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ABSTRACT Semiconductor optical amplifiers (SOAs) offer direct electrical injection, power consumption,
integration, and anti-radiation advantages over optical fiber amplifiers. However, saturation output power
and gain bandwidth have been limited in traditional structure SOAs. We demonstrate a monolithic integrated
SOA with broad spectrum, high power, high gain, and small spectral linewidth expansion. The device adopts
a two-stage amplified large optical cavity structure, and a lower optical field confinement factor is obtained
by adjusting the thickness of the waveguide layer. The lower optical field confinement factor is conducive to
improving the coupling efficiency and the maximum output power. Our device, fabricated only by standard
i-line lithography with micron-scale precision, obtains excellent and stable performance. When the input
power is set to 1 mW, the output power is 419 mW with a gain of 26.23 dB. When the input power is set
to 25 mW at 25 ◦ C, the output power increases to 600 mW with a gain of 13.8 dB. The corresponding gain
bandwidth of 3 dB measures at least 70 nm. The spectral linewidth after the SOA is 1.15 times wider than
that of the seed laser.
INDEX TERMS Broad spectrum, high gain, high power, semiconductor optical amplifiers, small linewidth
expansion.

I. INTRODUCTION

High-power optical amplifiers are required for an increasing number of applications, including free space optical communication, light laser detection and ranging
(lidar), absorption spectroscopy, biomedical imaging,
microwave photonic (MWP) analog signal processing, and
low-noise mode-locked lasers for photonic analog-to-digital
The associate editor coordinating the review of this manuscript and
approving it for publication was San-Liang Lee
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converters [1]–[8]. These applications most commonly utilize solid-state or doped-fiber as the gain medium [9], [10];
50 W and greater than 150 W erbium-doped fiber amplifiers (EDFAs) have been demonstrated in the 1550 nm
wavelength optical communications commercial field.
In addition to high power, EDFAs also exhibit superior noise
performance due to their large intracavity powers, small intracavity losses, and negligible gain/index coupling [11]–[13].
However, the main material of the fiber amplifier is silica,
which has poor radiation hardness. Currently, the common
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materials require reinforced packaging to reduce radiation,
which increases the volume and weight, and is disadvantageous for integration. In addition, the fiber amplifier power
conversion efficiency due to optical pumping is low, which
greatly limits the wider and more advanced applications of
fiber optic amplifiers.
Compared with optical fiber amplifiers, semiconductor
optical amplifiers (SOAs) have many advantages, including greater compactness, smaller volume and weight,
higher power conversion efficiency, larger gain bandwidth,
wavelength designability, and the potential for monolithic
integration of SOAs with other components (e.g., lasers, modulators, and detectors) [14]–[21]. More importantly, the radiation hardness of Group III and V materials is 6 to 7 times
higher than that of silica, making them more suitable for space
applications. In the fields of on-chip all-solid-state lidar and
space laser communication for long-rang sensing [22], SOAs
with 0.5 W or higher output power and larger and flatter gain
spectrum range are more suitable and promising.
In this paper, a two-stage monolithic integrated SOA with
high saturation output power, wide gain bandwidth, and low
noise figure is proposed. The design of the device is described
in Section 2, including the epitaxial structure design, waveguide design, electrothermal analysis, and gain characteristics
analysis. The experimental setup and device performance are
characterized in Section 3, and the performance is compared
with that of similar devices in Section 4. Finally, the conclusion is presented in Section 5.

FIGURE 1. (a) SOA device top view. (b) The cross-section diagram of SOA
at AA’ in Fig. 1(a).

II. STRUCTURAL DESIGN

Fig. 1 shows the schematic diagram of the proposed broadspectrum, high-power, high-gain, small linewidth expansion
SOA epitaxial structure. The epitaxial structure of the SOA
uses InAlGaAs material in the active region, and the waveguide layer adopts a graded waveguide that can improve the
carrier injection efficiency while further increasing the limit
of carriers in the active region. The composition gradient is
applied in the heterojunction interface of the epitaxial layer to
reduce the barrier height of the heterojunction interface and
the series resistance of the SOA.
To provide more carriers to prevent gain saturation, a twostage SOA with a 2.5 mm cavity length and 1 mm width was
designed as shown in Fig. 1(a) to include two waveguides:
a 1 mm long and 4 µm wide ridge waveguide and a 1.5 mm
long tapered waveguide with an inclination angle of 10.4◦ .
The width of the tapered output facet is 250 µm and each
waveguide is connected to electricity separately. The isolation
trench width is 40 µm. The distance between the electrode
and the mesa is 1 µm, and the distance between the ridge
waveguide and the tapered waveguide is 250 nm. As the
light propagates from the input facet of the amplifier to the
output facet, the width of the waveguide gradually increases;
this structure ensures that most of the light remains in the
default mode and provides gain with a high saturation output
power while reducing heat generation and catastrophic optical damage (COD). To suppress the deterioration of the cavity
98864

FIGURE 2. Scanning electron microscope images of the mesa of the ridge
waveguide (a) etched at a 45◦ angle and (b) magnified topography.

facets and increase the output power, the two cavity facets
of the SOA are coated with an optical anti-reflective coating
(reflectance of 0.01%). The coating on the cavity facets also
reduces COD. The shape of the ridge waveguide etched mesa
can be observed by scanning electron microscopy. Fig. 2(a)
shows the mesa etched at a 45◦ angle, and Fig. 2(b) shows
the topography of the etched mesa. The ridge waveguide has
a regular and flat morphology, and the sidewall has a slope
of 85◦ or more.
The optical field confinement factor in the active area is the
ratio of the overlap between the optical field and the active
area to the overall optical field distribution [23]. Fig. 3 shows
distribution of the optical field and refractive index of the
two active area optical field confinement factor structures.
The optical field confinement factor in Fig. 3(a) is larger than
in Fig. 3(b). Structures with larger optical field confinement
factors will confine more photons to the active area, and structures with smaller optical field confinement factors will allow
more photons to leak into the waveguide layer. In this paper,
the structure displayed in Fig. 3(b) was adopted, with the
VOLUME 9, 2021
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FIGURE 3. Distribution of the optical field and refractive index. Optical
field confinement factor of the active area: (a) 0 = 2.43%; (b) 0 = 0.47%.

refractive index of the waveguide layer and the cladding layer
at 3.258 and 3.167 respectively. By increasing the thickness
of the waveguide structure, the optical field distribution over
the entire epitaxial region is enlarged to reduce the optical
field confinement factor and the far-field vertical divergence
angle. In addition, the thicker the waveguide, the less overlap
between the optical field and the heavily doped confinement
area, which reduces light loss, increasing electro-optic conversion efficiency to some extent and generating less heat.
To analyze the effect of waveguide structure on the optical
field distribution, the effective refractive index method was
applied using COMSOL Multiphysics for further simulation
of the confinement factor of the optical field in the active
area. There is a clear difference in the optical field distribution when the confinement factors are different in the same
waveguide structure, as shown in Fig. 4. Fig. 4(a) shows the
optical field distribution with the confinement factor 0 =
2.43% in the active region. A small spot size and the location
of the highest luminous intensity within the active region
are observed. Fig. 4(b) displays the optical field distribution in the active region with the confinement factor 0 =
0.47%. Due to the reduction in the optical confinement factor, the upper and lower waveguide layers and active region
form a weak waveguide structure. It is observed that when
the size of the optical field distribution is large, the optical
field intensity expands to the upper and lower waveguide
layers, and the location where the optical field intensity is
VOLUME 9, 2021

FIGURE 4. Distribution of the optical field. Optical field confinement
factor of the active area: (a) 0 = 2.43%; (b) 0 = 0.47%.

highest deviates from the active area and reaches the lower
waveguide layer. In summary, the low confinement factor is
useful for obtaining the mode field distribution matched with
single-mode fiber and increasing the maximum output power.
Therefore, the SOA studied in this paper adopts the active
region structure with a confinement factor 0 = 0.47% as
shown in Fig. 4(b).
There is a waveguide effect in a plane perpendicular to
the P–N junction due to the refractive index step change
1nR at the heterojunction interface. The waveguide effect is
related to the temperature distribution 1T and the free carrier
concentration 1Nfc . When the SOA starts working, the temperature and free carrier concentration change to satisfy the
following relationship:
1nR = αT · 1T − αfc · 1Nfc

(1)

where αT is the temperature correlation coefficient and αfc is
the free carrier concentration correlation coefficient. The free
carrier concentration prevails when the SOA begins operation, and 1nR is a negative value; when the SOA operates
longer, the temperature distribution predominates, and 1nR
is a positive value. The relationship between the etch depth
and the single-mode width of the device for several values of
the refractive index difference at the active region is shown
in Fig. 5. The area under the curve represents the single-mode
area with the refractive index change. In this paper, the etch
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energy is also part of the heat source, and the expression for
the heat generation of this part is
Qrec = EL ηi jth /q

(5)

where jth is the threshold current density. In addition, when
the SOA works normally, the laser generating area will cause
strong light absorption, which is mainly concentrated in the
active area, and this part of the heat generation can also be
included in the total active area heat generation.
Qabs =
FIGURE 5. Relationship between the etch depth of the device and the
single-mode width for various values of the refractive index change at the
heterojunction interface.

depth of the SOA is 1.5 µm, and the single-mode width
is 5 µm.
As the performance of SOAs continues to improve,
the effect of internal thermal effects on device performance
becomes more evident, and this has become one of the key
factors limiting the operating characteristics of SOAs. When
continuous current is applied to the SOA, the temperature
of the active area rises due to severe internal heat build-up,
resulting in a red shift in the wavelength, an increase in the
threshold current, a decrease in output power, and a shortened
device lifetime. Therefore, thermal analysis of the device is
essential.
The heat generated in the active area inside the SOA is
mainly generated in four parts, which can be expressed as
Qactive = Qthermal + Qleak + Qrec + Qabs

(2)

After the current is injected into the active region, the barrier layer has a higher energy band position than the quantum
well layer, so these carriers are injected into the active region,
and the carriers injected into the quantum well at the barrier
create an energy difference. The energy difference is dissipated in the form of heat. This part of the heat source density
can be expressed as
Qthermal = [(EB − EL )ηi ]jb /q

(3)

where EL is the forbidden band width of the quantum well,
EB is the forbidden band width of the barrier layer, jb is the
injection current density, ηi is the internal quantum efficiency
of the active region, and q is the electronic charge.
Because the injected carriers cannot be completely captured by the quantum well, some electrons or holes leak to
the outside of the quantum well. These leaked carriers will
recombine with the holes or electrons in the barrier region
to generate photons that have a large energy and are easily
absorbed to produce heat. This part of the thermal power
density can be expressed as
Qleak = EB (1 − ηi )jb /q

(4)

Additionally, some of the carrier electrons or holes injected
into the quantum well are not fully utilized; this part of the
98866

ηi (jb − jth )αi EL
q(αi + αm )

(6)

where αi and αm represent the internal loss and cavity facets
loss of the SOA, respectively. By analyzing the various heat
generation mechanisms caused by the SOA carrier injection,
the epitaxial structure of the SOA device can be further optimized to achieve better performance. The waveguide layer
adopts a graded waveguide, which can improve the carrier
injection efficiency while further improving the limitation
of carriers in the active region. The composition gradient
is adopted at the heterojunction interface of the epitaxial
layer to reduce the barrier height of the interface, reducing
series resistance and heat. Coating the two cavity facets of
the amplifier with optical anti-reflection coating reduces the
cavity facet loss, thereby reducing heat generation, and also
reducing the COD.
Gain is an important index of SOA performance. Typically,
both the cavity facets of the SOA are used in an ideal antireflection method, allowing the incident light signal to receive
only single-pass amplification. The single-pass gain obtained
by the external optical signal in the SOA is expressed as
Gs = exp[(0g − αi )L]

(7)

where L is the length of the SOA active region, and g and αi
are the gain and loss factors. However, the SOA has a constant
residual reflectance at both facets, can form a Fabry–Pérot
cavity on its own, and has a constant resonance effect, and
it is also difficult to obtain a full single-pass amplification
of the external optical signal. The gain of the SOA with the
facet reflectances R1 and R2 is expressed as a function of the
single-pass gain Gs as
G=

(1 − R1)(1 − R2)Gs
√
√
(1 − Gs R1R2) + 4 R1R2Gs sin2 φ

(8)

where φ is the change of output phase shift. Anti-reflective
coatings are usually used on both facets, but there is still
some residual reflectance, causing ripples to appear in the
gain spectrum. The peak-to-valley ratio between the resonant
gains is called the SOA gain variation Gr , which is expressed
as
√
1 + Gs R1R2
Gr =
(9)
√
1 − Gs R1R2
For an ideal SOA, both R1 and R2 are 0 and Gr is 1.
This means that there is no fluctuation in the resonant
cavity mode frequency. But the real situation is not ideal.
VOLUME 9, 2021
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FIGURE 6. Relationship between gain variation and reflectance for three
single-pass gains (Gs =200, 400, and 600).

Fig. 6 shows the relationship between gain variation and
reflectance. As the gain increases or the cross-sectional
reflectance increases, the gain fluctuation increases. Therefore, reducing the reflectance of the two cavity facets reduces
the effect of gain fluctuations. The two cavity facets of the
SOA in this paper are coated with an optical anti-reflective
coating (reflectance of 0.01%).
III. DEVICE PERFORMANCE TESTING AND ANALYSIS

The device in this study was grown by metal-organic chemical vapor deposition (MOCVD) and was fabricated using
only ordinary i-line lithography to simplify the difficulty
of fabrication without using complex fabrication steps such
as expensive and time-consuming epitaxy regrowth fabrication technology. Moreover, excellent performance and stable
operation were still achieved with the simple and low-cost
technology. Fig. 7(a) illustrates the experimental setup for
performance testing of the proposed two-stage monolithic
integrated SOA at 25 ◦ C. The device used Ti/Pt/Au as the
p-side electrode and Au/Ge/Ni/Au as the n-side electrode,
and the device was welded to the heat sink with the n-side
facing down to form an ohmic contact, which was mounted to
a thermoelectric cooling (TEC)-controlled stage. The tunable
laser output was connected to the SOA through a fiber, and
a spectrum analyzer was used to obtain the spectrum of the
light amplified by the SOA through a fiber. For optical power
measurements, the fiber was removed from the front of the
SOA and replaced with a power meter. The ridge waveguide
and tapered waveguide had separate electrical contacts. The
currents into the ridge waveguide (I1 ) and tapered waveguide
(I2 ) of the SOA were continuous. Fig. 7(b) displays a photograph of the experimental setup.
Maintaining a single mode is essential for both lasers and
SOAs. The main function of the ridge waveguide is to maintain the single mode, and the current I1 connected to the ridge
waveguide was fixed in this study because it was confirmed
that the current change in the ridge waveguide had little effect
on the performance of the device [23]. The magnitude of the
current I2 connected to the waveguide region was used to test
the performance of the device.
VOLUME 9, 2021

FIGURE 7. Experimental setup for testing the SOA. (a) Schematic diagram.
(b) Photograph of the experimental setup.

The previous analysis shows that ideally the effective facet
reflectivity of the SOA should be zero, so that the photons
will not generate resonance amplification in the gain medium.
However, it is impossible to achieve in practice, and even a
small reflection will cause some disturbance in the amplified
spontaneous emission (ASE) spectrum. The ASE of the SOA
is characterized by using an optical spectrum analyzer (OSA).
The bias current I1 was 0.3 A, and I2 was set to 1.5 A, 2.0 A,
and 2.5 A to obtain the ASE spectra shown in Fig. 8. When the
attenuation rate of the upper-level particles due to amplified
spontaneous emission is similar to that of other relaxation
processes, the number of inverted particles is significantly
reduced, so that the gain coefficient also decreases, and the
gain reaches saturation. When I2 was 1.5 A, the disturbance
of the ASE was very small. As I2 was increased, the ASE
exhibited more disturbance, accompanied by Fabry–Pérot
resonance. This was related to the low reflectivity of facet
and the existence of certain reflectivity of the test system.
Improvement measures, including the angled facet structure
and development of a wide spectrum of ultra-low reflectivity
antireflection coatings, were adopted to minimize this.
The seed laser used in the experiment was continuously
tunable for wavelength and power. The amplified output
spectrum of the SOA at different bias currents is shown
in Fig. 9. The proposed device has excellent gain in the
wavelength range of 1510–1590 nm. When I2 is 1.5 A,
2.0 A, and 2.5 A, it exhibits a side mode suppression
ratio (SMSR) greater than 50 dB in the wavelength range
98867
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FIGURE 8. Amplified spontaneous emission (ASE) spectrum of the SOA
when current I1 = 0.3 A and current I2 = 1.5 A, 2.0 A, and 2.5 A are
applied to the ridge waveguide and the tapered waveguide, respectively.

of 1540–1560 nm. The spectrum shows a background signal
due to ASE, and while the ASE signal is reduced once the
amplifier is pumped with seed laser, no further reduction
is seen for greater input powers. This is attributed to the
saturation of the SOA. Improved suppression of the ASE
background level may be achieved by optimizing the amplifier operation conditions, for instance by adjusting the
temperature [24], [25].
As shown in Fig. 10, the saturation output power and gain
of the device at 1550 nm were tested in detail. As the input
power increased, the output power initially increased linearly,
but when the increasing speed slowed down, it tended to
saturation. When the input power was increased to 4 mW,
the output power reached saturation, and the larger the bias
current, the higher the saturated output power. The gain vs.
input power curve displays the opposite trend, that is, that
the gain decreases exponentially as the input increases. When
the input power is 1 mW, the output power is 419 mW
and the gain is up to 26.23 dB. As the input power increases,
and the device reaches saturated state, the output power
increases to 600 mW and the gain reduces to 13.8 dB with an
input power of 25 mW. This is because at high input powers
a significant number of carriers participate in the stimulated
radiation recombination and cannot be quickly replenished.
The gain and the output power are limited by the saturation
effect, which also helps to reduce the number of longitudinal
modes and improve beam quality.
Fig. 10 displays the gain spectrum measuring curve under
different bias currents. Fig. 11(a) shows the gain spectrum
when the input power is 1 mW. The device works in an
unsaturated state, and the 3 dB gain bandwidth is 60 nm when
the bias current I2 is 1.5 A, 2 A and 2.5 A, respectively. The
maximum gain Gmax = 26.23 dB is measured at a wavelength
of 1550 nm when the bias current is 2.5 A. Fig. 11(b) shows
the gain spectrum when the input power is 4 mW. Here,
it works in a saturated state, and the 3 dB gain bandwidth
is 70 nm when the bias current is 1.5 A, 2 A, and 2.5 A.
It is observed that when the input optical signal is unchanged,
the gain of the device increases alongside the increase in the
injected current. The gain spectrum tends to be flat between
98868

FIGURE 9. Wavelength tuning spectrum. (a) I2 = 1.5 A. (b) I2 = 2.0 A.
(c) I2 = 2.5 A.

1540 nm and 1560 nm. As the temperature increases, the gain
shows a downward trend as shown in Fig. 11(c).
The linewidth expansion of an SOA is a very important
index for practical applications. The narrower the linewidth,
the greater the advantage of stimulus emission over spontaneous emission, which means that the number of coherent
photons in the cavity increases and the output power increases
accordingly. When a narrow linewidth seed laser is input into
the SOA, the linewidth of the amplified optical signal changes
will directly affect the ability of the system to work properly.
Fig. 12 shows the Lorentzian linewidth measurement of the
VOLUME 9, 2021
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FIGURE 10. Seed laser input at 1550 nm wavelength. (a) Measured
output power dependence on input power at different bias levels.
(b) Measured gain dependence on input power at different bias levels.

seed laser and after the SOA amplification. The linewidth
of the seed laser is 94.49 kHz, and the linewidth after SOA
amplification is 108.91 kHz. This means that the linewidth
after SOA amplification is 1.15 times that of the seed laser.
The linewidth measurement system used in the research is
calculated based on the integration of the phase noise spectral density function (calculated in Hz2 /Hz). The blue points
in Fig. 12 represent the intersection of the frequency noise
spectral density function integral curve and the β separation line at different frequencies. The intersection on the far
right is the minimum Lorentzian linewidth. Several peaks in
the mid-frequency region represent the background noise of
the seed laser, and the peaks in the high-frequency region
are the background noise of the linewidth measurement
system.
In this paper, the beam quality is calculated by measuring
the beam divergence angle and using it in the following
formula:
πlθ
M2 =
(10)
4λ
where the seed laser inputs light of λ =1550 nm, which
passes through the SOA, and is received and analyzed by a
sensor at a distance of l = 1 m. The slow axis divergence
angle is θx = 2.495 mrad, and the fast axis divergence angle
θy = 2.821 mrad. Equation (10) shows that the slow axis
beam quality is 1.263 and the fast axis beam quality is 1.429.
VOLUME 9, 2021

FIGURE 11. Gain spectrum for seed laser with a wavelength range of
1510–1590 nm and current I2 = 1.5 A, 2.0 A, and 2,5 A in the tapered
waveguide. (a) Input power of seed laser Pin = 1 mW. (b) Input power of
seed laser Pin = 4 mW. (c) Measured gain dependence on temperature at
I2 = 2.0 A and Pin = 4 mW.

The excellent beam quality reduces the difficulty of coupling
and shaping. Two lenses that compress the fast axis and the
slow axis of the spot can be added to the output facet of the
SOA to achieve effective coupling of light.
The noise figure is also one of the most important parameters of the SOA, and it is generally measured either by
the electrical measurement method or the optical measurement method. In this study, the optical measurement method
was adopted, and the measurement block diagram is shown
98869
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FIGURE 13. Noise figure test system.

TABLE 1. Measurement results of the noise figure at different
attenuation multiples and comparison with those of other reported SOAs.

FIGURE 12. Input 1550 nm seed source laser linewidth test result.
(a) Linewidth of the seed source laser. (b) Linewidth of the seed source
laser after SOA amplification.

in Fig. 13. A laser with a very low spontaneous emission noise
spectrum density was injected into the SOA under test by a
polarizer and an optical isolator. The SOA output light was
attenuated to a safe power level by another optical isolator and
a variable optical attenuator (VOA), and then was measured
by an OSA and an optical power meter (OPM).
NF = 10 log10 (2γρ/(Khν) + 1/K )

(11)

Equation (11) is the expression of the noise figure. The
SOA in this paper is polarization-dependent, and the polarization correction factor is about 2. γ is the attenuation multiple
of the optical power input to the OSA, given by γ = Psat /Pf ,
where Psat is the saturated output power and Pf is the optical
power coupled into the OSA. K is the optical gain, expressed
by K = Psat /Pin , where Pin is the input power of the SOA.
It should be noted that if the spontaneous emission spectrum
density of the seed laser is large enough to not be negligible,
it is necessary to subtract this spectrum density from the
measured total amplified spontaneous emission density to
ensure the accuracy of the test results. Table 1 shows the measurement results of the noise figure at different attenuation
multiples. The device has a low noise figure of less than 8 dB.
As the bias current I2 increases, the noise figure increases,
and as the temperature increases, the noise figure decreases
as shown in Fig. 14.
98870

FIGURE 14. The noise figure varies with the bias current I2 at different
temperatures.

IV. DISCUSSION

The performance characteristics of the SOA fabricated in this
study were compared with those of other reported SOAs.
The results are listed in Table 1. The SOAs in the literature [26]–[30] are devices based on the master oscillator
power amplifier (MOPA) structure. They cannot achieve high
saturation power and high gain at the same time. The device
prepared in this paper has better performance. The saturated
output power reaches 419 mW at 300 mA and bias current
of 2.5 A (ITAP ), and the maximum small signal gain achieved
is 26.23 dB. As the input power continues to increase, the
saturated output power reaches 600 mW at 300 mA and bias
current of 2.5 A(ITAP ), and the gain achieved is 13.8 dB. The
Lorentzian linewidth after the SOA is only 1.15 times wider
than that of the seed laser. This is a very small linewidth
expansion value. These characteristics can be attributed to the
large optical cavity structure used in the epitaxial structure.
By appropriately reducing the active area confinement factor
and increasing the thickness of the N waveguide, the optical
field distribution is broadened, increasing the saturated output
power. In addition, using a large-angle tapered amplification
structure allows the device to maintain single-mode operation
through self-focusing of the beam under high current injection, and its slow axis and fast axis beam quality are 1.263 and
1.429, respectively.
VOLUME 9, 2021
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TABLE 2. Comparison of parameters between devices reported in
previous studies and the proposed SOA.

V. CONCLUSION

In this study, we designed and fabricated a broad-spectrum,
high-power, high-gain, small linewidth expansion two-stage
amplified SOA based on the epitaxial structure, and investigated the performance of the SOA for various bias currents in
the tapered waveguide section at 25 ◦ C. The results show that
the SOA has a 3 dB gain bandwidth of 70 nm. When the input
wavelength is 1550 nm, the saturated output power can reach
up to 600 mW, and the corresponding gain is 13.8 dB. When
the saturated output power is 419 mW, the gain can be as
high as 26.23 dB. The Lorentzian linewidth after the SOA is
only 1.15 times wider than that of the seed laser. Future work
will continue to optimize the performance of this SOA and
apply this device to high-power, high gain, broad-spectrum,
and narrow linewidth equipment such as all-solid-state lidar
and space laser communications.
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