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Investigation of Laser-Mode Anticompetition in
Semiconductor Lasers
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Abstract—Influential factors of laser-mode anticompetition are
investigated in dual-wavelength semiconductor laser. Experiment
shows that with increasing wavelength, separation, or decreasing
initial power of the long-wavelength mode (LWM), the slope of the
anticompetition curve and the maximum power increment of the
LWM increase. Under fixed wavelength separation, anticompeti-
tion can exist only when the power of the short-wavelength mode
(SWM) is below a certain level. In addition, the wavelength posi-
tion has an effect on anticompetition. Different injection current
also results in different behaviors of anticompetition. Anticompe-
tition can only be observed with varying the power of the SWM.

Index Terms—Anticompetition, broad-band, competition, mul-
tiple quantum well (MQW), semiconductor laser.

I. INTRODUCTION

COMPETITION of laser modes is a well-known phenom-
enon in laser systems [1]. In a multimode laser system, dif-

ferent modes compete for the available population inversion in
the laser system. Since the total gain of a laser system is constant
under a fixed pumping level, oscillation in one mode will gen-
erally reduce the gain available for another mode, and in some
situations may suppress the other mode completely [2]. There-
fore, in a dual-wavelength laser system, increasing the intensity
of one mode decreases the intensity of another mode. The be-
havior of competition can lead to bistability of the dual-wave-
length laser system under strong coupling condition [2], which
had potential applications such as wavelength switching [3] and
electro-optical logic operations [4]. Competition can also lead
to tristability [5], which should extend the potential applications
and advantages of the two-mode laser systems [6], [7]. Mode
competition can also result in chaotic behaviors [8], [9], which
were found useful for optical switching, optical logic, data en-
cryption [10], [11], etc. In addition, competition dynamics is an
important phenomenon in injection locking [12], mode locking
[13]–[15], and cross gain modulation in optical amplifiers [16].
Soon after the invention of lasers, competition of laser modes
has been observed for decades and has been thought to be in-
evitable. However, Lin et al. has discovered that the increase of
the oscillation intensity in one lasing mode can, at some situa-
tion, enhance the intensity of another mode [17]. This behavior
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is opposite to the competition and is called mode anticompeti-
tion.

Anticompetition exists when the laser modes have their
wavelengths widely separated [17]. Theoretical analysis in
[17] shows that anticompetition is due to the physics similar
to optical pumping. In our recent experiment, we have further
discovered that the minimum wavelength separation at which
anticompetition exists is about 60 nm, which is much smaller
than the 138 nm demonstrated in [17]. In addition to the
wavelength separation, we have discovered that the power of
each mode can also affect anticompetition. Moreover, different
wavelength positions of the oscillating modes can lead to
different behavior of anticompetition due to the quantum-well
(QW) structure of the laser gain medium. The level of the
injection current also has influences on the anticompetition.
Another important phenomenon is that anticompetition cannot
be observed with varying the power of the long-wavelength
mode (LWM). That is, the power of the short-wavelength mode
(SWM) always decreases when we increase the power of the
LWM.

The investigation and discussion of the laser-mode anticom-
petition in this paper is organized in the following order. After
this section of introduction, the experimental setup and the char-
acteristics of the laser gain medium will be given in Section II.
Then, influential factors of anticompetition will be investigated
in Section III. These factors include: 1) the wavelength sepa-
ration; 2) the power of the SWM; 3) the power of the LWM;
4) the wavelength position; and 5) the injection current. In Sec-
tion IV, we will investigate why anticompetition cannot be ob-
served with varying the power of the LWM. Conclusions are
given in Section V.

II. EXPERIMENTAL SETUP AND CHARACTERISTICS OF THE

GAIN MEDIUM

The experimental setup is similar to that described in [17]
except that one more variable neutral-density (ND) filter is used
here. Two variable ND filters are now placed in front of the two
mirrors that are used for separate alignment of optical paths at
two wavelengths, as shown in Fig. 1. The use of two variable ND
filters greatly helps us control the intensity of both modes at the
same time. To facilitate the tuning of wavelength separation, the
double-slit has a V shape, with the long-wavelength side verti-
cally straight and the short-wavelength side tilted at an angle of
30 from the vertical line. Thus, by moving the double-slit up
and down, we can easily change the wavelength separation.

The laser gain medium is a semiconductor optical amplifier
(SOA) with nonidentical multiple quantum-well (MQW) struc-
ture. The QW structure of the SOA is the same as sample A
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Fig. 1. Experimental setup.

in [18] and has very broad-band characteristics. The length of
the device is 300 m. The semiconductor laser using this QW
structure for gain medium can be tuned from 1300 to 1540 nm
under single wavelength operation [19]. However, the opera-
tion current was as large as several hundreds of milliamperes
since bent waveguide was used. Because the LWM is difficult
to oscillate under high injection current due to temperature ef-
fect [20], bent waveguide is not desirable. Therefore, in our ex-
periment where the laser has to be operated under dual modes,
we use SOA with straight waveguide instead [21]. It is actually
a Fabry–Perot laser diode (LD) with the threshold current of
143 mA. Most of the following experiments of anticompetition
are performed at the operation current 146 mA. Under this op-
eration current, the Fabry–Perot mode of the LD has negligible
influences on the dual-wavelength oscillation. Using this setup,
we can obtain simultaneous two-mode oscillation with spectral
separation tunable from a few nanometers to 191 nm at 146-mA
injection current and at 22.7 C.

The output light was first measured using the monochromator
to identify the wavelengths of the two lasing wavelengths. Then
a grating was inserted in the output light path to separate the two
beams at different wavelengths. The grating efficiency at each
wavelength has been calibrated, so the output power of light at
each wavelength before entering this grating could be obtained.
On the other hand, the optical components such as collimators,
lens, grating, etc., used in the cavity are also wavelength depen-
dent. However, when the two wavelengths are selected by the
slits, their properties are fixed at the two chosen wavelengths.
The output power of the laser modes is then controlled only by
the variable ND filters. In our investigation of the anticompe-
tition, the exact measurement of the wavelength dependence of
the optical components in the cavity is not necessary. Therefore,
their losses as a function of the wavelength were not particularly
measured.

III. EXPERIMENTAL RESULT AND DISCUSSION—INFLUENTIAL

FACTORS OF ANTICOMPETITION

For easy description, the variable ND filter used for control-
ling the power of the SWM and the LWM is called the short-
wavelength ND filter and the long-wavelength ND filter, respec-
tively. The following steps are performed to obtain our experi-
mental result. First, the loss of the short-wavelength ND filter
is elevated to a value such that the SWM ceases oscillation.

Second, the long-wavelength ND filter is tuned to obtain the
LWM power of about 0.07 mW, which is called the initial LWM
power. Afterwards, the loss of the long-wavelength ND filter is
not changed until the end of the measurement. Finally, we grad-
ually reduce the loss of the short-wavelength ND filter, so the
SWM power gradually increases. Each time when we reduce
the loss of the short-wavelength ND filter to a certain value, we
record the powers of both modes. This step is repeated until the
loss of the short-wavelength ND filter is reduced to zero or the
LWM is completely suppressed by the SWM. Then, those mea-
sured powers are plotted on the phase plane with the LWM and
SWM power as the vertical and horizontal axes, respectively. A
series of curves are obtained on the phase plane.

At very small wavelength separation, the gradient of the curve
is always negative, which is similar to traditional mode competi-
tion. However, at large wavelength separation, the curve is very
different and can be divided into two sections. One section has
negative gradient for large SWM power and is called compe-
tition curve. The other section has positive gradient for small
SWM power and is called anticompetition curve. The positive
gradient indicates that both the LWM and SWM powers increase
at the same time, which is the characteristics of anticompeti-
tion [17]. The LWM power at the intersection of the competition
and the anticompetition curves is the maximum available LWM
power due to anticompetition under fixed initial LWM power.
The maximum LWM power increment as a result of anticom-
petition is equal to the maximum LWM power minus the initial
LWM power. The SWM power from zero to the corresponding
power of the turning point between the competition and the an-
ticompetition is called the existing range of anticompetition.

The curve obtained above is a curve with an initial LWM
power. To obtain another curve with different initial LWM
power, we only need to modify the second step described
above. That is, we vary the long-wavelength ND filter to obtain
another value of the LWM power. The remaining steps are then
performed to obtain the curve with the new initial LWM power.
Curves of different anticompetition can also be obtained by
varying other influential factors. Those influential factors on
anticompetition will be described in the following.

A. Different Wavelength Separation

Wavelength separation is an important factor for the occur-
rence of anticompetition. The experiment is as follows. First,
we position the SWM and LWM at about 1360 and 1528 nm,
respectively. Then, we move the V-shape double-slit vertically
to change the spectral separation. In this way, the SWM is
approximately fixed at 1360 nm, while the LWM moves toward
the short-wavelength side. The experimental results for wave-
length separations 170, 150, 130, 60, and 30 nm are shown
in Figs. 2(a)–(e), respectively. At 30-nm separation shown in
Fig. 2(e), only competition can be observed. However, at 60-nm
separation shown in Fig. 2(d), anticompetition appears. For
wavelength larger than 60 nm, anticompetition can be always
observed. In addition, the gradient of the anticompetition curve
increases with increasing wavelength separation. Furthermore,
with fixed initial LWM power, the maximum LWM power
increment also increases when we increase the wavelength
separation. For example, at 150-nm separation, anticompetition
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Fig. 2. Experimental curves of LWM power to SWM power for different wavelength separation: (a) 170 nm. (b) 150 nm. (c) 130 nm. (d) 60 nm. (e) 30 nm. The
wavelength position of the SWM is fixed to around 1360 nm. The initial power of the LWM (IPL) for each curve is listed in the figures.

causes the LWM power to increase from 0.07 to 0.21 mW,
which is only a 0.14-mW increment. However, at 170-nm
separation, anticompetition causes the LWM power to increase
from 0.07 to 0.3 mW, which is a 0.23- mW increment.

The experimental results shown in Fig. 2 are done with the
fixed wavelength of the SWM. The experiments are also done
with a fixed wavelength of the LWM. In this experiment, the
LWM is fixed at about 1528 nm, while the SWM moves toward
the long-wavelength side when we change the wavelength sep-
aration. The resulting curves are not exactly the same as those
shown in Fig. 2 and will be discussed in Section III-D. However,
the trend is the same. That is, both the maximum LWM power
increment and the gradient of the anticompetition curve under

fixed initial LWM power increase when we increase the wave-
length separation. Also, anticompetition can hardly be observed
at wavelength separation smaller than 60 nm.

The reason for not observing anticompetition at wavelength
separation below 60 nm is as follows. Anticompetition is caused
by the mechanism similar to optical pumping [17]. When the
SWM and LWM are closely separated, the difference of photon
energy between them is very small. Therefore, the mechanism
of optical pumping is very weak, leading to negligible anticom-
petition.

On the other hand, when the two wavelengths are widely sep-
arated, their gains significantly differ. There may be a situation
where the gain of the LWM is near the lasing threshold while

Authorized licensed use limited to: National Taiwan University. Downloaded on February 9, 2009 at 00:20 from IEEE Xplore.  Restrictions apply.



4 IEEE JOURNAL OF QUANTUM ELECTRONICS, VOL. 41, NO. 1, JANUARY 2005

Fig. 3. Experimental curves of 170-nm separation. The initial power of the
LWM is close to zero.

that of the SWM is highly above the threshold. Then the LWM
hardly oscillates and, thus, mode competition does not occur.
However, due to optical pumping, the oscillating SWM can pro-
vide the LWM with some optical gain. If the initial LWM gain
plus the extra optical gain is larger than the LWM threshold, the
LWM will start oscillation, giving rise to the anticompetition.
To verify this inference, we do another experiment. This ex-
periment consists of two steps. First, the loss of the long-wave-
length ND filter is increased so that the lasing peak of the LWM
on the spectrum is very weak, i.e., only slightly larger than the
background noise. Then, we gradually lower the loss of the
short-wavelength ND filter to obtain the experimental curve.
Fig. 3 shows the experimental result for the wavelength sepa-
ration 170 nm. From Fig. 3, we see that anticompetition does
elevate the LWM power from about zero to more than 0.05 mW.
This experimental result verifies that at large wavelength sepa-
ration, anticompetition can help the LWM to oscillate if initially
the LWM has insufficient gain for oscillation.

Increasing wavelength separation will not only increase the
gradient of the anticompetition curve, but also decrease the ab-
solute value of the competition curve gradient. From Fig. 2, we
can see that at 150-nm separation, the competition curves are
not as steep as those at 130- and 60-nm separations. In addition,
at 170-nm separation, the gradient of the competition curve is
close to zero. This is because at large wavelength separation,
most of the carriers are contributed from different QWs. Com-
pared to the intraband relaxation in the same well, carrier trans-
portation between different QWs is a relatively slow process.
Therefore, competition at large wavelength separation is weak.
In addition, the anticompetition mechanism further weakens the
competition process.

It is worth noting that the competition curves in Fig. 2(e)
are not straight lines. They are curves with downward curva-
ture. The “less negative” gradient appearing in the low SWM
power region somewhat indicates that there is still the mech-
anism of anticompetition at 30-nm separation. However, com-
pared with competition, the influence of anticompetition is very
weak. Therefore, the behavior of the system is dominated by
competition.

B. Power of the SWM

Anticompetition exists only when the power of the SWM is
below a certain level. For example, in Fig. 2(a), the anticom-

petition section can exist only when the power of the SWM is
below 0.07 mW. If the power of the SWM is increased to above
0.07 mW, anticompetition disappears, and the interaction be-
tween these two modes gradually turns into competition. In gen-
eral, increasing the wavelength separation will also increase the
existing range of anticompetition.

Since mode competition dominates the behavior of the laser
system when the SWM power is above a certain level, LWM
will be completely suppressed by the SWM if the SWM power
is large enough. However, due to the loss of the external cavity,
sometimes the SWM power cannot reach such a large value that
the LWM is completely suppressed. Therefore, some curves in
Fig. 2 do not end at the point where the LWM power is zero.
This phenomenon is most likely to occur at the large wavelength
separation because the SWM cannot reach a sufficiently large
power.

C. Initial Power of the LWM

The situation of anticompetition is also influenced by the
initial power of the LWM. The experiments show that, if the
initial power of the LWM decreases, both the gradient of the an-
ticompetition curve and the maximum LWM power increment
increase. For example, in Fig. 2(a), if the initial LWM power is
about 0.27 mW, anticompetition can elevate the LWM power to
about 0.37 mW, which is only a 0.1-mW increment. However, if
the initial LWM power is only about 0.07 mW, anticompetition
can result in a LWM power increment larger than 0.23 mW. The
same phenomenon can also be observed in Fig. 2(b) and (c).

Why can the initial LWM power affect the LWM power incre-
ment caused by anticompetition? The reason is as follows. Be-
cause the injection current is fixed to 146 mA, the total gain of
the laser system is constant. Therefore, if the initial LWM power
is large, the LWM has already taken up a large portion of the
system gain. Then the available SWM gain will become small.
In this situation, anticompetition is weak because there is not
enough SWM gain to provide a function like optical pumping.
In fact, when the initial LWM power is very large, the SWM
will cease oscillation even if we remove the short-wavelength
ND filter. When the initial LWM power is low, the power of the
SWM can be large enough to provide gain for optical pumping,
so anticompetition is strong.

Fig. 2 also shows that decreasing the initial LWM power can
result in decreasing maximum achievable LWM power although
the corresponding LWM power increment is large. The low ini-
tial LWM power corresponds to a high cavity loss, which can be
achieved by adding the loss via the long-wavelength ND filter.
In this case, even when the SWM provides it some optical gain,
its maximum achievable LWM power cannot be as strong. On
the other hand, the relatively weak maximum achievable LWM
power causes it to have weak competition ability against the
SWM. Then SWM begins to rob the available gain of LWM at
a reduced power level. As a result, the low initial LWM power
also reduces the existing range of anticompetition, as shown in
Fig. 2(a)–(c).

The phenomenon that the maximum achievable LWM power
decreases with the initial LWM power as discussed above is
more apparent under small wavelength separation than under
large wavelength separation. For example, consider the 170-nm
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Fig. 4. Loss introduced by the SWM filter at different SWM power. The
wavelength positions are the same as in Fig. 2(b). The initial power of the
LWM (IPL) is listed in the figure.

separation shown in Fig. 2(a). At initial LWM power 0.07 and
0.13 mW, the maximum LWM power is 0.31 and 0.325 mW,
respectively. Therefore, for these two initial LWM powers, the
difference of the maximum LWM power equals 0.015 mW. For
130-nm separation shown in Fig. 2(c), again, at initial LWM
power 0.07 and 0.13 mW, the maximum LWM power is 0.12
and 0.182 mW, respectively, so the difference of the maximum
LWM power is 0.062 mW. Obviously, the decrease in max-
imum achievable LWM power is larger at 130-nm separation
than at 170-nm separation. The reason is as follows. As dis-
cussed above, the LWM has weak competition ability against the
SWM when the initial LWM power is small. Then the SWM be-
gins to rob the available gain of LWM at a reduced power level,
which results in the phenomenon that the maximum achievable
LWM power decreases with the initial LWM power. However,
at large wavelength separation, competition is weak even at low
initial LWM power. Therefore, at large wavelength separation,
the LWM can still sustain the competition from the SWM even
if the initial LWM power is low. On the other hand, competition
is strong at small wavelength separation. If the loss of the LWM
is large, the SWM can easily rob the available gain of the LWM
and results in a significant reduction in the maximum achievable
LWM power. Consequently, with the same amount of decrease
in the initial LWM power, the decrease in the maximum LWM
power is larger at small separation than at large separation.

In Fig. 2, under fixed SWM power, the LWM power is not
the same at different initial LWM power. It seems that the total
power is not constant under fixed injection current. However, it
should be noted that the horizontal axis in Fig. 2 is the SWM
power, not the loss introduced to the SWM by the ND filter.
Fig. 4 shows the filter loss at different SWM power for the
curves with initial LWM power 0.07 and 0.2 mW in Fig. 2(b).
It shows that to obtain the same SWM power, the loss of the
short-wavelength ND filter has to decrease with increasing ini-
tial LWM power. The smaller external loss means larger avail-
able gain under the fixed injection current, leading to larger
power levels. Therefore, the total power of different curves does
not have to be the same.

D. Wavelength Position

Different wavelength position could result in different be-
haviors of anticompetition even at fixed wavelength separation.

The experiment goes through as follows. First, we move the
double-slit vertically to choose certain wavelength separation,
and then fix this separation. Second, we move the double-slit
horizontally to shift the wavelength position of the SWM and
LWM at the same time. The experimental results for wavelength
separation 150 and 130 nm are shown in Fig. 5. In Fig. 5(a)
and (c), the SWM is located at about 1360 nm. Both the SWM
and LWM in Fig. 5(b) and (d) are shifted toward the long-wave-
length side with respect to Fig. 5(a) and (c), respectively. The
LWM of Fig. 5(b) and (d) is located at about 1527 nm. Com-
paring Fig. 5(a) with (b), we find that with fixed initial LWM
power, the gradient of the anticompetition curve is larger in Fig.
5(a), and the maximum LWM increment is also larger in (a).
That is, at wavelength separation 150 nm, both the maximum
LWM power increment and the gradient of the anticompetition
curve increase with decreasing wavelength of both modes. At
wavelength separation 130 nm, the gradient of the anticompe-
tition curve also increases with decreasing wavelength of both
modes, but the maximum LWM power increment decreases with
decreasing wavelength of both modes, as shown in Fig. 5(c) and
(d).

To realize the influence of the wavelength position on an-
ticompetition, we have to consider the gain curve of the laser
gain medium. For the gain medium used in the experiment, the
In Ga As P QW has its first quantized state lo-
cated in 1300 nm, while the In Ga As QW has its first and
second quantized states located in 1540 and 1370 nm, respec-
tively. Since the wavelength of the SWM is at least 60 nm away
from the first quantized state of the In Ga As P
QW, most of the carriers contributing to this mode are supported
by the In Ga As QWs that contribute to emission above
1300 nm. Therefore, the gain curve of the laser gain medium
can be approximated by the gain curve of the In Ga As
QW. The gain curve of the In Ga As QW can be theo-
retically calculated [22] or experimentally obtained with the
following procedure. First, we remove the variable ND filters
and change the double slits into a single slit. Then, we shift
the slit to tune the lasing wavelength from 1360 to 1540 nm.
Each time the slit is shifted to a new place, the alignment of the
external cavity is optimized to obtain the maximum achievable
power at that wavelength. After finishing this experiment,
we can obtain a curve that represents the relation between
the maximum achievable power and wavelength, as shown in
Fig. 6. Although the curve shown in Fig. 6 is not the actual gain
curve, its profile approximates the gain curve and is not much
different from the calculated result using the model given by
[22]. The curve in Fig. 6 is of bell shape, with a peak located
at about 1470 nm. There is a dip around 1395 nm. Because
the overall gain profile is the overlap of gains contributed from
two different types of QWs [18], the dip is where both types
of QWs give relatively small contribution to the gain. This dip
shows no influences on the anticompetition.

The reason that wavelength position can affect the slope
of the anticompetition curve and the maximum LWM power
increment is as follows. The slope of the anticompetition curve
is the LWM power increment divided by the SWM power
increment. Therefore, this slope tells us qualitatively how
much SWM power can be transferred successfully into the
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Fig. 5. Experimental curves for different wavelength position with fixed wavelength separation (WS): (a)WS = 150 nm. (b)WS = 150 nm., (c)WS = 130

nm. (d) WS = 130 nm. The initial power of the LWM (IPL) is listed in the figure.

LWM power. Large slope indicates that small SWM power is
needed to obtain certain LWM power. The function of optical
pumping can be divided into two steps. First, the SWM photon
is absorbed by high energy states. Second, those carriers relax
to the energy states corresponding to the long wavelength. The
absorbed photons thus increase the population inversion in the
long-wavelength states, and so increase the oscillation intensity
of the LWM. Therefore, the power transfer from the SWM
to the LWM is determined by two terms. The first one is the
photon absorption ability. The second one is the transferring
ability from the population inversion to the LWM power. If
the photon absorption ability of the long-wavelength QW is
assumed to be constant, the power transfer from the SWM to
the LWM is determined by the transferring ability from the
population inversion to the LWM power.

If an oscillation mode is located at the wavelength with a
small gain, only a small amount of the population inversion can
contribute to that particular mode no matter if the gain is pro-
vided by the injected current or by optical absorption. Therefore,
if the LWM is located in the low gain region, the power transfer
from the SWM to the LWM is weak, and thus the slope of the
anticompetition curve is small. From Fig. 6, we can find that the
LWM is located at the wavelength with a higher gain in Fig. 5(a)
than in Fig. 5(b). This can also be verified from the emission
spectra in [18] for the operation current below 400 mA. There-
fore, the power transfer from the SWM to the LWM in Fig. 5(a)
is stronger than that in Fig. 5(b). Consequently, the slope of the
anticompetition curve is larger in Fig. 5(a) than in Fig. 5(b).

Fig. 6. Variation of maximum available optical power to wavelength position.
This curve is used as an approximation to the gain curve of the In Ga As
QW.

Similarly, the slope of the anticompetition curve is also larger
in Fig. 5(c) than in Fig. 5(d) because the LWM in Fig. 5(c) is
located at the wavelength with a higher gain.

The wavelength position can also affect the maximum LWM
power increment. The reason is as follows. Because the LWM
power increment comes from the SWM power, only SWM with
large gain can offer large increment in LWM power. On the other
hand, the slope of the anticompetition curve can also affect the
LWM power increment. If the gain variation of the SWM is
small, the slope of the anticompetition curve will dominate the
behavior of the maximum LWM power increment at different
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wavelength position. For example, consider Figs. 5 and 6. Al-
though the gain of the SWM in Fig. 5(a) is smaller than that in
Fig. 5(b), the maximum LWM power increment is still larger in
Fig. 5(a) than in Fig. 5(b) under a fixed initial LWM power. This
is because their SWM gains do not differ very much and that the
slope of the anticompetition curve is larger in Fig. 5(a). Since
a larger slope of the anticompetition curve implies more SWM
power being successfully transferred into the LWM power, it is
reasonable that the maximum LWM power increment is larger in
Fig. 5(a) than in Fig. 5(b). On the contrary, the maximum LWM
power increment is larger in Fig. 5(d) than in Fig. 5(c) under
a fixed initial LWM power. This is because the SWM gain in
Fig. 5(d) is much larger than that in Fig. 5(c), so the maximum
LWM power increment is dominated by the SWM gain.

E. Injection Current

The experimental results demonstrated above are all obtained
under 146-mA injection current. We have also done experiment
with the injection current larger than 146 mA. In general,
increasing the injection current has two effects. First, it elevates
the total gain and leads to a blue shift of the lasing wavelength
due to the band-filling effect. Second, it results in an increase
in temperature. The increased temperature usually causes the
lasing wavelength to be red-shifted for normal QW lasers
because the bandgap energy is reduced. However, for semi-
conductor lasers with nonidentical MQWs, the temperature
increase may lead to the increase of the gain for the SWM and
the decrease of the gain for the LWM [20]. The reason is due to
the strongly temperature-dependent Fermi–Dirac distribution,
which favors carriers in high-energy states at large temperature
[20]. Therefore, for the semiconductor lasers with nonidentical
MQWs in this case, the gain of the SWM always increases with
the injection current. On the other hand, the gain of the LWM
may decrease with increasing injection current as a result of the
temperature effect, depending on the wavelength position of
the LWM and the injection current level. Therefore, when we
increase the injection current, the gain increment of the SWM
is larger than that of the LWM because the increased carriers
are more likely captured by the short-wavelength QWs.

Fig. 7 show the experimental results under injection cur-
rent 146 and 149 mA for different wavelength separation. In
Fig. 7(a), the wavelength separation is 150 nm. It is clear that
both the maximum LWM power increment and the slope of
the anticompetition curve increase with increasing injection
current. Because the gain of the SWM increases at the increased
injection current, the SWM can offer more gain to increase the
increment of the LWM power. In addition, since the gain of the
LWM also increases when the injection current increases from
146 to 149 mA, the slope of the anticompetition curve increases
with the injection current. This is because the energy transfer
form the SWM to the LWM is efficient when the LWM gain is
large, as discussed in Section III-D.

The competition curve in Fig. 7(a) also has its slope “in-
creasing” with the injection current. The reason is as follows.
As discussed above, when we increase the injection current, the
gain increase of the SWM is always larger than that of the LWM.
Therefore, under high injection current, the SWM is more com-
petitive than the LWM. As a result, the slope of the competition

Fig. 7. Relation between the SWM and LWM power under different injection
current. (a) 150-nm separation. (b) 130-nm separation.

curve “increases” with increasing injection current when the ex-
periment is done with the varying SWM power.

At the 130-nm separation shown in Fig. 7(b), the behaviors of
anticompetition do not differ very much for different injection
current levels. However, both competition and anticompetition
are still slightly more sever for the injection current 149 than
146 mA.

IV. VARYING LONG-WAVELENGTH MODE POWER

The above experiments are done with fixed loss of the
long-wavelength ND filter. The loss of the short-wavelength
ND filter is varied to change the power of the SWM and the
power of the LWM changes accordingly. We have also done
another experiment. The loss of the short-wavelength ND filter
is fixed, but the loss of the long-wavelength ND filter is varied
to change the power of the LWM. The power of the SWM then
also varies accordingly. Fig. 8 shows the experimental results
for wavelength separation 170 nm. The wavelength positions of
the SWM and LWM in Fig. 8 are the same as that in Fig. 2(a).
In Fig. 8, we do not observe anticompetition. That is, the power
of the SWM always decreases when we increase the power
of the LWM. Similar behaviors are also obtained for different
wavelength separations. The reason for only competition ex-
isting in varying LWM power is because anticompetition is
caused by the mechanism similar to optical pumping and the
photon energy of the LWM is smaller than that of the SWM.
Therefore, the LWM photon cannot provide the SWM with
optical gain, and thus anticompetition cannot occur.

Authorized licensed use limited to: National Taiwan University. Downloaded on February 9, 2009 at 00:20 from IEEE Xplore.  Restrictions apply.



8 IEEE JOURNAL OF QUANTUM ELECTRONICS, VOL. 41, NO. 1, JANUARY 2005

Fig. 8. Experimental curves for varying the power of the LWM. The initial
power of the SWM (IPS) is listed in the figure.

V. CONCLUSION

The behaviors of anticompetition are investigated under dif-
ferent operation conditions. Anticompetition does not dominate
in the material with two different types of QWs in our inves-
tigation when the wavelength separation is larger than 60 nm.
In addition, anticompetition will vanish when the power of the
SWM reaches a certain power level. At large wavelength separa-
tion or under small initial power of the LWM, both the slope of
the anticompetition curve and the maximum power increment
of the LWM are large. Different wavelength position also re-
sult in different behaviors of anticompetition even under a fixed
wavelength separation. Finally, both competition and anticom-
petition are severe under high injection current. The anticom-
petition cannot be observed when we change the power of the
LWM.
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