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Highly reflective materials processing by 3 kW 
single-mode Yb-doped fiber laser 

with 20-m long delivery fiber

Shinya Ikoma,1 Huy Khanh Nguyen,1 Keisuke Uchiyama,1

Masahiro Kashiwagi,1 and Kensuke Shima1

High output power and a long delivery fiber are important requirements for many practical 
applications of a high power single-mode fiber laser.  In Fujikura, a 3 kW all-fiber single-mode 
Yb-doped fiber laser with a 20-m long delivery fiber has been developed. The fiber length of 
20 m is long enough to use our single-mode fiber laser in most of laser processing machines. 
Stimulated Raman Scattering (SRS), which is most important issue in high power single-mode 
fiber lasers, is well suppressed. The stokes light power is 30dB below the laser light power at 
the output power of 3 kW. Excellent beam quality is also confirmed. The M-squared factor is 
1.3. In Bead on Plate (BoP) demonstration onto a pure copper, stable processing with deep 
penetration and narrow bead is achieved.

1. Introduction
A single-mode fiber laser with excellent beam 

quality is believed to realize high intensity for laser 
welding with deep penetration depth and narrow bead 
width. It is also expected to actualize welding of highly 
electrical conductive materials such as copper and 
aluminum by the high intensity.

Recently, several high power single-mode Yb-doped 
fiber lasers were reported [1][2]. However, their 
length of delivery fiber was less than 2-3 m, which is an 
obstacle to introduction of the single-mode fiber lasers 
for processing machines. In general, a high power 
single-mode fiber laser with a long delivery fiber is 
extremely vulnerable to reflection from materials 
during processing because of output power instability 
induced by Stimulated Raman Scattering (SRS). High 
SRS suppression is key challenge for practical 
application of a high power single-mode fiber laser. In 
our previous work, a 2 kW all-fiber single-mode Yb-
doped fiber laser with excellent beam quality and a 
20-m long delivery fiber was reported [3]. SRS was 
well suppressed and the further increase of output 
power was expected.

In this study, a 3 kW all-fiber single-mode Yb-doped 
fiber laser with a 20-m long delivery fiber has been 
developed. Excellent processing of highly reflective 
materials has been also demonstrated by the fabricated 
3 kW single-mode fiber laser.

2. Fiber Laser Configuration
Figure 1 shows the schematic configuration of the 3 

kW all-fiber single-mode Yb-doped fiber laser. The 
optical cavity consisted of HR-FBG, OC-FBG and Yb-
doped fiber. The fibers used in the cavity have a large 
size core in order to achieve high SRS suppression. 
The fiber laser had a 20-m long delivery fiber for a 
high flexibility in the arrangement of processing 
machines. The fiber laser consists of only fiber-based 
components in order to realize high environmental 
stability. All devices, such as pump LDs, FBGs, and 
the Yb-doped fiber were fabricated in-house. A bi-
directional pumping scheme was adopted in order to 
launch a high pump power and avoid local excess heat.

Fig. 1. Schematic configuration of 3 kW single-mode fiber laser 
with a 20-m long delivery fiber.
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3. Optical Characteristics of Fiber Laser
Figure 2 shows the laser output power as a function 

of launched pump power. The laser output power 
reached 3 kW at a launched pump power of 4 kW. The 
beam profile at the focal point is also shown in Figure 
2. Single-mode beam quality is obtained with the 

M-squared factor of 1.3.
Figure 3 shows the measured output spectrum at 

the laser output power of 3 kW. The stoked light power 
by SRS was 30dB below the laser light power. High 
SRS suppression succeeded at the output power of 3 
kW and the delivery fiber length of 20 m.

4. Demonstrations of Fiber Laser Processings
Table 1 shows test conditions of the processing. The 

testpiece was a pure copper plate (C1020) which is 
hard-to-laser-machine material because of its high 
reflectivity and high thermal conductivity. The focal 
point was right on the surface of the pure copper plate 
(Bead on Plate).

Figure 4 shows the cross-section of the bead 
processed by the 3 kW single-mode fiber laser. The 
cross-section of the bead processed by a 3 kW multi-
mode fiber laser is also shown in Figure 4 (b) for 
comparison. In the multi-mode fiber laser, the core 
diameter of delivery fiber was 100 μm and the 
M-squared factor was about 13. Deeper penetration 
depth and narrower width of the bead were clearly 
confirmed from the cross-section of the bead processed 
by the 3 kW single-mode fiber laser.

Table 2 shows measurement results of processing 

Fig. 4. Cross-section of the copper plates molten by
3 kW laser output power.

(a) Single-mode fiber laser.
(b) Multi-mode fiber laser.
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Fig. 3. Output spectrum at the laser output power of 3 kW.

Table 1. Test conditions of processing.

Optical magnification of the 
processing head

1

Tilt of the processing head 9 degrees

Material Pure copper plate (C1020)

Focusing point
Surface of the pure copper plate 

Bead on Plate (BoP)

Processing speed 6 meter per min.

Table 2. Measurements of penetration depth and bead width in 
the processing demonstrations.

Single-mode 
fiber laser

Multi-mode 
fiber laser

Bead width (mm) 0.52 1.17

Penetration depth (mm) 2.60 0.66
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Fig. 2. Output power of 3 kW single-mode fiber laser and beam 
profile at the focal point.
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test. The bead width by the single-mode fiber laser 
was 0.4 times narrower than that by the multi-mode 
fiber laser. And moreover the penetration depth by the 
single-mode fiber laser was 4.1 times deeper than that 
by the multi-mode fiber laser.

During processing, no output power fluctuation 
caused by SRS was observed. The laser system was 
able to run without stopping or being damaged.

5. Summary
A 3 kW all-fiber single-mode Yb-doped fiber laser 

has been fabricated. The M-squared factor is 1.3. The 
Stokes light power by SRS is 30dB below the laser 
light power at the output power of 3 kW even with a 
20-m delivery fiber.

The BoP test onto a copper plate is made without 
stopping or damaging the laser system, which 
indicates our high power single-mode fiber lasers can 
be used practically in processing of materials with 
high reflectivity.
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