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Over the past decade, Yb-doped fiber lasers (YDFLs) 
are well developed due to their outstanding character-
istics, such as high efficiency, good beam quality, and 
convenient thermal management[1,2]. The oscillation 
spectral range of YDFLs can be divided into three 
bands, namely, convenient (C-band, 1060–1130 nm), 
short (S-band, 976–980 and 1020−1060 nm), and long 
(L-band, > 1130 nm) bands[3]. Most of the previous 
literature studies focus on C-band YDFLs. Actually,  
L-band YDFLs also have many special applications. 
For example, YDFLs in the range of 1120–1160 nm 
can be used as pump sources for Ho-Tm-doped fiber 
lasers in mid-infrared region[4–10]. Besides, YDFLs in 
the range of 1150–1180 nm can be transferred to yel-
low light through frequency doubling, which is a good 
source for applications in medicine and astronomy[11–13]. 
Due to the requirement of above-mentioned applica-
tions, L-band YDFLs have achieved extensive attention 
in recent years. In 2006, Kurkov et al. realized a YDFL 
emitting at 1160 nm with a maximum output power of 
3.2 W[14]. In 2008, Dvoyrin et al. achieved a fiber laser 
at 1160 nm by tandem pump with another YDFL emit-
ting at 1070 nm, a maximum output power of 9.1 W 

with a slope efficiency of about 25–30% was obtained[15]. 
In 2009, diode-pumped linearly polarized YDFL with 
a maximum output power of 18 W at 1154 nm was 
reported[16]. In 2013, diode-pumped YDFL operating 
at 1160 nm with 21 W output power and YDFL at 
1147 nm with a maximum output power of 35 W were 
reported[17]. As indicated by Kurkov et al.[7], Ho3+-ions 
have a absorbance peak in the 1150 nm range, thus, 
high-power YDFLs at 1150 nm can be a good source 
for high-power mid-infrared fiber laser.

 We report a diode-pumped YDFL emitting at 1150 
nm. Specific attention is paid to amplified spontaneous 
emission (ASE) and parasitic lasing effect in the 1070 
nm range. A theoretical model is presented to optimize 
the parameters in the experiment. YDFL at 1150 nm 
with an output power of 33.6 W and an optical effi-
ciency of 60% is demonstrated.

Here we set up a theoretical model including ASE. 
Based on this model, we theoretically study the relation-
ship between ASE and output power with the reflectiv-
ity of output coupler (OC) fiber Bragg grating (FBG) 
and the length of Yb-doped fiber (YDF). The model 
can be expressed by steady-state rate equations[18,19].
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where N2 is the concentration of the ions in the excited 
state,  Pp is the pump power,  z is the axial coordinate 
in the gain fiber, P(z, lk) is the power of ASE at lk, 
A is the area of the core, t is the lifetime of gain me-
dium, Gp, Gk,  and  Gs are the fill factors of pump light, 
ASE, and signal light, respectively, np, lp, nk, and lk, 
are the frequencies and wavelengths of pump light and 
ASE;  sa and  se are the absorption and emission cross-
section, a is the intrinsic absorption coefficient, and the 
superscripts “+” and “-” mean forward and backward 
directions.

The boundary conditions are

	
1(0, ) ( ) (0, ),k k kP R Pl l l+ −= � (4)

	
2( , ) ( ) ( , ),k k kP L R P Ll l l− += � (5)

where R1 and R2 are the reflectivities of signal light and 
ASE in the laser, which may come from sideband re-
flection of FBGs, reflection of fiber facet, and Rayleigh 
scattering.

In order to simplify calculation, we do not take the 
influence of spectral width of pump light to absorption 

Table 1. Main Parameters in the Simulation
Parameter Value
N 8 × 1025/m3

t 0.84 ms
NA 0.08
A 7.85 × 10-11 m2

lp 976 nm
ap 0.0025/m
as 0.0023/m
Gp 0.0064
Gs 0.8
R1 0.99 (l = 1150 nm)

0.003 (l ≠ 1150 nm)
R2 0.003 (l ≠ 1150 nm)

Fig. 1. Absorption and emission cross-section values of YDF. Fig. 2. Laser output spectrum with different reflectivities of FBG.

Fig. 3. Relation between output power and the reflectivity of 
OC FBG with 50 W pump power.

into account and we assume that the reflectivity of 
ASE is not related to wavelength. The calculation is 
based on forward pumping. The parameters for numeri-
cal calculation are listed in Table 1, and the absorption 
and emission cross-section values are shown in Fig. 1[20]. 
It should be mentioned that the reflectivities for out-
of-band wavelengths of R1 and R2 are 0.003, because 
wavelength-selective end reflectors can suppress 50 dB 
before the occurrence spurious lasing[21].

The relation between ASE and the reflectivity of OC 
FBG is shown in Fig. 2. We can find that high reflec-
tivity (HR) of OC FBG has more potential to suppress 
ASE, and the parasitic lasing appears when the reflec-
tivity is less than 0.3. Since the reflectivity increases, 
the density of signal light in the cavity increases at the 
same time, which can suppress ASE.

However, the output power decreases when we in-
crease the reflectivity, which is shown in Fig. 3. Thus, 
in order to obtain high output power, we should choose 
OC FBG with a proper reflectivity. 

The relation between ASE and the length of YDF is 
shown in Fig. 4. It shows that increasing the length of 
gain fiber has advantage for suppressing ASE to some 
extent, because if the gain fiber is longer, more  light 
could be absorbed in the forward direction in the 1070 
nm range. Although this has little impact on the back-
ward ASE, the backward ASE will not be enhanced 
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In conclusion, we demonstrate an all-fiber YDFL at 
1150 nm pumped by a LD. An output power of 33.6 
W at 1150 nm is obtained with an optical efficiency 
of 60% and a FWHM bandwidth of 1.1 nm. Further 
power scaling may be limited by parasitic oscillation for 
the time being. Our next work will focus on methods to 
suppress parasitic oscillation.
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Fig. 5. Experimental setup of 1150 nm YDFL system.

Fig. 7. (a) Forward spectrum at maximal output power of 1150 
nm YDFL and (b) Back spectrum at maximal output power 
of 1150 nm YDFL.

Fig. 4. Laser output spectrum with different lengths of  
YDF.

Fig. 6. Dependence of the output power of the 1150 nm laser 
on the 976 nm pump power.
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