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High-power diode lasers
offer efficient answer

High-power diode bars that are highly efficient and boast output powers of hundreds of
watts are now commercially available. Merrill Apter gives a tutorial on the technology.

It is widely recognized that high-power diode
lasers (HPDLs) are compact, portable and
highly reliable. Recent advances in their out-
put power and the efficiency of their electrical-
to-optical power conversion (more than 50%)
are making them increasingly attractive for a
wide range of industrial applications.

The main focus of thisarticle will be diode-
laser bars, which are made from broad-area
edge-emitting semiconductor chips, and gen-
erate high-power continuous-wave (CW) or
quasi-CW light. The aim is to provide new
users of HPDLs with an understanding of
their basic technical aspects and guidance on
how to specify devices when purchasing
them. Commonly used rules of thumb within
the industry are also presented.

The basics explained

HPDLs are designed for three distinct modes of
operation: classical CW; quasi-CW; and
pulsed or high peak-power. Their typical oper-
ational characteristics are defined in the box
(right). HPDLSs can be constructed as single-
emitter devices, 1D arrays (called bars), or 2D
arrays of stacked bars.

An HPDL bar consists of a thin piece of
semiconductor that features multiple broad-
area emitters arranged in a line, with a small
gap between each one. Bar dimensions are
typically 140 um high by 1mm deep by
10 mm wide, and contain between 10 and 60
emitters precisely spaced along the bar.

Thelaser light is actually generated within
asmall (lessthan 1 pm high by 150 pm wide)
active region in each emitter called the diode
junction, and exits through the edge of the
semiconductor. The resultis that an array of
small parallel light beams called “beamlets”
are generated by the emitters and propagate
away from the bar.

An important factor in bar design is its
fill-factor. This describes the percentage of
the bar that is occupied by emitters, and
equals the width of one emitter divided by
the centre-to-centre spacing between emit-
ters. A typical bar might have 19 emitters,
each 150 um wide, on 500 um centres,
resulting in a 30% fill-factor. Commercially
available conduction-cooled bars with a
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An HPDL mounted on a heatsink to remove waste heat that is generated during high-power operation.

Operational characteristics

Mode of operation cw Quasi-CW Pulsed

Pulse width n/a hundreds of ps hundreds of ns
Duty cycle 100% less than 5% 1 kHz

Rated output power 50W 100 W peak 30-50W peak-
from a conduction- power/bar power device

cooled package

30% fill-factor and 1 mm-long cavity can
produce up to 40 W of total CW power,
while water-cooled versions with an 80%
fill-factor can provide up to 100 W CW.
When output powers of more than about
100 W arerequired, bars can be stacked in a
2D array. In this case, bar pitch refers to the
centre-to-centre spacing between bars along
horizontal spacing or a vertical stacking
direction. These 2D arrays potentially emit
incredible amounts of CW power from a very
compact package. For example, a 10-bar 2D
vertical stack array with a pitch of 1.8 mm
might have an emission region measuring

o

16.2 x 10 mm. If each bar consists of 64
emitters generating 100 W, then the 2D
array will have 640 emitters and a total
power of 1 kW CW.

Beam characteristics

To describe the beam characteristics of a
diode bar, it is useful to visualize the beam
propagating in the z-direction, with the
height of the active region along the y-axis
and its width along the x-axis. Owing to the
asymmetric shape of each emitter’s active
region (typically 1 um high by 150 um wide),
the output beam from a baris elliptical and >
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astigmatic (beam-waist occurs at different
locationsin the x- and y-axes).

The beam in the y-axis is usually single-
transverse-mode or diffraction-limited. As
the height of the active region is so small,
beam-divergence is usually very high—up to
30-40° full-angle at half-maximum power
points. For this reason, the y-axis is also
often called the fast axis of beam divergence.

In contrast, the beam in the x-axis is
highly multimode, i.e. it has many trans-
verse modes, and usually has a smaller
beam-divergence of about 10° FWHM. The
divergence is reduced because the width of
the active region is so much larger than its
height. Owing to the reduced beam-diver-
gence, this axis is often referred to as the
slow axis of beam divergence.

How to specify HPDLs

Wavelength: One of the first questions to
consider when purchasing an HPDL is the
wavelength of operation. Devices are com-
mercially available with wavelengths span-
ning the 635-1600nm range, but with
some gaps in coverage. Semiconductor
material systemsinclude:

e AlGaInP/GaAs (635-700nm)

e AllInGaAsP/GaAs (780-1000 nm)

e InGaAsP/InP (1250-1700nm).

However, it isimportant to specify not just
the desired centre-wavelength, but also the
acceptable tolerance, as this strongly influ-
ences price. A useful rule of thumb is that the
broader the centre-wavelength tolerance,
the lower the price of the HPDL as the pro-
duction yield increases. A standard tolerance
on peak wavelength might be:

e =3 nm foran 800 nm laser

e +5nm for a 900-980 nm laser and red
diode laser

e +10nm for a 1400 nm or longer-wave-
length diode laser.

When emission bandwidth is important,
one may specify the full-width-at-half-
maximum (FWHM) of the output beam. This
is the spectral width, in nanometres, of the
laser at the 50%-of-peak-power points. Alter-
natively, one might specify the full-width at
10% of peak, or the 1/e* width, which is the
full-width at 13.5%-of-peak-power points.

High-power bars at 6xx, 8xx and 9xx nm
usually have spectral widths of 2-3 nm
FWHM, while the spectral width in the
14xxnm and longer range is considerably
broader, sometimes by a factor of 5-8.
Lifetime: Another important parameter is
the lifetime of the diode laser. This is a meas-
ure of itsreliability and describes how long a
typical device will operate before it fails.

Today, the latest high-quality manufac-
turing techniques ensure that most manu-
facturers quote figures of tens of thousands
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CS mount package for a laser-diode bar: the 1 cm-long bar is attached to a heatsink to remove waste heat
and the package measures around 1 x 1 x 0.25 inches (above). A timeline of the affordability and output
power of 1 cm laser-diode bar (below). Improvements have enabled the devices to become industrial tools.
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of hours. However, it is important to
remember that these lifetime figures are
only valid for a particular set of operating
conditions, which specify drive current,
device temperature and output power. Devi-
ations from the specified values are possible
without catastrophically damaging the
laser, but usually reduce its lifetime.

A further rule of thumb is that diode-
laser lifetime halves for each 10 °Cincrease
in case temperature above room tempera-
ture. Conversely, diode-laser lifetime can be
increased by reducing the drive current,
output power and temperature. Don’t cool
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the device too much as condensation form-
ing on the mirror facets could adversely
affect the laser operation.

Output power: In general, output power
scales linearly with increasing emitter
width. For semiconductor materials that
lase at 800 and 900 nm wavelengths, out-
put power facet density is around
20-30 mW/pm of emitter width. Red diode
lasers achieve about 5 mW/pm of emitter
width, and lasers of 1400 nm or longer
achieve 10-15 mW/um. Lengthening the
cavity of the emitter enhances its power
output. Cavity lengths are typically in the >

OLE * May 2005 * optics.ofd



OLEreprintnLightMay05

9/15/05 8:57 AM

PRODUCT GUIDE

0.6—1 mmrange.

Polarization: A parameter that is often over-
looked is the laser’s emission polarization.
Transverse-electric (TE) means that the emit-
ted beam'’s electric-field polarization vector is
parallel to the x-axis (plane of the diode junc-
tion). Transverse-magnetic (TM) means the
magnetic-field vector is parallel to the diode
junction plane, and the electric-field vector lies
in a perpendicular direction along the y-axis.

Packaging and cooling: Conduction-cooled
diode-laser bars are usually mounted on an
open heatsink and can be enclosed in an envi-
ronmentally sealed package to protect it and
ease handling. Depending on the level of
integration and sophistication, these enclosed
packages can include internal thermoelectric
coolers (ameans to cool the diode) and ther-
mistors (a means to measure and monitor the
diode laser’s case temperature). Water-cooled
or actively cooled bars mounted on micro-
channel “coolers” can also be housed in the
same types of sealed packages.

Low-power diode bars can also be con-
ductively cooled using a CS package or
something similar. A CS package is an
industry-recognized package in which a
single 1 cm x 1 mm diode bar is soldered to
the heatsink or anode. A typical CS package
measures 1 x 1 x 0.25 inches thick.

For higher-power bars emitting more than
50 W CW, water cooling is required to remove
the heat that is generated. In this case, the
solid copper block of the CS package is
replaced by one with water channels that
enable a turbulent flow of water to get close to
the diode-bar junction and remove heat.

Water-cooled packages include copper
macrochannel coolers (thermal resistance
of £0.5-0.6°C/W) and copper micro-
channel coolers (0.2—0.3 °C/W). Silicon
microchannel packages —not yet commer-
cially available —replace the copper with a
silicon mounting-plate, and have etched
microchannels that bring waterflow to
within 100 um of the diode bar, to achieve
thermal resistance of 0.1-0.15 °C/W.

The temperature of the diode laser may
need to be actively stabilized to maximize its
lifetime, or to stabilize its peak-emission
wavelength. The emission wavelength shifts
to longer wavelengths as the temperature
rises. The shift is material-dependent and
typical values are:
¢ 0.18 nm/°Cforred diode-lasers.
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¢ 0.28 nm/°Cfor 800 nm devices
¢ 0.34 nm/°Cfor 900 nm devices
e 0.4 nm/°Cfor 14xx nm devices

Optics/output options for diode bars
Microlens: Diode bars can be purchased with
amicrolens that is the same length as the bar
and collimates all of the diverging beamletsin
the fast-axis plane simultaneously. The diam-
eter of the collimated beam roughly equals
the focal length of the microlens and is usu-
ally 300-1000 pm FWHM.

Residual divergence after collimation is

typically 0.2—3° FWHM, depending on the
type of microlens used and how accurately
it is aligned. Microlenses are available in a
variety of shapes, such as circular and
aspheric cross-sections. Some manufactur-
ers supply diode bars with micro-optics to
collimate emission in the slow-axis plane as
well, but this isless common.
Multimode fibre: It is possible to purchase
diode bars with an attached multimode
optical-fibre bundle. The individual fibres
within the bundle (at the launch end) are
arranged in a linear array to enable one-to-
one butt-coupling to the diode emitters.

The delivery end of the fibre bundle usually
has the fibres arranged in a close-packed
hexagonal configuration that enables the
output beam to be coupled into a single mul-
timode optical fibre or other circular-shaped
aperture. The fibre bundle may be terminated
with an SMA or other fibre connector. For
example, emission from the fibre bundle
might have a diameter of 0.8 mm and a
numerical aperture of 0.12 (full-angle beam-
divergence of 14°). Using an appropriate
lens, the light from the bundle can be coupled
into a single multimode fibre with a core size
of 0.4 mm and numerical aperture of 0.25.
Quasi-CW output: Although diode bars can
also be operated in a CW or quasi-CW emis-
sion mode, the term quasi-CW is used most
often in the context of 2D laser-diode arrays.

For quasi-CW emission, drive current to
the diode array is modulated on and off in a
repetitive fashion so that each “emission
on” interval is followed by an “emission off”
interval. The duty factor of the quasi-CW
emission is the percentage of time that the
emission is on.

For example, if the “on” time is 1 ms, and
the “off” time is 4 ms, then the duty factor is
20%. Peak power refers to the emitted

power level when emission is on, whereas
average power refers to power averaged over
many on/off cycles. Average power is calcu-
lated by simply multiplying the peak power
by the duty factor.

2D diode-laser arrays designed for quasi-

CW operation can generate much higher
peak-power levels than those designed for CW
operation. This comes from the use of diode
bars with much higher fill-factors—80-90%
instead of the 30-50% fill-factors used for CW
bars. The higher fill-factor roughly doubles >
the peak power compared with a CW array
which uses the same number of bars.
Cost and pricing: Factors that influence the
price of HPDLs include required lifetime,
output power and brightness (W/unit emis-
sion area and per-unit solid-angle of beam-
divergence), wavelength and wavelength
tolerance, and the need for water-cooling.
Purchase quantity is another very impor-
tant cost factor. Per-unit pricing may be
reduced by 30-50% when purchasing in
volumes of 100-1000 units.

Packaged diode bars generally cost
$1000-3000 (€770-2300), depending on
output power, package design and the man-
ufacturer. A 40W bar usually costs
$1500-2500, depending on volumes and
specifications, while fibre-coupling can eas-
ily increase price by 50-100%.

The pricing of 2D arrays scales in terms of
the number of bars. Copper microchannel-
cooled arrays are priced at $1000-2000/bar.
The good news for usersis that, over the last
decade, as manufacturing processes have
become more robust, competition has grown
and diode lasers have steadily reduced in price.

Today, there are many options for design-
ing and specifying diode-laser bars.
Although there is some standardization
within the HPDL industry, it is more the
exception than the rule. For the most part,
every manufacturer provides a slight prod-
uct variant which may not be obvious at
first glance. Potential purchasers must
make sure that they understand how a
specification has been described and mea-
sured in order to get the best deal. O

Merrill Apter is vice-president of sales and
marketing at nLight Corporation, a volume
manufacturer of high-power laser diodes based in
Vancouver, Washington State, US. For more
information visit www.nlight.net.
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Elevate Your Competitive Edge.

In the foothills of one of North America’s tallest
mountain ranges, nLight produces the world’s
highest power diode lasers. nLight’s Cascades™
diode laser stack arrays deliver high power from
compact, easy-to-integrate packages.

With vertical (up to 20 bars high) and horizontal

(up to 12 bars across) formats in addition, to a broad
range of wavelengths (790- to 980-nm and 1435- to
1600-nm), Cascades™ is the ideal high power diode
laser for a wide range of applications.

Elevate your competitive edge by contacting us to
discuss your application at 360.566.4460 or visit
www.nLight.net.
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