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Abstract: We report a widely tunable single-frequency linear-cavity 
erbium-doped fiber laser covering both the conventional wavelength band 
(C-band) and the long wavelength band (L-band). The laser has low 
threshold, high slope efficiency and high signal-to-noise radio. A large 
tuning range of over 100 nm is realized by optimization of the active fiber 
length.  
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1. Introduction 

Widely tunable, narrow linewidth, single frequency erbium-doped fiber lasers (EDFLs) have 
been studied extensively as an essential laser source for wavelength-division-multiplexed 
(WDM) transmission systems and for performance testing of optical components [1-3]. They 
can be tunable over a large wavelength range of the erbium-doped fiber amplifiers (EDFAs), 
have low threshold, high signal-to-noise radio, moderate effective linewidth (0.1~1.0 GHz), 
and excellent wavelength and power repeatability [4,5]. In recent years, there is a greater 
demand on widely tunable fiber lasers to take advantage of the L-band of EDFA to increase 
transmission capacity. Some investigations have been carried out to study the effect of the 
laser cavity parameters such as erbium-doped fiber (EDF) length, intra-cavity loss, output 
coupling ratio, and pump wavelength and power, on the laser performance [3,5,6]. It was 
shown by theoretical analysis that the tuning range of EDFL could be larger than 100 nm in 
1992 [7], but it was only in recent years that such a large tuning range can be experimentally 
obtained in a ring cavity EDFL [5]. The key idea is to make the EDF operate in deep 
saturation by optimizing the EDF length and reducing the intra-cavity loss [5]. Compared with 
ring lasers, linear cavity lasers have the advantage that the gain medium amplifies the laser 
light twice per circulation that makes it easy to reach deep saturation. Therefore, a large 
tuning range as well as low threshold pump power and high slope efficiency can be easily 
achieved. 

In this paper, we report a single-wavelength, linear cavity EDFL with large tuning range 
of over 100 nm by optimizing the EDF length. The effects of the EDF length and output 
coupling ratio on the laser performance are investigated. The laser has low threshold, high 
slope efficiency, and high signal-to-noise radio.  

 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1. Schematic diagram of the proposed laser configuration. 
 

2. Laser configuration  

Figure 1 shows the proposed laser configuration. Two circulators with port-to-port loss of 0.5 
dB are used as the end mirrors, which allows us to insert the polarization controller (PC), 
output fiber coupler, and filter elements into the two loops rather than into the laser cavity to 
minimize the insertion loss. The lightwave propagates through the two loops once per 
circulation but it is twice through the cavity. Thus, the insertion loss introduced by these 
components is reduced by two fold. We can also choose to insert a given component, such as 
the filter, into one of the two loops to optimize the laser performance. The EDF was backward 
pumped through a micro-optic WDM coupler by a 90 mW laser diode emitting at 1480 nm. At 
the left end of the EDF, incident laser light, which is “reflected” by circulator on the left, has 
relatively high power because it is amplified once by the EDF. The high-power laser light 
enters the EDF again and this makes the EDF reach deep saturation easily so that a large 
tuning range can be obtained [5]. The EDF has high erbium concentration of ~ 9.2 × 1024 
ions/m3, absorption coefficients of α (1480 nm) = 7 dB/m and α (1532 nm) = 15 dB/m, cutoff 
wavelength of 1000 nm, and a numerical aperture of 0.29.  

 PC 
EDF   

Tunable 
FFP filter WDM 

Output 
coupler 

Output

  1480 nm LD 

20 nm BPF 

 Circulator  Circulator 

(C) 2003 OSA 14 July 2003 / Vol. 11,  No. 14 / OPTICS EXPRESS  1690
#2545 - $15.00 US Received June 02, 2003; Revised July 05, 2003



As a tunable filter with a sufficiently large tuning range is not commercially available, a 
tunable narrow-bandpass fiber Fabry-Perot (FFP) filter with a bandwidth of 0.2 nm and free 
spectral range (FSR) of 28 nm and six bandpass filters (BPFs) with 20 nm bandwidth are used 
as an alternative to demonstrate the effectiveness of the proposed method. The BPFs are used 
one by one. For each BPF, its 20-nm bandwidth is less than the FFP’s 28-nm FSR and thus 
continuous wavelength tuning can be obtained within the 20 nm range by changing the 
voltage applied to the piezoelectric transducer of the FFP. Hence, a total tuning range of 120 
nm can be achieved by using the six BPFs in turn. Furthermore, as each BPF is inserted into a 
separate fiber loop from that of the FFP, improvement on the laser performance is also 
expected because the limited 20-nm bandwidth of the BPF will suppress the amplified 
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Fig. 3. Laser power against emission wavelength for different output coupling ratios. 

Fig. 2. Laser power against emission wavelength for different EDF lengths. 

2

4

6

8

10

12

14

1505 1525 1545 1565 1585 1605 1625

Wavelength  (nm)

O
ut

pu
t P

ow
er

 (
dB

m
)

EDF 5.5 m

EDF 8.0 m

EDF 12.5 m

(C) 2003 OSA 14 July 2003 / Vol. 11,  No. 14 / OPTICS EXPRESS  1691
#2545 - $15.00 US Received June 02, 2003; Revised July 05, 2003



spontaneous emission (ASE) power in the laser cavity. The total insertion loss of the two 
filters is about 3.5 dB.  

3. Results and discussion 

Figure 2 shows the measured laser output powers for various EDF lengths. The coupling radio 
of the output coupler is 0.5. For EDF lengths of 5.5, 8.0 and 12.5 m, laser emission can be 
tuned in large wavelength ranges of 105 nm (1511-1616 nm), 110 nm (1511-1621 nm) and 98 
nm (1523-1621 nm), respectively. It can be seen that optimization of the EDF length is 
necessary to obtain high power over a large tuning range. It influences the short and long 
wavelength ends of the tuning range noticeably. For 5.5 m of EDF, the output power 
decreases more rapidly in the L-band region because the EDF is too short to obtain sufficient 
gain. On the contrary, for 12.5 m of EDF, the power decreases more rapidly in the C-band 
region and is very small below 1525 nm due to absorption from the long EDF length. Thus, 
the optimal EDF length is about 8.0 m, which gives the largest tuning range with the highest 
average power. In this case of 8.0 m of EDF, tunable ranges for 1 dB and 3 dB power flatness 
are 76 nm (1537-1613 nm) and 100 nm (1519-1619 nm), respectively.  

Fig. 4. Laser power against pump power at 1580 nm for different output coupling radios. 

Figure 3 shows the laser output powers over the tuning range of 1511 nm to 1621 nm for 
various output coupling ratios of 0.3, 0.5 and 0.7. The EDF length is 8.0 m. It can be seen that 
the output power increases with an increase in the output coupling ratio over the mid-band of 
the wavelength range but it decreases at the short and long edges of the wavelength tuning 
range which results in a smaller tunable range. This is because as the output coupling ratio 
increases the intra-cavity loss also increases and a larger intra-cavity loss leads to a less tuning 
range in a tunable laser [5]. The maximum output powers are 10.6, 12.7 and 14.3 dBm at 
around 1580 nm for the output coupling radios of 0.3, 0.5 and 0.7, respectively. Fig. 4 shows 
the measured the laser output power at 1580 nm versus the pump power for various output 
coupling radios. The threshold pump powers are 4.4, 4.6 and 5.9 mW and the calculated slope 
efficiencies are 13.5%, 21.3% and 30.7% for the output coupling radios of 0.3, 0.5 and 0.7, 
respectively. 

We have also measured the threshold pump power and have calculated the slope 
efficiency at other emission wavelengths. The results show that the threshold pump power 
increases and the slope efficiency decreases slightly at a wavelength shorter than 1540 nm, 
and this causes a power drop at around 1530 nm and hence degradation on the power flatness 
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(see Fig. 2 and Fig. 3). This phenomenon is mainly caused by concentration quenching due to 
clustering of erbium ions in the high-concentration EDF. Concentration quenching has been 
identified as the main cause of EDF’s performance degradation [8], which may cause a 
decrease in the population inversion and hence quantum efficiency, resulting in a reduction of 
EDFA gain and an increase in the threshold of EDFLs [9,10]. Our recent theoretical studies on 
fiber ring laser have shown that it may lead to nonuniform output power in tunable EDFLs 
because it influences the laser performance more in the C-band, especially at around 1530 nm, 
than in the L-band [11]. The laser power profile we obtained in this paper is similar to the 
simulation result of Ref. [11]. Using low-concentration EDF can overcome this undesirable 
effect but at the cost of increasing the device size due to the long EDF length required. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 5. Tunable laser spectrum over 105 nm wavelength range. 
 

Figure 5 shows the laser spectrum from 1513 nm to 1618 nm measured using an optical 
spectrum analyzer (OSA). The EDF length is 8.0 m and the output coupling radio is 0.7. It can 
be seen that the signal-to-noise radio is better than 60 dB within the whole tuning range of 105 
nm. The ASE noise is very small because the FFP filter was placed in front of the output 
coupler. The linewidth of each spectral peak is about 0.014 nm measured with 0.01 nm 
resolution of the OSA. The asymmetric line shape is due to the OSA’s response. 

We also measured the laser output power when the BPF was inserted into the fiber loop 
in which the FFP filter was placed. We found that the laser tuning range was reduced by about 
15 nm in the short wavelength region although the maximum power increased slightly by 
about 0.2 dBm. We believe that it is due to the ASE light generated in the EDF, which is 
usually high when an EDFL emits at wavelengths below 1530 nm and in the L-band [4,12]. In 
the original design with the BPF and FFP filter in two separate loops, the ASE light was 
filtered and greatly suppressed by the BPF before it was fed back into the cavity. However, in 
the case of the BPF and FFP filter in the same loop, the ASE light was directly fed back into 
the EDF through the left fiber loop. This ASE light, with most of its power in the C-band, was 
amplified in the EDF when the laser was tuned to wavelengths below 1530 nm, resulting in a 
reduction of the gain of the EDF. However, when the laser emitted in the L-band, the ASE 
light provided an additional pump source to the EDF [13]. This is the reason why the tuning 
range of the laser decreased at the short wavelength end and the maximum power increased 
slightly when we placed the BPF and FFP filter in the same fiber loop. From this observation, 
it is clear that the original design of the laser provides a larger tuning range. 
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4. Summary 

We have demonstrated a widely tunable, single wavelength, linear cavity erbium-doped fiber 
laser covering both the C-band and L-band. The dependence of the laser output power on the 
emission wavelength for different EDF lengths and different output coupling radios has been 
studied. Large wavelength tuning range of over 100 nm has been obtained by optimizing the 
EDF length. The laser has low threshold power, high slope efficiency, and high signal-to-
noise ratio. 
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