG be-
tween 350 and 1600 nm is shown in Fig. 1. It is very
suitable for the line of 1319 nm of Nd:YAG Q-switching.
For 1319 nm, the absorption cross sections of ground- and
excited-state are gge, & 7.2x107® and g4, = 7.4x 10719
cm?, respectively. The ratio of B = Oesa/0gsa =~ 0.1 is
small, which indicates that the exited-state absorption
(ESA) loss is low. The saturable energy density is about
0.05 J/cm?, corresponding saturable power density is
7 MW/cm?, which means that it can be used in lower
pump power level. The recovery time is short (2246 ns).
When proper resonator was adopted, Q-switching and
mode-locking can be realized®!.

rFAhe stimulated emission cross section ge,, is 8.7x 10720
cm? for Nd:YAG at 1319 nm. The important parame-
ter a for passively Q-switching is ogsaw?/Temw? ~ 80
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(assuming the beam radius wy in Nd:YAG is equal to
the one ws in V:YAG), which guarantees that satura-
tion in the absorber occurs before the gain saturation
in the laser crystal (the second threshold condition). As
shown in Fig. 2, when the gain is equal, the efficiency
increages as the parameter « increases, so the combina-
tion of Nd:YAG and V:YAG is a better one. It can be
regarded as a rapid G-switched laser[11],

Figure 4 shows the configuraiion of pulsed red laser at
630 nm. A laser dicde with maximum output of 2 W,
ceatral 2mitting wavelength of 807.5 nm at 25°C, emit-
ting bandwidth of 1.8 nm, and divergent full angle of
10x36° were used as pump source. A set of coupling op-
tics with 90% efficiency was used to re-image the pump
light into the laser crystal. The average pump spot radius
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Fig. 1. Linear absorption spectrum of V:YAG.

al

(=]
o]

g
=
T

I
IS

f=1
[
T T

Efficiency of @-switching

=
=]

=
(=3

Normalized gain

Fig. 2. Efficiency of passive @-switching versus normalized
gain. The parameter is & = 0gsa/Tem-
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Fig. 3. Schematic of the experimental setup.

wp was 85 um. Its ellipse was better than 0.9. The
active medium was a 1.0 at.-% doped Nd:YAG crystal.
Its size was ¢4x3 mm. The left side acting as one mir-
ror of resonator was high transmission (HT) coated at
808 nm (T > 95%) and high reflectivity (HR) coated at
1319 nm (R >99.9%). The right side was antireflection
(AR) coated at 1319/1064 nm. For the possible para-
sitic oscillation will affect the energy storage in the active
medium, the remaining reflection of this side was as small
as possible to suppress the effect of Fabry-Perot (F-P)
etalon that will affect the efficiency of @-switching. The
reflection of 808 nm was not considered for double pass
through the laser medium at this face. Measurement
indicated that more than 85% pump light was absorbed.
The resonator was plano-concave. The radius of curva-
ture (ROC) of output coupling mirror was 50 mm. Tt
was HR coated at 1319 nm (R >99.9%), HT coated at
1064 (T >90%) and 660 nm (7' >98%). Its plane face
was HT coated at 660, 1064, and 1319 nm (T >98%).

A piece of V:YAG with thickness of 0.46 mm awd small
signal transmission of 89% was used ‘o switch the funda-
mental laser at 1.3 pm. Beth sides were broad AR coated
at this wave band. LBO (2x2x10 mm®) with type-I crit-
ical phase matching (=85 9°, $=0° at 27°C) was used to
intracavity frequency doubling. The effective nonlinear
coefficient was 0.818 pm/V. The walk-off angle at 660
nm was 0° according to the doubling frequency process
of 1319.0(e) + 1319.0(e) = 659.5(0), which was favorable
to circular light spot. Both sides were AR coated at
660/1319 nm (R <0.2%). For the pulse duration was di-
rect proportion to the length of the resonator, the length
of the cavity was set as short as possible. Geometry
length of 18 mm was adopted at last. The linear cavity
mode radii in Nd:YAG (w;), V:YAG (ws), and LBO (wy)
were about the same as 98 um. Thus the resonator did
not affect the parameter o calculated above. Red pulses
were measured by a TDS1012 digital oscilloscope (100-
MHz bandwidth) and a fast Si PIN photodiode with a
rise time of less than 0.5 ns.

When the V:YAG was not inserted into the cavity, the
laser was operated in CW at 660 nm with low noise.
Maximum output power of 182 mW was obtained at the
pump power of 1.6 W. When the V:YAG was inserted,
red pulse was achieved. The average power of 46 mW,
pulse duration (FWHM) of 23.3 ns (see Fig. 4), pulse
repetition rate of 21.6 kHz were obtained. The corre-
sponding peak power and single pulse energy were 91.4
W and 2.13 uJ, respectively. The threshold was 1.06 W.

Experiments showed that average power, pulse repeti-
tion rate, peak power, and single pulse energy increased
linearly as the pump power increased. Pulse duration de-
creased as the pump power increased, so one can obtain
different interesting results easily by varying the pump
power from near threshold to 1.6 W.

As shown in Fig. 4, time symmetry of the pulse was

Fig. 4. Oscilloscope trace of a single pulse at 660 nm.

good. The phenomenon of pulse duration being longer
than that of without LBO with fundamental wave out-
put mirror (I' = 7%) instead of the red output mir-
ror was not observed as reference. This is because the
red output was not overcoupledl. For the temperature
fluctuation in the environment, thermal gradient in the
crystals (Nd:YAG, V:YAG and LBO), absorption of the
remained pump light and 660-nm laser by V:YAG, or
fluctuation of the diode pump power and spectrum, rep-
etition rate and energy instabilities of the red pulses were
about 10%. By carefully adjusting the pump power near
1.6 W and the temperature of the crystals, stable pulse
traces were obtained. The instabilities of energy and rep-
etition rate were measured to be less than 3% in 4 hours
by the statistics function of the cscilloscope.

In summary, a conpac’ znd low cost LD-pumped
all-solid-state simuitaneously intracavity passively Q-
switched by V.YAG snc frequency doubling with LBO
rad pulse laser 25 §6U nm was obtained. Average output
power o1 46 mW, pulse duration (FWHM) of 23.3 ns,
pulse repetition rate of 21.6 kHz, peak power of 91.4 W,
and single pulse energy of 2.13 uJ were obtained when
the pump power was 1.6 W. Pulses with stable energy
and repetition rate were achieved when the pump power
and the temperature of the crystal were adjusted simulta-
neously. The pulsed laser at 660 nm is expected to pump
Cr:**-doped crystal to obtain the gain-switched laser.

Q. Xue’s e-mail address is xueqinghual978@sina.com.
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