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The semiconductor laser array with single-mode emission is presented in this paper. The 6-µm-wide ridge waveguides
(RWGs) are fabricated to select the lateral mode. Thus the fundamental mode of laser array can be obtained by the RWGs.
And the maximum output power of single-mode emission can reach 36 W at an injection current of 43 A, after that, a kink
will appear. The slow axis (SA) far-field divergence angle of the unit is 13.65◦. The beam quality factor M2 of the units
determined by the second-order moment (SOM) method, is 1.2. This single-mode emission laser array can be used for laser
processing.
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1. Introduction
High-power single-mode semiconductor lasers and arrays

have the advantages of high power, high wall-plug efficiency,
and single-mode operation.[1–4] The single-mode arrays are re-
quired in the applications of dense wavelength division multi-
plexing, telecommunication, and laser processing.[5–8]

Recently, many methods have been reported to real-
ize the single-mode emission semiconductor laser arrays.
The laser arrays with single-mode emission are reported by
BOOKHAM company, the ridge waveguide with 5 µm in
width was utilized to obtain single-mode operation.[9] The
slab-coupled optical waveguide laser (SCOWL) integrated
deep etching ridge waveguide array is used to realize a single-
mode emission, which is reported by MIT.[10,11] The large size
N waveguide layer is designed to reduce the optical limiting
factor in P waveguide layer, which will increase the maxi-
mum output power. However, the SCOWL has the defect of
low conversion efficiency. The FBH institute and TRUMPF
laser company reported a single-mode laser array based on an
asymmetric waveguide epitaxial structure.[12,13] A high-power
laser array with single-mode emission was proposed by II–VI
company, which was processed by facet surface passivation
technology.[14]

In this paper, we show a semiconductor laser array with
single-mode emission, and the single lateral mode is de-

termined mainly by the 6µm-wide ridge waveguides. The
ridge waveguides can support the fundamental mode opera-
tion, which is analyzed by the single-mode cutoff condition.
And the unit spacing is optimized by using a temperature dis-
tribution model. A single-mode laser array is implemented
with output power of 37.5 W and a wall-plug efficiency of
56.2%, and near diffraction limit beam quality factor M2 can
arrive at 1.2.

2. Device design and fabrication
High-power laser arrays with single-mode emission are

presented in this paper as shown in Fig. 1. The epitaxial wafer
was prepared by metal–organic chemical vapor deposition
(MOCVD), which was composed of a single InGaAs quantum
well in the active region at a wavelength of 975 nm. The fun-
damental mode was obtained by 6-µm-wide ridge waveguides
in an array serving as a mode filter. And the units were sep-
arated by isolation grooves to eliminate the crosstalk between
carrier and photonics.

A two-dimensional (2D) model was calculated by com-
mercial software COMSOL Multiphysics for obtaining the
geometric parameters of single-mode ridge waveguide, in-
cluding width and depth of the waveguide mesa as shown
in Fig. 2. In Fig. 2(a), we find that the fundamental mode
is distributed mainly under a 6-µm-wide mesa with injection
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currents, which will achieve the lowest internal losses and
threshold gain. Figure 2(b) shows that the high-order mode
is transmitted off the mesa, which will be rapidly absorbed or
scattered out.[15,16] Thus the high-order modes are eliminated,
and single-mode emission laser arrays is realized as shown in
Fig. 1.[17]
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Fig. 1. Schematic diagram of single-mode laser arrays.

(a) (b)

Fig. 2. The 2D color mapping of intensity distribution of (a) fundamental
mode and (b) high-order mode in 6-µm-wide ridge waveguide with etching
depth fixed at 1.2 µm.

The spectral and beam quality characteristics of single-
mode arrays would be affected significantly by the waste heat.
A laser array temperature distribution model was utilized to
analyze the temperature of laser units with different unit spac-
ing in the laser array. From Fig. 3, we can find that the top
temperature of array rapidly rises with the decreases of the
unit spacing, and the temperature of the central units is sig-
nificantly higher than that of the edge units. It is because that
when the waste heat power values of four arrays are all 30 W
in our model, the less the spacing is, the more unlikely the
waste to be dissipated is. Thus the temperature will decrease
with the increase of unit spacing. Yet when the unit spacing
increases to a certain level, say, from 72 µm to 96 µm, the
top temperature decreases slower. This is because when the
unit spacing is enlarged to a certain extent, the heat dissipation
rate remains almost unchanged. Yet, larger unit spacing will
enlarge the array’s size and will reduce the yield of the total
useful arrays.

Figure 4 shows that the temperature difference ∆T be-
tween core and periphery region is the largest in the laser
array with 24-µm-wide unit spacing, which will decrease as
the spacing increases from 24 µm to 96 µm. The slope of
the change in temperature and ∆T gradually decrease, respec-
tively. Specially, the temperature difference decreases from
1.95 K to 0.89 K as the unit spacing increases from 24 µm
to 48 µm. This is mainly because, when the laser unit spac-
ing is small, the thermal crosstalk between each unit and the

remaining units increases, which is caused by the unit self-
heat accumulation in the array. The thermal crosstalk effect
between each unit would be enhanced as the laser unit spac-
ing reduces, and the temperature of each unit is raised by heat
generated from adjacent units. The more the units in the same
length of array, the more serious the thermal crosstalk of ad-
jacent units is, which will raise the temperature of laser array,
and the electro-optical conversion efficiency will drop at high
temperature.
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Fig. 3. Thermal distribution of single-mode laser arrays with different unit
spacing from 24 µm to 96 µm.

Because of temperature difference between the core and
edge units, the gain spectrum will also shift. The spectrum
of the total array will widen as the number of units increases.
Thus the unit spacing of laser arrays cannot be too small. At
the same time, to ensure the output power, the fill factor should
not be too small, and therefore the unit spacing should not be
too large. Thus we determine the unit center spacing of the
single-mode laser array to be 48 µm.
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Fig. 4. Temperature difference between core and periphery position in
single-mode laser arrays with different unit spacings.

The wafer was epitaxially grown by the MOCVD, which
was composed of a single InGaAs quantum well, AlxGa1−xAs
optical waveguide, and optical confine layers. The wafer had
an asymmetric large optical cavity (LOC) waveguide struc-
ture consisting of an 800-nm-thick P optical waveguide and
an 1200-nm-thick N optical waveguide. The LOC waveguide
can enlarge the vertical mode volume and reduce the verti-
cal far-field divergence angle at the same time, and the optical
catastrophic damage threshold of the device will be increased.

054209-2



Chin. Phys. B 31, 054209 (2022)

The ridge waveguides and isolation grooves were determined
by using i-line lithography and dry etching, and the width of
waveguides and grooves were 6 µm and 12 µm, respectively,
the etching depth of waveguides and grooves were 1.2 µm and
2 µm as shown in Fig. 1. After that, SiO2 film was deposited
on surface of wafer by using PECVD to isolate injection cur-
rent diffusion. The metal electrodes were grown respectively,
on the P and N surfaces of the chip by using metal magnetron
sputtering technique. Finally, the chip was cleaved and 98%
reflective coating was deposited on one facet of laser arrays,
then 1.5% anti-reflective coating was deposited on the other
facet. The laser arrays with the footprint of 2 mm×4.8 mm
were mounted p-side up on a micro-channel cooler (MCC)
through using indium solder.

3. Results and discussion
The devices are mounted on water-cooled bases with a

cooling water temperature of 18 ◦C, which are tested under
continuous injection current from 0 A to 45 A. The continu-
ous wave (CW) power and voltage characteristics are obtained
by Newport 843-R power meter and thermopile sensor, and
the wall-plug efficiency (WPE) is also calculated as shown in
Fig. 5. The spectra are measured by YOKOGAWA AQ6370C
optical spectrum analyzer using an integrating sphere and a
100-µm-core-diameter fiber with a 0.02-nm resolution, which
means that the test error is ±0.02 nm. The output spectrum
at an injection current of 20 A is shown in Fig. 6. The far-
field radiation patterns are obtained by using Ophir-Spiricon
SP620U camera as indicated in Fig. 7.
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Fig. 5. CW power and voltage characteristics of our single-mode laser ar-
rays.

Figure 5 shows that the maximum power of laser array is
37.5 W at an injection current of 45 A, and the threshold cur-
rent and slope efficiency are 3 A and 0.892 W/A, respectively.
The wall-plug efficiency of 56.2% is obtained at an injection
current of 45 A, and the maximum WPE is 58.4% at 29 A. A
kink of power occurs at 43 A, which is a mode jumping caus-
ing by thermal reversal. The array power with no kink is 36 W,
thus the unit power is 0.36 W at an injection current of 0.29 A.

The device operates in multi-longitudinal mode with a
wavelength of 973.3 nm and a spectral full width at half maxi-
mum (FWHM) of 0.76 nm at 20-A current injection as shown

in Fig. 6. And the spectral linewidth with 95% power is
4.37 nm, which is close to the spectral linewidths of traditional
array devices.
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Fig. 6. Optical spectrum of our single-mode laser arrays at injection current
of 20 A.

The second-order moment method is utilized to analyze
the slow axis (SA) far-field divergence angle of the device, ac-
cording to the standard ISO 11146–2005.[18] The full angle of
far-field divergence containing 95% optical power at an injec-
tion current of 45 A is 13.65◦, when the spacing of 100 mm be-
tween laser array facet and observation screen, which is shown
in Fig. 7. The far-field radiation pattern is of nearly Gaussian
beam. This is due to the small spacing between the lumines-
cent units and the superposition and coupling of the Gaussian
beams in each unit in the propagation process, so that the far-
field distribution is near Gaussian.
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Fig. 7. Far-field radiation pattern and intensity distribution of single-mode
laser array at injection current of 45 A.

The SA divergence angle of laser array is larger than that
of single-mode laser emitter, thus we can determine SA angle
of the unit to be 13.65◦, approximatively. And the waist radius
of output beam is equivalent to the width of ridge waveguide,
which is 6 µm. Thus the beam quality factor M2 of the units
can be determined by the SOM method to be 1.2 at an injection
current of 45 A.

4. Conclusions
A single-mode operation of semiconductor laser array is

reported. The stable single-mode emission can be kept under
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43 A. And the maximum output power of single-mode opera-
tion can reach 36 W. The beam quality factor of M2 = 1.2 at an
injection current of 45 A is obtained. The fundamental mode
originates mainly from the ridge waveguide mode selection.
The reported single-mode laser arrays are fabricated by I line
lithography and dry etch technology. And this method pro-
vides a significant cost advantage and excellent beam quality
performance compared with other methods.
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