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174-nm Mode Spacing in Dual-Wavelength
Semiconductor Laser Using Nonidentical

InGaAsP Quantum Wells
Chi-Chia Huang, Chin-Hui Cheng, Yi-Shin Su, and Ching-Fuh Lin, Senior Member, IEEE

Abstract—A very wide tuning range of dual-wavelength semi-
conductor lasers with properly designed nonidentical InGaAsP
quantum wells is reported. As the external cavity of reflected-type
grating telescope configuration is well aligned, the dual-wave-
length operation can be achieved with a record wavelength
separation as large as 174 nm (25 THz). The wide separation of
two wavelengths is possible due to a proper modification of the
external-cavity configuration and reduced gain competition of
laser modes.

Index Terms—Broad-band wavelength tuning, dual-wavelength
operation, optical amplifier, quantum-well laser, semiconductor
laser.

DUAL-wavelength laser systems have potential appli-
cations in many areas such as wavelength-division

multiplexing (WDM) communication system, two-wavelength
interferometry, laser spectroscopy, differential lidar, optical
data processing, and so on. Numerous approaches have been
used to achieve simultaneous two-wavelength lasing in both
fiber and semiconductor lasers. In fiber lasers, Takahashi
et al. [1] has used an array of doped fiber amplifiers as a
multiple-wavelength source. Battiato et al. [2] has used a
codoped fiber laser as a common gain medium in a linear
cavity for dual-wavelength operation. In semiconductor lasers,
array of lasers with physically separated gain media for each
wavelength is a common approach for multiple-wavelength
operation [3], [4]. Dual-wavelength operation with a single
semiconductor gain medium has also been achieved by Lin et
al. [5] and Hidaka et al. [6]. The use of a single gain medium
shared by both wavelengths has the advantage of simplicity
because no elaborate fabrication and packaging procedures are
required [7].

Under dual-wavelength operation, some sort of mode com-
petition will occur, especially when the mode spacing is small
[5], [8]. However, when the mode spacing is large enough, mode
competition is significantly reduced, increasing the possibility
of two-mode oscillation. On the other hand, the difficulty for
dual-wavelength operation at very large mode spacing is caused
by the limited bandwidth of the gain medium and the diffi-
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Fig. 1. QW structure of SOA used in the experiment.

culty of optical-path alignment in the external cavity. In this
paper, we will demonstrate a mode spacing larger than 174 nm
(1356 nm 1530 nm) in dual-wavelength semiconductor lasers.
The wide range of dual-wavelength operation indicates that the
semiconductor optical amplifier (SOA) has the potential for op-
eration at several wavelengths simultaneously. This could dra-
matically lower the cost and simplify the system when the SOA
is used for WDM applications. Further increase of the mode
spacing with the same device would be possible if the efficiency
of the optical components in the external cavity was increased.

The dual-wavelength semiconductor laser uses a broad-band
SOA as the gain medium. The SOA used in the experiment has
nonidentical InGaAsP quantum-well (QW) structure, as shown
in Fig. 1. This QW structure has very broad-band character-
istics. The semiconductor laser using it as gain medium can
be tuned from 1300 to 1540 nm under single-wavelength op-
eration [9]. However, although the bent-stripe structure used
in [9] provides the SOA with the ability of tuning at high in-
jection current without the undesired Fabry–Perot resonance,
this configuration has large internal loss. This is not good for
dual-wavelength tuning where loss has a serious impact on the
tuning range. Therefore, we use a straight-waveguide SOA in
the experiment instead. No facet coating is applied. Although
the straight waveguide will have undesired Fabry–Perot reso-
nance, this phenomenon does not seriously affect the possibility
of dual-wavelength operation with a large spacing. The reason
will be discussed later. Fig. 2 shows the emission spectra of the
SOA at different injection current. The threshold current of the
Fabry–Perot resonance (at 1370 nm) is about 143 mA. In the ex-
periment, the SOA is operated at 146-mA injection current and
at temperature of 22.7 C.

The experimental setup is shown in Fig. 3. The external cavity
is similar to that described in [5] except that now the grating
is of 600 lines/mm and the lens is of 10 cm. In addition,
there are three elaborate arrangements in the external cavity.
First, according to the grating principle, the beams of different
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Fig. 2. Emission spectra of the SOA.

Fig. 3. Experimental setup.

wavelengths are horizontally dispersed at the mirror with a spa-
tial separation , where is the
spectral separation, is the grating period, is the first-order
diffraction angle, and is the distance between the lens and the
grating. To obtain better diffraction efficiency, must be as
small as possible. However, if is too small, the path of the
input beam and the diffracted beam will be closely separated,
and the holding stages of lens2 and mirror M2 will block the
path of the input beam. Therefore, we introduce an additional
mirror M1 into the cavity and put the lens and M2 behind M1 to
avoid blocking the input beam. To obtain minimum , the light
beam must be carefully aligned so that it passes just through the
rim of mirror M1.

Second, at 174-nm mode spacing, the spatial separation of the
two mode will be about 1.5 cm. It means that the light will pass
through a path away from the high efficiency center of lens2,
which is of diameter 6 cm. The loss in the short-wavelength
mode can be compensated by increasing the injection current.
However, at the same time the gain of the long-wavelength mode
is reduced due to heating effect. Therefore, we make the long-
wavelength mode nearly pass through the high-efficiency center
of lens2.

Third, as previously discussed, the spatial separation of the
two modes is about 1.5 cm. It is very hard to align M2 opti-
mally for both wavelengths. Therefore, instead of using a single
mirror for M2, we use two physically separated mirrors, so each
of them can be aligned optimally for one wavelength. At the
laser output, we use a grating to separate the light beam and

Fig. 4. Spectra for different spectral spacing: (a) spectral spacing 174.6 nm
(1355.4 and 1530.1 nm); (b) different spectral spacing: A 159.1 nm (1371.0
and 1530.1 nm), B 154.9 nm (1369.8 and 1524.7 nm), C 118.2 nm (1377.4 and
1495.6 nm), D 77.8 nm (1390.4 and 1468.2 nm).

use two detectors to measure the light power of each mode. Af-
terwards, we remove the grating and the detectors and use the
monochromator to measure the spectrum.

Fig. 4(a) shows the maximum mode spacing. With short-
wavelength mode at 1355.4 nm and long-wavelength mode at
1530.1, the mode spacing is about 174.6 nm, which corresponds
to 25 THz in frequency. This is the maximum mode spacing
under which we can see two separate lasing peaks in the spec-
trum. Detailed spectrum for each mode is also shown in the
figure. The FWHM of each lasing mode is less then 0.36 nm.
As the short-wavelength mode is shifted by 1.3 nm with re-
spect to Fig. 4(a), the mode spacing is reduced to 173.3 nm.
Then the light intensity of the short-wavelength mode is nearly
doubled, and the long-wavelength mode remains the same in
terms of the wavelength and the intensity. The spectra for fur-
ther shortening of the mode spacing are shown in Fig. 4(b),
where A, B, C, and D are spectra for four different mode spac-
ings. They are plotted together for comparison. The full-width
at half-maximum (FWHM) of each lasing mode is also less then
0.36 nm. From Fig. 4, we can see that although the output power
at 174.6-nm mode spacing is small, it could increase very fast
with the reduction of the mode spacing until the mode spacing
is about 130 nm. Further reduction of the mode spacing does not
increase the light power significantly. Light power of each mode
at each mode spacing is listed in Table I. Although Fig. 4(b) only
shows a narrow spacing of 77.8 nm, the smallest mode spacing
that can be tuned is less than 10 nm. Moreover, at a fixed mode
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TABLE I
OUTPUT POWER OF THE SHORT-WAVELENGTH MODE (PS) AND OUTPUT

POWER OF THE LONG-WAVELENGTH MODE (PL) AT DIFFERENT MODE

SPACING (SP)

spacing, we can randomly choose the position of the two modes
from 1355 to 1530 nm as long as the balance between the gain
and the loss is properly adjusted. That is, there is no “gap” where
dual-wavelength operation is forbidden.

In Fig. 4(a), the side-mode suppression ratio (SMSR) is about
10 dB. The SMSR is larger than 20 dB for mode spacing less
than 168 nm. The measured spectra indicate that the power of
amplified spontaneous emission (ASE) or spontaneous emis-
sion (SE) is quite low. Due to the instrumentation noise, the ASE
level can not be observed in spectra B, C, D of Fig. 4. How-
ever, when we increase the signal-to-noise ratio (SNR) of the
measurement, we found that the SMSR is larger than 27 dB, as
shown in spectrum A of Fig. 4. From the calculation based on
spectrum A of Fig. 4, 38% of the total power belongs to the mode
1371.0 nm, and 52% belongs to the mode 1530.1 nm. Therefore,
the power of ASE and SE are only 10% of the total power. The
reason for the small ASE power is as follows. The broad-band
SOA spreads out the spontaneous emission power to a very
broad spectral range. This leads to the power of the lasing mode
returned by the grating much larger than the power of other
spectral range. Therefore, the lasing mode has much stronger
gain-competition ability than light at other spectral range, so
ASE noise is significantly suppressed.

The possibility of large mode spacing is due to the following
reasons. First, the gain of the nonidentical QWs is broad [10].
Second, at large mode spacing, the two wavelengths are nearly
contributed from two different QWs. The competition between
them is weak because the carrier transportation between QWs is
a relatively slow process, compared to the intraband relaxation
in the same well. Moreover, during the experiment for Fig. 4(a),
we found that the short-wavelength mode will offer the long-
wavelength mode some optical gain like optical pumping. This
phenomenon suppresses mode competition completely. Instead,
it behaves in a way opposite to competition.

The Fabry–Perot resonance has little impact on the broad-
ening of the mode spacing when the injection current is not

far above the threshold of the Fabry–Perot resonance. Our in-
jection current is 146 mA, which is larger than the threshold
current of the Fabry-Perot mode by 3 mA. However, experi-
ments show that the Fabry–Perot mode could not oscillate when
the grating-selected short-wavelength mode is lasing. Further
broadening of the mode spacing would be possible with better
alignment of the optical components in the external cavity. This
could be achieved by adding some feedback control system to
the holding stages of the optical components in the cavity in-
stead of manual alignment.

In conclusion, using nonidentical InGaAsP QWs, the semi-
conductor laser could oscillate at two wavelengths with a very
large spectral spacing. In a cavity formed between the output
facet of the SOA and a reflection-type grating telescope, the
mode spacing can be as large as 174 nm. This large mode
spacing is achieved due to the broad-band characteristics of
the SOA and weaker competition of laser modes contributed
from different QWs. Further broadening of the mode spacing
is possible with better alignment of the optical components in
the external cavity.
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