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a b s t r a c t

In this paper, a simple fiber coupled laser configuration to generate stable and tunable single-longitudi-
nal-mode (SLM) optical output based on a pair of Fabry–Perot laser diode (FP-LD) using inter-injection
operation is proposed and experimentally demonstrated. By adjusting the tunable filter inside the laser
cavity to align the corresponding mode of the FP-LDs, the lasing wavelength can be tuned in the wave-
length range of 1528.6–1562.2 nm with 1.4 nm tuning step. In addition, the output performance of the
proposed fiber coupled laser has also been discussed.

� 2010 Elsevier Inc. All rights reserved.
1. Introduction

Stable and wavelength-tunable fiber lasers are necessary and
important for the optical fiber communications and optical switch-
ing systems. Recently, several wavelength-tunable fiber lasers have
been reported and demonstrated, such as the rear-sampled grating
reflector (GCSR) laser with a grating-assisted codirectional coupler,
sample grating or super structure grating (SSG) distributed Bragg
reflector (DBR) lasers, and high-speed electroabsorption SSG-DBR
lasers etc. [1–4]. However, these lasers were quite costly for wave-
length division multiplexed (WDM) applications. In order to re-
duce the laser cost, several optical injection techniques based on
FP-LD have been studied [5–8]. Particularly, low-cost optical trans-
mitter in optical line terminal (OLT) and optical network units
(ONUs) are required for next generation fiber to the home (FTTH)
applications. Hence, the cost-effective injection-locked FP-LD is
considered as an attractive option for the time division multi-
plexed (TDM) or WDM passive optical network (PON) communica-
tions nowadays [5–8].

In this paper, we propose and experimentally demonstrate a
widely wavelength-tunable fiber coupled laser in SLM operation
based on a pair of FP-LDs using inter-injection technique. In
addition, the output performances of the proposed fiber coupled
laser are also investigated and discussed. The proposed fiber
coupled laser could be a low-cost optical transmitter for WDM
applications.
ll rights reserved.
2. Experiments and discussion

Fig. 1 shows the experimental setup of the proposed tunable
fiber coupled laser. The proposed laser is consisted of FP-LD1 and
FP-LD2, a polarization controller (PC), a 1 � 2 and 50:50 optical
coupler (CP) and a tunable bandpass filter (TBF). The FP-LD1 and
FP-LD2 in the proposed laser scheme uses the inter-injection for
SLM lasing. Both FP-LD1 and FP-LD2 have similar optical output
characteristics. The mode-spacing (Dk) and threshold current
(Ithres) of the two FP-LDs are 1.4 nm and 9.5 mA, respectively. In
the experiment, the mode-spacing could be matched to each other
by adjusting bias current and temperature on the two FP-LDs. The
PC inside the gain cavity is used to maintain the polarization state
of the inter-injected light and keep the maximum output power.
The 3-dB bandwidth and insertion loss of TBF are 0.4 nm and
4.5 dB, respectively. To achieve the SLM output tuning, the filtering
mode of TBF is adjusted to align the corresponding longitudinal
modes of the FP-LDs. A tuning step of 1.4 nm is achieved and it
is determined by the mode-spacing of the FP-LDs. To measure
the output power and lasing wavelength, a power meter (PM)
and an optical spectrum analyzer (OSA) with a 0.05 nm resolution
are used for the measurement.

Fig. 2a and b shows the free-run spectra of the FP-LD1 and FP-
LD2 without inter-injection. The mode-spacing of FP-LD1 can
match with FP-LD2 by proper tuning the bias current and temper-
ature. The bias current and temperature of FP-LD1 and FP-LD2 are
21 mA and 18 �C; and 22 mA and 25 �C, respectively. When the in-
ter-injection is performed, the lasing wavelength of the proposed
FP-LD-based laser can be locked and tuned in the wavelength
range of 1528.6–1562.6 nm, as shown in Fig. 3. Fig. 4 shows the
output power (measured by using a PM) and the side-mode
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Fig. 1. Experimental setup of the proposed wavelength-tuning fiber coupled laser
with inter-injection method.
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Fig. 3. Output spectra of the proposed wavelength-tunable laser in the tuning range
of 1528.6–1562.6 nm with 1.4 nm tuning step.
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Fig. 4. Output power and SMSR versus different lasing wavelength of the proposed
fiber coupled laser with the tuning step of 1.4 nm.
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suppress ratio (SMSR) (measured by an OSA) versus the different
lasing wavelengths with 1.4 nm tuning step in the wavelengths
of 1528.6–1562.6 nm. The maximum and minimum output power
are �13.4 and �5.3 dBm (DPmax = 8.1 dB) at 1528.6 and 1544.7 nm,
respectively. The maximum SMSR is 50.84 dB at 1547.44 nm with
�6.25 dBm output power. And the minimum SMSR of 36.5 dB is
observed at 1528.6 nm. The output power and SMSR can be larger
than �8.2 dBm and 42 dB in the wavelengths of 1535.3–
1558.5 nm. Due to the smaller output powers of two FP-LDs in
two sides (as shown in Fig. 2), the observed output power and
SMSR of the proposed laser would drop gradually in both long
and short wavelength sides, as also shown in Fig. 4.

To analyze the output efficiency of the proposed laser, the tem-
perature of the FP-LD is adjusted. Initially, the lasing wavelength
of the laser is 1544.7 nm with �5.3 dBm output power, and the FP-
LD1 operates on 21 mA at 18 �C and the FP-LD2 operates on 22 mA
at 25 �C. In this measurement, the temperature of the FP-LD1 is chan-
ged from 14 to 22 �C and FP-LD2 is kept constant. Fig. 5 shows the (a)
output power variations, (b) central wavelength difference, and (c)
SMSR of the proposed laser under different temperature of the FP-
LD1 from 14 to 22 �C. When the temperature is varied in the opera-
tion range, the maximum variations of output power and central
wavelength are 14.2 dB and 0.16 nm, respectively, as shown in
Fig. 5a and b. Besides, the SMSR of Fig. 5c will drop to 5 and
26.5 dB at the 14 and 22 �C, respectively. According to the measured
(a) FP-LD1
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Fig. 2. Original output spectrum of FP-LD1 and FP-LD2 used in the proposed fiber
coupled laser without inter-injection operation. The operating bias current and
temperature of FP-LD1 and FP-LD2 are 21 mA and 18 �C and 22 mA and 25 �C,
respectively.
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Fig. 5. (a) Output power variations, (b) central wavelength difference, and (c) SMSR
of the proposed laser under different temperature on FP-LD1 from 14 to 22 �C,
respectively.



Time (min.)
0 5 10 15 20

O
ut

pu
t P

ow
er

 (d
Bm

)

-6.6

-5.8

-5.0

-4.2

W
av

el
en

gt
h 

(n
m

)

1544.0

1544.4

1544.8

Power
Wavelength

Fig. 6. The wavelength variation and the power fluctuation for the proposed fiber
coupled laser when the lasing wavelength of the laser is 1544.7 nm initially with
�5.3 dBm output power and the observation time is over 20 min.
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results, when the DT = ±8 �C, the lasing wavelength could be tuned
in 0.16 nm range. Thus, this laser could be continuously tunable by
controlling the temperature of FP-LDs.

In order to demonstrate the stabilities of the output power and
wavelength of the proposed laser, a short-term measurement is
performed, as illustrated in Fig. 6. Initially, the lasing wavelength
of the laser is 1544.7 nm with �5.3 dBm output power and the
observation time is over 20 min. In Fig. 6, the wavelength variation
and the power fluctuation for the proposed fiber coupled laser are
zero and 0.12 dB, respectively. During 1 h observation, the stable
output of the proposed laser is still maintained. As a result, the pro-
posed tunable laser has the advantages of simple scheme, cost-
effective, stable and having a broad wavelength tuning range.

3. Conclusions

We have experimentally demonstrated a simple fiber coupled
laser architecture to generate stable and tunable single-longitudi-
nal-mode wavelength based on a pair FP-LDs using inter-injection.
By adjusting the tunable filter inside the laser cavity to align the
corresponding mode of FP-LDs, the lasing wavelength can be tuned
in the wavelength range of 1528.6–1562.2 nm with 1.4 nm tuning
step. In this experiment, the maximum and minimum output
power and SMSR are �5.3 and �13.4 dBm and 36.5 and 50.8 dB,
respectively, over the tuning wavelength range. In the observation
time of over 20 min, the wavelength variation and the power fluc-
tuation for the proposed fiber coupled laser are zero and 0.12 dB,
respectively. In addition, when the DT = ±8 �C, the lasing wave-
length is tuned in 0.16 nm range. Thus, this laser could be contin-
uously tunable by controlling the temperature of FP-LDs.
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