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Graphene Q-switched 0.9-µm Nd:La0.11Y0.89VO4 laser
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Graphene saturable absorber (SA) is used as the passive Q-switcher of a 0.9-µm solid-state laser. When
the laser medium is a Nd:La0.11Y0.89VO4 crystal, the initial transmittance of the graphene SA is 78%;
at an absorbed pump power of 7.62 W, the maximum average output power, largest pulse energy, and
minimum pulse width are 0.62 W, 2.58 µJ, and 84 ns, respectively. This study shows that graphene is a
promising and cost-saving SA for 0.9-µm pulse generation.

OCIS codes: 140.3380, 140.3530, 140.3540.
doi: 10.3788/COL201412.011401.

Pulsed laser around 0.9-µm has particular applications
in water vapor detection. Second harmonic waves can
supply blue laser output, which can be used for underwa-
ter optical communication, high-density optical storage,
and laser color display.

Graphene can be viewed as a gigantic flat fullerene
molecule[1]. It possesses excellent mechanical stiffness,
strength, elasticity, and electrical and thermal conductiv-
ity[2,3]. Its other advantages are a wide spectral range
tunability, ultrafast recovery time, and moderate modu-
lation depth[4−6]. Graphene can function as a saturable
absorber (SA) for passive Q-switching and mode lock-
ing. In contrast to traditional passive Q-switched de-
vices, such as bulk crystals or semiconductor SA mirrors,
graphene can be widely used because of its easy prepara-
tion and low cost. To the best of our knowledge, related
studies have focused on fiber or solid-state lasers that
operate at a range longer than 1 µm[7−15]. The absorp-
tion of graphene is slightly dependent on wavelength
because of its zero bandgap. Graphene Q-switched laser
can operate at 0.9 µm as effectively as it can at 1.06 µm
without tuning any material parameters. A short laser
pulse can be generated because of the small emission
cross section of the gain medium at 0.9 µm. However,
no study has examined 0.9-µm Q-switched lasers based
on graphene to date.

In this letter, we report nanosecond pulse generation at
0.9 µm from a graphene passively Q-switched Nd-doped
crystal laser. At an absorbed pump power of 7.62 W, the
maximum average output power, pulse repetition, and
minimum pulse width obtained are 0.62 W, 240 kHz, and
84 ns, respectively.

The experimental setup was constructed with a sim-
ple plano-concave resonator (Fig. 1). The inner side
of the plane mirror, M1, was high reflectivity (HR)
coated at 900-950 nm for high transmission (HT) at
808/1064/1340 nm, whereas the outer surface was an-
tireflection (AR) coated at 808 nm. Concave output mir-
rors, M2, with a radius of 50 mm, were partially reflective
(PR) coated at 915 nm with different transmissions (T )
of 1%, 5%, and 10%. To obtain a short pulse width,

a mixed crystal, Nd:La0.11Y0.89VO4, which possesses a
smaller emission cross section at 0.9 µm than that of
Nd:YVO4, was used as the laser medium. Because of
the re-absorption losses of a quasi-three-level laser and
the large gain for a four-level transition, a 4-mm-long
uncoated laser crystal cannot prevent the oscillation of
the 1.06-µm spectral line; therefore, the quasi-three-level
transition at 0.9 µm was restrained. In this experiment,
the 0.3 at.-% Nd3+-doped laser crystal was processed
into a relatively short length of 1.5 mm and was a-cut
and polished, but it was uncoated. The crystal was
wrapped with indium foil and held in a copper block,
which was water cooled at a temperature of 8 ◦C. The
SA consisted of five to seven layers of graphene, which
were prepared on the surface of a K9 glass substrate,
with a corresponding initial transmittance of 78%. The
pump source employed was a fiber-coupled laser diode
array that produces radiation at 809 nm. The core size
of the fiber is 200 µm with a numerical aperture of 0.22.
The optical spectrum was measured with an infrared
analyzer (SIR 2600, Ocean Optics Inc., USA). The laser
pulse signal was detected by a fast photodiode detector
(Model D 400 FC, Thorlabs Inc., USA), which was con-
nected to an oscilloscope (DPO 7104, 1 GHz band width
and 10 Gs/s sampling rate, Tektronix Inc., USA). The
average output power was measured by an energy/power
meter (Power Max 500 D, Molectron Inc., USA).

Fig. 1. (Color online) Experimental setup of passively Q-
switched Nd:La0.11Y0.89VO4 laser. LC: laser crystal; BS:
beam splitter.
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Fig. 2. (Color online) Average output power versus absorbed
pump power for continuous wave and Q-switched laser oper-
ation. Inset: laser emission spectrum of Nd:La0.11Y0.89VO4

crystal.

In the absence of graphene SA, the continuous wave
(CW) laser performance of 915 nm was examined. The
cavity length is 48 mm. The thresholds for laser oscil-
lation are reached at absorbed pump powers (Pabs) of
1.96, 2.54, and 4.13 W for T = 1%, 5%, and 10%, re-
spectively. The most efficient laser action is obtained
with the output coupler of T = 5%; at a pump power of
Pabs = 9.03 W, an output power of 1.04 W is produced,
and it results in an optical-to-optical efficiency of 11.5%
and a slope efficiency of 16.0% (Fig. 2). At low pump
powers, the laser oscillates in σ polarization. This state
remains unchanged until Pabs = 3.30 W; at this point, π
polarization oscillation occurs. At a pump power range
of Pabs = 3.30-4.13 W, π and σ polarized lasers coexist.
However, when Pabs exceeds 4.13 W, only π polarization
exists. The effective gain cross section (σg) for 915 nm is
determined by stimulated emission cross section (σem),
absorption cross section (σabs), and the fraction of Nd
ions excited to the upper manifold (β)[16]:

σg(λ) = [βσem(λ) − (1 − β)σabs(λ)]. (1)

In a relatively low pump level, σabs,π is considerably
larger than σabs,σ, and σ polarization oscillation can be
first observed for a large σg,σ. As the pump power in-
creases, i.e., as β increases, the weight of σem is enhanced,
whereas the influence of σabs is weakened; σg,π exceeds
σg,σ at a high pump level. Laser oscillation undergoes po-
larization coexistence (π,σ) with single polarization (π)
by gain competition.

Tuning the cavity length to 35 mm and inserting the
graphene SA increase the oscillating threshold to 3.09
W. The maximum average output power of 0.62 W is ob-
tained under an absorbed pump power of 7.62 W, which
corresponds to optical-to-optical and slope efficiencies of
8.1% and 14.0%, respectively. The center wavelength is
914.8 nm (Fig. 2).

Based on the expression of the Q-switched condition,
which was derived in Refs. [17,18]:
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where R is the reflectivity of graphene SA, I is the laser

intensity, r is the pump parameter that indicates that
the laser is pumped above the threshold, TR is the cavity
round-trip time, and τ is the upper-state lifetime of the
laser medium. With the results for the five to seven lay-
ers of graphene considered[4], the average value of dR/dI
is 2.9 × 10−11 m2/W. To obtain Q-switched laser oper-
ation, a long upper-state lifetime (τ) and a short cavity
round trip time should be selected. In this experiment,
the upper-state lifetime of Nd:La0.11Y0.89VO4 is 103 µs.
The cavity round trip time TR is 233 ps. r and I are
estimated to be 2.47 and 1.75 × 108 W/m2. rTR/τI

= 3.19 × 10−14 m2/W is significantly smaller than 2.9
× 10−11 m2/W. Therefore, Q-switched operation is ob-
served in the experiment.

Figure 3 shows the dependence of the repetition rate
and pulse width on the absorbed pump power. As the
absorbed pump power increases, the repetition rate in-
creases from 156 to 240 kHz, whereas the pulse width
rapidly decreases from 378 to 84 ns. The maximum
frequency of 240 kHz and the minimum pulse width of
84 ns (Fig. 4) are obtained at an absorbed pump power
of 7.62 W, which corresponds to a maximum pulse en-
ergy of 2.58 µJ and a peak power of 31 W. Graphene
Q-switched 0.9-µm Nd:La0.11Y0.89VO4 laser is then real-
ized for the first time. The pulse width of 84 ns is shorter
than those of previously reported graphene Q-switched
1.06-µm lasers[13,19].

Figure 5 illustrates a beam profile, which was measured
at an output power of 0.62 W for Nd:La0.11Y0.89VO4

laser operating in Q-switched mode. The intensity dis-
tribution of the beam profile possesses good symmetry.
The beam quality factors M2 were calculated to be 2.35
and 2.55 for the horizontal and vertical directions, respec-
tively. These measurements correspond to high-order

Fig. 3. (Color online) Repetition rate and pulse width versus
absorbed pump power for Q-switched laser operation.

Fig. 4. Pulse profile with a width of 84 ns under an absorbed
pump power of 7.62 W. Inset: corresponding pulse train of
240 kHz.

011401-2



COL 12(1), 011401(2014) CHINESE OPTICS LETTERS January 10, 2014

Fig. 5. (Color online) Two-dimensional beam intensity distri-
bution of the graphene Q-switched 0.9-µm laser.

transverse modes. For fundamental mode oscillation, the
laser beam radius is calculated to be 80 µm in laser crys-
tal, and the pump beam radius is approximately 100 µm
at the same position. With the thermal lensing effect
considered, high-order transverse modes can oscillate.

In conclusion, we report a grapheneQ-switched915-nm
solid-state laser. The largest pulse energy is 2.58 µJ,
and the shortest pulse width is 84 ns. This pulse width
is shorter than those obtained in graphene Q-switched
1.06-µm lasers. Optimizing graphene parameters, using
an efficient laser medium, and AR coating on a long
laser crystal can therefore result in a large output power,
high output energy, and short pulse width. This study
also proves that graphene is an effective and promising
passive Q-switching material for a quasi-three-level laser,
which is favorable for large-scale and cost-saving produc-
tion. Using a nonlinear frequency doubling technique
may also help generate an efficient blue-pulsed laser.
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