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We report on a compact and highly efficient diode-end-pumped TEMy, Nd:YVO, slab laser with an output
power of 103 W and beam quality M? = 1.5. The optical-to-optical efficiency was 41.5%. In electro-optically
@-switched operation, 83 W of average power at a pulse-repetition rate of 50 kHz with a pulse length of 11.3 ns
was obtained. At a pulse-repetition rate of 10 kHz, 5.6 mdJ of pulse energy, and 870 kW of peak power were

measured. © 2003 Optical Society of America
OCIS codes: 140.3480, 140.3540.

Diode-end-pumped rodlike solid-state lasers have been
a focus of development in the past decade because
of their high efficiency, compact size, and high beam
quality. @-switched lasers at high repetition rates
are important sources for a wide range of applica-
tions such as micromachining, marking, ranging,
remote sending, and microsurgery. However, power
scalability in most solid-state laser media is limited
by thermally induced lensing and thermal fracture
damage.

Nd:YVOy crystals have been identified as promising
materials for use in diode-pumped lasers.!"® Relative
to Nd:YAG and Nd:YLF, Nd:YVO, can produce short
pulse lengths at high repetition rates in @-switching
operation because of its large gain cross section and
short energy storage time.*” These properties are
of essential importance for precision micromachining.
Until now, for a single oscillator with Nd:YVO, 30-W
TEMgy, power was reported in a continuous wave; in
@-switched operation the maximum pulse energy was
below 1 md; even at 1 kHz, the maximum average
output power was 25 W.*

Partially end-pumped slab lasers with hybrid reso-
nators have proved to be favorable for power scaling
at high beam quality and efficiency, as they have the
properties of both the high overlapping efficiency of
end-pumped rod lasers and the excellent cooling con-
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ductivity of slab lasers.®® In this Letter we discuss
a partially end-pumped Nd:YVO, slab laser oscillator
that was @ switched electro-optically at a high repeti-
tion rate.

The experimental arrangement of the slab laser is
shown in Fig. 1. The pumping unit consists of a stack
with eight diode bars; the radiation emitted by each
diode laser bar was individually collimated by a mi-
crolens. The collimated beams were first compressed
in the y direction by a factor of 2 with a pair of prisms
and then focused into a folded planar waveguide by

y-z plane

Ll

Fig. 1. Schematics of the laser: cross sections in y—z and
x—z planes: a, diode stack; b, pair of prisms; ¢, two cylin-
drical lenses; d, planar waveguide; e, imaging group; f, rear
mirror My; g, Nd:'YVO, slab; h, output coupler Ms; i, output
laser beam.
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two f = 25 mm cylindrical lenses. A folded planar
waveguide with a width of 3 mm was used to achieve
a uniform pumping line. Using an imaging system
with a magnification of 4X, we generated a homoge-
neous pumping line with dimensions of ~0.5 mm X
12 mm inside the Nd:YVO, slab. With such a pump-
ing unit, 88% of the diode laser power was transmitted
to the Nd:YVOy4 slab. By controlling the temperature
of the cooling water we fixed the central wavelength of
the emission near 808 nm. The spectral width of the
diode laser stacks was 3.5 nm. The Nd:YVOy slab had
a 0.3-at. % doping concentration with a size of 1 mm X
10 mm X 12 mm and was a cut and with its ¢ axis
along its 12-mm edge. It was mounted between two
water-cooled heat sinks with two large faces (12 mm X
10 mm), which served as thermally conducting sur-
faces. Indium foils were used for effective and uni-
form thermal contact and cooling. Only two 1 mm X
12 mm end faces of the slab crystal needed to be pol-
ished and coated to pass the pump radiation (808 nm)
and the laser beam (1064 nm). The absorption length
was estimated to be 4 mm. At the early design stage
we were concerned with the maximum power load of
the Nd:YVOy slab and selected the length 10 mm to
enhance heat conduction by pumping the slab with a
wavelength different from 808 nm. The experimental
results show that a Nd:YVO, slab has quite a high
thermal damage threshold and that slabs shorter than
10 mm can be used without loss of efficiency.

Two highly reflective cylindrical mirrors, M; (R; =
350 mm) and My (Ry =—215 mm), were used as reso-
nator mirrors. The distance between the two mirrors
was ~67.5 mm. In the plane of the pumping line a
positive-branch confocal off-axis unstable resonator
with 1.63X magnification was formed.’® The output
coupling was 1 — 1/M = 38.6%. Mirror My was
cut and polished at one edge. The laser beam was
coupled out from that edge. With the line-shaped
pumping geometry the heat conduction was quasi
one-dimensional. The temperature gradient was
perpendicular to the pumping line. Therefore there
was a considerable thermal-lens effect in the direction
perpendicular to the pumping line. The flat—flat
cavity in the y—z plane became thermally stabilized.
At a pump power of 248 W the focal length of the
thermally induced lens was estimated to be 150 mm,
and the beam diameter inside the laser material was
~0.41 mm.

Figure 2 shows the input—output characteristics for
the Nd:YVO, slab laser without the polarizer and the
Pockels cell. A maximum output power of 103 W was
obtained at an incident pump power of 248 W. No
saturation phenomenon was observed at this power
level. The corresponding efficiency for the slab
laser at the maximum output power was 41.5%, and
the slope efficiency was 54.9%. The threshold was
~40 W. The laser beam was polarized along the
unstable direction.

A birefringent polarizer and a high power B-barium
borate electro-optic Pockels cell were used for @
switching. The average output power, energy per
pulse, and pulse width versus the pump power at
various repetition rates were studied. The results

are shown in Figs. 3 and 4. At a repetition rate of
50 kHz the energy per pulse was 1.66 mJ and the
pulse width was 11.3 ns; at 10 kHz the energy of a
single pulse and the pulse width were 5.6 mJ and
6.45 ns, respectively, and the maximum peak power
was above 870 kW. To our knowledge, the average
output power, energy per pulse at a repetition rate
range of 10—50 kHz, and the peak power are the
highest reported for a diode-pumped Nd:YVO, system.
Figure 5 shows a typical pulse profile measured by
a fast photodiode and a digital oscilloscope. The
standard deviation of pulse-to-pulse energy is +2%, as
the incident pump power was 248 W and the repetition
rates were 10—50 kHz.
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Fig. 2. Continuous-wave output power of the partially
end-pumped Nd:YVO, slab laser versus incident pump
power into the slab crystal.
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Fig. 3. Average output power versus pump power at sev-
eral repetition rates.
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Fig. 4. Pulse width versus pump power at several repeti-
tion rates.
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Fig. 5. Typical @-switched pulse profile.
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Fig. 7.
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Far-field intensity distribution after the spatial

The output beam has a size of ~0.3 mm X 4.6 mm.
A group of prisms was used to expand the beam size 14
times in the y—z direction. After the prisms the out-
put beam has a size of 4.5 mm X 4.6 mm. Figure 6
shows the intensity distribution in the far field at a

pump power of 248 W. In the stable direction it is
Gaussian. As expected, in the unstable plane it shows
a maximum with sidelobes of low intensity owing to
diffraction on the edge of the output coupling mirror.
Using a spatial filter, we cut out the sidelobes. Fig-
ure 7 shows the far-field intensity after the spatial fil-
ter. The power loss caused by the spatial filter was
~10%.

A lens (f = 300 mm) and a CCD camera (Spiricon)
were used to measure the quality of a laser beam. At
the 90-W output power after the spatial filter, M?
in the stable and the unstable directions was 1.5 and
1.3, respectively. In @-switched operation, no change
in the intensity distribution was measured compared
with that in cw operation. This result indicates that
beam quality in the @-switching operation should be
the same as that in the cw operation.

In conclusion, we have demonstrated a high-power
cw and electro-optically @-switched Nd:YVO, slab
laser with a hybrid resonator. We measured 103 W
of power at near-diffraction-limited beam quality in
the cw mode. In the @-switched mode we achieved a
1.66-mdJ pulse energy with a pulse length of 11.3 ns at
50 kHz and a 5.6-mdJ pulse energy with a pulse length
of 6.5 ns at 10 kHz.
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