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ABSTRACT

We outline the construction of a fiber laser reference design composed of a fiber laser
subassembly and an Alfalight Combined Power Module. We highlight several design
considerations to be taken into account during construction of the system, paying special
attention to issues related to the pump laser module. We conclude with a summary of the
performance of the reference design: a continuous-wave (CW) fiber laser operating with
an output of 1085nm at 11 watts.

INTRODUCTION

Fiber lasers have made significant progress in capability in recent years, including output
power, beam quality, and operational robustness. Fiber laser types run the gamut,
including continuous-wave (CW) with powers from a few watts to over a kilowatt, and
pulsed lasers with pulsewidths from a few tens of femtoseconds to quasi-CW at a few
milliseconds. Fiber lasers and amplifiers have been commercially available for about a
decade, but their application has primarily been for research and laboratory applications.
With the improvements made in gain fiber and fiber Bragg-grating mirrors, higher
powers and therefore more widespread applications are enabled.

Fiber lasers are optically pumped, and are typically quite efficient; some CW designs
show efficiency of 75% or more. Ultimately, any fiber laser design requires pump light,
with a wavelength matching the absorption band created by the rare-earth dopant in the
fiber. Most common gain fiber is doped with erbium-ytterbium or erbium , and are
typically pumped at 915nm or 976nm.

In this whitepaper, we focus on the issues related to selecting and integrating a pump
laser module in an example reference design based on a 10 watt CW fiber laser.

REFERENCE DESIGN INTRODUCTION

Below, in Figure 1, we show a block diagram of a fiber laser reference design using an
Alfalight Combined Power Module operating at 915nm and 20 watts and a commercially
available fiber laser subassembly. A commercially-available DC power supply is capable
of providing 15 volts and 5.5 amps with current-limited output provides power to an
Alfalight CPM-20 operating at 915nm. The Combined Power Module provides 20 watts
of pump light via a 125um / 0.45NA fiber; inside the CPM-20 are seven individual laser
diodes whose output is combined with a 7:1 tapered fiber combiner.

The output fiber of the CPM-20 is fusion-spliced to the input of a commercially available
fiber laser subassembly. This type of subassembly is available from several different
suppliers in a variety of packages and form factors. The output of the subassembly used
for this reference design produces 11 watts of 1085nm light.
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Figure 1. Block diagram of the CW fiber laser reference design, showing how building a fiber laser can be
as simple as connecting two purchased optical subassemblies. The CPM-20 is powered by a low-current
power supply, producing 20 watts of 915nm multimode output. This output is spliced or connected to the

input of the fiber laser subassembly, which provides 11 watts of 1085nm diffraction-limited output.

DESIGN CONSIDERATIONS: PUMP MODULE

Wavelength

Several parameters govern the choice of pump module for a fiber laser system. Primary
consideration is pump wavelength, which for most fiber laser system is typically either
915nm or 976nm. The 915nm wavelength corresponds to the broader, lower absorption
band (several tens of nanometers), and the 976nm wavelength pumps a narrower line
(typically about 8nm FWHM). The 976nm band, although possessing roughly three
times higher absorption, typically requires some level of control of the pump wavelength
so that it does not drift away from the pump band over temperature variations. The
915nm band is convenient because it is so broad that the pump laser can be allowed to
drift over temperature.

In Figure 2 on the following page, we show the output spectrum as a function of drive
current for both a 915nm and a 976nm 20 watt Alfalight Combined Power Module. This
data illustrates that the design of the CPM-20 ensures that the temperature of the
baseplate/housing and the temperature of each individual diode junction track closely.
Therefore, the spectral width and shape are preserved over both varying operating
temperature and current. Laser diode wavelength shifts by approximately 0.35nm/°C.

Power dissipation
At either wavelength, the CPM-20 must be properly heatsinked to dissipate the excess
power not turned into laser light. Operating at 20W optical output, the CPM dissipates

approximately 50 watts of heat energy. The CPM can be mounted in any orientation,
provided the baseplate temperature is controlled. Example configurations include:
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Passive heatsinking — Bolting the CPM base to a large plate or finned heatsink,
relying on convective cooling only.

Active heatsinking — Using a chassis fan, or a dedicated fan for the CPM
heatsink itself. The fan size and heatsink configuration can vary greatly, but a Pentium 4
style fan/heatsink combination in still ambient or flowing chassis air has proven sufficient
to cool a CPM running at full 20W output (contact us for recommended part numbers and
further details).

Water Cooling — If water cooling is already available as part of the design, this is
also acceptable; commercially available pre-plumbed cooling plates are commercially
available (contact us for part numbers). Note that water cooling is not necessary for the
CPM, but can be used if otherwise desirable.

For wavelength-critical 976nm applications where a narrow pump band is being driven,
the tighter temperature control of water cooling is recommended. In some configurations
with good environmental control a thermostatically-controlled fan may be sufficient for
stabilizing the laser temperature, but this particular configuration has not been tested in
our laboratory as yet.

0.8 A 0.8 4
) )
@ 0.6 - L‘E, 0.6
2 2
® B
c C
L 04 204
£ £
0.2 4 0.2
0 - T ; ¥ 0 T f T T
900 905 910 915 920 925 960 965 970 975 980 985
Vacuum wavelength (nm) Vacuum wavelength (nm)
1A23C—=——=2A24C—=—=3A25C—=——=4A26C—5A27C 1A 23C——2A 24C——3A 25C——4A 26C——5A 27C

Figure 2. Spectral profiles of Alfalight CPM-20 output versus input drive current. Note the uniformity of
the spectral shape and constancy of linewidth of both 915nm and 976nm versions. The shift in wavelength
with drive current is due to the change in temperature of the laser diode caused by the varying drive
current. At standard output drive current of 5.0 amps, the output wavelength varies by 0.3nm/°C.

Finally, we note that the CPM-20 includes an integral thermistor, which can be used to
monitor or to actively regulate the temperature of the module. The thermistor is a
standard negative temperature coefficient thermistor with an exponential transfer
function, compatible with a wide range of standard regulator and converter chipsets. For
a minimum failsafe design, we recommend the thermistor output be used as part of a
safety alarm or shutoff to prevent extended over-temperature of the laser. For some
976nm applications, the thermistor is an ideal method to provide the temperature
regulation required to maintain wavelength stability.
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Power supply

The CPM-20 operates using low current, typically 5.0 to 5.3 amps at 13.5 to 14.5 volts.
Though it does require a current-regulated supply, the low current makes it convenient to
use either a simple current supply or a standard, low-cost, off-the-shelf voltage supply
with a simple one- or two-device bypass regulator.

In Figure 3 we show typical power-current-voltage transfer functions for both 915nm and
976nm CPMs, illustrating the threshold current and slope efficiency of both modules.

Overvoltage and reverse voltage protection is standard in the CPM-20, providing basic
protection against diode failure. Nevertheless, one should integrate soft turn-on and off
circuitry into the drive circuity to protect against potentially damaging current spikes.
Note that many commercial benchtop power supplies suffer from significant overcurrent
spikes at turn-on and precautions must be taken when using these supplies (see our CPM
application note/manual at http://www.alfalight.com/technical.asp for further details).
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Figure 3. Optical output power and forward voltage versus drive current (LIV) for an Alfalight Combined
Power Module. Typical data shown for20 watt 915nm and 976nm modules. Operating current for full 20
watt output is typically 5.0-5.2 amps at 13-15V, compatible with many low-cost, off-the-shelf power
supplies.

Beam delivery

When choosing a pump module as part of a fiber laser system, choice of output fiber and
coupling method is as important as pump wavelength and power considerations. The
CPM-20 is available with both 125um and 200pum output fiber, to be compatible with a
range of input pump fibers.

The 125um fiber has an extremely high 0.45NA and achieves this through the use of a
polymer (“soft”) cladding which also serves as the fiber coating. The low numerical
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aperture of the polymer cladding allows a very high-brightness and small core diameter,
which is ideal for many fiber laser applications. This type of fiber is intended to be
spliced directly into the fiber laser input, and can be readily re-coated using standard
methods and techniques (i.e., the polymer has a standard cure schedule and the diameter
is compatible with standard diameter tooling). This type of fiber is typically not
connectorized due to the polymer cladding.

The 200um fiber option is glass-clad to 220pum diameter and acrylate coated up to 250um
outer diameter. This is also compatible for fusion splicing with a wide variety of fiber
gain module inputs. Because it is glass-clad, it is also possible to connectorize it, either
for butt-coupling, providing demountable convenience to the end design, or to use free-
space optical mode conversion. This is used for some types of fiber amplifier and laser
designs, such as high-fluoride gain fiber, which is challenging to fusion splice. This fiber
output option can be provided with a range of connector types, but SMA 905 connectors
with an antireflective coating is preferred for many applications. This fiber NA makes it
suitable for further fused taper combining for higher power applications.
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Figure 4. Far-field spatial profile of a CPM-20 output beam (shown for a 915nm module with 125um
output fiber), with a Gaussian fit superimposed. Although the output of the CPM-20 is multimode, high
spatial uniformity (and therefore uniform optical coupling to a pump fiber) is achieved due to the
homogenization afforded by combining multiple single emitters.

Above, in Figure 4, we show the spatial far-field profile from the output of a 915nm
CPM-20 with 125um output fiber. Although the CPM-20 is made with multimode diode
lasers, combining them using the tapered 7:1 fiber coupler into one high-brightness
output has the side effect of further spatially homogenizing the output beam to a near-
Gaussian profile. For some fiber laser pumping applications, this can ease the process of
free-space mode conversion.

FIBER LASER SUBASSEMBLY

A‘ ALEALIBHT  Fiber laser reference design powered by a CPM-20 (v1.7) + 10/12/04 = 6/10



A wide range of fiber laser components and subassemblies are now commercially
available. These can be purchased as individual pieces, including grating mirrors, gain
fiber, isolators and pump filters. More recently, complete subassemblies that come fully
assembled, either as loose assemblies or mounted in a variety of chassis, have become
available. These subassemblies comprise a complete laser cavity with gain medium, high
reflector mirror, output coupler, and frequently, a housing. Both standard and custom
subassemblies are available from nearly all manufacturers.

The manufacturers of these subassemblies assume a variety of challenges in providing a
ready-to-use module. Some of these challenges, which we only highlight here, are:

o Exceptionally low-loss intracavity splices between dissimilar fibers and fiber grating
mirrors

High-strength and low-stress splices at the input and output interfaces

Optimization of cavity length and gain fiber for various lasing wavelengths
Specification of the end-cavity Bragg-grating mirrors

Low-stress mounting of the optical fiber

Mode control through coiling/mode-stripping of the fiber

Connectorization or end treatment of the input and output fibers

© O C O O O

If you are specifying a custom gain module or laser module, you will have to specify
some or all of the above parameters. However, for many of the standardized cavity
designs, you need only choose a wavelength, output fiber/connector, and a pump input
fiber that is compatible with the 125pm or 200um output of the CPM-20.

These are some of the design parameters available when choosing a CW cladding-
pumped fiber amplifier subassembly. If you are designing a pulsed fiber laser or fiber
amplifier, there may be a few additional parameters to specify when ordering an
assembly.

REFERENCE DESIGN PERFORMANCE

Shown as a plan-view photograph in Figure 5 below is a fiber laser reference design. The
CPM-20 pump module is at top right, and the fiber laser subassembly is top left. The
orange output delivery fiber is coiled at the bottom next to some instrumentation. In this
embodiment, the fiber laser subassembly happens to use a housing intended for a high-
power (100 watt) fiber laser subassembly; a 10 watt subassembly housing would be
approximately the same size as the CPM. Note that in this application the CPM-20 is
passively cooled: it is simply bolted to the 12mm thick aluminum baseplate (pictured)
with a high-conductivity thermal pad.

This system was built simply by specifying and ordering a standard fiber laser
subassembly from a manufacturing supplier, and splicing it to a 915nm CPM-20. A
laboratory bench power supply with current regulation capability drives the CPM-20
input. The output of the fiber laser is delivered via a small glass ferrule bonded to the
output fiber; the ferrule serves to make the output robust enough to be cleaned using
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standard “drop and drag” optical cleaning methodology. A short focal length lens
collimates the output beam to a waist of approximately 2mm, sufficient to burn many
materials at a distance if one is not careful.

Figure 5. Laboratory breadboard setup demonstrating the fiber laser reference design. Top right, in gold,
is an Alfalight CPM-20 (915nm). Top left, is a high-power fiber laser subassembly from a leading
manufacturer of gain fiber. These two modules were simply spliced together, DC power applied to the
CPM-20, and over 11 watts of near-singlemode light is emitted from the orange fiber below.

We characterized the performance of the reference design by measuring the output beam
quality and fiber laser pump conversion efficiency. These results are summarized in
figures Figure 6 and Figure 7 below. In Figure 6, the near-diffraction-limited nature of
the output beam is illustrated, with M? < 1.1 for both beam axes, and good overall beam
uniformity as shown in the beam cross-section inset. In Figure 7, the optical conversion
efficiency of over 68% and optical threshold of 1.6 watts is demonstrated.

In some applications, it may be beneficial to add additional optics to the output,
potentially using aspheres for higher-quality collimation, a pump-rejection filter, or
focusing optics.

CONCLUSION

This fiber laser reference design demonstrates the ease with which a fiber laser can be
built using available, off-the-shelf components. Left with only the tasks of component
specification and a single, easy-to-make, high-tolerance fiber splice or connector-to-
connector interface, an engineering design team’s efforts can focus on system-level, user
interface, and applications activity and less on the fiber laser design itself.

Alfalight has demonstrated its pump laser, the CPM-20 Combined Power Module, with a
standard fiber laser subassembly will produce over 11 watts of 1085nm near singlemode

output. Although this activity is demonstrated as a reference design, the reference design
laser has many direct applications itself, including marking, cutting, material processing,

analytical/sample preparation, and medical.
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Figure 6. Measurement of output beam waist of the fiber laser reference design, showing superb M* values
of less than 1.10 for both axes, demonstrating near diffraction-limited ouput of the 1085nm beam. Inset:
CCD camera image of beam profile taken at minimum waist, showing low ellipticity and excellent beam

homogeneity.
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Figure 7. Optical pump power conversion efficiency. The slope efficiency exceeds 68% (W/W) and the
optical pump threshold is below 1.6 watts at 915nm. Note the exceptional linearity of the fiber laser pump
conversion.
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FOR MORE INFORMATION

For additional information on the CPM-20, including information on where to purchase
fiber laser subassembly components, or to discuss your requirements in more detail,
please contact Rob Williamson at (608) 213-7255.

Support is also available by email at sales@alfalight.com; we typically respond to email
within one business day.

RESOURCES
Additional Alfalight information

e (CPM-20 datasheets: www.alfalight.com/backstage/pdf/QS4228CPM.pdf

e Application note and user manual for the CPM-20:
www.alfalight.com/backstage/technical/pdf/CPMInstructionsv1.3-web.pdf

e Thermistor applications: www.alfalight.com/backstage/technical/pdf/QS4204ThermistorParameters.pdf
e General information on all Alfalight products: www.alfalight.com/products.asp

Some gain fiber and fiber laser subassembly vendors

e Nufern www.nufern.com/parent pages/products.htm

e Verrillon www.verrillon.com/products.asp

e OFS Specialty Photonics www.ofsoptics.com/product_info/fiber.shtml - double
e Fibercore www.fibercore.com/products.php (Section 6)

e CorActive WWw.coractive.com/
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