
Guide to 
Custom High
Power Laser
Diodes 

How To Select Series

You are designing a product that incorporates a high power laser diode. The first
question to ask is, “Do I need a custom design?” Beyond that, you need to
understand the costs and technical issues involved in customizing diodes. Where
do you start? Who understands how to navigate the development process?

This Guide to Custom High Power Laser Diodes provides product designers
with insights, technology tips, and reference materials for specifying custom
diodes. This guide will help you speed up the design process, lower costs, and
make the process of working with laser diode manufacturers a bit less painful!

• Guidelines for Laser Diode Specifications
• Finding the Right Diode Manufacturer: The Importance of Flexibility
• QWI Enabled: Driving the Development of Next Generation Systems
• Major Semiconductor Laser Materials and Wavelengths
• Laser Applications
• Wavelengths
• Periodic Table of the Elements
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How To Select Series

hile some design engineers know
exactly what they need from their laser
diode, others may choose a partner to
navigate what can be a complex devel-

opment process. Laser diode manufacturers
know which specifications have the greatest
impact on costs and can help you find the most
cost-effective solutions for your application.

In the interest of meeting your needs and
ensuring a successful project, a good laser
diode manufacturer should be willing to explain
why some wavelengths are less expensive than
others, when one package is more appropriate
than another, and why testing is critical before
committing to a production order. 

For example, the high power laser diodes
shown in Figure 1 need thermally compatible
heat sinks that may compromise package size.
Contacting the diode manufacturer early in the
design process can save time, money, and
frustration.

Find a supplier with the expertise to produce
the lasers. The supplier must have the flexibility
and knowledge to customize a product and the
capability to manufacture it in the volumes
needed. Developing close, interactive communi-
cation with a supplier willing to provide
one-on-one service is a must.

Figure 2 shows the 10-step process that will
help you determine your laser diode needs and
your supplier’s ability to meet those needs.
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Figure 2. 10-step process for determining  your laser diode needs.

Figure 1. High power
laser diodes.



Design Considerations

The design and prototyping process can be
quite involved. It may require extended and
close interactions with the diode manufacturer
when establishing basic design needs. Issues to
discuss include performance levels, product life-
time, special environmental testing, delivery
schedules, drawings, spec sheets, source and
quality inspections, and budgets. These require-
ments are preliminary and can change as you
work with the manufacturer to balance the
whole package of specifications to fit the appli-
cation. This balance, necessary for a
cost-effective and reliable product, happens
only if your supplier can describe the potential
trade-offs.

Avoid open packages.
Open packages are space-efficient and easily
accessible, but they leave the fragile laser
exposed to contamination and mechanical
damage. Most suppliers will not guarantee open
packages because the possibility of damage is
so great. Sealed packages protect the device
from mechanical damage and provide a particle-
free and dry atmosphere for the laser.

Consider active temperature control.
An increase of 10°C may reduce a laser’s
lifetime by 50 percent. Many sudden and longer
term failures have been traced to inadequate
laser cooling. Passive cooling can be
appropriate for some big applications, but even
then an engineer should determine the
temperature under worst-case conditions and
plan appropriately.

Always use laser drivers with the appro-
priate protection.
The most common cause of failure in laser
diodes is current transients. Look for well-
qualified commercial laser drivers. Testing and
constructing a custom driver requires expertise
and specialized equipment to ensure that the
driver adequately protects the laser under all
conditions. Electrostatic discharge, usually

caused by poor handling techniques, also plays a
large role in laser diode failure. Anyone working
with laser diodes must be thoroughly familiar
with techniques for preventing this problem.

Operate the device at rated or 
lower output.
Standard-brightness laser diodes may emit as
much as 4 to 5 W per 100 um of aperture,
depending upon wavelength; high-brightness
devices may emit twice as much or more for the
same stripe length. However, increasing
brightness increases cost and may affect
lifetime. Many OEMs who use devices in critical
applications operate them below the rated
power. In lower duty cycle applications, it may
be possible to exceed the rated power, but one
should assess the reliability consequences
beforehand.

Use standard wavelengths and loosen
tolerances where possible.
Most manufacturers produce devices that cover
a definitive wavelength range. Within this range,
some wavelengths will be more commonly avail-
able than others and are more likely to be in
stock. For example, a company’s lasers might
cover the range from 635 to 980 nm, with stan-
dard device wavelengths at 635, 650, 670, 785,
808  830, 910, and 980 nm (see Figure 3). If an
application demands a special wavelength, it
may require growing a custom wafer, which can
add costs of $10,000 to $30,000.
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How To Select Series

Use standard packages.
The industry has developed a number of stan-
dard packages, including C-mount, TO-3, and
HHL, and each laser diode supplier has test and
burn-in fixtures designed for them. Using stan-
dard packages reduces cost and delivery times
because the supplier doesn’t need to pass on
extra expenses of custom fixturing. Moreover,
custom packages typically require three- to four-
month lead times and may also require an
investment in custom tooling. In large quantities,
however, custom packages are not necessarily
much more expensive than the standard ones.
Finding a package supplier willing to do custom
work is another issue.

Don’t specify characteristics that are
hard to control.
Some characteristics, such as tight wavelength
tolerance uniformity, are difficult to control during
wafer growth. The 808 nm diodes used to pump

solid-state lasers typically have ±2 or 3 nm center
wavelength tolerances: a tighter tolerance will
increase the cost substantially. The supplier
works from wafers with some non-uniformity.
Entire units must be assembled and burned in
before being screened to meet the wavelength
specification. In this case, the supplier bases
prices on costs relating to estimated yields.
Remember, tight specifications translate to
higher product costs. It is more cost-effective to
provide for wavelength tuning by temperature
than to require a specific wavelength.

Consider active alignment for tight
positional tolerances.
In general, passive alignment is desirable. But
specifying positional tolerances of less than 100
µm results in two problems: alignment requires
special fixturing, and the device usually requires
a custom package (standard packages may have
machining tolerances of up to ±125 µm). In many

cases, active alignment can be more
practical for systems with tight
positional tolerances. Once again,
tighter specifications mean higher
product costs.

Don’t overspecify spatial output.
Specifying the spatial output as power
into an ∫ number of some full width half
maximum is far less costly than speci-
fying a shape. Don’t specify profiles or
near-field patterns unless absolutely
necessary. Many spatial characteristics
are difficult for the manufacturer to
control. This creates additional costs
through the screening process and
yield losses.

Specify only requirements that
are important to the application.
Unnecessary specifications always
raise the final cost of the product
because the manufacturer must test
each quantitative specification for
compliance.
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Prototype Considerations

Always verify operation using prototypes
that cover the specification extremes.
During the prototype test phase, it is not
uncommon to discover that specifications need
modifications. For example, the coupling effi-
ciency through an optical system can often vary
considerably from the theoretically calculated
values. This type of production surprise is best
discovered before total commitment.

Check a significant
number of evaluation
samples before
committing to
production.
In one case, a customer
bought one prototype
device that worked
well in his system. He
then ordered 1000
diode lasers. After
installing the first 100
in his system, he
discovered that the
tolerance for one
parameter was set too
wide, resulting in a 50

percent yield. A new specification required
modifying the material. Besides paying for the
new devices, the customer had to pay for those
in his original order. Sufficient prototype testing
could have prevented this problem.

Partner with your suppliers.
Sharing proprietary information requires trust.
Laser diode manufacturers are accustomed to
handling proprietary information and, in many
special laser applications, sharing of information
is mutual. The supplier and the OEM must

communicate freely to
minimize costly errors.

Repeated iterations in
developing custom devices
are not uncommon. An
OEM who understands the
supplier’s position,
communicates effectively
with the supplier, and
takes advantage of the
supplier’s expertise will be
able to make the custom
development process as
efficient and as cost-effec-
tive as possible.
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HIGH POWER SINGLE MODE LASER DIODES
The HPD Series 6000 are high beam-
quality, single-mode lasers with up to
200 mW of output power, available in
wavelengths from 800 to 980 nm.
They offer outstanding reliability, with
data in excess of 11 million operating
hours. Intense’s patented Quantum
Well Intermixing technology increases
brightness and reliability while elimi-
nating problems with catastrophic
optical mirror damage. Packaging
includes 5.6 and 9 mm and C-mount.
Monitor photodiodes are optional.

www.intenseco.com
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hen contacting a supplier, be ready to
explain what is special about your
requirement. If the OEM product engineer
isn’t sure what is needed, the supplier’s

application engineer can help determine whether
it is likely to involve customization and to what
extent. The project may require custom or
specialized wafer growth, spectral characteris-
tics, packaging, and budgetary as well as

environmental/thermal considerations.

Talking over a project is easier if each party
understands the other’s thinking. The customer

wants to get a job done. The diode manufacturer
wants to figure out whether the project will eventu-
ally transition to medium or high volume production
quantities. Suppliers must gauge financial as well as
opportunity costs of projects against the size of non-
recurring engineering (NRE) charges a customer’s
budget can absorb and the long-term ROI from
projected future production revenue streams.

The expertise and core competency of the
supplier is important. Suppliers are aware of their
own strengths and will accept projects that fit
their expertise. Flexibility also plays a large role.
Many companies gear their operations around
standard product assembly line practices and
cannot easily accommodate custom projects.

Custom suppliers can provide a rapid response
and are willing to take on more specialized proj-
ects. Flexibility and one-on-one service are major
advantages.

Volume is another factor in screening projects.
Although there are large variations in product
process, depending upon the volume, one can make
some broad generalizations. If the project requires:

❚ One or two custom pieces for experiments will
most likely result in engineering samples that
include NRE amortized in the pieces and will
result in a premium price for the samples. This
will allow the manufacturer to recoup the costs
of producing the custom product.

❚ If a customer is willing to place orders for ten
to one hundred pieces for the same custom
project, the manufacturer can amortize the
NRE charges across the increased volume and
offer the customized product at a lower price. 

❚ With ten to hundreds of prototype devices and
an expectation for full production later, custom
wafer growth may be possible with costs
amortized over prototype and production
devices. Although custom package design is
possible, standard packages are still more
reasonable at this volume.

❚ Production quantities of hundreds to thousands
of units over 12 -18 months, custom wafer
growth and custom packaging become
economical.

When all is said and done, you need a balanced
supplier, one who can handle custom projects as
well as standard products. Flexibility and one-on-
one service can be major advantages.

Finding the
Right Diode
Supplier: 
The
Importance
of Flexibility

Hermes™ 

High Power Laser Diodes

The Hermes family of High
Power Laser (HPL) diodes is

designed for use in a wide
range of aerospace, defense,
pump source, and materials

processing applications.

Intense’s patented QWI
design process allows the

HPL products to deliver
superior power, unrivalled

brightness, and high
reliability and efficiency.

Single emitters, conductively
cooled packages, and micro

channel cooled packages are
available as standard

products. These same
packages can also be fiber

coupled. Hermes lasers
operate reliably in both

continuous wave (CW) and
quasi-continuous wave

(QCW) modes.
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he latest advances in diode laser tech-
nology are driving the development of
next generation systems. Through
advanced semiconductor design and

patented Quantum Well Intermixing (QWI) tech-
nology, Intense is delivering laser products with
superior brightness, longer lifetimes, and
increased reliability. The company’s new
Quantum Well Intermixing process is revolution-
izing the way lasers are solving mission critical
applications by producing integrated chips at
performance levels and yields previously unseen
in the industry. 

QWI is an integration technology
that allows the properties of a
semiconductor quantum well struc-
ture to be modified after growth.
The process combines active and
passive components on the same
chip. Intense’s proprietary QWI
technology is used to fabricate
complex laser diodes, laser diode
arrays, and photonic integrated
circuits in a production environ-
ment. The end result is next
generation laser technology that is
easily incorporated into a wide
range of applications. 

QWI Technology Delivers
Innovation
Intense’s patented Quantum Well
Intermixing (QWI) process is setting

new standards for semiconductor laser perform-
ance, reliability, and manufacturability. 

Smaller Form Factor, More Flexible
Packaging
QWI technology enables the integration of
passive regions at the facets of laser emitters,
arrays, and bars. This allows for the develop-
ment of small form-factor, cost effective, and
extremely versatile optical systems. The disrup-
tive nature of Intense’s revolutionary QWI laser
technology dramatically changes the dynamics
of existing products and, at the same time,
creates whole new market segments that require

the precise delivery of optical
energy – in defense, imaging,
marking, and industrial
markets. 

Intense’s QWI process is also a
powerful tool for integrating
multiple semiconductor
components into complex,
monolithic photonic integrated
systems.  Examples include
both active devices (such as
optical amplifiers and modula-
tors) and passive components
(including low-loss waveguide
interconnects, splitters, and
couplers). 

Impurity Free Process 
A number of QWI techniques

Driving the Development of Next Generation Systems
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have been developed by various companies,
including impurity-induced, implantation-

induced, and laser-induced intermixing.
Intense’s approach, which avoids intro-
ducing electrically active dopants, provides

superior results as no optical absorption is
allowed within the intermixed area. 

Intense makes use of
dielectric caps on the
surface of the semi-
conductor to create
vacancies on the group
III lattice site. The
vacancies diffuse
through the semicon-
ductor and, as a result,
individual atoms hop
from one lattice site to
another. This enables
the quantum well to
intermix with the adja-
cent barrier material.

This can best be understood by looking at the
QWI of a GaAs quantum well with AlGaAs
barriers. Because the central GaAs layer is
narrow, the electron and hole levels are quan-
tized; therefore, the effective bandgap is wider

than that of bulk GaAs. Intermixing causes Al to
diffuse into and Ga out of the well, modifying the
shape of the well and increasing its average
bandgap. As the bandgap energy of the inter-
mixed QW is now greater than that of the original
well, the intermixed structure can be used as a
passive waveguide with very low loss. The end
result is significant gains in component reliability,
optical performance, and manufacturability.

Revolutionary Laser Reliability 
The power and reliability of a typical laser device
are fundamentally limited by absorption in the
facet region, giving rise to Catastrophic Optical
Mirror Damage (COMD). A related major issue
with conventional high power lasers is filamenta-
tion, which creates a hot-spot on the laser facet,
limiting the optical power and causing COMD.

In response to the more sophisticated require-
ments of today’s markets, Intense has developed
its QWI processes to create active and passive
sections in the same laser cavity. Passive wave-
guides are located at the laser facets to form
Non-Absorbing Mirrors (NAMs), passivating the
facet regions of the laser. Semiconductor lasers

with NAMs have been
shown to operate at
much higher powers
than conventional
devices. For example, a
dramatic improvement in
single mode power can
be achieved by including
NAMs with a large QWI
shift such that the risk of
COMD is negated, giving
a high performance
single mode laser that
can operate at enhanced
optical power (>1 W)

with exceptional reliability. By comparison, a
conventional laser without NAMs suffers COMD
at low optical power.

The Intense QWI process has created a new
standard for reliability and performance of semi-

INSlam™ 

Individually Addressable Laser
Array Modules

The INSlam™ family of laser
products is revolutionizing the

delivery of laser energy,
reducing complexity and
delivering unrivalled cost

savings and significant
reliability increases for

materials processing and
imaging/illumination systems.

Each module contains
individually addressable single

mode or multimode lasers
arrays of up to 100 emitters on
one monolithic chip. Depending

on need, drive electronics,
optical monitoring, and micro

and/or macro optics are
incorporated allowing a single

compact unit to replace a
much larger, more complex

traditional sub-system.
Whatever the configuration,

Intense’s patented QWI design
process provides unparalleled

performance and reliability.

Figure 1. (a) As-grown GaAs/AlAs quantum well structure.
(b) Same structure after quantum well intermixing using
impurity-free vacancy disordering.

Figure 2. QWI enabled laser array with passive waveguides
in the facet regions.
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conductor laser diodes. In excess of 20 million
total emitter hours have been collected at high
optical powers. The exceptional lifetime enables
very large monolithic arrays of up to 100 laser
elements to be manufactured with per emitter
lifetimes measured in millions of hours in contin-
uous wave (CW) or pulsed operation. 

High Yields Mean Lower Costs, Ready
Availability for OEMs  
The NAM regions have low optical loss and are
fabricated so they occupy a significant fraction

of the length of the cavity. This relaxes cleave
tolerances during fabrication, enabling a high
yield manufacturing process. Large arrays of up
to 100 single-mode lasers can be integrated
onto a single chip with excellent laser parametric
uniformity. This guarantees virtually unlimited
availability of high performance, lower cost
lasers to meet any size production run. 

These large, multi-element laser chips, together
with drive ASICs and micro-optics, form the
building blocks of complex optical systems, all

packaged inside robust,
small form-factor
modules. 

Exceptional
Uniformity, Beam
Control, & Brightness  
NAMs bring strong
advantages to applica-
tions that require exact
beam control, including
high precision printing.
The facet regions remain
relatively cool during
operation, providing an
exceptionally well-
controlled single mode
beam, both in terms of
spot size and pointing
stability. Such advanced
emitters and arrays
enable the development
and manufacture of a
new generation of high
resolution printing
devices. In addition, the
combination of QWI and
Intense’s novel epitaxial
designs produces lasers
with the high brightness
needed to meet the
demanding needs of a
wide range of defense,
imaging, and industrial
applications.

p o w e r  • b r i g h t n e s s  • r e l i a b i l i t y

Intense Ltd., Glasgow, Scotland, Tel: +44 (0) 1698 827000
Intense-HPD, North Brunswick, NJ, Tel: +1 732-249-2228

E-mail: sales@intenseco.com •  Web: www.intenseco.com

High Power Diode Lasers

• Multi Mode Single Emitters (635nm to 1064nm)

• High Power Single Mode (800nm to 980nm)

• Fiber Coupled Modules (635nm to 1064nm)

• Individually Addressable Arrays (800nm to 980nm)

• QCW Stacks (800nm to 980nm)

• Turnkey Custom OEM Systems

Discover the power of Quantum Well Intermixing 
and Intense QWI enabled products at
www.intenseco.com/lfw2007

Next 
Generation 
Lasers

Series 6000
QWI Enabled High
Brightness Single Mode
Lasers

The Series 6000 are
very high brightness,
single mode 830 nm
lasers with up to 200 mW
of kink-free power.
These high beam
quality lasers have low
astigmatism and a
Gaussian far field. These
are ideally suited for
defense applications
such as targeting,
rangefinding, and
illumination applications. 



MATERIAL WAVELENGTH RANGE COMMENTS

GaN 405-450 nm Commercial applications

ZnCdSe 490-525 nm Laboratory applications

AlGaInP/GaAs 620-680 nm Commercial applications

Ga0.5In0.5P/GaAs 670-680 nm Commercial applications

GaAlAs/GaAs 750-870 nm Commercial applications; works at
shorter wavelengths but short-lived

GaAs/GaAs (pure) 904 nm Commercial applications

In0.2Ga0.8As/GaAs 980-1050 nm Strained-layer, commercial

InGaAsP/InP 1100-1650 nm Commercial applications

PbCdS 2.7-4.2 µm Requires cooling

PbSnTe 6.5-20 µm Requires cooling

PbSnSe 8-30 µm Requires cooling

Source: Hecht, Jeff, Understanding Lasers, John Wiley & Sons, 2001.

How To Select Series
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Military & Defense

❚ Target designation/illumination

❚ Night vision

❚ Rangefinding 

❚ Weapons simulation

❚ Active optical target detection

❚ 3D LIDAR imaging

❚ Counter measures/force protection

❚ Ordinance initiation/detonation

Industrial

❚ Solid state pump sources 

❚ Fiber laser pump sources

❚ Direct diode materials processing

❚ Automotive sensors

❚ Machine vision

❚ Measurement sensors

Major Semiconductor Laser Materials
and Wavelengths

Laser Applications
Medicine/Science

❚ Dentistry

❚ Surgery

❚ Sterilization

❚ Photo Dynamic Therapy (PDT) drug activation

❚ Tumor detection (CTLM)

❚ Low level laser therapy

❚ Hair removal

❚ Skin resurfacing

❚ Raman spectroscopy

❚ Material/tissue fluorescence

Print & Imaging

❚ Thermal computer to plate

❚ Commercial color devices

❚ Flexographic devices

❚ Commercial quality printing

❚ On-demand output

❚ Personalized printing



10

Periodic Table of The Elements

Wavelengths

Dye
330-740 nm

(tunable)

GaAs/AIGaAs
750-910 nm

InGaAIP
630-690 nmGaN

405-450 nm

InGaAsP
1-1.9 µm

InGaAsP
808.5 nm

HeNe
1152 nm

Color Center
(tunable)

900-1500 nm

InGaAs
915-1060 nm

Er:glass
1535 nm

Nd:YAG
(Raman-shifted)

1535 nm

Nd:YAG
1570 nm

Nd:glass
1060 nm

Nd:YAG
1064 nm

Yb:YAG
1030 nm

VISIBLE NEAR-INFRARED

600 nm500 nm400 nm 700 nm 800 nm 900 nm 1000 nm

1 µm

Nd:YAG
(Raman-shifted)

1.39 µm



Featuring Intense’s proprietary Quantum Well Intermixing technology

High Power Laser Diodes

INFRA-RED

CW Components

Series 1000† 808 nm 750-885 nm 0.5-5 W

Series 3000† 808 nm 1-3 W

Series 1100† 980 nm 886-1064 nm 0.1-4 W

Series 3100† 980 nm 1-2 W

Series 8000, Series 8100 7xx-9xx nm 2-12 W Yes

Short Pulse Components

Series 2100 905 nm 886-1100 nm 5-25 W

Series 2100-VS 905 nm 886-1100 nm up to 150 W

Series 2400 1550 nm 886-1000 nm 5-12 W

Series 2400-VS 1550 nm 886-1000 nm up to 48 W

Single Mode Components

Series 4000 830 nm 5-50 mW

Series 6000 8xx nm 100-200 mW Yes

Series 6100 9xx nm 100-200 mW Yes

Single Emitter Laser Engine

Power Core 808 808 nm 4 W

VISIBLE

CW Components

Series 1200 635 nm 630-655 nm 0.25-0.70 W

Series 1300 670 nm 660-690 nm 0.5-1 W

Modules

Power Pack 630 630 nm 2.4 W

Series 5200† 635-655 nm 1.5-6 W

Series 5300† 670-690 nm 2.5-10 W

Systems

Series 7400 635-650 nm 0.2-2 W

Series 7400 670-690 nm 0.3-4 W

BARS & STACKED ARRAYS

High Power Bars

Hermes QCW Bar 808 nm up to 100 W Yes

Stacked Arrays

Hermes QCW Stacked Array 808 nm up to 900 W QCW Yes

INDIVIDUALLY ADDRESSABLE ARRAYS

INSlam 8xx, 9xx nm up to 200 mW Yes

DLAM 808, 830, 980 nm up to 160 mW Yes

†Also available as fiber coupled

WAVELENGTH OUTPUT POWER

Standard Wavelength Optional Range

Intense Ltd., Glasgow, Scotland, Tel: +44 (0) 1698 827000
Intense-HPD, North Brunswick, NJ, Tel: +1 732-249-2228

E-mail: sales@intenseco.com •  Web: www.intenseco.com


