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1. INTRODUCTION

Actively Q-switched solid-state lasers with high
peak powers have potential use in optical communica-
tions, laser ranging, information storage, material pro-
cessing and medical surgery, nonlinear frequency con-
version, and so on. Recently, high-power laser-diode
pumped Yb:YAG lasers have received great attention
due to their robust properties. Yb:YAG has a very low
quantum defect (8.6%) resulting in three times less heat
generation than Nd-based laser systems [1]. The
absorption bandwidth at 940 nm is 18 nm, which make
it less sensitive to diode wavelength specifications.
Moreover, Yb:YAG has a long storage lifetime (951 

 

µ

 

s)
[2] and a relatively large emission cross section, which
make it highly suitable for Q-switching operation.

In the past decade, several researchers reported on
Q-switched Yb:YAG lasers. T.Y. Fan reported the first
actively Q-switched Yb:YAG laser with an electrooptic
modulator [3]. A passively Q-switched Yb:YAG laser
with Cr

 

4+

 

:YAG was first demonstrated by Jun Dong [4].
They employed a Ti:sapphire laser as the pump source
and achieved an average output power of 55 mW at
1.03 mm with pulse width 350 ns. The first Yb:YAG
microchip laser that was passively Q-switched with a
SESAM was reported by G.J. Spühler [5] and a 530-ps
pulse width has been obtained. To our knowledge, there
were few reports that were actively Q-switched with an
acoustic–optical modulator end-pumped by a fiber-
coupled laser diode.

In this paper, we report on the results of an actively
Q-switched Yb:YAG laser. The dependence of the aver-
age output power, peak power, single-pulse energy, and

pulse width on the Q-switching repetition frequency
have been investigated.

2. EXPERIMENTAL SETUP

The acoustic–optical Q-switched experimental
setup is shown schematically in Fig. 1. The pump
source employed in the experiment was a fiber-coupled
laser diode with a core diameter of 400 

 

µ

 

m and a
numerical aperture of 0.22 (made by LIMO Corpora-
tion, maximum output power 25 W), which works at the
maximum absorption wavelength 940 nm of the
Yb:YAG crystal. The coupling optics consists of two
identical piano-convex lenses with focal lengths of
40 mm used to reimage the pump beam into the laser
crystal at a ratio of 1 : 1. The coupling efficiency is
98%. The laser crystal, a 10 at %, 
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×

 

 1 mm
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Yb:YAG, was antireflection (AR) coated at 940 nm and
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—We have investigated an acoustic–optical Q-switched Yb:YAG laser end-pumped by a fiber-coupled
laser diode. At room temperature, the 1030-nm wavelength pulsed output is realized. When the incident power
was 11.3 W, a maximum average output power of 1.034 W is achieved at the repetition frequency of 20 kHz,
and this corresponds to an optical conversion efficiency of 9.1%. The shortest laser pulse width of 37.4 ns was
observed at the repetition frequency of 5 kHz, when the incident power was 11.3 W. The highest peak power
6.79 kW was achieved at the repetition frequency of 1.12 kHz, when the incident power was 8.7 W. The highest
single-pulse energy of 319.67 

 

µ

 

J was achieved at the repetition frequency of 1.12 kHz, when the incident power
was 10.14 W.
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Fig. 1.

 

 Schematic diagram of the acoustic–optical Q-switched
experimental setup.
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high reflection (HR) at 1030 nm on the pump face; the
other face was antireflection (AR) coated at 1030 nm. It
was set close to the focus of the coupling optics. The
Yb:YAG crystal was wrapped by a thin indium foil and
then attached to the copper block to obtain a good ther-
mal contact and stress relief. The copper block was
cooled by thermoelectric coolers. The surface tempera-
ture was controlled at 20

 

°

 

C during the experiment. The
radius of curvature of the output mirror M is 100 mm.
It was coated high reflection (HR) at 1030 nm (

 

R

 

 =
89%), the plane face was coated AR at 1030 nm (

 

T

 

 >
98%). The cavity length was approximately 50 mm.

The QSGSU-10/Q acoustic–optical modulator (The
26th Electronics Institute, Chinese Ministry of Infor-

mation Industry), the effective length of which is
24 mm, was placed near the Yb:YAG crystal, it was
cooled in the same way as in the case of the Yb:YAG
crystal, and its surface temperature was controlled
at 20

 

°

 

C.

3. RESULTS AND DISCUSSION

In conventional Q-switching, pulsed-laser operation
can be obtained with the repetition frequency 

 

f

 

 smaller
than the inverse fluorescence lifetime 

 

τ

 

–1

 

. For Yb:YAG,
stable pulsing cannot be achieved with a higher repeti-
tion frequency. Because the inverse fluorescence life-
time 

 

τ

 

 = 951 

 

µ

 

s. For a higher repetition frequency, only
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Fig. 2.

 

 Average output power versus pumping power for dif-
ferent pulse repetition frequencies.
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Fig. 3.

 

 Pulse width versus pumping power for different
pulse repletion frequencies.
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 Single-pulse energy versus pumping power for dif-
ferent pulse repletion frequencies.
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Fig. 5.

 

 Pulse peak power versus pumping power for differ-
ent pulse repetition frequencies.
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a small fraction of the stored energy can be extracted by
a pulse. The inversion stays at a high level after a pulse
is extinguished. Due to small perturbations during the
pulse-buildup time, the energy extracted from the laser
crystal can differ from pulse to pulse. These small per-
turbations can increase, since the remaining inversion
left by a “small” pulse results in a subsequent “large”
pulse. Finally, this “inversion coupling” can lead to
instabilities. So, we investigated the average output
power at the Q-switching repetition frequencies of
1.12, 5, 10, 15, and 20 kHz, respectively. Figure 2
shows the output characteristic, which is represented in
the form of the average output power versus incident
pump power on the laser crystal for different repetition
frequencies. The maximum average output power of
1034 mW was obtained when the incident pump power
was 11.3 W, with the corresponding optical conversion
efficiency of 9.1%. From Fig. 2, we can see that the
average output power increased with an increasing inci-
dent pump power at the repetition frequency of 5, 10,
15, and 20 kHz, and there was no pump saturation, so
the output power can be scaled with a high pump power.
This is coincident in the theory [6]. At the repetition fre-
quency of 1.12 kHz, the laser performance was
degraded due to the occurrence of coating damage at
the Yb:YAG surface when the incident pump power
was 11.3 W. The coating damage was caused by the
high intracavity intensity and low damage threshold of
the coating, which can be avoided by improving the
coating quality.

We also investigated the dependence of the peak
power, single-pulse energy, and pulse width on the
Q-switching repetition frequency. The laser-pulse sig-
nal was detected by using a fast photodiode detector. A
300-MHz digital storage oscilloscope (LeCroy model
9361c) was used to observe and measure the laser-pulse

signal. The results are shown in Figs. 3–5. From Figs. 3
and 4, we can see that the shortest pulse width was
37.4 ns at the repetition frequency of 5 kHz, when the
incident power was 11.3 W. The highest single-pulse
energy of 319.67 

 

µ

 

J was achieved at the repetition fre-
quency of 1.12 kHz, when the incident power was
10.14 W. If the coating wasn’t damaged, the shortest
pulse width and the highest single-pulse energy should
be observed at the 1.12 kHz when the incident power
was 11.3 W. In Fig. 5, the highest peak power of
6.79 kW was achieved when the pump power was
8.7 W. In fact, the peak power for the incident power of
10.14 W should be higher than that for 8.7 W at the
same repetition frequency. This phenomenon could be
the error that exists in the experiment for which the
actual cause is unknown.

Figure 6 shows a typical single Q-switched laser
pulse with 191-

 

µ

 

J energy and 37.4-ns pulse width at a
pulse repetition frequency of 5 kHz for the incident
power of 11.3 W. The corresponding peak power is
approximately 5.10 kW.

4. CONCLUSIONS

The operation of a fiber-coupled LD-pumped
Yb:YAG actively Q-switched laser has been demon-
strated at room temperature. The maximum average
power of 1034 mW was obtained with 9.1% optical–
optical efficiency. The shortest laser pulse width of
37.4 ns, the highest single-pulse energy of 319.67 

 

µ

 

J,
and the highest peak power of 6.79 kW have been
achieved. The laser performance can be improved by
improving the crystal coating quality.
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 The profile of a single pulse at the pulse repetition
frequency of 5 kHz.
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