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CFR Series
Big Sky Laser, Quantel’s US subsidiary, designed the CFR
Series for the user needing a rugged, reliable source for
real-world applications.

While the CFR Series will function in a laboratory, a
laboratory laser will not function in the kind of
environment frequently encountered elsewhere. Extreme
temperatures, humidity, dust and other pollution, as well
as vibration and shock are all factors taken into account
in the fundamental design of the CFR.

More and more manufacturers are claiming to offer
compact and rugged lasers. We decided to look at the
facts and explain why Quantel is unique among laser
manufacturers in offering a commercial product, coming
from a military heritage, at an affordable price.
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Features
• Rugged reliability
• Compact, portable, user-friendly
• 50mJ to 800mJ at 1064nm
• All harmonics available as standard
• 1.57mm OPO for “eyesafe” operation
• Variable repetition rate
• Ideal OEM laser source
• Custom versions available

Applications
• Micromachining
• Micromanufacturing
• Ablation
• LIF and LIBS
• PIV
• Illumination
• Rangefinding
• Remote sensing

Big Sky Laser Technologies CFR Series of

When we at Quantel tell you about compact, rugged lasers
for “real-world” applications, we are talking about key fea-
tures and superior performance only found in our lasers.



Rugged-by Design
The design of the CFR closely follows that of a military
laser. That means it can operate in temperatures from
below freezing to those typical of a hot desert, not just a
few degrees either side of room temperature. An optional
ethylene glycol/water coolant mixture enables operation
below freezing point. The CFR can be transported in a
land, sea or air vehicle without needing realignment
afterwards. CFR Series lasers are extensively tested on Big
Sky Laser's in-house vibration rig and every one is
temperature cycled from 5˚C to 60˚C before it is shipped.
This ruggedness is a direct result of the combination of
unique CFR optical design and the stiff I-beam
mechanical design, optimized by finite element analysis.

Compact
A smaller, lighter laser is easier to transport and takes up
less valuable equipment space. CFR (Compact Folded
Resonator) design halves the length of the laser for a
given resonator length without significantly affecting
other dimensions. The Ultra CFR head is small enough to
mount directly to a microscope while its power supply
and cooling system, at 15 kg, is an easy lift under a table
or behind a car seat. OEM systems integrators take
advantage of the small size of CFR lasers by offering
smaller systems or using the space saved to offer other
features.

User-Friendly
Most users are not laser technicians and they want to
spend their time on their application, not on the laser.
The CFR Series is naturally easy to use. Operation is turn-
key. Control is via intuitive push button controls, external
TTL triggers or by computer, via the standard built-in
RS232 interface.

The CFR Series lasers rarely, if ever, need alignment
because of the ruggedized CFR design. The view at
Quantel is that frequent “tweaking”, typical of laboratory
lasers, is an unnecessary nuisance.

Electrical and coolant lines are all fitted with quick
release connectors for ease of packing, transportation
and subsequent set up. No external water is necessary.
The lamp change is the easiest in the industry, taking the
user a few minutes, with no realignment.

Benefits to OEM user
• Less down time and expensive servicing
• True turnkey operation with no adjustment
• Genuine install and forget capability

Benefits to researcher
• Genuine field-portable capability
• User friendly in and out of the laboratory
• No specialist technical knowledge required
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Compact, Rugged Pulsed Nd:YAG Lasers



The Differences wi

Pumping chamber
Diffuse ceramic reflectors are used. They are virtually
indestructible in normal use and give high efficiency and
excellent pump uniformity. Other reflectors can tarnish
and erode or fail completely.

Resonator
The CFR resonator mirrors are hard-mounted side by side
in the same plane, with a folding prism at the other end.
The mirrors remain co-aligned while the folding prism
gives additional compensation. Placing the resonator
mirrors at opposite ends of a longer, unfolded resonator
makes alignment much more sensitive to temperature
and vibration effects.

Pockels cell
The Pockels cell uses lithium niobate. It is non-
hygroscopic and works properly over a wide temperature
range. A cube polarizer is used, which is stable over
temperature. Other manufacturers use KD*P, which must
be kept temperature stabilized and is susceptible to
moisture. Film polarizers lose contrast outside a limited
range of temperature. Most military lasers use a Pockels
cell design similar to CFR’s.

Mechanical construction
The stiff I-beam mechanical housing is machined from a
single block of stress-relieved aircraft grade aluminum.
Use of finite element analysis in its design ensures that
its rigidity and stability to environmental factors is
unparalleled. Other types of construction are simply not
as stable and will go out of alignment. The high rigidity
and short physical length of the laser body makes the
acoustic resonance frequencies of the unit higher. The
higher the frequency, the lower the amplitude is for a
given initial disturbance. This, along with fixed and
pinned optical mounts imparts a high degree of vibration
resistance.

Sealed and purged
For CFR and Ultra, the approach is to make the laser
completely impervious to dust and moisture by using
hermetic o-ring sealing. For utmost protection, the CFR
optical head is purged with dry nitrogen before sealing it
down. Other lasers are not dust tight and will fail under
dusty or humid conditions.

All CFR and Ultra laser systems have
convenient quick disconnect coolant and
power lines for ease of transportation.
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th the CFR Design
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User-friendly
The quick lamp change is the easiest in the industry
and can be accomplished in minutes. Other lasers

o f t e n r e q u i r e
extensive disas-
sembly and even
r e a l i g n m e n t .
S o m e t i m e s t h e
laser needs to be
returned to the
manufacturer. All
CFR and Ultra sys-
tems have conve-
nient quick dis-
connect coolant
and power lines
f o r e a s e o f

transportation. Other lasers are hard-wired together
making transport less convenient.

Mirrors
Mirror is rotated in x-y direction to
effect alignment. Any movement
actually causes double that movement
in the beam.

Pinned optics
Fixing optical modules with
pins keeps them permanent-
ly aligned. Kinematic mounts
can drift with temperature,
leading to misalignment.

Alignment
wedges
Alignment wedges requi-
re a considerable amount
of angular displacement
to cause any significant
misalignment compared
to mirrors.

Com
pactFolded - Resonator Technology

Alignment wedges
or Risley prisms
Wedge is rotated about the
beam axis to effect alignment
and then locked down. Even a
relatively large movement
causes a small shift in the
beam.



Resonator Options
All the CFR lasers, from Ultra to CFR 800, may be fitted
with stable or GRM resonator optics. This can sometimes
be at the user’s choice or else decided by the application
or options chosen.

The stable configuration uses conventional resonator
mirrors, a high reflector and a partially reflecting output
coupler. This geometry gives excellent uniformity at the
fundamental and second harmonic wavelengths as well
as giving the user a great flexibility in repetition frequen-
cy and lamp energy. The laser beam comprises a number
of low order Hermite-gaussian modes.

An aperture may optionally be used to operate the laser
in its lowest order transverse mode, TEM00 for a true
gaussian, near diffraction limited output.

The GRM (graded reflectivity mirror) option utilizes a spe-
cially coated output mirror with a supergaussian graded
reflectivity profile. This is used in conjunction with a geo-
metrically unstable resonator. An unstable resonator is
one that does not support Hermite- gaussian modes and
must not be considered as mechanically unstable. It is
just as rugged as the stable resonator, its name deriving
from optical physics.

Light Detection and Rangefinding. Atmospheric LIDAR is used to determine the distribution of atmospheric
constituents, including pollutants, in all kinds of environments, from the Antarctic to New Mexico.
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Resonators
Stable
Conventional optics give excellent beam
uniformity and great flexibility in repe-
tition frequency and energy.

TEM00
An intracavity aperture option is offered for
true gaussian TEM00 operation.

GRM
A graded reflectivity mirror is used as the
output reflector in a geometrically unstable
resonator. This gives a single transverse
mode with high energy and low divergence.

Note: Resonators shown unfolded for clarity.



CFR 400 GRM
at 20Hz

Ultra Stable output at
266nm
The Ultra with a stable resona-
tor shows a great degree of uni-
formity, even in the fourth har-
monic. Normally a greater deg-
ree of modulation can be expec-
ted in higher harmonics. This
profile is especially well suited
to laser ablation applications.
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CFR 400 Stable 
at 10Hz

CFR 400 GRM 
at 20Hz

CFR 200 TEM00 
at 100Hz

Ultra Stable
266nm at 20 Hz

The inside story: Ultra with cover removed. (Compare with schematic on page 4-5.)



Top View

Side View

CFR with quad dichroic for 
simultaneous access to three 
separate wavelengths:  (1064nm, 
532nm, and either 355nm or 266nm). 

CFR with quad dichroic 
for highest spectral purity. 

Side View

Side View

Side View

Top View

CFR UV (355nm or 266nm) with wavelength separation. 
Residual wavelengths may be dumped, accessed or switched. 

CFR UV (355nm or 266nm) plus residual wavelengths collinear. 

CFR 532nm with wavelength separation.  
Residual wavelength may be dumped, accessed 
or switched. 

CFR 532nm plus IR collinear.

Ultra UV (355nm or 266nm) with wavelength separation.  
Residual wavelengths may be dumped internally or accessed.

Ultra IR.  

Ultra 532nm 
plus IR collinear.  

Ultra UV (355nm or 266nm) 
plus 532nm and IR collinear. 

Ultra 532nm with wavelength separation.  
Residual wavelength may be dumped internally or accessed. 
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Ultra & CFR Harmonics
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CFR Options and Accessories
“Eye safe” OPO
For applications such as ranging and designation, it is often
desirable to use a wavelength that is not transmitted by
the eye and focused on the retina. To minimize the risk of
eye damage a wavelength that is absorbed before it
reaches the retina is used. In order to be
truly eye safe, the laser beam must be
expanded. Quantel offers a range of com-
pact, ruggedized, fixed wavelength optical
parametric oscillators that integrate direct-
ly with the Ultra and CFR lasers. These OPO
devices transform the laser output at
1064nm, a wavelength transmitted by the eye, to
1574nm, wavelength that is not. Like all CFR products, the
OPO module is compact, sealed and purged for field use. It
is factory pre-aligned for true plug and run capability. The
OPO’s can be supplied with the laser or factory retrofitted at
a later date.

Custom accessories
For OEM customers, Quantel is always willing to consider
special accessories to match a laser more precisely to an
application. Whether this is an articulated delivery arm, a
beam expander or remote wavelength selection, Quantel
has the engineering resources to undertake a huge variety
of special projects.

CFR Lasers excel in airborne applications.
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CFR OPO: 1.5µm available for the whole range.

FOLA: Fiber Optic Launch Adapter available for
the Ultra.

Ultra fiber optic delivery
A fiber delivery system is available for the Ultra. Called the
FOLA (Fiber Optic Launch Adapter), it integrates rigidly to the
Ultra laser and it is supplied prealigned, with no user align-
ment required. A 1mm-diameter fiber is used to transmit the
laser energy reliably.The FOLA is factory integrated, sealed and
purged, and available at 1064nm or 532nm.

Variable attenuator
An adjustable attenuator is available for the CFR series, which
enables the user to adjust the output energy across a wide
range with no effect on beam quality, energy stability or pulse
duration.



Quantel offers its customers a variety of tailored power
supply, cooling and control options. Most systems are
equipped with closed cycle water to air cooling and will
operate from 110 or 220V AC. All power supplies feature
full interlock control and monitoring for protection of the
user and the system. All features may be accessed
manually or via an RS232 serial interface. Flashlamps are
simmered. This ensures pulse to pulse energy stability,
reduced EMI emissions and longer lamp life.

Standard supplies
Standard Ultra and some CFR
models are available with the
Ultra ICE (Integrated Cooler
and Electronics). This unit is
extremely compact and por-
table at 13kg and with a 37cm
by 19cm (15” x 7.5”) footprint.
The standard CFR models
are equipped with the
Brilliant ICE, compact and
yet powerful enough for even the most powerful sys-
tems in the range. The Brilliant ICE comes with a fully fea-

tured remote control box as standard,
which allows the ICE to be

conveniently located out
of the way. The Ultra ICE
and the Brilliant ICE are
both CE compliant.

Special and custom supplies
For specialty applications, Quantel offers a variety of solutions.
For OEM analytical equipment applications, the Ultra ICE may
be configured in a 19” rack mountable box. Custom coolers,
controllers and power supplies may be combined into a rack or
else supplied separately for integration by the customer.

The Mini ICE is a single unit to power the CFR range. Extremely
small and environmentally sealed, it may be supplied either
from a 28V DC source, as found on aircraft, or from a standard
AC wall socket.

Specialty materials processing applications require a specialty
supply. The versatile V-Supply features variable pulse duration
and a square current pulse. A short current pulse gives a laser
pulse that is ideal for metal cutting applications (and also
gives highly efficient operation when used in a Q-switched
mode), while a longer pulse is suitable for many precision wel-
ding applications. Since the V-Supply uses semiconductor
switching in place of a PFN, it is completely silent too.
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Power Supply Technology

Real World Applications: CFR Series perform as well in the field as in the laboratory. Extreme
temperatures, humidity, dust, pollution, vibration and shock are some of

the many factors taken into account in the fundamental
design of the CFR.

Ultra ICE: Lower powered
CFR models.

Brilliant ICE: Higher
powered CFR models.

Ultra ICE: Also available in a 19" rack.

Mini ICE: Utilizes 28V DC or wall socket AC and is environ-
mentally sealed.



Meet The Family

CFR 800, CFR 200/400 and the Ultra CFR.

Remote control unit: Standard with Brilliant ICE.

All Quantel’s CFR products share the same
compact, rugged and user-friendly design
philosophy. Here are the standard products,
which make up the core of the CFR laser
range. Quantel is able and willing to design
customized systems with additional featu-
res and performance parameters, even
those not found here.
We welcome OEM inquiries. Quantel, with
its subsidiary Big Sky Laser, really is your
only source of truly rugged and compact
lasers for ‘real world’ applications.

Ultra CFR
Key features:

• Genuinely portable integrated power supply and
cooling system;

• Fastest lamp change in the industry;
• Small optical head can easily be integrated into equip-

ment, even mounted directly onto a microscope;
• Variable repetition frequency to 20Hz.

CFR 200 and 400 
Key features:

• Compact power supply and optical head;
• Mini ICE option for 28VDC operation;
• Remote Control;
• Repetition frequencies up to 100Hz.

CFR 800
Key features:

• Class leading performance and beam quality from
such a compact and rugged unit;

• Single lamp, double rod design for high efficiency and
low maintenance;

• Housing has space for all nonlinear optics options -
harmonics, OPO - to fit under the cover;

• Repetition frequency to 20Hz.
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