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a b s t r a c t

Laser characteristics of acousto-optic Q-switched operation of 1319 nm/1338 nm dual-wavelength
composite Nd:YAG laser were studied. Maximum output power of 5.77 W was achieved in CW operation.
Under Q-switched operation, the maximum peak power of 3.96 kW and minimum pulse width of 65.6 ns
was obtained at repetition frequency of 20 kHz with the duty ratio of 96%. The influence of the duration
of the ultrasonic field acted on the Q-switch to the output characteristics of dual-wavelength composite
Nd:YAG laser had been reported first time.

& 2016 Elsevier B.V. All rights reserved.

1. Introduction

Laser sources with simultaneous oscillation at multiple wave-
lengths have various applications, including optical communica-
tion, spectroscopy, laser remote sensing, medical instrumentation,
scientific research of nonlinear optical mixers, and so on [1,2].
Both single wavelength and multi-wavelength lasers can be
achieved using the Nd3þ-doped crystal, which can be used to get
high-power laser [3,4]. For Nd:YAG laser material, the transition
4F3/2–4I13/2 contains two intense overlapped Stark transitions,
which can emit 1318.8 nm and 1338.2 nm double wavelength laser
[5]. This simultaneous dual-wavelength laser provides a potential
source for generating coherent terahertz wave radiation of
3.23 THz by nonlinear optical difference frequency method.

In 2008, a diode-side-pumped simultaneous dual-wavelength
acoustic-optical Q-switched Nd:YAG laser at 1318.8 nm and
1338.2 nm was demonstrated by Zhu [6]. Compared with side-
pumping form, end-pumping structure owns the superiority of
high conversion efficiency, good mode matching between pump-
ing and output laser, wavelength matching, and so on. In 2008, a
1319 nm/1338 nm Nd:YAG laser was reported by Liu [7]. The CW
output power of 4.75 W and acousto-optic Q-switched average
power of 2.22 W with pulse width of 55.05 ns at repetition rate of
50 kHz was obtained. In 2010, a passively Q-switched dual-wa-
velength operation Nd:YAG ceramic laser at 1319 nm and 1338 nm

was reported by Guo [8]. A maximum CW dual-wavelength output
power of 5.92 W and passively Q-switched average output power
of 226 mW, with pulse width of 15 ns at pulse repetition rate of
133 kHz was achieved. In 2013, an experiment compared the
1319 nm and 1338 nm dual-wavelength operation of the Nd:YAG
ceramic and single crystal lasers was demonstrated by Duan [9]. A
output powers of 4.1 and 3.8 W were achieved on the single
crystal and the ceramic with the corresponding slope efficiencies
of 36.6% and 34.6%, respectively. In 2015, a diode-pumped Nd:YAG
actively Q-switched lasers at 1319.2 nm/1338.5 nm was reported
by Huang [10]. The maximum output power was obtained at the
pulse repetition rate of 10 kHz with the injection power of 5.1 W.
Comparing with passively Q-switching, the operated repetition for
actively Q-switching could be controlled and the characteristics
are stable. In order to achieve high repetition rate pulsed laser,
acousto-optic Q-switch is better than electro-optic Q-switch be-
cause the structure is simpler and low voltage is demanded. In
acousto-optic Q-switched laser system, the duration of the ultra-
sonic field acted on the Q-switch had influence on the output
characteristics of dual-wavelength Nd:YAG laser. However, there's
little work on it.

In this paper, laser characteristics of CW and Q-switched op-
eration of 1319 nm/1338 nm dual-wavelength composite Nd:YAG
laser were studied. Maximum output power of 5.77 W was
achieved in CW operation. Under acousto-optic Q-switched op-
eration, maximum peak power of 3.96 kW and pulse width of
65.6 ns was obtained at repetition of 20 kHz. And the influence of
the duration of the ultrasonic field acted on the Q-switch to the
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output characteristics of dual-wavelength composite Nd:YAG laser
had been reported first time.

2. Experimental setup

The experimental setup and the physical devices of simulta-
neous dual-wavelength oscillation at 1319 nm and 1338 nm in
laser-diode pumped composite Nd:YAG laser was shown in Fig. 1
(a) and (b).

The pumping source was a fiber-coupled LD (LD-MATE-4V75A-
ATPAZ, Comp.DILAS) with central wavelength of 808 nm, and the
fiber core diameter was 400 μm with a N.A. of 0.22. The LD beam
was shaped and focused by two lenses with focal length of 35 mm
and 70 mm. The mode matching between the pumping and os-
cillating lasers was optimized by changing the radius and location
of the pumping beam waist radius.

The gain medium of composite Nd:YAG crystal with Nd3þ

concentration of 1.1 at% was cut with dimensions of ϕ3�
(3.5þ10þ3.5) mm3. Thereinto, undoped parts of YAG were
3.5 mm on both sides, it could reduce the thermal lens effect and
end-side distortion. End faces of the crystal were polished plane
and antireflection(AR) coated (T499.5%) at 808 nm, 1064 nm
(T499.5%), 1319 nm (T499.5%), 1338 nm (T499.5%). The crystal
was wrapped with indium foils and held in a brass heat sink. The
temperature of the heat sink was held at a constant 293 K with a
water cooling unit with control accuracy of 70.1 K. The absorp-
tion of Nd:YAG crystal to LD was measured to be 91%.

A plane-concave resonator with radius 200 mm of output
coupler was used to achieve stable laser. The output mirror was
coated with 10% transmission at 1319 nm/1338 nm and high
transmission at 1064 nm (T499.5%). The cavity length was
95 mm, due to the limit of the mechanical structure of AO
Q-switched in the cavity. An acoustic Q-switch (I-QS041-3C4H-U5-
ST1) was inserted to the resonator to generate pulse laser.

3. Results and discussions

Output powers versus pumping powers under CW operation of
1319 nm/1338 nm dual-wavelength composite Nd:YAG laser were
measured firstly by a power meter (FL150A, Comp.Ophir), as
shown in Fig. 2. Considering the maximum power density to
crystal, the pumping beam waist radius of 480 μm, 560 μm,

Fig. 1. (a) Experimental setup and (b) physical devices of Q-switched 1319 nm/
1338 nm dual-wavelength Nd:YAG laser. 1 (808 nm) 2,3. Focal lens 4. HR mirror
(T499%@808 nm and 1064 nm; To0.5%@1319 nm and 1338 nm) 5. composite Nd:
YAG (T499.5%@808 nm, 1064 nm, 1319 nm and 1338 nm) 6. acoustic Q-switch. 7.
Output coupler (T¼10%@1319 nm and 1338 nm).

Fig. 2. Output power versus pumping power.

(a) Pulse width of 78 ns at the duty ratio of 80%

(b) Pulse width of 68.2 ns at the duty ratio of 90%

(c) Pulse width of 65.6 ns at the duty ratio of 96%

Fig. 3. Output pulse widths of different duty ratios.
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