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We realize a stable self-starting passively mode-locking all-solid-state laser by using novel GaAs mirrors as the
absorber and output coupler. The GaAs mirror is grown by the technology of metal organic chemical vapour

deposition at low temperature. With such an absorber as the output coupler in the laser resonator, laser pulses
with duration of 42 ps were generated at a repetition rate of 400 MHz, corresponding to the average power of

590 mW.

PACS: 42.65. Re, 42. 60. Fc, 42. 55. Xi, 42. 60. Lh

Compact ultra-short pulse lasers with high sta-
bility have widespread applications in many fields.
Over the past decade, diode laser pumped passively
mode-locked all-solid-state lasers using semiconductor
saturable absorption mirrors (SESAMs) have shown
an attractive interest because of the characteristics
of compact configuration and shorter pulse duration.
Reliable self-starting all-solid-state picosecond and
femtosecond lasers based on the SESAM were well de-
veloped with many kinds of gain media,! =% which
lead to great improvements in efficiency, size, lifetime
and robustness for ultrafast laser technology. In gen-
eral, the manufacture of SESAM is a complicated pro-
cess, which involves many techniques such as material
growing, polishing, etching and optical coating. In
particular, for the SESAMs with the type of saturable
Bragg reflectors (SBR), they are composed by multiple
pairs of layers with different semiconductor materials.
As a typical example, the SESAMs used at 1 pm wave-
length compose of several GaAs/Ing 25 Gag 75As quan-
tum well absorbers. Because of the mismatch between
GaAs and Ingo5Gag rsAs, it leads to the generation
of interior strain of the absorber and may shorten the
working life. Although a thick absorber layer can sup-
port a large modulation depth and is easily operated
for laser mode-locking, the strain will increase with
the thickness.

A high-quality solid state saturable absorber can
play an important role in the progress of all-solid-state
ultrafast lasers. Obviously, it is a significant work
to develop new kinds of absorbers for mode-locking
lasers. Compared to the complicated composition of
SESAM, GaAs wafer shows a simpler configuration as
the absorber. The working procedure for fabricating
the absorber is an easier technique except for the coat-

ing, and this will decrease the cost. In some aspects,
GaAs wafer is even superior to SESAMs for mode-
locking lasers. Because of these characters, GaAs
substrate (or GaAs wafer) was used in passively Q-
switched solid-state lasers as early as the late 1990s.!!
More recently, the cw mode locking pulses with the du-
ration as short as 18.9 ps were obtained with a GaAs
saturable absorber mirror.[8l However, due to some
weak points, GaAs wafer is far away from real appli-
cation. First, the modulation depth of GaAs wafer
is limited, because the GaAs single crystal wafer is
generally fabricated by the methods of liquid encapsu-
lated Czochralski (LEC) or vertical gradient freezing
(VGF). Therefore, the operation of the Q-switch or
mode locking with GaAs absorber is usually unstable.
Second, some parameters of the GaAs wafer, such as
recovery time and modulation depth, cannot be mod-
ulated freely as those of SESAM.

In recent years, use of the semiconductor ab-
sorber as the output coupler has led to a new in-
terest on the research of passively mode-locking all-
solid-state lasers; it will enable us to further sim-
plify the laser configuration. With the output cou-
pling absorber, Spiihler et al.l”) reported a passive Q-
switched Nd:YVO, laser with pulse width of 143 ps.
Wang et al.l®¥ further realized a 10-ps mode-locking
Nd:YAG laser by using an SESAM as the output
coupler. A similar experiment in Nd:GdYVO, lasers
was also demonstrated and pulse duration of shorter
than 4ps was generated.?l Our experiment with a
Nd:YVOy crystal showed the pulse width of as short
as 2.3 ps.[%! In this Letter, we report a novel passively
mode-locking solid-state laser by using a new GaAs
mirror as the absorber, which was grown at low tem-
perature (LTGAM) by metal organic chemical vapour
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deposition (MOCVD). Different from the conventional
technique, the absorber not only has a simple struc-
ture, but also can be used as the output coupler. In
addition, the growing process at low temperature has
greatly ameliorated the shortcomings of the modula-
tion depth and the recovery time. Using one piece
of such a mirror in the laser resonator, we can real-
ize stable mode-locking laser running with the pulses
width of 42 ps, corresponding to the average powers
of 590 mW. These results show a new technology for
realizing all-solid-state picosecond laser with even the
simplest way.

The new GaAs mirror used in this experiment was
grown at low temperature by an MOCVD device with
the fabrication as shown in the inset of Fig. 1. To man-
ufacture the LTGAM, a GaAs buffer layer with thick-
ness about 500nm was firstly deposited on a semi-
insulating GaAs substrate. Then, about 3 um GaAs
material was further grown on the buffer layer with
rate of 40 nm/min at a lower temperature of 550°C.
In order to decrease the non-saturable loss, an anneal-
ing procedure of about three minutes is also neces-
sary after the growth. Finally, by polishing the other
side of the GaAs substrate and coating seven pairs of
Al,03/SiOs films, it will supply us an absorber with a
partial transmissivity around the wavelength of 1 ym.
In this case, the fabricated GaAs absorber can also
be used for mode-locking laser as an output coupler.
Because of the single material for both the absorption
layer and substrate, there is no strain arising from the
mismatch problem between the closed layers, and the
LTGAM has a lifetime longer than the conventional
SESAMs. In addition, the fabricating technique is eas-
ier than the SESAM to make it in a lower cost. Figure
1 shows the measured transmission spectrum of the
LTGAM, the transmissivity is about 9% at 1064 nm.
By decreasing the growth temperature or increasing
the thickness of the GaAs absorption layer, the mod-
ulation depth of the LTGAM will be increased, and
the recovery time will decrease with the decreasing
growth temperature. This means that the key param-
eters of LTGAM for mode-locking are adjustable.

The experimental layout is shown in Fig. 2, which
is a typical three-mirror cavity. A piece of LTGAM
was used to replace the SESAM as the output cou-
pler. The gain medium is a 12-mm-long Nd:YVO,
crystal with 1.5% Nd3* doping. A 10 W cw diode laser
(Apollo Instruments Inc.) was coupled into the gain
crystal through a dichroic flat mirror (M1) coated with
99.8% reflectivity at the laser wavelength of 1064 nm
and 98% transmissivity at the pump wavelength of
808 nm. To compact the laser device, we inserted a
plane folding mirror M2 after the laser gain crystal,
the mirror M2 is coated with 99.8% reflectivity at the
laser wavelength of 1064nm. A concave mirror M3
with the radius of curvature (ROC) of 100mm was

used as the second folding mirror to focus the 1064 nm
laser beam on the LTGAM, and the LTGAM play two
roles as the absorber and output coupler at the same
time. Fine adjusting the position of the LTGAM will
enable us to observe the laser running. Our calcula-
tion shows that the focused beam spot on the LTGAM
is about 50 um. To cool the absorber for optimizing
the mode-locked pulses, we fixed the LTGAM on a
hollow copper heat sink.
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Fig. 1. Measured transmission spectrum of the LTGAM.
The inset shows the schematic structure of the LTGAM,
and the incident laser is vertical to the LT GaAs absorber
layer, as shown by the arrowhead.
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Fig.2. The schematic of the mode-locking laser. CL:

the collimating and focusing system; M1: input mirror;
M2: folding mirror; M3: focusing mirror; LTGAM: low
temperature GaAs mirror (OC = 9%).

Figure 3 depicts the output characteristic with the
incident laser power for the GaAs absorber.
sponding to the cavity length, we observed a stable
pulses train on the oscilloscope at a repetition rate
of 400 MHz, as shown in Fig.4. To measure the ex-
act pulse duration, we set up a nonlinear autocorre-
lator driven by a computer. The measured profile of
autocorrelation trace is shown in Fig.5. Given the
Gaussian-shaped assumption, it reveals typical pulse
duration of 42 ps. We measured the average output
power of mode-locked pulses that was achieved at the
maximum value as high as 590 mW when the incident
pump power was increased to 13.3 W, which corre-
sponds to the conversion efficiency of 4%. Consider-
ing the repetition rate of 400 MHz, this laser is capable
of delivery picosecond laser with the single pulse en-

Corre-
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ergy of about 1.5nJ and the peak power is estimated
to be 35 W for the maximum average output power.
Moreover, any optical damage on the LTGAM has not
been observed in the experiment. Although the gain
bandwidth of about 0.8 nm for Nd:YVO, is relatively
narrow, the 42-ps pulse duration is still too wider and
far from the Fourier transform limit. The possible rea-
son we thought for the wider pulse duration was the
etalon effects caused by the residual back from the
LTGAM. It is understandable because there is only a
part high reflection film on the back of the GaAs sub-
strate and without any antireflection film coated on
the inner side of the 3-mm GaAs layer. The low op-
tical conversion efficiency can also be regarded as the
absence of the antireflection film and the poor coating
on the absorber which brought large intracavity loss.

0.4+ J

0.37 b

0.2 b

Output power (W)

0.1+ b

0.0

T T

18 33 626 85 11.9 13.3
Incident power (W)

Fig. 3. Dependence of the mode-locked average output
versus incident power for the laser.
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Fig. 4. The trace of mode-locking laser pulses.
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Fig. 5. The measured profile of autocorrelation trace, cor-
responding to the pulse width of 42 ps, and the dotted line
shows the Gaussian assumption.

In summary, we have demonstrated a stable pas-
sively mode-locked all-solid-stated laser with a novel
output coupling saturable absorber grown at low tem-
perature.
erage output power of 590 mW was achieved at the

Clean mode-locked laser pulses with av-

pump power 13.3 W. Because of the possible rear re-
flection from the GaAs layer, the output pulse shows a
wider duration of 42 ps. With the compact and simple
configuration, this laser will supply a new feasible pi-
cosecond laser source for many applications, and it will
open a new picosecond laser source with even compact
and simple configuration.

The authors thank Jie Zhang, Yuxin Nie and
Zhiguo Zhang for helpful discussion.
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