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Abstract.  We report a 4-W all-fibre Tm-doped fibre laser using a 
composite cavity with a centre wavelength of 1952.02 nm. The com-
posite cavity consists of two interferometric laser arms that are 
efficiently combined. Each interferometric laser arm contains a 
double-clad Tm-doped silica fibre operating in cw mode and pumped 
by pigtailed laser diodes with a centre wavelength of 793 nm. A high 
combining efficiency of 93.9 % and a narrow linewidth of 0.1  nm 
are obtained. The output power of the laser can be scaled straight 
forwardly by improving the pump power and optimising the compo-
nent parameters at 2 mm. 

Keywords: thulium-doped fibre, all-fibre lasers, coherent combining 
of lasers, Michelson-type configuration. 

1. Introduction

Tm-doped fibre lasers (TFLs) are the most important recent 
achievements in high-power fibre laser technology because of 
their wide application in machines, lidars, material processing 
systems and systems of nonlinear frequency conversion to 
mid-IR wavelength region [1 – 4]. However, from the power 
scaling analysis performed by Dawson et al. [5] it follows that 
there exists a maximum extractable power limited by the pres-
ence of thermal effects, optical damage, finite pump bright-
ness and nonlinear effects (see also [6]). 

Efficient coherent combining of lasers provides an effec-
tive solution which can both increase the laser output and 
maintain the beam quality. An efficient method of coherent 
beam combining relies on the use of a composite Michelson-
type cavity configuration. Several approaches to this configu-
ration have been proposed and reliable coherently combined 
Yb-doped and Er-doped fibre laser arrays have been demon-
strated [7 – 9]. To date, studies in the field of high-power fibre 
lasers and technique of their coherent combing have been pri-
marily focused on Yb-doped fibres operating around 1 mm 
because of low quantum defects inherent in them and abun-
dance of high-brightness pump sources. The same solution 
has been realised in Er-doped fibre lasers emitting around 
1.5 mm [10, 11]. 

The aim of this paper is to investigate the possibility of 
designing a high-power TFL system by using composite cav-

ity technology, which can be attributed to two reasons. 
Firstly, 2-mm high-power fibre laser systems benefit from 
operating at eye-safer wavelengths, which permits transmit-
ting in free space the power that is several orders of magni-
tude higher than that at 1 mm. In addition, McComb et al. [12] 
noted the excellent transmission property of TFL radiation in 
turbulent atmosphere. Secondly, due to a longer wavelength, 
TFLs should have a higher SBS threshold than Yb-doped fibre 
lasers [4, 13], which allows a more efficient power scaling of a 
single fibre laser. Because of the increasing demand for high-
brightness TFLs in many applications, composite cavity regime 
is a key technology that deserves a separate investigation. 

Previously, we reported the use of active and passive 
coherent beam combing of TFLs in which the output power 
was at a milliwatt level [14]. In this paper, we demonstrate 
efficient all-fibre combining of two high-power Tm-doped 
fibre lasers by using a composite cavity. As a result, a 4-W 
coherent output power with a coherent combining efficiency 
of 93.9 % is obtained. 

2. Experimental results

The experimental setup of the TFL with a composite 
Michelson-type cavity is shown in Fig. 1. Each arm of the 
TFL cavity is end-pumped by pigtailed laser diodes (LDs) 
with a centre wavelength of 793 nm. Each main oscillator 
consists of a section of Tm-doped double-clad fibre, a 105-mm 
pigtailed 793-nm laser diode, a highly reflecting (HR) FBG 
(reflectivity of 99.5 % with a centre wavelength of 1950 nm). 
The Tm-doped fibre has a core 10 mm in diameter (NA = 
0.15), surrounded by a hexagonal inner cladding whose 
diameter is 130 mm (NA = 0.46). The absorption coefficient of 
this fibre at 793 nm is 3 dB m–1. In one of the arms use is made 
of a passive fibre several metres in length to prevent the inter-
ferometric instabilities. In addition, each laser cavity makes 
use of a sufficiently long passive fibre to provide pump damp-
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Figure 1.  Experimental setup of a composite-cavity Tm-doped fibre laser. 
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ing. The two arms of the active interferometer are two inde-
pendent fibre lasers connected to a 2 ´ 2 single mode coupler 
(50 : 50), which coherently combines the fields. The output 
ports of arm A and arm B are fusion spliced to the two input 
ports of the coupler. One output port of the coupler is con-
nected to the FBG optical circulator (OC) (reflectivity of 10 % 
with a centre wavelength of 1950 nm) to provide coherent 
combining (P1 port), whereas the output fibre of the other 
port (P2) is angle-cleaved to provide sufficient loss discrimi-
nation between the two output ports. The system is conduc-
tion-cooled by a heat-removing metal plate. 

Measurements of the output power of the composite cav-
ity have shown that when LD1 and LD2 operate indepen-
dently, the maximal output powers of arm A and arm B from 
port P1 are 1.13 and 1.21 W, respectively. Incoherent sum of 
the powers is defined as the sum of P1 port output powers of 
two TFLs, which operate independently. The experimental 
data and their polynomial curve fitting are shown in Fig. 2.

When the TFL cavities connected by the coupler, which 
introduces the combining scheme, operate together [15], a 
higher power is always emitted from port P1, which has a 
lower loss. When both pump lasers are turned on, the maxi-
mal output power P1 in the case of coherent combining is 
4  W. Figure 2 also shows the output power P2 from the angle 
cleaved port P2. It follows from the fitting curves of the coher-
ent and incoherent sums that coherent combining allows the 
threshold of the TFL cavities to be reduced.

To evaluate the combining efficiency [11], we introduce 
the figure of merit, which is defined as   h = P1/(P1 + P2) 
´ 100 %. Then, the combing efficiency at the maximal pump 
current is 93.9 %. 

The emission spectrum from port P1, measured by an 
optical spectrum analyser, is shown in Fig. 3 for the case of 
coherent combining. One can see from the figure that the 
combining efficiency and optical spectrum are stable. The 
centre wavelength lc is 1952.02 nm at a linewidth of 
0.1  nm. It important to note that the heat loss should be 
reduced by improving thermal conductivity of the coupler. 

Thus, we have successfully built an efficient all-fibre 
Tm-doped fibre laser ensuring coherent combining. Stable 
coherent combining has been achieved with a 93.9 % effi-
ciency. We should note that the output power obtained is still 
low compared with 1-mm counterparts; however, further 

power scaling of a coherently combined Tm-doped fibre laser 
array is possible by using an optimised pump source, large-
mode-area fibres, large-mode-area fibre couplers and multi-
ple numbers of TFLs. 

References
  1.	 Geng J., Wang Q., Luo T., Jiang S., Amzajerdian F. Opt. Lett., 

34, 3493 (2009). 
  2.	 Zhang Y.J., Wang W., Song S.F., Wang Z.G. Laser Phys. Lett., 6, 

723 (2009). 
  3.	 Meleshkevich M., Platonov N., Gapontsev D., et al. Proc. Eur. 

Conf. Lasers Electro-Opt. (2007); doi: 10.1109/CLEOE-
IQEC.2007.4386516. 

  4.	 Ehrenreich T., Leveile R, Majid I, Tankala K., et al. Proc. SPIE Int. 
Soc. Opt. Eng., 7850, 7850-16 (2010). 

  5.	 Dawson J.W., Messerly M.J., Heebner J.E., et al. Proc. SPIE Int. 
Soc. Opt. Eng., 7686, 768611-1 (2010). 

  6.	 Zhu J.J., Du W.B., Zhou P., et al. Acta Phys. Sin., 61, 064209 
(2011). 

  7.	 Kozlov V.A., Hernandez-Cordero J., Morse T.F. Opt. Lett., 24, 
1814 (1999). 

  8.	 Shiralawa A., Saitou T., Sekiguchi T., Ueda K. Opt. Express, 10, 
1167 (2002). 

  9.	 Wang B.S., Mies E., Minden M., Sanchez A. Opt. Lett., 34, 863 
(2009). 

10.	 Desfarges-Berthelemot A., Lefort L., Barthelemy A., 	
Mahodaux C., Pureuret D. Electron. Lett., 38, 692 (2002). 

11.	 Sabourdy D., Kermene V., Desfarges-Berthelemot A., Lefort L., 
Barthelemy A. Opt. Express, 11, 87 (2003). 

12.	 McComb T., Shah L., Sims R.A., Sudesh V., et al. Proc. CLEOE/
IQEC (Washington: OSA, 2009, paper CThRS). 

13.	 Moulton P.F. SPRC Ann. Symp. (2008); http://www.qpeak.com. 
14.	 Zhou P., Liu Z.J., Wang X.L., Ma Y.X., Ma H.T., Xu X.J.,	

Liu Z.J. Proc. SPIE Int. Soc. Opt. Eng., 7843, 784307-1 (2010). 
15.	 Shirakawa A., Saiton T., Sekiguchi T., Ueda K. Opt. Express, 10, 

1167 (2002). 

0 1

1

2

2

3

3

4

4

Total launched pump power/W

C
o

m
b

in
ed

 o
u

tp
u

t 
p

o
w

er
/W

Phase-locked laser power
from port P1
Same from port P2
Sum of powers from
independent TFLs
Polynomial curve
fitting

Coherent sum
Incoherent sum

Figure 2.  Dependence of the laser output power on total launched 
pump power. 
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Figure 3.  Emission spectrum from the grating port P1. 


