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Abstract.  We report a new configuration of a high-repetition rate 
nanosecond laser based on a semiconductor saturable absorber 
mirror (SESAM). The SESAM is conventional technical solution 
for passive mode-locking at 1064 nm and simultaneously used as a 
highly reflecting mirror and a saturable absorber in a high-Q and 
short cavity of a cw diode-end-pumped a-cut Nd3+:YVO4 laser. Two 
laser beams are coupled out from the cavity using an intracavity 
low-reflection thin splitter. The laser characteristics are investigated 
as functions of pump and resonator parameters. Using a 1.8-W cw 
pump laser diode at 808 nm, the passively Q-switched SESAM-
based laser generates 22-ns pulses with an average power of 275 mW 
at a pulse repetition rate of 2250 kHz.

Keywords: laser cavity, saturable absorber, passive Q switching, 
Cr:YAG, Nd3+:YVO4, SESAM.

1. Introduction

Compact, high repetition rate, nanosecond pulse laser sources 
offer simple solutions of a wide range of such applications as 
rapid range finding or remote sensing. One of the most effective 
techniques for generating nanosecond pulses is Q switching 
of diode-pumped solid-state lasers. Diode-pumped lasers have 
been actively Q-switched using an electro-optic modulator, or 
passively, using saturable absorption materials [1 – 3]. However, 
their parameters such as recovery time and modulation depth 
cannot be modulated freely, which limits their application as 
an absorber. Pure GaAs was first used for passive Q switching 
by Kajava and Gaeta [4] to obtain the pulse duration as short 
as 3 ns. In 2001, a Q-switched, self-mode-locked Nd3+:YVO4 
laser with a LiF:F2

– saturable absorber was demonstrated by 
Chen et al. [5]. The Q-switched laser pulse has a repetition rate 
of 260 kHz and pulse duration of approximately 250 ns. In 
2004, the characteristics of a passively Q-switched Nd3+:YVO4 
laser with a LiF:F2

– saturable absorber were investigated by 
Villafana et al. [6]. In 2005, Pan et al. [7] used frequency selec-
tion to remove the minor pulses inside the Q-switching enve-
lope and obtained pure Q switching with a duration of 150 ns 
and a repetition rate of 76.3 kHz.

Recently, a composite semiconductor absorber fabricated 
specifically by the metal-organic chemical-vapour deposition 
(MOCVD) technique, was used both as passive Q switching 
and a coupler. In this case, the laser produced 8.3-ns pulses at 
a repetition rate as high as 2 MHz [8].

In present experiment, as a gain medium we used an a-cut 
Nd3+:YVO4 crystal whose popularity is caused by its high 
gain, low lasing threshold, and high absorption coefficients at 
pump wavelengths. This crystal has the stimulated emission 
cross sections at 1064 nm (25 ́  10–19 cm2), which is approxi-
mately four times higher than that of Nd3+:YAG (6 ́  10–19 cm2) 
and, in particular, its optical-to-optical efficiency under diode 
pumping may be larger than 60 % [5 – 10]. These advantages make 
the Nd3+:YVO4 crystal a better candidate than Nd3+:YAG in 
many applications. In recent years, Nd3+:YVO4 crystals have 
been widely used as gain media in diode-pumped all-solid-
state lasers.

In this paper, we propose a novel, compact and simple 
resonator configuration of diode-pumped passively Q-switched 
Nd3+:YVO4 lasers with a semiconductor saturable absorber 
mirror (SESAM) to generate stable nanosecond laser pulses 
with a large repetition rate and high conversion efficiency. 
The InGaAs SESAM that is conventionally commercialised 
for passive mode-locking at 1064 nm is simultaneously used 
as a highly reflective mirror and a saturable absorber in a 
high-Q and short cavity of a cw diode-end-pumped passively 
Q-switched Nd3+:YVO4 laser. Two laser beams are simulta-
neously coupled out using an intracavity low-reflection thin 
splitter. The laser characteristics are investigated as functions 
of pump and resonator parameters. This passively Q-switched 
Nd3+:YVO4 laser generates 22-ns single laser pulses with a total 
average power of 275 mW at a repetition rate of 2250 kHz.

To the best of our knowledge, this pulse repetition rate is 
the highest one ever generated directly from a diode-pumped 
passively Q-switched Nd3+:YVO4 laser with a conventional 
SESAM. To make a comparative analysis, we used a Cr4+:YAG 
crystal (initial transmission of 90 %) as an intracavity saturable 
absorber for passive Q switching of the Nd3+:YVO4 laser. 
Comparisons between these passively Q-switched lasers show 
the advantages of using the SESAM in order to produce stable 
passively Q-switched lasing with a high pulse repetition rate 
and high conversion efficiency.

2. Experimental

Figure 1 presents the scheme of our passively Q-switched 
diode-pumped Nd3+:YVO4 laser. The gain medium of size 
3 ́  3 ́  3 mm made of a 0.1 % doped Nd3+:YVO4 crystal (Casix) 
is pumped at 808 nm by a 2.0-W cw laser diode (ATC-Semi
conductor Devices). By using the laser diode with a 200-mm 
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stripe size and a simple optical coupling system consisting of a 
single lens with a 2.5-cm focal length, we were able to achieve 
a small pump spot in the Nd3+:YVO4 crystal while maintain-
ing a compact setup.

For the sake of a comparative analysis of passively 
Q-switched lasers with a SESAM and a Cr4+:YAG crystal, 
firstly we used as a saturable absorber a 1-mm-thick Cr4+:YAG 
crystal (Casix) with a 90 % initial transmission. The laser reso-
nator based on the a-cut Nd3+:YVO4 laser passively Q-switched 
by the Cr4+:YAG crystal is a stable linear resonator (Fig. 1a). 
In our experiment, using a 1.8-MW cw pump laser diode 
at 808 nm, the Nd3+:YVO4 laser passively Q-switched by the 
Cr4+:YAG crystal generated the 35-ns pulses at the maximum 
repetition rate of 42 kHz and the slope efficiency of 10.5 %.

For a given Nd3+:YVO4 laser, in order to obtain theoreti-
cally larger pulse repetition rates, a larger diode pump power 
and shorter resonator length are required. The latter is feasible 
using the advantages of the SESAM that can be simultane-
ously employed as a highly reflecting mirror and a saturable 
absorber for passive Q switching. Figure 1b shows the con-
figuration of the a-cut Nd3+:YVO4 laser passively Q-switched 
using the SESAM. We used the SESAM (SE-1064-2-0) pro-
vided by BATOP [9] as a rear highly reflecting mirror and an 
intracavity saturable absorber. The parameters of the SESAM 
(Batop) are presented below.

Laser wavelength l/nm   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .                   1064
High reflection range (R > 99 %)/nm  .  .  .  .  .  .  .         1020 – 1110
Absorbance A0 (%)  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .                       2

Modulation depth DR (%)  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .                  1.2

Saturation fluence Fsat /mJ cm–2   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .                70

Relaxation time t/ps  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .                      20
Nonsaturable loss Ans (%)  .  .  .  .  .  .  .  .  .  .  .  .               less than 0.8

Damage threshold/MW cm–2  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .                 800

SESAM surface area/mm  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .                 5 ́  5
SESAM thickness/mm  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .                     350
Protective coating  .  .  .  .  .  .  .  .  .  .  .  .               dielectric front layer

The wavelength dependences of the SESAM reflectivity are 
presented in Fig. 2. The short (3 cm) high-Q resonator of the 
Nd3+:YVO4 laser is formed by the SESAM [used simultane-
ously as a highly reflecting mirror (M2) and an intracavity 
saturable absorber] and a rear mirror (M1) of curvature radius 

of 5 cm (highly reflecting at 1064 nm and weakly reflecting at 
808 nm). The laser radiation is coupled out by using an intra-
cavity low-reflection thin splitter (4 %) placed at a Brewster 
angle with respect to the polarisation and wavelength in order 
to decrease the pump beam losses (Fig. 1b). To alleviate the 
thermal load, the Nd3+:YVO4 laser crystal and the SESAM 
were attached to copper blocks. Detailed information about 
the laser design is presented in papers [10, 11]. 

The output pulses of the Q-switched lasers were monitored 
by a fast photodiode (Hamamatsu, 0.3-ns rise time) and a digital 
oscilloscope (1.5 GHz, sample rate of 20 GHz, Tektronix TDS 
7154 B). Pulse energies were measured with broadband power 
energy meters (Laser Precision and Melles Griot).

Figures 3 and 4 present the characteristics of the Nd3+:YVO4 
laser passively Q-switched by the SESAM. Using the 1.8-W 
pump laser diode at 808 nm, the SESAM-based Q-switched 
laser produced the 22-ns pulses at a pulse repetition rate as 
high as 2.15 MHz and an average power of 275 mW, corre-
sponding to the conversion efficiency of 15.3 % (Fig. 3). Using 
a 2.0-W maximal power of the pump laser diode, the laser 
produced the Q-switched pulse of nearly the same duration 
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Figure 1.  Scheme of the diode-pumped Nd3+:YVO4 laser passively Q-switched by (a) Cr4+:YAG and (b) SESAM; M1 and M2 are the resonator 
mirrors. 
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Figure 2.  Reflectivity of the SESAM (SE-1064-2-0) in the unsaturated 
( 1 ) and saturated ( 2 ) states. 
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(22 ns) but at a higher pulse repetition rate of 2.25 MHz. How
ever, the pump laser diode power of 1.8 W is routinely used in 
our laser experiments.

Evidently, the SESAM-based Q-switched laser simultan
eously provided a shorter Q-switched pulse duration, better 
laser efficiency and, in particular, a considerably higher pulse 
repetition rate (as high as 2.25 MHz) than those of the 
Cr4+:YAG Q-switched laser.

The nanosecond laser pulses at 1064 nm from the two 
outputs of the SESAM-based Q-switched Nd3+:YVO4 laser 
were measured to be identical. The nanosecond laser resonator 
configuration with such two outputs is quite attractive for 
the applications where a high pulse repetition rate equal to 
a multiple of that obtained by synchronisation electronics is 
demanded or where the temporal interval between two laser 
pulses is to be controlled.

Furthermore, the configuration of the a-cut Nd3+:YVO4 
laser passively Q-switched by the SESAM demonstrated the 
advantages of a SESAM for passive Q switching of solid-state 
lasers. First, the resonator length can be maintained as short 
as possible and, therefore, shorter Q-switched pulse widths 
are obtainable. Secondly, no specific requirements to the 
SESAM fabrication are needed and use can be made of only 
conventional SESAMs, the band gap of the SESAM being 
controlled and adapted to other laser materials at different wave-

lengths. Finally, this resonator configuration offers enough 
design freedom to permit independent adjustment of the satu-
ration intensity.

3. Conclusions

A simple and compact laser resonator configuration of cw 
diode-end-pumped high repetition rate Nd3+:YVO4 lasers 
passively Q-switched by a conventional SESAM (for mode-
locking) has been demonstrated. Using a 2.0-W cw pump 
diode power, this laser provides the 22-ns pulse with a laser 
conversion efficiency larger than 15.0 % and a pulse repetition 
rate as high as 2250 kHz. The pump and laser resonator 
parameters can be improved to get a higher pulse repetition 
rate and shorter pulse width as well as used with other laser 
materials at different wavelengths.
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Figure 3.  Characteristics of a Nd3+:YVO4 laser passively Q-switched 
by the SESAM: (a) pulse duration and peak power, (b) average output 
power and pulse repetition rate. 

460 ns

22 ns

a

b

Figure 4.  Oscillograms of a laser pulse (a) and a train of pulses (b) from 
the Nd3+:YVO4 laser passively Q-switched by the SESAM. 
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