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Abstract: Greatly improving the energy of a single mode-locked pulse while ensuring the acquisition
of the width of short pulses will contribute to the application of mode-locked pulse in basic research,
such as precision machining. This report has investigated a Q-switched and mode-locked (QML)
erbium doped ring fiber laser based on the nonlinear polarization rotation (NPR) technology and
a mechanical Q-switched device. Without the working of the mechanical Q-switched device, the
fiber laser exported the continuous-wave mode-locked (CWML) pulse, with a width of 212.5 ps,
and a repetition frequency of 81.97 MHz. For the CWML operation, the maximum output average
power is 25.7 mW, and the energy is only 0.31 nJ. For the QML operation, 18.03 mW average power
is achieved at the Q-switching frequency of 100 Hz. The energy of the QML pulse is increased by
over 1100 times to 360.6 nJ. The width of the QML pulse is 203.1 ps measured by an autocorrelation
curve, with the time-band product (TBP) being 0.598. The power instability is 0.5% (RMS) and
0.7% (RMS), respectively, for CWML and QML operation within 120 min. Furthermore, the spectral
signal-to-noise ratio is about 60 dB. For the QML operation, the power instability is 0.48% (RMS)
within 60 s and 0.37% (RMS) within 10 s. After frequency stabilization, the frequency fluctuation is
±100 Hz in the long-term of 1200 s, with the frequency stability (FS) calculated to be 2.44 × 10−6. It
indicates that the QML fiber laser has good power stability and frequency stability.

Keywords: Er3+-doped fiber laser; mode-locked; continuous-wave mode-locked; Q-switch and
mode-locked; nonlinear polarization rotation

1. Introduction

The introduction should briefly place the study in a broad context and highlight why
it is important. As an ideal ultra-fast light source, ultrashort pulse fiber laser has the advan-
tages of small volume and stable performance compared with solid-state laser. Narrow
pulse fiber lasers of hundreds of picoseconds have been widely used in many important
fields, such as optical fiber sensing [1], atmospheric optics [2,3], micro-machining [4,5],
ultra-fast spectroscopy [6], optical fiber communication [7,8], and medicine [9,10]. Based on
the nonlinear polarization rotation characteristics, the self-started mode-locked fiber lasers
have been extensively investigated, attributed to their advantages of in-line all-fiber struc-
tures, low repetition frequencies, ultra-broadband spectra, and high energies [11–14]. The
fiber nonlinear Kerr effect and the formation of fiber dissipative solitons are the intrinsic
mechanisms for the self-started nonlinear polarization rotation mode-locked lasers [15,16].
With respect to mode-locked fiber lasers, Q-switched fiber lasers have higher energy optical
pulses, but a larger pulse width [17–19]. Combining the advantages of both Q-switched and
mode-locked laser technology, the fiber laser can have the superior performance of higher
pulse energy and narrower pulse width, compared to ordinary QML fiber lasers [20,21].

Usually, the repetition frequency of a continuous mode-locked pulse sequence is too
large, resulting in a too small single pulse energy and low peak power. However, the
improvement of ultrashort pulse energy and peak power can be achieved by using Q-
switching technology combined with mode-locking technology. In 2021, Sun et al. obtained
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a QML Er-doped fiber laser based on a MAX phase Ti2AlC saturable absorber [22]. The
maximum single pulse energy of the Q-switched laser was 92.8 nJ, and the pulse width
of mode-locked laser was 680 fs. Nizamani B. et al. reported a QML fiber laser based on
aluminum zinc oxide as a saturable absorber [23]. The same technique was used to obtain a
nanosecond pulse mode-locked operation, with a pulse width and repetition rate of 470 ns
and 0.97 MHz, respectively. In 2020, Xinxin Shang et al. surveyed a QML Er-doped fiber
laser of 1531.69 nm with a minimum pulse width of 2.36 ps, using titanium disulfide (TiS2)
as a saturable absorber [24]. A maximum pulse energy and a minimum pulse width of
67.2 nJ and 2.34 µs were obtained.

Due to the limited damage threshold of a saturable absorber, it is usually difficult to
obtain the higher QML pulse. In addition, the long-term stability of the laser is affected
because of its complex preparation technology and the structure of all non-fiber. The
fiber laser studied in this paper adopts an all-optical fiber structure. A quick response
mechanical Q-switched device is used to achieve Q-switched and mode-locked working by
pressing a segment of fiber to change the polarization state of an oscillating laser in a cavity.
The energy and peak power of the QML pulse are increased by three orders of magnitude
compared with those of the CWML pulse. The structure is simple and compact, and the
structural stability and repetition stability can be guaranteed. By measuring, we found
that the power instability is 0.7% and the signal-to-noise ratio of frequency spectral line is
50–60 dB, both on their way to a better level.

2. Experimental Setup

The setup of a passively Q-switched and mode-locked Er3+-doped all-fiber laser is
as shown in Figure 1. It is composed of a single-mode 976 nm LD as the pump source, a
980/1550 wavelength division multiplexer (WDM), a section of Er3+-doped fiber as gain
medium, two polarization controllers (PC1 and PC2), a polarization dependent isolator
(PDISO), a mechanical Q-switched device, and a 40/60 coupling output. The pump 976 nm
LD has a maximal output power of 280 mW. In the experiment, the LD pump source is
equipped with a precise temperature control and feedback functions. The temperature
control accuracy is up to 0.1 ◦C, and the wavelength is stable within 976 ± 0.2 nm in the
whole process. The model of Er3+-doped fiber is EDFL-980-H-125, with a length of 1.2 m, a
numerical aperture (NA) of 0.22, and an absorption coefficient of 5–10 dB/m at 980 ± 5 nm.
The mode field diameter (MFD), cladding diameter, and coating diameter of EDFL-980-H-
125 at 1550 nm is 6.5 µm, 125 µm, and 245 µm, respectively. The other fibers used in the
cavity are SMF-28e single-mode fibers. The typical parameters of a SMF-28e single-mode
fiber are shown in Table 1. Both the Er3+-doped gain fiber and single-mode fiber are placed
in a cooling device with temperature control at a range of 20 ± 0.1 ◦C. The temperature
control of LD and fiber is to prevent the fluctuation of wavelength and refractive index
with temperature, which affects the stability of the laser output spectrum. This is an active
frequency stabilization method. PC1 and PC2 are both mechanical polarization controllers
with three rings. As we know, a quarter wave plate can be formed by winding two turns
of optical fiber in the ring, and a half wave plate can be formed by winding four turns of
optical fiber in the ring. The PDISO can control the propagation direction of the laser in the
ring cavity. As shown in Figure 1, the direction indicated by the arrow is the propagation
direction of the laser. The output efficiency of the coupled ring is 40.6%.

In the experiment, we achieve self-started mode-locked laser pulses through con-
trolling the polarization state of the oscillating laser in the cavity. In order to change the
polarization state of the laser transporting in the optical fiber, it needs to wound in different
turns in the polarization controllers. Whatever this Er-doped fiber laser operates in the
CWML or QML state, the state of the two polarization controllers is noted as in Figure 1; for
PC1 there are two turns, four turns, and two turns of optical fibers in the three rings in turn,
meaning that they will form a quarter-wave plate, a half wave plate, and a quarter-wave
plate in proper order. PC2 is then winded in two turns, zero turn, and four turns of optical
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fibers in the first ring and second ring, meaning that they will form a quarter-wave plate
and a half wave plate, respectively.
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Figure 1. Schematic of the passively Q-switched and mode-locked Er3+-doped fiber laser.

Table 1. The typical parameters of SMF-28e single-mode fiber.

Parameter Data Parameter Data

MFD@1550 nm 8.2 ± 0.5 µm Cladding diameter 125 ± 0.7 µm
Coating diameter 242 ± 5 µm Refractive index@1550 nm 1.4675

NA 0.14 Nonlinear coefficient 1.43 mrad/(m·W)
Attenuation@1550 nm ≤0.19–0.20 db/km Dispersion coefficient@1550 nm ≤18.0 ps/(nm·km)

Zero dispersion wavelength 1310–1324 nm Zero dispersion coefficient ≤0.090 ps/nm2·km
Additional attenuation of

thermal aging ≤0.05 db/km Typical fatigue parameters ≥20

The scheme of the mechanical Q-switched device is shown in Figure 2. The mechanical
extrusion structure is divided into two parts: a movable pressing block and base. The
upper surface of the base is provided with a groove, and a section of the optical fiber
passes through the groove. One side of the extrusion structure is provided with an electric
control telescopic rod, and one end of the telescopic rod is connected with a frequency
generator. When the telescopic rod receives a signal from the frequency generator, the
telescopic rod compresses rapidly so as to drive the pressure block to squeeze the optical
fiber in the groove. The compressed optical fiber has high polarization loss. At this time,
the cavity loss is greater than the gain, and there is no laser to output. Photons oscillate
continuously in the cavity, and the number of inversion particles accumulates continuously.
When the frequency generator does not work or sends a low-level signal, the telescopic
rod extends to the original position rapidly, and the optical fiber in the groove will not be
squeezed. At this time, the loss disappears, and the accumulated large number of inverted
particles avalanche output with forming a Q-switched giant pulse. In addition, a finite
position column is set to prevent excessive compression from causing stress damage to the
optical fiber.
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Figure 2. Schematic diagram of the mechanical Q-switched device.

3. Results

The continuous-wave mode-locked experiment is carried out on the premise that
the mechanical Q-switched device does not work. Under the maximum pump power of
280 mW, the two PCs are accurately adjusted to produce a nonlinear polarization rotation
effect in the cavity to realize mode locking. The output pulse trains wave-form of the
CWML operation is shown in Figure 3. Figure 3a shows the pulse trains wave-form with
a time scale of 10 ns, and Figure 3b shows the wave-form of single continuous-wave
mode-locked pulse. The result is measured by a TDS7254b oscillograph from the Tektronix
company. The oscilloscope bandwidth is 2.5 GHz and the sampling rate is 20 GHz, while
the photodetector used is model 14,151 produced by the Newfocus company with the
response time of 18.5 ps. As shown in Figure 3a, the time interval between adjacent CWML
pulses is 12.2 ns, corresponding to the repetition frequency of the CWML pulse trains is
81.97 MHz. The results of expanding the CWML pulse trains at a time scale of 100 ps is
shown in Figure 3b. As shown in Figure 3b, the full wave at half maximum (FWHM) of
the CWML pulse is 212.5 ps. As calculated, the single energy of the mode-locked pulse is
about 0.31 nJ with a peak power of only 1.41 W.
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Figure 3. Pulse trains wave-form of the CWML Er3+-doped fiber laser: (a) pulse trains; (b) wave-form of single CWML pulse.

The mechanical extrusion structure presses a piece of passive fiber in the circular
cavity. The pulse signal with a frequency is transmitted by the frequency generator, which
can drive the telescopic rod to run quickly and realize the function of the Q-switched device.
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The maximum displacement of the telescopic rod used in the experiment is 15 microns.
In the experiment, the modulation frequency is set to 100 Hz. When the quick response
telescopic rod starts to work, the Q-switched pulse output is as shown in Figure 4a. As
shown, the time interval between adjacent Q-switched giant pulses is 10 ms, matching
the modulation frequency of frequency generator. As shown in Figure 4b, we expand the
Q-switched envelope and observe it at a time scale of 10 us. It can be found that each
Q-switched envelope contains hundreds of small mode-locked pulses. The width of the
whole envelope of the Q-switched giant pulse is about 6 us.
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The waveform of every mode-locked small pulse in the Q-switched envelope within
the time scale of 5 ns is shown in Figure 5. For the Q-switched and mode-locked operations,
the FWHM of the mode-locked pulse is 220.3 ps and the QML pulse interval is about
12.2 ns.
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In the experiment, a spectrum analyzer is used to analyze the spectrum of the fiber
laser under different working modes. Figure 6a,b shows the spectrum of this Er3+-doped
fiber laser under a continuous-wave mode-locked operation state and Q-switched mode-
locked operation state, respectively. Figure 6a shows the laser’s spectrum within the
±500 kHz bandwidth near 81.98 MHz. The automatic resolution bandwidth (RBW) is
10.0 kHz. It is obvious that there is only one large peak in the whole bandwidth, and
the frequency of the peak is 81.97 MHz. It indicates that the laser has been working in
the continuous-wave mode-locked operation state, and that the working state is very
stable. We then reduce the RBW of the spectrometer to 100 Hz, matching the frequency
of Q-switched device. Figure 6b shows the measured result of laser’s spectrum within
the ±150 kHz bandwidth near 81.97 MHz. It is obvious that there is one large peak in the
whole bandwidth, and that the frequency of the peak is 81.97 MHz. However, there are
two spikes in the range of about ±3 kHz near the center frequency, corresponding exactly
to the frequency of the Q-switched envelope.
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Figure 6. Measurement results of spectrometer in two states: (a) CWML operation state; (b) QML operation state.

The short-term and long-term working stability of the spectrum is studied, and the
result is shown in Figure 7. When the fiber laser is working on QML mode, Figure 7a
records the drift of the frequency spectrum of this laser in the short-term at free running
and frequency stabilization case, respectively. Without frequency stabilization, the laser
operates in free-running mode. The illustration shows the fluctuation curve of laser output
frequency after frequency stabilization. As can be seen from Figure 7a, the frequency shifts
significantly during free-running operation. This is because the LD wavelength shifts,
and the change of temperature affects the refractive index of the fiber. The drift reaches
about 690 kHz in the term of 100 s. After the frequency stabilization design, the frequency
stability has been significantly improved, and there is no one-way drift of frequency. The
frequency fluctuates up and down along the central frequency, and the fluctuation range
is about ±90 Hz. Figure 7b shows the long-term frequency fluctuation diagram under
frequency stabilization. The frequency fluctuates up and down along the central frequency,
and the fluctuation range is about ±100 Hz.

The output average power versus the pump power of LD is shown as in Figure 8. The
highest output average power is 25.7 mW for CWML operating under the pump power of
280 mW, corresponding to a slope efficiency of 37.7%. Compared, the highest output average
power is 18.03 mW for QML operating, corresponding to a slope efficiency of 28.2%.
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Figure 7. Frequency fluctuation diagrams of QML operation state: (a) short-term frequency fluctuation for the free running
and frequency stabilization case; (b) long-term frequency fluctuation.
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Figure 8. Output average power versus the pump at CWML and QML operation state.

Figure 9 shows the average energy of single mode-locked pulse versus the pump
power of LD. It is calculated that the single pulse energy is only 0.31 nJ in CWML operating
with a peak power is only 1.41 W. However, the energy of Q-switched envelope is 180.03 uJ
with a Q-switching frequency of 100 Hz. As shown in Figure 4b, a Q-switched envelope
contains about hundreds of small mode-locked pulses. The average energy and peak power
of single mode-locked pulse is increased to 360.6 nJ and 1.64 KW, respectively. Obviously,
the energy and peak power of the mode-locked pulse are increased by three orders of
magnitude compared with those of CWML operating.

Under the two different states, we measured the output power, and the results are
shown in Figure 10. Similarly, the measurement duration is 120 min. During this time
period, the minimum power is 24.94 mW, the maximum is 26.30 mW, and the average
power is 25.73 mW of the CWML operation state, according to the results of Figure 10a. In
addition, the minimum power is 17.65 mW, the maximum is 18.50 mW, and the average
power is 18.03 mW of the QML operation state, according to the results of Figure 10b.
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Figure 9. Average energy of single mode-locked pulse versus the pump at CWML and QML
operation state.
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In addition, the autocorrelation measurement curve is shown in Figure 11 below. In
Figure 11, black dots are the measured relative intensity data of the second harmonic,
and the red line is the Gaussian fitting curve. The full wave at half maximum (FWHM)
obtained from the autocorrelation curve divided by the conversion coefficient is equal to
the mode-locked pulse width. For Gaussian curve fitting, the conversion coefficient is
1.414 [25]. As shown in Figure 11, the FWHM of the autocorrelation curve is 287.3 ps, so
the width corresponding to the mode-locked pulse is about 203.1 ps.
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The output wavelength of the passively Q-switched and mode-locked Er3+-doped
fiber laser is shown in Figure 12, measured by a Co. EXFO 1500 laser wavemeter (1 pm
resolution). The emission spectra is guided by an InGaAs detector with a SRS830 lock-in
amplifier for signal extraction. As shown, the center wavelength is 1562.8 nm with a FWHM
line-width of about 24 pm, and there are no other emission oscillates with it simultaneously.
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4. Discussion

Because of the Q-switching effect, the mode-locked pulse is modulated, and an
avalanches-like release forms a Q-switching giant envelope. The energy of a single Q-
switched giant envelope pulse is up to 0.18 mJ. At the same time, the energy of a mode-
locked pulse existing in the Q-switched giant envelope avalanches-like growth. The interval
between two adjacent mode-locked pulses is 12.2 ns, so there are about 500 narrow pulses
in the Q-switched giant envelope with a width of 6 us. After calculation, the average energy
of single Q-switched mode-locked pulse is about 360 nJ. Compared with the continuous-
wave mode-locked pulse of only 0.31 nJ, the method improves by 1100 times. Therefore,
we have found a method to effectively obtain the narrow pulse width and high energy
mode-locked pulse.

As shown in Figure 6, if the intensity ratio is 40 dB, the intensity ratio of the QML pulse
energy to background noise is 104. After modulation, the QML pulse energy is about 360 nJ.
Accordingly, the background noise is 0.036 nJ, which is equivalent to the mode-locked
pulse energy of 0.31 nJ in CWML working mode. Reference proposes that the intensity
ratio of the QML laser for stable operation is 50–70 dB [26,27]. Large fluctuation will affect
the stability of the output power and frequency of QML laser. In fact, from Figure 6, we
find that the ratio of the center frequency intensity to the background noise intensity is
about 60 dB, within the range of 50–70 dB, which indicates that the QML fiber laser is in
stable operation. The oscillating optical power is much greater than the noise. Theoretically,
this fiber laser has relatively good stability and strong anti-interference ability. It should be
that the low relaxation oscillation of pump source LD laser improves the anti-interference
ability of the mode-locked laser. Moreover, these noises do not exist in a certain frequency,
but in the whole spectrum of measured bandwidth. This shows that these noises may
be random fluctuations caused by external mechanical vibration or acoustic interference,
and the laser is still in the mode-locked operation. In addition to Figure 6b, there are two
small spikes near the center frequency. The two small spikes are caused by the Q-switching
frequency of 100 Hz, which is consistent with the set RBW of 100 Hz.

The parameters affecting power stability include pump stability and fiber temperature.
The stability of the pump depends on the temperature. Long term operation causes the
temperature to rise, which will cause the wavelength shift of LD pump source. According to
the absorption spectrum of erbium-doped fiber, the change of pump wavelength affects the
absorption efficiency of erbium ion. In the experiment, the LD pump source is equipped
with a precise temperature control and feedback functions. The temperature control
accuracy is up to 0.1 ◦C, and the wavelength is stable within 976 ± 0.2 nm in the whole
process. The parameters affecting frequency stability are cavity length and the refractive
index of the optical fiber. The length of the resonant cavity and the refractive index of the
optical fiber material are also related to the temperature. The change of temperature can
change the refractive index. Both the Er3+-doped gain fiber and single-mode fiber are placed
in a cooling device with temperature control at a range of 20 ± 0.1 ◦C. The temperature
control of LD and fiber is to prevent the fluctuation of wavelength and refractive index with
temperature, which affects the stability of the laser output and spectrum output power.
This is an active frequency stabilization method. This active frequency stabilization design
through temperature regulation not only stabilizes the laser output spectrum, but also
ensures the stability of output power.

Without frequency stabilization, parameters such as the wavelength of the pump
source and the refractive index of the fiber change unrestricted with the change of tempera-
ture. At this time, the laser is in a free running state. Obviously, the laser output frequency
will drift. After the improvement of frequency stabilization, the parameters affecting the
spectrum drift are controlled, and the laser output frequency will not drift significantly.
At this time, the main parameter affecting the frequency fluctuation is the length of the
resonant cavity. Of course, due to the interference of the mechanical Q-switching method,
its stability will be affected to a certain extent. The mechanical Q-switching device will
change the resonant cavity length at the micron level. With the expansion and contraction
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of the telescopic rod, the expansion and contraction variation of this section of optical fiber
is about 6 µm. As shown in Figure 7, the long-term and short-term frequency drift is about
±95 Hz and ±100 Hz, respectively. It fluctuates periodically along the central frequency.
This corresponds to the periodic resonant cavity length expansion. Figure 7b shows the
long-term frequency fluctuation diagram under frequency stabilization. The frequency
fluctuates up and down along the central frequency, and the fluctuation range is about
± 100 kHz. By using the following equation, the frequency stability (FS) is calculated to be

2.44 × 10−6. Here, ∆ν = 200 Hz ps,
−
ν = 81.97 MHz.

FC =
∆ν
−
ν

, (1)

For Figure 9, it is measured that the root mean square (RMS) is 128.5 uw and 123.8 uw,
corresponding to CWML and QML operating modes respectively. Finally, the result
calculated shows that the power instability is 0.5% (RMS) and 0.7% (RMS), respectively. In
contrast, the instability of the QML operating mode is a little worse. The result is in good
agreement with the spectrum comparison in Figure 6. However, its value is less than 1%.
For short-term, the root mean square (RMS) is 86.97 uW within 60 s and 68.03 uw within
10 s. The instability is 0.48% (RMS) and 0.37% (RMS), respectively. It can be seen that
instability increases over time, but this increase is very slow. This is caused by fatigue of the
heat dissipation structure and temperature control system. Generally, it can be considered
that the whole is still at a relatively stable level. Furthermore, the stability of this QML
fiber laser is proved.

There is a certain deviation between the Autocorrelation curve fitting of 203.1 ps and
that measured of 220.3 ps by fast photodetector. However, the two results are similar and
belong to a reasonable error range. The deviation may be caused by the mismatch between
the response speed of the photodetector and oscilloscope, or by the experimental error
and fitting error of autocorrelation measurement. As shown in Figure 12, the FWHM of
the spectral is 24 pm, and the central wavelength is 1562.8 nm. By using the following
equation, the time-band product (TBP) was calculated to be 0.598. Here, TFWHM = 203.1 ps,
λFWHM = 24 pm, λ = 1562.8 nm, and C = 3.0 × 108 m/s.

TBP =
C × λFWHM

λ2 × TFWHM , (2)

The TBP is not close to the limit TBP value of 0.315, which indicates that the mode-
locked pulse contains a certain chirp [28]. This is due to the group velocity dispersion
(GVD) and self-phase modulation (SPM) effect in the optical fiber. The dispersion coefficient
of the SMF-28e single-mode fiber at 1550 nm is about 18.0 ps/(nm.km), and the GVD is
about −22.958 fs2/km. The experiment does not introduce enough positive dispersion to
neutralize the negative dispersion produced by the single-mode fiber. It is well known
that large GVD in optical fiber will cause pulse broadening. However, the purpose of this
experiment is to find a method to improve the energy of picosecond mode-locked pulse
and obtain stable power and frequency output. Obtaining the bandwidth limit pulse is not
the main content of this experiment.

5. Conclusions

In summary, based on the combination of the nonlinear polarization rotation effect
and mechanical Q-switched device, two output operations of CWML and QML are realized
in this paper. The polarization state in the ring cavity is adjusted by PC1 and PC2 to realize
continuous-wave mode-locked output. When at the CWML operation, the maximum
average power is 25.73 mW, and the width of the model-locked pulse is 212.5 ps under
the 976 nm LD pump power of 280 mW. At this time, the pulse frequency is 81.97 MHz
and the energy of a single mode-locked pulse is only 0.31 nJ. Furthermore, the mechanical
Q-switched device changes the polarization state of the oscillating laser in the ring cavity
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by pressing a piece of fiber so as to modulate the insertion loss regularly. This fiber laser
then works in the state of QML. Firstly, this is an effective method to greatly improve
the energy of mode-locked pulse. When the mechanical Q-switched device works at a
frequency of 100 Hz, the maximum output average power is 18.03 mW under the same
pump power. The Q-switching giant envelope contains hundreds of small QML pulses,
with the width of the QML pulse being 203.1 ps measured by an autocorrelation curve, with
the TBP at about 0.598. Most important of all, the average energy and the peak power of
the QML pulse improves to 360.6 nJ and 1.64 KW, respectively. They both increase by three
orders of magnitude compared with that of the CWML operation. Therefore, the QML
pulses can improve the energy of single mode-locked pulse greatly while ensuring the
acquisition of the width of short pulses. Secondly, the power instability is 0.5% (RMS) and
0.7% (RMS), respectively, for the different operation, within a measurement time period
of 120 min. For the QML operation, the power instability is 0.48% (RMS) within 60 s, and
0.37% (RMS) within 10 s. The spectral signal-to-noise ratio reaches 60 dB. In the case of
frequency stabilization, the frequency fluctuation is 200 Hz in the long-term of 1200 s, with
the frequency stability (FS) calculated to be 2.44 × 10−6. It indicates that this QML fiber
laser has good power stability and frequency stability.
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