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Abstract

We study a pulsed laser-diode-pumped acousto-optically (AO) Q-switched Tm:YAG laser. To satisfy
the requirements of a wind measurement lidar, we investigate experimentally the factors influencing
the output-pulse width in a thermal compensating linear laser cavity. We show that the laser-pulse
width is not only influenced by the pumping intensity of the diode lasers, the laser-cavity length, and
the transmissivity of the output coupler, but also depends on the stimulated emission cross-section of
the laser media.

Keywords: diode-pumped lasers, acousto-optically Q-switched Tm:YAG laser.

1. Introduction

Single-doped Tm3+ lasers operating at 2 μm have attracted much attention for numerous applications
ranging from remote sensing and medicine to laser radars [1–7]. Many Tm3+-doped laser media have
been used for obtaining high-power 2 μm laser output in a diode-end-pumped configuration. As one of
them, the Tm:YAG laser has been employed extensively for its merits, such as good thermomechanical
property, high doping concentration, long fluorescence lifetime, and so on [8]. However, Tm:YAG lasers
operating at room temperatures are quasi-three-level laser systems, and the thermal population of the
lower laser level affects the laser characteristics. To improve the laser performance, many operating
conditions should be optimized, such as the diode pumping intensity and spatial distribution, laser cavity
length, transmissivity of the output coupler, the parameters of the laser media, and so on.

In recent years, some results on the continuous-wave (cw) laser characteristics of Tm:YAG laser have
been reported [9–12]. In 2002, a cw Tm:YAG laser with 150 W output was achieved in [13] where a
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compound parabolic concentrator was used. It is difficult to realize high power output for lower gain and
higher saturable reabsorption losses in a Tm:YAG Q-switched laser system. With a RTP Pockels cell,
such as the Q-switch generator, a pulsed Tm:YAG laser was realized with a maximum output of 2.4 mJ
and a pulse width of 57 ns [14]. In 2008, a Q-switched 2.013 μm Tm:YAG laser with a pulse energy of
4 mJ and a pulse width of 80 ns at a repetition frequency of 100 Hz was reported in [15], and it was used
as the pump source of a ZGP-OPO to generate mid-IR 3-5 μm radiation. For accurate wind-velocity
measurements, commercial aircraft safety, or global wind monitoring, a Tm:YAG laser with a long pulse
width is required to achieve the narrow transform-limited bandwidths, which is needed to measure wind
velocities within ± 1 m/s [16].

In this paper, we demonstrate a pulsed LD pumped and AO Q-switched Tm:YAG laser. Using
a thermal compensating linear laser cavity, we investigate experimentally the factors influencing the
output-pulse width. We show that the laser pulse width is influenced mainly by the pumping intensity
of the diode lasers, the laser cavity length, the transmissivity of the output coupler, and the laser media
characteristics.

2. Experimental Setup

A schematic of the experimental setup is shown in Fig. 1. A fiber-coupled pulsed LD with a maximum
peak power of 30 W is used as a pump source. The central output wavelength of the LD is 785 nm,
which coincides with an absorption peak of Tm3+. The fiber core has a diameter of 400 μm and a
numerical aperture of 0.22. The diode-laser beam is shaped and focused by a series of convex lenses.
The mode matching between the pumping laser and the oscillating laser is optimized by changing the
pump-beam waist radius and location. The pulse repetition rate and the pulse width of the pump laser
can be changed to achieve high-efficiency laser output. A Tm:YAG rod with a doping concentration of
3.5 at.% was employed as a gain medium. The rod was 4 mm in diameter and 10 mm in length. The faces
are polished plane, parallel, and have antireflection coating near 785 nm and 2.01 μm. The operation
temperature of the crystal is 288.7 K. A convex input mirror is selected with a radius of curvature of
-300 mm to provide partial compensation of the thermal lens in the laser rod. The input mirror is highly
reflective at a wavelength near 2.01 μm (R > 99.5%) and highly antireflective at a wavelength about
790 nm (R < 0.5%). A concave output coupler is used with a radius of curvature of 300 mm. A 46 mm
long fused-silica AO Q-switch with low insertion losses is used to produce a Q-switched operation. The
wavelength of the Tm:YAG laser is measured with a monochrometer (300 mm focal length, 300 lines/mm
grating blazed at 2000 nm). The pulsed laser is detected by an InGaAs detector connected with a
Tektronix TDS3032B digital oscilloscope.

Fig. 1. Schematic of the experimental setup.
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3. Experimental Results and Discussion

3.1. Pump Intensity

First, we studied the dependence of the pulse width of the output laser on the pump intensity. When
the incident pump power is not saturated, the pulse width decreases with increase in the pump intensity.
This is due to the increase in the population inversion and decrease in the pulse build-time of Q-switching.
The pump intensity is directly impacted by the incident pump power and the size of the pump beam
waist. Enlarging the pump beam waist is helpful for reducing the pump intensity and increasing the
output-pulse width. The experimental results are shown in Fig. 2, where the Tm:YAG laser performance
at 100 Hz is investigated when the radius of the pump-beam waist ωp = 400 μm and 600 μm. With
the increase in the incident pump energy, the pulse width decreases exponentially and the output energy
increases linearly. At ωp = 400 μm, the laser output saturates when the energy is beyond 1.85 mJ. At
the same output energy, the pulse width at ωp = 600 μm is wider than that at ωp = 400 μm.

Fig. 2. Pulse width and output energy of a Tm:YAG laser versus the pump energy. Experimental data are shown
by squares, circles, and triangles, and the fitting curve by the solid line. Coupling ratio 1:2 and ωp = 400 μm (left)
and coupling ratio 1:3 and ωp = 600 μm (right).

3.2. Laser Cavity

Then we studied how the output laser performance was influenced by the laser cavity.
On the one hand, we studied the pulse width and output energy of the Tm:YAG laser at 30 Hz at

different cavity lengths. In Fig. 3 one can see that the pulse width increases with increase in the length of
the laser cavity. When the cavity length does not exceed 275 mm, the output energy is almost constant
at the same incident energy. On the other hand, the laser pulse at 100 Hz was recorded and compared
by using three kinds of output couplers with different transmissivities. As shown in Fig. 4, at the same
output energy, the pulse width obviously increases with increase in transmissivity.

3.3. Laser Medium

The pulse width of the output laser is influenced by the parameters of the laser media. We carried
out comparative experiments employing Tm,Ho:YVO4 and Tm:YAG lasers at 30 Hz. As shown in Fig. 5,
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Fig. 3. Pulse width (left) and output energy (right) versus the incident pump energy at L = 120 mm (�), 220 mm
(�), 275 mm (�), and 330 mm (�).

Fig. 4. Pulse width versus the output energy for differ-
ent output couplers with T = 2.0% (�), 3.5% (�) and
4.4% (�).

Fig. 5. Pulse width versus the output energy of a
Tm:YAG laser with L = 275 mm and T = 5.8% (�)
and a Tm,Ho:YVO4 laser with L = 1m and T=20% (◦).

at the same output energy, the pulse width of the Tm,Ho:YVO4 laser is much narrower than that of the
Tm:YAG laser. It should be noted that the cavity length for the Tm,Ho:YVO4 and Tm:YAG lasers was
1 m and 275 mm, respectively, and the output coupler transmissivity was 20% and 5.8%. This can be
attributed to the larger stimulated emission cross-section of Tm,Ho:YVO4 (σe = 7.7 ∼ 8.0× 10−20 cm2),
which is much higher than that of Tm:YAG (σe = 2.5×10−21 cm2). Under the same pumping conditions,
the pulse width is mainly influenced by the stimulated emission cross-section of the laser medium. To
satisfy the requirements of a lidar, a wider laser pulse is required, so a Tm3+-doped crystal with smaller
stimulated emission cross-section is favored.
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4. Conclusions

In conclusion, we have studied a diode-pumped AO Q-switched Tm:YAG laser. Using a thermal
compensating linear laser cavity, we investigated experimentally the factors influencing the output pulse
width. Our results showed that the laser pulse width is influenced mainly by the LD pumping intensity,
the laser cavity length, the transmissivity of the output coupler, and the laser medium characteristics.
Increasing the pump beam waist, cavity length, and transmissivity of the output coupler along with using
Tm3+-doped crystals with smaller stimulated emission cross-section are helpful to achieve a long-pulse-
width laser output.
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