
Abstract. We demonstrate for the érst time a relatively
simple ébre laser system with a passively Q-switched master
oscillator and a polarised output pulse energy of up to 110 lJ
at 1080 nm. The system is pumped by a single 12-W
multimode cw source at 980 nm. Depending on the pump
power, the pulse duration varies from 280 ns to 1.8 ls and the
pulse repetition rate, from 45 to 140 kHz. The maximum
average output power is 5 W. The system has been tested for
its performance in metal and glass processing.

Keywords: ytterbium-doped ébre laser, Q-switching, two-ébre
assembly, ébre ampliéer.

1. Introduction

Lasers with a relatively high pulse energy (0.1 ë 1 mJ and
above) are used in a variety of applications, including
material processing (laser marking etc.). Many such
radiation sources are based on solid-state lasers
(Nd : YAG=YVO4, Yb : YAG, Nd : YLF and others)
[1, 2], including hybrid bulk/ébre systems [3]. At the
same time, considerable effort is focused on alternative
solutions, such as ébre-laser-based sources [4 ë 10]. To
achieve high pulse energies, such systems usually take
advantage of master oscillator/power ampliéer (MOPA)
conégurations, with separate pump sources for the master
oscillator and ampliéer in most all-ébre systems. This is
because ébre couplers are incapable of operating at high
beam powers and, accordingly, cannot ensure delivery of a
small fraction of the output of a high-power pump source
to the master oscillator. For this reason, the ébre master
oscillator is typically pumped by a separate, relatively low-
power source, and the ampliéer is pumped by one or several
[9, 10] high-power sources.

A Q-switched MOPA ébre system with a single pump
source was érst demonstrated by Paschotta et al. [11]. A
980-nm cw Ti : sapphire laser beam was launched into an
Er-doped ébre ampliéer, and the residual pump light from
the ampliéer was used to pump the Er-doped ébre oscil-
lator. At a single-mode pump power of 2.1 W, the pulse
energy was up to 0.11 mJ with a repetition rate below

10 kHz and an average output power of 190 mW. The
drawback to this system is that the ampliéer gain must be
restricted to ensure a residual pump power sufécient to
pump the master oscillator. In this paper, we describe for
the érst time an alternative approach to designing MOPA
systems with a single pump source. In the conéguration
proposed by us, pump light is érst coupled into the master
oscillator, and the residual pump power from the oscillator
is used to pump the ampliéer. As demonstrated below, this
approach can be realised with a side-pumped two-ébre
assembly (so-called GTWay ébre [12, 13]), which can be
used to fabricate both an ampliéer and a master oscillator.

The two-ébre arrangement, with one active ébre [12],
enables a simple and efécient side pumping of the active
ébre using a standard passive silica ébre. The pump light is
transferred from the cladding of the passive ébre to that of
the active ébre because the ébres are in optical contact
throughout their length. At typical ion (e.g. Yb) concen-
trations in the active ébre, its (optimal) length must be
20 ë 25 m for � 90% of launched pump power to be
absorbed. With a shorter active ébre section, the `excess'
pump power can be used in the ampliéer stage (or several
stages) of the system. Therefore, the oscillator ébre can be
shorter, and the residual pump power from the oscillator
can be coupled into the analogous two-ébre assembly of one
or several ampliéer stages.

Such a system, based on a passively Q-switched ébre
laser, is demonstrated for the érst time and tested exper-
imentally in this work.

2. Experimental

Our experimental setup is shown schematically in Fig. 1.
The master oscillator was made using a two-ébre (Yb/silica
glass) assembly 3 or 5 m in length, with the active ébre core
7 mm in diameter and the active (Yb) and passive (silica)
ébre claddings 125 mm in diameter. The beam was coupled
into and outcoupled from the active ébre using microscope
objectives. Passive Q-switching was ensured by a semi-
conductor saturable absorber mirror with a modulation
depth of 15% at 1080 nm. The beam was focused onto this
mirror by a lens with a focal length of 100 mm. A
polarising cube beamsplitter acted as the output coupler of
the laser and ensured linear polarisation of the oscillator
output. The orthogonally polarised beam reêected from the
beamsplitter was redirected to the cavity by a highly
reêective mirror.

Figure 2 shows a typical pulse shape obtained with our
system. The pulse is seen to be modulated by multiple,
relatively small peaks with a spacing equal to the cavity
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round-trip time (38 ns for the master laser with a cavity
length of � 5 m). The width of the satellite peaks is within
10 ns, and they point to partial mode locking. We failed to
achieve complete mode locking in the laser system under
consideration.

Passively Q-switched laser operation was suféciently
stable over the entire range of oscillator output powers
(up to 200 mW). Changes in the laser output power were
accompanied by changes in the pulse duration and repeti-
tion rate. Figure 3 shows these parameters as functions of
the oscillator output power. The pulse duration varied from
1.8 ms to 280 ns at the maximum output power, and the
pulse repetition rate varied from 45 to 140 kHz, respectively.
The master oscillator (and the entire system) was pumped by
a 12-W multimode laser diode (lp � 980 nm) coupled to a
116/125 mm ébre. The output beam was launched into the
passive ébre of the two-ébre assembly through a splice.
Because of the small length of the master oscillator, it
absorbed a small fraction of the pump power (2 ë 3 W), and
the rest was coupled into the passive ébre of the ampliéer
assembly. The oscillator output was launched into the active
ébre of the ampliéer using a microscope objective. The
average output power of the ampliéer was up to 5 W, which
corresponded to an output pulse energy of 36 mJ at the
maximum repetition rate (140 kHz) or 110 mJ at the
minimum repetition rate (45 kHz).

When the average output power exceeded 5 W, the laser
operation was unstable because of the incomplete optical
isolation between the master oscillator and ampliéer. The
input/output ébre ends were perpendicularly cleaved. At
relatively high beam powers, this facilitated the formation of
a coupled-cavity system even though a single-stage Faraday
isolator was used between the master oscillator and
ampliéer. As a result, the pulse sequence contained irreg-
ular, higher power pulses. Figure 4 shows a typical temporal
distribution of the output intensity in the unstable lasing
regime. The temporal distribution of the output intensity for
higher power, irregular pulses differs from that for pulses
generated during steady-state operation by the larger
amplitude of the closely spaced satellite peaks at the top
of the pulse.

When the average output power was below 5 W, stable
pulse generation was obtained at any beam power. The
ampliéer did not change the beam polarisation, even though
the active ébre used in it was not polarisation maintaining.
Nevertheless, the ampliéer output was linearly polarised,
which opens up the possibility of nonlinear spectral con-
version of radiation in this laser system.

3. Application in metal and glass processing

Owing to the relatively high pulse energy in the described
system (up to 110 mJ), it can be used for laser marking
(engraving) of both metal and glass surfaces. Figure 5
shows surfaces that were exposed to a focused beam with a
pulse energy from 30 to 50 mJ. The beam was focused by an
8� 0:2 microscope objective. The exposure produced

4 3

2

8

2

1

Ampliéer

5

3

M2

M1

3
6

7

Output

radiation

Master

oscillator

Figure 1. Schematic of a ébre laser based on a two-ébre assembly: ( 1 )
pump diode; ( 2 ) two-ébre assembly; ( 3 ) microscope objective; ( 4 )
polarising beamsplitter; ( 5 ) Faraday isolator; ( 6 ) focusing lens; ( 7 )
saturable absorber mirror; ( 8 ) splice between the passive silica pump
ébres; M1 and M2 are highly reêective mirrors for the master oscillator
and pump beams, respectively.
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Figure 2. Pulse shape obtained with the laser system (satellite spacing,
38 ns).
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Figure 3. (a) Pulse duration and (b) pulse repetition rate as functions of
the oscillator output power.
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microstructural changes on the stainless steel and chalco-
genide glass surfaces, associated with local melting and
evaporation of the surface layer. Note that, under certain
processing conditions, we observed short-term output
power modulation (at a level of 15% to 25%) because
some of the radiation reêected from the surface being
processed reached the ampliéer and, possibly, the master
oscillator. The modulation, however, did not produce any
irreversible changes in the performance of the laser system.

4. Conclusions

We have demonstrated for the érst time a relatively simple
passively Q-switched ébre laser system with a polarized
output pulse energy of up to 110 mJ at 1080 nm, pumped by
a single 12-W multimode cw source at 980 nm. Depending
on the pump power, the pulse duration varies from 280 ns
to 1.8 ms and the pulse repetition rate, from 45 to 140 kHz.
The maximum average output power is 5 W. It is to be
noted that the output power (and the pulse energy) of the
laser system can be raised easily by using a Faraday isolator
capable of ensuring better optical isolation between the
master oscillator and ampliéer.

The system was tested for its performance in metal and
glass processing. The results suggest that the proposed ébre
laser system, with a novel conéguration and a single,
relatively low-power cw source, is potentially attractive
for laser marking (engraving) of materials and for other
technologies where a comparatively high laser pulse energy
is needed.
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Figure 4. Temporal distribution of the laser output intensity in the
unstable lasing regime due to optical feedback between the master
oscillator and ampliéer at high output powers.
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Figure 5. Electron micrographs illustrating microstructural changes produced by a focused laser beam on the surface and in the near-surface region of
(a, b) stainless steel and (c, d) a chalcogenide glass.
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