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Abstract: A 2 kW single-mode fiber laser with two cascade home-made cladding light strippers (CLSs) has been 
demonstrated by employing bidirectional-pump scheme. 2.009 kW signal power is obtained when pump power is 
2.63 kW and the slope efficiency is 76.6%. Raman Stokes light is less than -47 dB at 2.009 kW even with a 10-m 
delivery fiber with core/inner cladding diameter of 20 m/400 m. The beam quality M2

≤1.2 and the spectral FWHM 
bandwidth is 4.34 nm. There is no transverse mode instability and the output power stability of ±0.14% is achieved 
by special thermal management for a more uniform temperature distribution on the Yb-doped gain fiber. 
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1 Introduction 
In the last decades, high power single-mode and multi-
mode fiber lasers have been used in many industry fields 
such as welding and cutting [1]. The output powers of fiber 
lasers have also increased remarkably [2–9]. But, transverse 
mode instability (TMI) has been found when the power 
scaling of the single-mode fiber lasers is above 2 kW[10-14]. 
The fiber nonlinear effect, especially the stimulated Ra-
man scattering (SRS), also limits the power scaling of 
continue-wave single-mode fiber laser and causes the 
output power instability of the fiber laser. Pho-
to-darkening (PD) is also found in Yb-doped high power 
fiber laser, which can cause the decrease of output power, 
long term stability and operation life of the fiber laser. 
Koponen has observed a seventh-order dependence of 
the PD rate on the excited-state Yb concentration for two 
different fibers. This result implies that PD of an 
Yb-doped fiber source fabricated using a particular fiber 
will be strongly dependent on the Yb inversion rate[15,16] 
and lower inversion rate can be obtained by using 976 nm 
pump light as compared to 915 nm. Therefore, 976 nm 
pump LDs are used in our fiber laser system to obtain 

lower inversion rate to decrease PD. Besides, a more uni-
form pump energy distribution at both ends of gain fiber 
can be realized by bidirectional pumping compare to 
co-pumping and it is also beneficial to obtain lower in-
version rate to decrease PD. 

We demonstrated a single-mode fiber laser employing 
bidirectional-976 nm pump scheme, and high SRS sup-
pression and remarkable power stability are demonstrat-
ed without any TMI. 

2 Experimental setup  
The experimental setup of bidirectional-976 nm pumped 
all fiber laser is presented in Fig. 1. 250 W wavelength 
stabilized 976 nm laser diodes of DILAS company are 
used for backward-pumping and forward and backward 
combiners are used to combine the bidirection-
al-pumping light into the inner cladding of the double 
cladding fibers with a diameter of 400 m and a numeri-
cal aperture of 0.46. The 7 × 1 pump combiner is adopted 
as the forward-pump combiner and the pump light is 
launched into the double-cladding fiber (DCF) through 
the high reflective fiber Bragg grating (HR FBG) of ITF 
with operating wavelength 1080.06 nm, FWHM 1.96 nm 
and 99.6% reflectivity. A (6 + 1) × 1 signal/pump com-
biner is used as the backward-pump combiner, and the 
backward-pump light was coupled into the OC FBG of 
ITF company with operating wavelength 1079.96 nm, 
FWHM 1.03 nm and 9.6% reflectivity. The signal fiber of 
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the (6+1)×1 signal/pump combiner is DCF with a core 
diameter/NA of 20 m/0.064, and the cladding diameters 
of input and output signal fiber are 400 m and 250 m, 
respectively. The gain fiber is double-cladding Yb-doped 
fiber (DCYDF) with a core diameter/NA of 20 m/0.064. 
Yb-doped fiber (YDF) we have adopted has an absorp-
tion coefficient ~1.6 dB/m at 976 nm and the length is set 
to be ~20 m. After the backward (6 + 1) ×1 signal/pump 
combiner, about 10 m delivery fiber with core/inner 
cladding diameter of 20 m/400 m, is spliced, an QBH 
fiber optic cable of optoskand is used and two cascade 
homemade CLSs are adopted to strip cladding lights to 
get a good beam quality ( 2M <1.2). Output signal spec-
trum and beam quality at the maximum power are 
measured and recorded.  

3 Results and discussion 
The signal power vs. pump power (S-P) performance, 
beam distribution and quality, output spectrum and out-
put power temporal characteristic of the fiber laser with 
bidirectional-pumping configuration were measured and 
recorded. The forward-pump is firstly utilized and then 
backward-pumping is utilized to further scale the output 
power of the laser oscillator. Besides, the performance of 
the homemade CLS used in the 2 kW system is described. 

3.1 Output characteristics 
Fig. 2 shows the maximum output power measured by 
5000-BB-V1 of Ophir VEGA and 2.009 kW was recorded 
when the temperature of the cooling water was set at 

Fig. 2  Maximum output power measured by 

5000-BB-V1 of Ophir VEGA. 

Fig. 3  Output power versus pump power, and beam profile at 

focal point. 
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Fig. 4  2D and 3D beam display at maximum output power.
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25 ℃. S-P performance is shown in Fig. 3 and a slop 
efficiency 76.6% is obtained at maximum output power 
with maximum temperature below 60 ℃. Because the 
forward pump LDs are non-wavelength-stability (without 
external volume Bragg gratings for wavelength stabiliza-
tion)[17], the forward signal power is first utilized up to 
928 W at current 30.5 A , and then backward-pump pow-
er is added to further scale the output power of the laser 
oscillator above 2 kW at current 34 A. Beam distribution 
and quality were measured by BeamWatch of Ophir 
which used to detect the above 1 kW high power fiber 
laser specialized. The 2D and 3D beam displays were 
shown in Fig. 4 and the beam quality 2M  at x and y 
axes are both below 1.2. 

3.2 Output spectrum and temporal characteristic 
Fig. 5 shows the output signal spectrum and the Raman 
Stokes light is less than -47 dB below the signal power at 
the maximum power of 2.009 kW even with a 10-m 20 
m/400 m delivery DCF. There is no obvious residual 
pump power because of two cascades homemade CLSs 
adopted. For obtaining a good beam quality, delivery 
fiber with core diameter of 20 m and NA 0.064 is used, 
and self-phase modulation (SPM) is observed when high 
power laser is passing along 10 m power delivery fibers. 
Meanwhile, the temporal characteristic at maximum 
output power is recorded by 5000-BB-V1 of Ophir VEGA 
in 5 mins as shown in Fig. 6 and ±0.14% power fluctua-
tion is demonstrated. By using a special thermal man-

Fig. 7  (a) The picture of the encapsulated CLS. (b) The 

picture of the surface of CLS after abrading. 

Fig. 8  Residual pump power when 209.4 W pump power 

goes through the homemade CLS. 

(a) 

(b) 

Fig. 9  (a) Temperature of CLS when 209.4 W pump power goes through. (b) Residual pump power output from the 

CLS vs. input pump power 209.4 W. 
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Fig. 5  Laser output spectra at the maximum output 

power (P=2.008 kW). 

Fig. 6  Laser output temporal characteristic at the  

maximum output power. 
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agement to make the temperature distribution of 
Yb-doped gain fiber uniform, a long term power stability 
can be achieved and no TMI is found in the bidirection-
al-pumping scheme at 2 kW. 

3.3 Performance of the CLS 
A homemade CLS with high cladding loss is used in the 2 
kW fiber laser, which is fabricated directly on the output 
signal fiber with 250 m cladding diameter of (6+1)1 
pump and signal combiner. The fiber is stripped in the 
middle with a length of 6.5 cm and a mechanical method 
and homemade equipment were used to grind and polish 
the bare fiber to obtain a smaller cladding and rough 
surface. Cladding lights leaks out because of the dissatis-
faction of the total reflection condition. Figs. 7(a) and 7(b) 
show the picture of the encapsulated CLS and the surface 
of CLS after abraded. Fig. 8 shows the residual pump 
power when 209.4 W pump power goes through the ho-
memade CLS without any air cooling or water cooling 
and the cladding loss is greater than 23.7 dB for a 6.5 cm 
fiber length with the temperature below 50 ℃(as shown 
in Fig. 9(a)). As shown in Fig. 9(a), there is an optimal 
fiber length for CLS and most of cladding power has been 
stripped during a length of about 4 cm. A 200 W sin-
gle-mode 1 m all-fiber laser was coupled into the signal 
port of a (6+1) fiber combiner to test the core loss of the 
CLS and no loss was found at the output of the CLS. Only 
a few micrometer of the fiber cladding surface has a me-
chanical process without any damage on the core, there-
fore the light confined in the core has no loss when 
propagating along the fiber. The insert loss only depends 
on the splicing loss which is lower than 0.1 dB. Therefore, 
no residual pump and signal light propagating in the in-
ner cladding can be guaranteed by such two cascades 
homemade CLSs. Fig. 9(b) gives the data of the residual 
pump power output from the CLS when the maximum 
pump power 209.4 W is input.  

4 Conclusions 
A bidirectional-pumped Yb-doped all-fiber laser oscilla-
tor with two cascades homemade CLSs was constructed 
and the laser performances, such as S-P curve, beam 
quality and distribution, output spectrum and temporal 
characteristic, are investigated respectively. By employing 
bidirectional-pump, signal output power is further scaled 
to 2 kW with a slope efficiency of 76.6%, and the Raman 
Stokes light is ~47 dB below the signal power even with a 
10-m 20 m/400 m delivery DCF. The beam quality 

2M  is below 1.2 and no residual pump and cladding 
light are observed. Remarkable power stability (<±0.14%) 
is also demonstrated because of more uniform tempera-
ture distribution on Yb-doped gain fiber by a special 
thermal management. 

Acknowledgements 
China Postdoctoral Science Foundation Funded Project 

(2016M601253), Shenzhen Peacock Plan 
(KQCX2015033110182368) and the project of Shenzhen 
Science and Technology Innovation Committee 
(JCYJ20160301114759922). 

References 
1 Zervas M N, Codemard C A. High power fiber lasers: A review[J]. 

IEEE Journal of Selected Topics in Quantum Electronics, 2014, 

20(5): 219–241.  

2 Yu Hongbo, Kliner D A V, Liao K H, et al. 1.2-kW single-mode 

fiber laser based on 100-W high-brightness pump diodes[J]. 

Proceedings of SPIE, 2012, 8237: 82370G.  

3 Khitrov V, Minelly J D, Tumminelli R, et al. 3kW single-mode 

direct diode-pumped fiber laser[J]. Proceedings of SPIE, 2014, 

8961: 89610V.   

4 Fang Qian, Shi Wei, Qin Yuguo, et al. 2.5 kW monolithic conti-

nuous wave (CW) near diffraction-limited fiber laser at 1080 

nm[J]. Laser Physics Letters, 2014, 11(10): 105102.  

5 Yu Hailong, Zhang Hanwei, Lv Haibin, et al. 3.15 kW direct 

diode-pumped near diffraction-limited all-fiber-integrated fiber 

laser[J]. Applied Optics, 2015, 54(14): 4556–4560.  

6 Rosales-Garcia A, Tobioka H, Abedin K, et al. 2.1 kW single 

mode continuous wave monolithic fiber laser[J]. Proceedings of 

SPIE, 2015, 9344: 93441G.  

7 Mashiko Y, Nguyen H K, Kashiwagi M, et al. 2 kW single-mode 

fiber laser with 20-m long delivery fiber and high SRS suppres-

sion[J]. Proceedings of SPIE, 2016, 9728: 972805.  

8 Ma Pengfei, Tao Rumao, Su Rongtao, et al. 1.89 kW all-fiberized 

and polarization-maintained amplifiers with narrow linewidth and 

near-diffraction-limited beam quality[J]. Optics Express, 2016, 

24(4): 4187–4195.  

9 Xiao Q R, Yan P Z, Li D, et al. Bidirectional pumped high power 

Raman fiber laser[J]. Optics Express, 2016, 24(6): 6758–6768.  

10 Jauregui C, Otto H J, Stutzki F, et al. Simplified modelling the 

mode instability threshold of high power fiber amplifiers in the 

presence of photodarkening[J]. Optics Express, 2015, 23(16): 

20203–20218.  

11 Ward B, Robin C, Dajani I. Origin of thermal modal instabilities in 

large mode area fiber amplifiers[J]. Optics Express, 2012, 20(10): 

11407–11422.  

12 Hansen K R, Alkeskjold T T, Broeng J, et al. Theoretical analysis 

of mode instability in high-power fiber amplifiers[J]. Optics Ex-

press, 2013, 21(2): 1944–1971.  

13 Otto H J, Stutzki F, Jansen F, et al. Tünnermann. Temporal 

dynamics of mode instabilities in high-power fiber lasers and 

amplifiers[J]. Optics Express, 2012, 20(14): 15710–15722.  

14 Robin C, Dajani I, Pulford B. Modal instability-suppressing, 

single-frequency photonic crystal fiber amplifier with 811 W 

output power[J]. Optics Letters, 2014, 39(3): 666–669.  

15 Koponen J, Söderlund M, Hoffman H J, et al. Photodarkening 

measurements in large mode area fibers[J]. Proceedings of 

SPIE, 2007, 6453: 64531E.  

16 Ward B. Theory and modeling of photodarkening-induced quasi 

static degradation in fiber amplifiers[J]. Optics Express, 2016, 

24(4): 3488–3501.  

17 Becker F, Benjamin N, Winkelmann L, et al. Multi-kW cw fiber 

oscillator pumped by wavelength stabilized fiber coupled diode 

lasers[J]. Proceedings of SPIE, 2013, 8601: 860131. 

 

 


