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We generated stable mode-locked picosecond pulses from an electronically wavelength-tuned 

laser. An acousto-optic tunable filter was placed in the cavity of a Ti:Al2O3 laser. The laser 
maintained picosecond operation even when the oscillation wavelength was switched at 1-ms 
intervals. We experimentally observed the behavior of the pulse train at the wavelength switching 
points. 
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1. Introduction 
 Mode-locked picosecond pulsed lasers are attracting 
considerable interest for laser processing [1−6] because 
they can perform nonthermal processing. The light sources 
for this application employ a master-oscillator power am-
plifier (MOPA) [7]. Picosecond pulses are generated from 
the laser oscillator by using a solid-state or fiber lasers are 
used with a semiconductor saturable absorber mirror 
(SESAM) [8] for mode locking. This is a passive mode-
locking technique. The advantages of this method are its 
simple configuration and stability against changes in the 
temperature and the cavity length. However, the damage 
and variations in the optical characteristic of the SESAM 
are problems for long-term operation. Active mode-locking 
can be performed with an acousto-optic (AO) modulator. 
However, this method is difficult to use in practical appli-
cations since it requires precisely matching the cavity 
length to the rf signal supplied to the AO. Therefore, more 
stable and practical mode-locking techniques for generating 
picosecond pulses are strongly required to develop more 
advanced laser processing systems. In previous studies, we 
developed electronically tuned nanosecond and picosecond 
pulsed Ti:Al2O3 lasers [9−11]. The electronically tuned 
picosecond pulsed laser has an acousto-optic tunable filter 
(AOTF) as a tuning element in its cavity [12−16]. It can 
generate stable picosecond pulses. Its oscillation wave-
length can be switched at 1-ms intervals while maintaining 
a mode-locked 10-ps pulse train in the tuning range 739 to 
868 nm without any dispersion compensation [11]. 

(a) 

(b) 
Fig. 1 Configuration (a) and tuning curve (b) of high-speed 

wavelength switching picosecond pulsed laser. 

 In the present study, we use an electronically wave-
length-tuned Ti:Al2O3 laser to demonstrate that mode lick-
ing with an AOTF is a practical method for generating pi-
cosecond pulses from a laser oscillator. 
 
2. Experiments 
 Figures 1(a) and (b) respectively show the configura-
tion and tuning curve of the electronically tuned picosec-
ond pulsed Ti:Al2O3 laser. A laser-diode-pumped fre-
quency-doubled cw Nd:YVO4 laser was used to pump the 

TiAl2O3 crystal at a pumping power of 6.0 W. The cavity of 
the electronically tuned picosecond pulsed Ti:Al2O3 laser 
consisted of a high reflector, an output coupler, and two 
concave mirrors arranged in a Z-fold type laser cavity. The 
cavity length was about 60 cm. The wavelengths of the 
high reflector with a reflectance of 99.9% and the output 
coupler with a reflectance of 97% ranged from 680 to 1100 
nm. The concave mirrors had radii of curvature of 75 mm. 
The Ti:Al2O3 crystal was set between the concave mirrors. 
An AOTF and a collection prism were inserted on one side 
of the cavity arms. An rf signal was generated by an rf am-
plifier, and its frequency and power were controlled by a 
personal computer. An acoustic wave was propagated in the 
AOTF by feeding the rf signal into the AOTF, and an inci-
dent beam was diffracted by the acoustic wave in the AOTF. 
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The diffracted wavelength was controlled by varying the rf 
signal applied to the AOTF. 

(a)  
3. Results and discussion 
 The tuning range was 709 to 910 nm, of which the pico-
second pulsed oscillation region was from 739 to 868 nm 
[11]. The maximum output power was 344 mW at 801.5 
nm. The pulse duration was 10 ps and repetition rate was 
250 MHz. Figure 2 shows the autocorrelation pulse shape 
at 780 nm. The pulse was assumed to be a sech2-shaped 
pulse. At this wavelength, the full width at half maximum 

(FWHM) of the laser pulses was about 10 ps. The laser 
generated approximately 10-ps pulses in the wavelength 
tuning range. The Fourier-transform-limited pulse duration 
was determined to be 3.2 ps from the product of the 
pulsewidth and linewidth for a sech2-shaped pulse. The 
oscillation wavelengths were switched at 1-ms intervals 
between λ1 (794.8 nm) and λ2 (801.5 nm), corresponding 
respectively to signal frequencies of rf1=113.00 MHz and 
rf2=112.00 MHz fed into the AOTF. The trigger pulses had 
an interval of 1 ms and a width of 30 μs. The wavelength 
switching timing was set to the rising edge of the trigger 
pulses. Pulse trains were detected by a high-speed 
photodetector (SiR 5, Thorlabs Inc.) and a digital oscillo-
scope (Waverunner 6050, Lecroy Corp.). They are shown 
with scales of 500 μs/div (Fig. 3(a)) and 5 μs/div (Fig. 3(b) 
and (c)). As Fig. 3(a) shows, switching of the oscillation 
wavelength was smooth except that a giant pulse was gen-
erated at the wavelength switching point. Figure 3(b) 
shows the oscilloscope trace of the rf signal applied to the 
AOTF and Fig. 3(c) shows the pulse train with a scale of 5 
μs/div. These figures reveal that the relaxation oscillation 
occurred at the oscillation wavelength switching point. This 
oscillation stopped after 23 μs of triggering. Based on this 
time, the acoustic wave propagating in the AOTF that cor-
responds to rf1 was replaced with another acoustic wave 
that corresponds to rf2. The circuit delay of the AOTF 
driver was also included in the delay of 23 μs. The oscilla-
tion wavelength was changed to λ2 at 3.1 μs after the λ1 
oscillation. The transition to the mode-locking oscillation 
with λ2 commenced 12 μs after the first mode-locked pulse 
train. We observed spikes similar to those observed for the 

(b) 

Fig. 2 Autocorrelation pulse shape obtained from oscilla-
tion of the electronically tuned picosecond pulsed Ti:Al2O3 
laser with an autocorrelator (Model 409, Spectra Physics, 
Inc.). It has a pulse duration of 10 ps assuming it is a sech2 
shape pulse. 

(c) 

Fig. 3 Pulse trains when the laser oscillation wavelength 
was switched: (a) pulse trains measured at 500 μs/div; (b) rf 
signal and (c) pulse trains measured at 5.00 μs/div. 
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cw relaxation oscillation at a gap of 12 μs. We found that a 
similar cw relaxation oscillation occurred in the same laser 
system, which was determined by calculating the relaxation 

scillation of a similar laser system [17]. This laser gener-
second pulses due to the beat pulses gener-
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 in a frequency-shifted feedback laser [18−21]. The 
beat pulses induced the Kerr-lens effect in the Ti:Al2O3 
crystal. Several frequency components of the pulses agree 
with the longitudinal modes in the cavity. Mode-locked 
pulses were formed when the pumping intensity was in-
creased due to the Kerr-lens effect. The cavity length did 
not affect the stability of mode-locked operation. These 
results demonstrate that mode locking with an AOTF is 
very stable. Thus, this technique is useful
te
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4. Conclusion 

We generated stable picosecond
tronically wavelength-tuned laser with an AOTF in its cav-

We experimentally observed a build up time within 1
μs after the oscillations had stopped. Picosecond pulses 

ration from the laser was stable even when the oscilla-
wavelength was changed at 1-ms intervals. This mode-
ing method is m

picosecond pulses, and it will be important in developing
more advanced laser processing systems. 
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