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Fast Wavelength-Tunable Laser Technique Based on
a Fabry—Pérot Laser Pair With Optical Interinjection

Chien-Hung Yeh, Chien-Chung Lee, Yaw-Wen Hsu, and Sien Chi

Abstract—A new fast tunable laser technique, which is based
on a Fabry-Pérot (FP) laser pair with optical interinjection, has
been proposed and experimentally demonstrated. By adjusting dif-
ferent bias currents of FP lasers, the wavelength tuning can be re-
alized. In the experimental demonstration, a 2.3-nm tuning range
with three different wavelengths, the sidemode suppression ratio
(SMSR) of >20 dB, and the wavelength switching time of <6.8 ns
have been reached. In addition, the SMSR performance versus in-
jection power level has also been investigated. This tunable laser
has the advantage of simple architecture, data direct modulation,
and fast wavelength tuning.

Index Terms—Fabry-Pérot (FP) laser, optical switching, wave-
length-tunable.

1. INTRODUCTION

AVELENGTH-TUNABLE lasers are important devices

for wavelength-division multiplexing (WDM) and
optical switching systems. Especially, the fast tunable light
sources can play a key role in the photonic switching networks.
Recently, several new tunable lasers have been demonstrated,
such as the rear-sampled grating reflector (GCSR) laser with a
grating-assisted codirectional coupler [1], [2], sample grating or
super structure grating (SSG) distributed Bragg reflector (DBR)
lasers [3]-[5], and high-speed electroabsorption SSG-DBR
lasers [6]. All of these studies use the grating technique to
produce self-seeding for tuning the lasing wavelength. In this
letter, we have proposed and demonstrated a new configuration,
which is based on a Fabry—Pérot (FP) laser pair with an optical
interinjection technique, to obtain fast wavelength tuning
for single-frequency output. The characteristics of sidemode
suppression ratio (SMSR) and response time for wavelength
switching have also been investigated. Compared with other
wavelength-tuning techniques [1]-[7], this proposed laser has
the advantage of simple architecture, data direct modulation
ability, and fast wavelength tuning.

II. EXPERIMENT

The proposed and experimental setup for the fast tunable laser
is shown in Fig. 1. The FP laser (LD-1) at the left-hand side,
which can provide different spectral tilt and power by control-
ling bias currents, and the FP laser (LD-2) at the right-hand side
both act as the interinjection light sources. A multiband filter,
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Fig. 1. Proposed and experimental setup for the fast tunable laser.

which is composed of a 2 X 2 coupler, two 1 x 4 couplers,
and three tunable bandpass filters (TBFs), is placed between
LD-1 and LD-2, and can increase wavelength selectivity. Both
LD-1 and LD-2 have similar characteristics, such as longitu-
dinal mode wavelengths located at 1541.21 (A1), 1542.34 (\3),
and 1543.50 nm (\3), mode spacing of 1.12 nm, and 20-dB
bandwidth of 10 nm. The TBFs, which have a 3-dB bandwidth
of 0.8 nm and central wavelengths located from \; to A3, are
used to enhance the wavelength selectivity and reject unwanted
light. When keeping LD-2 at a constant current and increasing
the spectral tilt of LD-1 by adding bias current, lasing wave-
length of this tunable laser can be switched from short wave-
length to long wavelength. Optical output of this proposed fast
laser can be selected at the “A” or “B” port by using a 1 x 2
optical switch, and the optical spectra can be observed at the
“C” position by employing an optical spectrum analyzer, as
seen in Fig. 1. To measure the performance of SMSR, a vari-
able optical attenuator is placed in front of LD-2 to adjust the
power-level injected into LD-1. To investigate response time
for wavelength switching, the tunable laser output is converted
into the electrical domain by two optical-to-electrical converters
after passing through an erbium-doped fiber amplifier for com-
pensating the losses of devices, a 1 x 2 optical coupler, and two
dense WDM demultiplexers for A; to As filtering. By using a
digital scope with 20-GHz bandwidth, the converted electrical
signals can be measured and the response time for wavelength
tuning can also be retrieved from the trace of the electrical sig-
nals. A function generator is used to provide the switching signal
of LD-1 and the synchronous trigger signal into a digital scope.
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Fig. 2. Optical spectra of two FP lasers at different bias current operations without optical interinjection. (a), (b), and (c) are LD-1, (d) is LD-2.

III. RESULT AND DISCUSSION

Fig. 2 shows the output spectra of LD-1 and LD-2 at different
bias currents without optical interinjection. Due to all the prod-
ucts from the same manufacturer, thereby, the similarly matched
spectra of two FP lasers can be simply achieved. When bias cur-
rent of LD-1 is increased from 19 to 35 mA, the spectral tilt from
1541 to 1545 nm will be increased as shown in Fig. 2(a)—(c).
Fig. 2(d) indicates the output spectrum of LD-2 with bias current
of 25 mA. The circuit model (or rate equations) [8], [9] for the
FP laser has been reported. It is realizable that when the bias cur-
rent added and then the output power increased simultaneously,
the behavior is easily observed by the theoretical analysis. Iden-
tically, when the bias current added, the central wavelength of
FP laser would shift to a longer wavelength. Therefore, the spec-
tral tilt could be increased by the behaviors. After putting LD-1
and LD-2 into the configuration in Fig. 1, a single-frequency
output with wavelengths ranging from A to A3 can be achieved,
as shown in Fig. 3. The outputs at “A” and “B” ports have the
same optical spectra. The operating conditions of two FP lasers
are I4c1 = 19mA and Igco = 25 mA for A1, I4c; = 33 mA and
Igco = 25 mA for Ao, and I4.1 = 35 mA and I4.0 = 25 mA for
As. The output power levels from A; to A3 are —8.68, —7.85,
and —8.21 dBm, and the power variation from A; to A3 is less
than 0.9 dB. Two FP lasers are kept at 23 °C for our configu-
ration. When the temperature increases, the wavelength would
slightly shift to a longer wavelength. However, the wavelength
variation is less than 0.2 nm while the temperature variation is
less than 5 °C for the experimental FP lasers. Therefore, when
the different bias currents of two FP lasers are used, the SMSR
of this proposed laser would be still maintained by adjusting the
temperature properly.

To investigate the SMSR performance, the SMSR versus the
different injecting power from LD-2 are measured at the “A”
port, as indicated in Fig. 4. The injecting power needs to be large
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Fig. 3. Optical spectra of the tunable laser for lasing wavelengths A1, A2, and

A3, where Ay = 1541.21 nm, Ao = 1542.34 nm, and A3 = 1543.50 nm,
respectively.

enough to dominate the optical amplification inside LD-1 for
single-frequency operation. The lower power-level of injection
light from LD-2 will lead to the SMSR degradation for this tun-
able laser. However, too high injecting power will not increase
the SMSR due to the gain saturation of the FP laser. Besides,
it is noted that the minimal injection power should keep larger
than —8 dBm to maintain the SMSR better than 20 dB for lasing
wavelength from \; to As.

To measure the response time for lasing wavelength
switching from \; to A3, the LD-1 is operated at a bias current
of 19 mA and modulated by a pulse signal. As a result, LD-1
will be operated at driving currents of 19 and 35 mA for low
and high levels. The definition of switching time was according
to the 90% interval of rising—falling time for the electrical
domain. Due to the bandwidth limitation of the signal generator
used, the applied pulse signal has a minimal pulsewidth of
6.8 ns and rising—falling time of 2.5 ns. As shown in Fig. 5(a),
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Fig. 4. SMSR versus the different power level of optical interinjection.
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Fig.5. Signal waveforms of Channel 1 (A1) and Channel 2 (A3) of the digital

scope for wavelength switching operation and the waveform of the wavelength
switching signal at the (a) “A” and (b) “B” ports in Fig. 1, respectively.

the wavelength switching interval of 6.8 ns is observed for
wavelength switching from A; to A3 at the “A” port. However,
for the “B” port output, the lasing wavelength switching cannot
be observed under the same applied pulse signal. This is
because the response time for the “B” port was greater than that
of the “A” port. Furthermore, the properly applied pulsewidth
is extended to 14.5 ns (the rising—falling time of 2.5 ns) in order
to retrieve wavelength switching for the “B” port, as indicated
in Fig. 5(b). The applied pulsewidth is extended to 14.5 ns
in order to retrieve wavelength switching for the “B” port, as

indicated in Fig. 5(b). The outputs from the “A” port and “B”
port indicate the light from LD-1 and LD-2, respectively. The
cavity length possibly causes the different response times at the
“A” and “B” ports.

For an industrial application, this proposed laser config-
uration would be integrated. The integrated device, which
provides TBF preliminary suppression, could reduce the cavity
length and insertion loss, and increase the output power.
Therefore, the wavelength switching of this device could reach
subnanoseconds. For the larger tuning capability, to use FP
lasers with slightly different free spectral ranges, and tuning
with the Vernier effect is very possible. This can be achieved
by using temperature control for each of FP lasers.

IV. CONCLUSION

We have proposed and experimentally demonstrated a new
fast tunable laser technique, which is based on FP lasers with
optical interinjection. By adjusting different bias currents of
FP lasers, the wavelength tuning can be realized. In the exper-
imental demonstration, a 2.3-nm tuning range with three dif-
ferent wavelengths, the SMSR of >20 dB and the wavelength
switching time of <6.8 ns have been reached. In addition, the
SMSR performance versus injection power level has also been
investigated. This tunable laser has the advantage of simple ar-
chitecture, potentially low cost, data direct modulation, and fast
wavelength tuning, and it is expected to benefit the applications
of fast wavelength tuning.
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