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FemtoFiber® pro Laser System

Dear Customer,

Welcome to the TOPTICA community!

We have designed this product to be easy to use and reliable so that you can focus on your work. If you
have questions or need advice on how to integrate it into your setup, please contact us immediately so
we can walk you through the process. We will provide you with quick and competent help through our

service staff and product managers.

You can contact us in the following ways:

- Internet: service.toptica.com. In our support section you can find a list of frequently asked ques-
tions and a service contact form

- Email: service@toptica.com

- Phone: +49-89-85837-150.

Our customers in the USA and Canada may contact TOPTICA Photonics Inc.:

- Phone: +1-585-657-6663

Our customers in Japan may contact TOPTICA Photonics K.K.:

- Phone: +81-42-306-9906

Please have your product -ID and serial number ready when contacting us so we can quickly retrieve all
relevant information.

As we are constantly improving our products, we greatly value all customer feedback. We encourage
you to tell us what you like about our products as well as any suggestions for improvement.

Best regards,

p

Harald Ellmann
Director Service
TOPTICA Photonics AG
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1. The FemtoFiber® pro Laser System

1 The FemtoFiber® pro Laser System

Mode-locked femtosecond lasers have nowadays found their way into a wide variety of both scientific
and industrial applications. With the FemtoFiber® pro Laser System, TOPTICA Photonics AG merges the per-
formance of traditional Ti:Sapphire oscillators with the advantages of an all-fiber laser source. Combining
pump sources, d SAM (saturable albsorber mirror) mode-locked ring oscillator, an all-fiber core-pumped
amplifier and optical pulse compression into a single compact housing, the FemtoFiber® pro Laser Sys-
tem offers a maximum of user-convenience and flexibility without compromising performance.

Ultrafast spectroscopy with femtosecond laser pulses continues to be a flourishing field of scientific
interest. To date, a multitude of experiments has been carried out with free-space Ti:Sapphire sources.
Although these systems offer high output power and good pulse characteristics, their operation is often
cumbersome for the user. Mode-locking is typically accomplished via nonlinear self-focussing, requiring
highly precise alignment and daily readjustment of the laser cavity. Moreover, the need for a high-power
pump source in the green spectral range has led to considerable system costs and increased space
requirements.

The release of TOPTICA's mode-locked Er:fiber laser system FemtoFiber® pro marked a significant step
forward towards the availability of cutting-edge femtosecond technology as a standard tool in any
research environment. Based on direct pumping from fiber-pigtailed laser diodes and fiber integrated,
reliable telecom components, the FemtoFiber® pro Laser System delivers more than 350 mW of linearly
polarized and highly stable output power in sub-100 fs pulses in a user-friendly and compact design. Due
to its superior performance, high stability, great flexibility, excellent cost-efficiency and advanced user-
friendliness, the new FemtoFiber® pro Laser System can be the ideal solution to your research in fields as
diverse as ultrafast spectroscopy, optical frequency metrology, THz spectroscopy, confocal microscopy,
material sciences and many more.

Figure 1 The FemtoFiber® pro laser system
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FemtoFiber® pro Laser System

1.1 Principle of Operation
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Figure 2 Schematic setup of the FemtoFiber® pro laser system

The FemtoFiber® pro Laser System illustrated in Figure 2 is based on state-of-the-art telecom components.
A core-pumped fiber, doped with Erbium ions, acts as the active laser medium. A so called saturable
absorber mirror (SAM) inside the ring cavity (1) in Figure 2 favors mode-locked operation over continuous
wave laser activity by exploiting the effect of picking and amplifying only pulses with a certain ampli-
tude. As a consequence, the mode locked ring oscillator generates well-defined light pulses at a center
wavelength of 1560 nm with a repetition rate of 80 MHz (standard, other rep. rates upon request).

With the high gain available from Er:fibers, the optical power extracted from the oscillator is used for
seeding optical amplifiers. Every laser system contains an internal amplifier, but also has one (or more)
FC/APC ports for seeding external amplifiers, e.g. for multiple beam experiments needing synchronized
pulses, such as pump-probe experiments.

The pulse duration is controlled by a variable dispersion control unit, formed by a motorized prism
compressor (2). The light pulses typically exhibit a duration of less than 100 fs (or longer if desired) with an
average power of more than 350 mW.
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1. The FemtoFiber® pro Laser System

1.2 System Variants

1.2.1 Infrared System FemtoFiber® pro IR

The basic system of the FemtoFiber® pro series, the FemtoFiber® pro IR, is a compact system comprising
oscillator, amplifier and prism compressor in a single box. The unit delivers a collimated free-beam with
more than 350 mW at 1560 nm fundamental wavelength.

Figure 3 FemtoFiber® pro IR laser beam

The basic properties of a FemtoFiber® pro IR are shown in the following typical measurements.
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Figure 4 Typical pulse characteristics and emission spectrum of FemtoFiber® pro IR

The pulses show a width of less than 100 fs using the auto correlation measurement method (Figure 4 left).
The laser also shows a typ. 80 nm wide spectrum centered at the fundamental wavelength 1560 nm (Fig-
ure 4right).
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FemtoFiber® pro Laser System

1.2.2 Infrared System FemtoFiber® pro IRS-II

The FemtoFiber® pro IRS-Il is a short-pulse version of TOPTICA”s FemtoFiber® pro series. It comprises a very
robust master-oscillator with power amplifier in one single box. It is built as an all-fiber laser system with no
free space optics. By use of a special non-linear fiber, shortest pulses at the fundamental wavelength of

Er-doped fiber lasers are generated.

Figure 5 FemtoFiber® pro IRS-Il laser beam

The basic properties of a FemtoFiber® pro IRS-Il are shown in the following typical measurements.
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Figure é Typical Pulse characteristics and emission spectrum of FemtoFiber® pro IRS-II
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1. The FemtoFiber® pro Laser System

1.2.3 Near-Infrared System FemtoFiber® pro NIR

In addition to the features of the FemtoFiber® pro IR, the FemtoFiber® pro NIR includes an additional exit
aperture with a single-pass second-harmonic generation (SHG) using a periodically poled Li:NbO3 (PPLN)
crystal. The FemtoFiber® pro NIR therefore provides two switchable exit ports for the fundamental wave-
length 1560 nm (> 350 mW) and the second harmonic of 780 nm (> 140 mW).

Laser Beam ¥ 1
1560 nm N 1560/ 760
Laser Beam - Switch
780 nm SHG engaged \
(780 nm output)

SHG not engaged
(1560 nm output)

Figure 7 FemtoFiber® pro NIR laser beams and operation of 1560/780-switch (right)

NOTE ! Switching between 780 and 1560 nm is done by a mechanical switch, which is inserting or
removing a mirror (see Figure 8) into/from the beam path and either reflects the funda-
mental 1560 nm to the secondary aperture or passes it towards the SHG unit and to the
primary aperture. Both wavelengths simultaneously are not available (with standard/
default configuration)..

For laser safety reasons switch OFF the laser emission or make sure the shutters are closed
before operating the 1560/780-Switch !

I 1560 nm
780 nm

Pulse

Compressor Q@

SHG
Unit

v v
1560 nm 780 hm
Figure 8 FemtoFiber® pro NIR infernal setup
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FemtoFiber® pro Laser System

The typical characteristics of the fundamental wavelength are the same as shown for the basic system
FemtoFiber® pro IR (see Figure 4). The frequency-doubled characteristics are shown in the following typi-
cal measurements.
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Figure 9 Typical pulse characteristics and emission spectrum of FemtoFiber® pro NIR (SHG output)

The auto correlation shows a smooth shape with a pulse width of less than 100 fs, similar to the measure-
ment at the fundamental wavelength (Figure 9 left). The spectral width is typically 10 - 15 nm wide (Figure
9 right).

The FemtoFiber® pro NIR variant is equipped with an auto optimize feature which constantly adjusts
the average power to maximum when active. For details of the operation please refer to section 5.5.3.

1.2.3.1 1 ps Option for FemtoFiber® pro NIR

This option uses a different crystal and generates typ. 1 ps long, rectangular shaped pulses. The pulses
are nearly transform-limited (spectral width in few nm range). The output power of such a system typi-
cally reaches 100 mW.

NOTE ! The 1 ps option replaces the regular SHG crystal, which is not available anymore when this
option is added.
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1. The FemtoFiber® pro Laser System

1.2.4 High-Power Yb-doped System FemtoFiber® pro SCYb

The FemtoFiber® pro SCYb is an all-fiber high-power laser system at 1030 nm emission wavelength, provid-
ing more than 500 mW on average and pulses shorter than 100 fs. It is based on a very stable SAM mode-
locked Er-doped oscillator running at 1560 nm which gets frequency shifted into the 1030 nm range by
use of a nonlinear fiber. The output power is then amplified by Yb-doped amplifiers to levels of up to typ-
ically 600 mW. The unit also includes a small grating compressor unit fo achieve transform-limited output
pulses of typ. 90-100 fs, with more than 70 % power in the main peak.

Figure 10 FemtoFiber® pro SCYb laser beam
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Figure 11 Typical pulse characteristics and emission spectrum of FemtoFiber® pro SCYb
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FemtoFiber® pro Laser System

1.2.5 Super Continuum Infrared System FemtoFiber® pro SCIR

Alternately to the second-harmonic stage, the FemtoFiber® pro SCIR provides a supercontinuum genera-
tion by using a highly nonlinear fiber (HLNF). This fiber generates a widened spectrum of 980 to 2200 nm,
which is available at the primary exit aperture.

980 - 2200 nm

Figure 12 FemtoFiber® pro SCIR laser beam

Prism Position

1000 1200 1400 1600 1800 2000 2200
Wavelength [nm]

Figure 13 FemtoFiber® pro SCIR continuum in dependence of prism position

By adjusting the motorized prism compressor (see section 5.5.3), the continuum can be altered fo
achieve a certain light intensity at a certain wavelength. This is illustrated in Figure 13.
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1. The FemtoFiber® pro Laser System

1.2.6 Ultra Compressed Pulse System FemtoFiber® pro UCP

The FemtoFiber® pro UCP (Ultra Compressed Pulse) is the first model of the extended versions of TOPTICA's
FemtoFiber® pro series. It comprises a very rugged master-oscillator with a power amplifier in a very com-
pact design. Two motorized prism compressors are integrated: One for tuning the wavelength by adjust-
ing the frequency-domain supercontinuum characteristics and a second for compressing and optimizing
the time-domain laser pulse shape.

980 - 1400 nm

Figure 14 FemtoFiber® pro UCP laser beam

Experiment
—— Retrieved (13fs)

Compressor
Position [um]
28800
29000

29200
U 29400

Autocorrelation Intensity
normalized

\ , , 29600
-80 -60 -40 -20 0 20 40 60 80 900 1000 1100 1200 1300 1400
Delay [fs] Wavelength [nm]

Figure 15 Typical Pulse characteristics and emission spectrum of FemtoFiber® pro UCP
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FemtoFiber® pro Laser System

1.2.7 Tunable Visible System FemtoFiber® pro TVIS

The FemtoFiber® pro TVIS (Tunable VISible) is a further extension of the previously described UCP system.
The compressed continuum is getting frequency-doubled into the visible light region by a following non-
linear crystal. The crystal unit allows a continuous manual fine-tuning of the wavelength by a fine thread
screw from 488 to 640 nm.

488 - 640 nm

Figure 14 FemtoFiber® pro TVIS laser beam
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1. The FemtoFiber® pro Laser System
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Typical pulse characteristics, emission spectra and power distribution of the tunable FemtoFi-
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FemtoFiber® pro Laser System

1.2.7.1 Options

Extended Tuning Range Option

The FemtoFiber® pro TVIS can be equipped with different crystals to extend the funing range to 488 -
700 nm. In case this option is ordered, the standard crystal is exchanged to a two-crystal design, where
the first crystal works from 480 - 540 nm, and the second from 520 - 700 nm.

NOTE ! The Extended Tuning Range opftion consists of two crystal mounts carrying two different
crystals (crystal 1: 488.. 540 nm, crystal 2: 520 .. 700 nm). The procedure how to change
the crystal mounts is shown in the installation training.

The Extended Tuning Range option replaces the regular SHG crystal, which is not available
anymore when this option is added.

Contfinuous tuning from 488 to 700 nm is not possible with the Extended Tuning Range
option, as the crystal needs to be exchanged manually.

NOTE ! Power levels above 640 nm are typically in the range of 0.5-1 mW. It is not possible to
increase the output power in this range, since the original supercontinuum does not have
enough power in that range.

Short Pulse Option

Instead of the typical 300 .. 600 fs pulse width as shown in Figure 17, lower graph, right y-axis, the system

can be equipped with special focusing optics in order to allow shorter pulses in the range of 100 .. 150 fs
instead.
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1. The FemtoFiber® pro Laser System

1.2.8 Tunable Near Infrared System FemtoFiber® pro TNIR

The FemtoFiber® pro TNIR (Tunable Near-InfraRed) allows frequency doubling of the long wavelength
part of the supercontinuum. This part of the continuum is solitonic, hence does not need any re-compres-
sion. The frequency-doubling nonlinear crystal is placed in the extension of the laser system and allows a
continuous manual fine-tuning of the wavelength by a fine thread screw from 830 to 1100 nm.

As an option it is possible to combine the TNIR with an UCP or TVIS in the same housing. One has to
take into account that the optimization of the properties of such combined outputs is not independent
from each other, as they have the same continuum source.

830-1100 nm

Figure 18 FemtoFiber® pro TNIR laser beam
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Figure 19 Typical pulse characteristics, emission spectra and power distribution of the tunable FemtoFi-
ber® pro TNIR system, available in two configurations
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1. The FemtoFiber® pro Laser System

1.2.8.1 Configurations and 1 ps Option FemtoFiber® pro TNIR
Configurations

The FemtoFiber® pro TNIR laser head is available in two different configurations which allow to modify the
power spectrum. Configuration 1 is enhancing the output power in the lower wavelength range
830 .. 950 nm with higher power (up to 20 - 30 mW for selected wavelengths, see Figure 19, lower graph,
left y-axis). Configuration 2, in comparison, is lower in power (10 - 15 mW typical), but wider distributed in
wavelength up fo 1050 nm.

NOTE ! Power levels above 1050 nm are typically in the range of 0.5 to 1 mW for all TNIR systems. It
is not possible to increase the output power in this range, since the original supercontin-
uum does not have enough power in that range.

1 ps Option

Instead of the typical 100 .. 250 fs pulse width as shown in Figure 19, lower graph, right y-axis, the system
can be equipped with special crystals in order to allow broader pulses in the range of 0.5 to 1 psinstead.
In case this option is ordered, the regular crystal is not included, but exchanged to a two-crystal design,
where the first crystal works from 850 to 940 nm and the second from 940 to 1100 nm.

NOTE ! The 1 ps option consists of two crystal mounts carrying two different crystals (crystal 1:
850 .. 940 nm, crystal 2: 940 .. 1100 nm). The procedure how to change the crystal mounts
is shown in the installation training.

The 1 ps option replaces the regular SHG crystal, which is not available anymore when this
option is added.

Contfinuous tuning from 850 to 1100 nm is not possible with the 1 ps option, as the crystal
needs to be exchanged manually.

NOTE ! The two mentioned FemtoFiber® pro TNIR laser head configurations of the output power
distribution are also available for the 1 ps pulse option.
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FemtoFiber® pro Laser System

1.3 Options

1.3.1 Multi-Arm Laser System

In order to allow multibeam experiments with synchronized beams originating from one common oscilla-
tor, FemtoFiber® pro systems are scalable as master-slave configurations with up to 3 slave lasers. Those
AMP systems differ from the master system by the missing oscillator unit and a fiber input port instead. The
product id suffix for such FemtoFiber® pro systems is "AMP".

NOTE ! FemtoFiber® pro AMP systems (slaves) are not able to run as stand-alone. It is however safe
to switch them ON even without having an oscillator electrically connected. The system is
capable to detect this status and disables laser operation while the missing oscillator state
is detected. The state is also permanently polled during normal operation.

1.3.2 Third/Fourth Arm for Seeding Extensions

FemtoFiber® pro standard systems with internal oscillator always have integrated a secondary oscillator
arm (arm 1) with an FC/APC fiber output port. This exit is needed for seeding AMP systems (see section
1.3.1). So, by default, it is possible to run one AMP system without any additional option needed.

To provide more exit ports for more than one AMP system, it is however necessary to modify the oscil-
lator accordingly. TOPTICA Photonics AG offers optional oscillator arms (arm 2 and arm 3), also comprising
FC/APC fiber connectors.

NOTE ! An internal oscillator arm (arm 0) is used to seed the internal amplifier of the master system.
The exit ports therefore are named arm 1, 2 and 3.

11 1
FCIAPC | | |default . ~7 loptional joptional
1 |

FemtoFiber pro AMP FemtoFiber pro AMP FemtoFiber pro AMP
1 2 3

A A A A

FemtoFiber pro
Main

Figure 20 FemtoFiber® pro main (master) system with 3 AMP (slave) systems

Figure 20 illustrates the scalability of the FemtoFiber® pro systems. Each of the boxes shown represents a
FemtoFiber® pro system.
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1. The FemtoFiber® pro Laser System

1.3.3 Oscillator Repetition Rate 40 MHz or Customized

The standard repetition rate of all FemtoFiber® pro systems is 80 MHz. Upon request, an optional 40 MHz
design is also available. The product id suffix for such FemtoFiber® pro systems is “M40".

Furthermore, if an individually designed FemtoFiber® pro system with a certain repetition rate different
from 40 or 80 MHz has been ordered, the product id shows the suffix “MCUST". The repetition rate is then
noted on the laser beam classification label, see section 2.2.2.

NOTE ! The repetition rate is a factory-set parameter and is fixed by the opto-mechanical oscilla-
tor and amplifier designs.

1.3.4 Variable Laser Repetition Rate

The option VAR (Variable Repetition Rate) enables the user to synchronize the repetition rate of the
FemtoFiber® pro Laser with an external reference signal. This task is achieved by actively controlling the
length of the laser cavity, which in turn determines the round-trip time of the oscillating light pulse.

— =

+—>
Mirror Collimator Optical Fiber
(Oscillator)

Figure 21 Optical setup of the VAR-option

The fiber laser oscillator has a small free beam section with an adjustable mirror which reflects the light
back into the fiber path (see Figure 21). This mirror is movable and varies the repetition rate by changing
the resonator length. The movement of the mirror is controlled by a two step configuration for coarse and
fine adjustment of the repetition rate.

Coarse adjustment is done by a piezo-motor driven, miniature translation stage. It has a maximum
movable range of about 8 mm in total, approx. £ 4 mm from the mid position in both directions. The mid
position corresponds to the nominal oscillator repetition rate noted in the Production and Quality Control
Test Data Sheet. The maximum length variation corresponds to = 100 kHz of repetition rate variation with
respect to the nominal repetition rate.

Fine adjustment is performed by an additional high-voltage piezo with a maximum voltage up to
150 V. This piezo moves max. 10 um when the maximum Voltage of 150 V is applied. This corresponds to a
change of the repetition rate of approx. 0.1 kHz. The piezo has a resonance frequency of 5 kHz.

NOTE ! Option VAR can not be combined with option M40.

NOTE ! This option is not available for the FemtoFiber pro IRS-Il and SCYb.
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FemtoFiber® pro Laser System

1.3.5 Laser Repetition Rate Control

The LRC option enables the user to synchronize the repetition rate of the FemtoFiber® pro Laser with an
external reference signal. This task is achieved by actively controlling the length of the laser cavity, which
in furn determines the round-trip time of the oscillating light pulse.

Fast control action is obtained via a piezo-electric transducer onto which one of the fiber-optic beam
collimators within the laser cavity is mounted. In this way, the piezo can control the length of the oscilla-
tor's free-beam section while the opftical path length inside the fiber section remains unaffected. In addi-
tion, the entire unit including the piezo and the collimator is mounted on top of an automated translation
stage, providing the opportunity for coarse adjustment of the repetition rate. This mechanism allows to
correct for slow drifts in the repetition rate where the limited stroke of the piezo is not sufficient.

Apart from the servo elements which are mounted inside the laser head (VAR option), the LRC option
adds four electronic plug in modules, placed inside a separate 12" supply rack, and a laptop computer
for operation control and monitoring.

NOTE ! Option LRC also requires option VAR installed in the laser system.
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1. The FemtoFiber® pro Laser System

1.3.6 TNIR Secondary Output for UCP and TVIS

For the two system variants FemtoFiber pro TVIS and FemtoFiber pro UCP, the second-harmonic genera-
tion setup which is originally used in the FemtoFiber pro TNIR can be optionally added. This allows to have
both units in a single box.

As both outputs, TNIR and UCP/TVIS of such a combined system utilize the same supercon-
tinuum source, both outputs are not independently adjustable.

NOTE !

UCP + TNIR TVIS + TNIR

/—AMF
A Vi
compressor

0 =N

HNLF

<.

compressor

I

HNLF

supercontinuurm
laser output

laser output

supercontinuum /\/‘\/\

CDITIDI‘BSSDFQE

%ichroic
0 beamsplitter

2

COMmpress

<Vie=

¢%ich roic
0 beamsplitter

A

ol A

Y N\
L ¥
SHG |:| SHG SHG

-
FILTER ! FILTER FILTER
[———]

f—

I

output 1 output 2 output 1 U U output 2
Figure 22 Schematic setup for TNIR-option (UCP, TVIS)
NOTE ! The TNIR-option is equal to an individual FemtoFiber pro TNIR system, therefore allowing

also all special TNIR configurations and the options described in section 1.2.8.1.
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FemtoFiber® pro Laser System

2 Safety Instructions and Warnings

2.1 General Safety Terms

The FemtoFiber® pro Laser System Laser Head is manufactured according to the Laser Safety Standard
EN 60825-1:2014 and complies with US laws 21 CFR §1040.10 and §1040.11.

The following safety terms are used in this manual:

The DANGER ! heading in this manual explains danger that could result in personal injury or death.

The CAUTION ! heading in this manual explains hazards that could damage the instrument.

In addition, a NOTE ! heading provides information to the user that may be beneficial in the use of the
insfrument.

DANGER! Before operating the FemtoFiber® pro Laser System please read this manual carefully to
CAUTION ! prevent damage to the device, connected laser diodes and injury to persons. The following
safety instructions must be followed at all fimes.

CAUTION ! electrical shock may appear. Use only equipment and accessories supplied
by TOPTICA.

DANGER! 2 Possibility of electrical shock ! Wherever this symbol is attached, the possibility of an

Caution ! Wherever this symbol is attached read and understand the manual before
A operating the device. The manual must be consulted in order to find out the nature
of the potential HAZARDS and any actions which have to be taken to avoid them.

DANGER! The Laser Driver Electronics and the Laser Head each are equipped with LEDs which indicate
CAUTION ! laser emission. (Please refer to sections 4.1 and 4.2 in this manual for detailed information).
One has fo be aware of laser emission when at least one of these LEDs lights up.

DANGER! During installation, maintenance, and service, all persons in the room must wear appropriate
laser safety goggles while the laser is in operation. Use appropriate eyewear and other
means of protection in order to stay below the maximum permissible exposure levels allowed
by applicable regulations (examples: OSHA limits in the US, BGV B2, BGI5092, TROS Laserstrahl-
ung in Germany).

FemtoFiber® pro NIR (class 3B): To determine the protection level of laser safety goggles
required for a FemtoFiber® pro NIR Laser Head, please use the following parameters: Colli-
mated beam diameter 1.2 mm, wavelength = 780 nm, repetition rate 80 MHz and laser
power of up o 0.2 W.

FemtoFiber® pro SCYb (class 4): To determine the protection level of laser safety goggles
required for a FemtoFiber® pro SCYb Laser Head, please use the following parameters: Colli-
mated beam diameter 2 mm, wavelength = 1030 nm, repetition rate 80 MHz and laser power
ofupto T W.

DANGER! Laser safety goggles selected for adjustment purposes do not protect against an intention-

ally focused direct beam which will increase the optical power densities by a few orders of
magnitude.
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Page 24 @ oo

Status: 6.9.18



2. Safety Instructions and Warnings

DANGER!

DANGER!

DANGER!

DANGER!

DANGER!

DANGER!

DANGER!

DANGER!

DANGER!

Regular functional checks and performance inspections at the supplier are recommended
for all laser safety goggles.

Do not position the equipment so that it is difficult to operate the disconnecting device.

Use of conftrols or adjustments or performance of procedures other than those specified
herein may result in hazardous radiation exposure.

If the equipment is used in a manner not specified by the manufacturer, the protection pro-
vided by the equipment may be impaired.

For safe operation and for proper grounding please use only the delivered mains supply
cable. Improper or missing grounding can lead to serious injury.

The electrical units should not be operated in a hazardous environment.

Do not open the FemtoFiber® pro Laser Head or Control Unit. There are no user serviceable
parts inside.

Do noft look into any exiting beam of the FemtoFiber® pro Laser Head as the output can
exceed the limits for class 1 specified by the US laws 21 CFR 1040.10 and 2 CFR 1040.11 and
the Laser Safety Standard EN 60825-1:2014. Take precautions to eliminate exposure to a
direct or reflected beam.

The FemtoFiber® pro Laser Head uses very powerful lasers (up to class 4). Therefore, it is imper-
ative to take great care and observe the statutory warning labels on the unit. In order to set
up a door-interlock, the FemtoFiber® pro Control Unit has a connector at the rear panel. By
using an appropriate door switch, the mains supply can be cut, and thus the diode laser is
turned off.
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FemtoFiber® pro Laser System

2.2 Safety Labels

2.2.1 Protective Housing

The FemtoFiber® pro Laser Head has a protective cover fixed by screws. This cover should not be
removed by the customer, there are no user serviceable parts inside.

DANGER! While the coveris removed for maintenance or service, the laser current must be reduced
to laser power of Class 1 level or switched off completely. With removed cover the laser
may emit stray light which is a health hazard to the eyes - protective eye wear is
necessary | Avoid exposing eyes and skin to the laser beam, including any laser stray light !

Depending on the specification of the FemtoFiber® pro Laser Head, the appropriate of the following
labels is affixed to the FemtoFiber® pro protective cover according to EN 60825-1:2014

CAUTION - CLASS 4 CAUTION - CLASS 4
VISIBLE INVISIBLE
LASER RADIATION WHEN OPEN LASER RADIATION WHEN OPEN

AVOID EYE OR SKIN EXPOSURE TO AVOID EYE OR SKIN EXPOSURE TO
DIRECT OR SCATTERED RADIATION DIRECT OR SCATTERED RADIATION
EN 60825-1:2014 EN 60825-1:2014

Size: 52 mm x 26 mm
Color: yellow/black
Location: FemtoFiber® pro Laser Head protective cover
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2. Safety Instructions and Warnings

2.2.2 Laser Beam

The FemtoFiber® pro Laser Head contains a fiber laser which, depending on the variant and options,
emits visible or/and invisible pulsed laser radiation of less than 500 mW power (classified as Class 3 B laser
product) or above 500 mW power (classified as Class 4 laser product). The maximum power and the laser
class of the FemtoFiber® pro Laser Head is indicated on the label shown below.

DANGER! The FemtoFiber® pro Laser Head, depending on the options, emits visible or/and invisible
pulsed laser radiation of less than 500 mW power (Class 3 B laser product) or above
500 mW power (classified as Class 4 laser product). Avoid exposing eyes and skin to the
laser beam, including any laser stray light !

Depending on the specifications of the FemtoFiber® pro Laser System, the appropriate of the following
label/s is affixed to the protective housing of the FemtoFiber® pro Laser Head according to
EN 60825-1:2014:

CAUTION - CLASS 4
INVISIBLE
LASER RADIATION WHEN OPEN
Visible/Invisible laser radiation AVOID EYE OR SKIN EXPOSURE TO
Avoid direct exposure to beam DIRECT OR SCATTERED RADIATION

Class 3B laser product EN 60825-1:2014

EN 60825-1:2014
M = nm A2 = nm
Pa= mW Pg2-= mw
kW P2=
T2 =

I nn

Size: 53 mm x 35 mm Size: 52 mm x 26 mm

Color: yellow/black Color: yellow/black

Location: FemtoFiber® pro Class 3 B Location: FemtoFiber® pro Class 4
Laser Head protective cover Laser Head protective cover
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223 Apertures

During operation, the laser beam is emitted through one or two apertures located on the aperture plates
and one or more FC/APC connector(s). The apertures and FC/APC connector(s) are marked by the
labels shown below. The apertures can be closed by an aperture shutter (see section 2.5.2). The FC/APC
connectors are closed by a cap.

DANGER! Through the apertures the FemtoFiber® pro Laser Head, depending on the options, emits
visible or/and invisible pulsed laser radiation of less than 500 mW power (Class 3 B laser
product) or above 500 mW power (classified as Class 4 laser product). The maximum
power and the laser class of the FemtoFiber® pro Laser Head is indicated on the label/s
shown in section 2.2.2. Avoid exposing eyes and skin to the laser beam, including any laser
stray light !

The following labels are affixed according to EN 60825-1:2014:

LASER
APERTURE
Size: 18 mm x 13 mm Size: 25 mm x 25 mm
Color: Yellow/black Color: Yellow/black
Location: FemtoFiber® pro Laser Head Location: FemtoFiber® pro Laser Head
next to the aperture(s) and the housing

FC/APC connector(s)

224 CFR Compliance

Compliance with US laws 21 CFR §1040.10 and §1040.11 is declared by the following label:

COMPLIES WITH
21 CFR 1040.10 & 1040.11
EXCEPT FOR DEVIATIONS
PURSUANT TO LASER NOTICE
No. 50, dated June 24, 2007

Size: 38mm x 19 mm

Color: silver/black

Location: FemtoFiber® pro Laser Head
housing
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2. Safety Instructions and Warnings

2.3 Identification of Manufacturer

Manufacturer (name and address), serial number, compliance with CE standards and Product ID num-
ber are noted on the identification labels:

2.3.1 FemtoFiber® pro Control Unit

OPTICA Lochhamer Schlag 19

@Ti D-82166 Graefelfing
PHOTONICS

Made in Germany

Power supply FemtoFiber pro (@ TOPTICA Photonics AG

Lochhamer Schlag 19
OPT’C 82166 Graefelfing
in

D-
100-240 VAC; 50-60 Hz; 120 W xude
e e T German y
Fuses: 5x20mm 250V, T 2.5A PI"OdUCT ID No.:
Attention: Disconnect from mains before opening
[Control Unit_03030 | [Ver.: -/~ |
Size: 60 mm x 34 mm Size: 38 mm x 19 mm
Color: Silver/black Color: Silver/black
Location: Rear Panel FemtoFiber® pro Location: Rear Panel FemtoFiber® pro
Conftrol Unit Conftrol Unit

2.3.2 FemtoFiber® pro Laser Head

@ToFrica Photonics AG

Lechhamer Schlag 19

TOPTICA oozt
Mode in
nnnnn

[ FemtoFiber pro_02007] [Ver.: Tv0 ]

Size: 38mm x 19 mm
Color: Silver/black
Location: FemtoFiber® pro Laser Head

2.4 Identification Labels

Each FemtoFiber® pro Laser Head must be connected to its dedicated Control Unit. FemtoFiber®
pro Laser Head and Control Unit are respectively marked by serial number containing labels for easier
identification:

Connect to Confrol Unit: SN:02007 Connect to FemtoFiber pro: SN_02007
Size: 56 mm x 10 mm
Color: Silver/black
Location: FemtoFiber® pro Laser Head and

FemtoFiber® pro Control Unit
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FemtoFiber® pro Laser System

25 Safety Features of the FemtoFiber® pro Laser System

2.5.1 External Interlock

The FemtoFiber® pro Conftrol Unit provides the user with an inferlock connector located at the rear panel
(see Figure 31). In case of aninterlock, the laser head controlled by the respective FemtoFiber® pro Con-
trol Unit is disabled.

NOTE ! To switch ON the FemtoFiber® pro Laser System after a switch-OFF by the external inter-
lock, the Start/Stop button on the FemtoFiber® pro Conftrol Unit front panel must be
pressed to switch the system ON again.

Alternatively the system can be switched ON again by clicking the ON button in the Laser
Control Tab of the FemtoFiber® pro GUI, or using the software command: ffpro.armX.on().
X represents O for the main system or 1, 2, 3 for the AMP system(s).

Door
switch

Figure 23 Inferlock connector

To install an external interlock circuit, please remove the wire in the supplied interlock plug (Phoenix Con-
tact MC 1.5/2-ST-3.81) and connect the interlock circuit.

NOTE ! With a Multi-Arm Laser System, each Control Unit needs an own interlock circuit.
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2. Safety Instructions and Warnings

2.5.2 Laser Beam Shutter

09
) >
9 g e M1
Shutter open ’ é

Shutter closed

Figure 24 FemtoFiber® pro laser head aperture shutter

DANGER! Do not look into any exiting beam of the FemtoFiber® pro Laser Head as the output can
exceed the limits for class 1 specified by the US laws 21 CFR 1040.10 and 2 CFR 1040.11 and
the Laser Safety Standard EN 60825-1:2014. Take precautions to eliminate exposure to a
direct or reflected beam.

The laser beam apertures of the FemtoFiber® pro Laser Head each have a manual laser beam shutter to
block the exiting beam. To operate the shutter, shift the shutter as shown in Figure 24. Check with an suit-
able IR-card whether the laser beam is blocked or nof.
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2.5.3 Fuses

The connector block contains two fuses and is located at the rear panel of the FemtoFiber® pro Control
Unit.

Figure 25 Fuses at FemtoFiber® pro control unit connector block

To replace the fuses, open the connector block cover as shown in Figure 25 and pull out the fuse holder.
Use only Miniature Fuses 5x 20 mm, T 2.5 A, 250 V.

NOTE ! Both fuses are actively in use. Due to this, both fuses have to be checked !
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3. Installation

3

3.1

Installation

Inspection after Delivery

The FemtoFiber® pro Laser System is packaged in a carton designed to give maximum protection during
shipment. If the outside of the shipping package is damaged, notify your shipping department immedi-
ately. The shipping agent may wish to noftify the carrier at this point.

If the shipping carton is undamaged externally, all parts of the FemtoFiber® pro Laser System should

be removed from the carton. If any damage is evident visually, notify TOPTICA Photonics AG and your
shipping agent. It is recommended to save the carton for future storage or fransportation.

Figure 26 Basic FemtoFiber® pro laser system

The basic FemtoFiber® pro Laser System consists of the following parts:

NoOOnabhwdh=

10
11

FemtoFiber® pro Laser Head

FemtoFiber® pro Control Unit

External inferlock plug

2 Keys for key switch

3 Clamping forks

Mains supply cable

Connection cable for FemtoFiber® pro Laser Head connection to FemtoFiber® pro Conftrol Unit
(37 pin D-Sub)

50 Q SMA terminator for Oscillator Monitor Output connector
USB cable

Software installation USB flash drive (not shown)

FemtoFiber® pro Manual (not shown)
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FemtoFiber® pro Laser System

A two/three/four arm system consists of basic system with items 1..7 two/three/four times and

12 one/two/three FC/APC fibers, each 1 m long

13 two/three/four Ethernet patchcords

14 Ethernet switch

15 Power supply for Ethernet switch incl. mains supply cable

Additional items of a FemtoFiber® pro Laser System with VAR Option

16 17

|

Figure 27 Additional items FemtoFiber® pro laser system with VAR-option

16 USB cable for Mechonics Box

17 Lemo 2 pin to HV-isolated BNC cable for Piezo

18 SMB to D-Sub9 cable for Mechonics Box

19 SMA to SMA connection cable, 2 m long

20 Mechonics CU30 Driver Box

21 Software and Manual CD for Mechonics Box (not shown)

O TOPTICA
Page 34 @ oo

Status: 6.9.18



3. Installation

Additional items of a FemtoFiber® pro Laser System with LRC Option

PN AR NN AR A NNRRRRR NN RR AN NNNY

P R R AN RRRANRRARARNNNNNNY

ey R AR AR N R A AR A SRR AN NNY 22
R R AR TR AR RAR LAY R AR RN R RNNNNN G

28 27 26

Figure 28 Additional items FemtoFiber® pro laser system with LRC-option

22
23
24
25
26
27
28
29
30
31
32

12" Supply Rack with 4 Plug in Modules (PHD 110, MB 110, PID 110, MC 110)
Additional SMA to SMA connecting cable, 2 m long

Interlock plug

50 Q BNC terminator for A @;, connector on PHD 110 module

Mains supply cable

BNC to D-SUB connecting cable, color code: red, approx. 15 cm long
BNC connecting cable, color code: yellow, approx. 10 cm long
Ribbon connecting cable, approx. 6 cm long

Additional USB connecting cable

Laptop computer with pre-installed software and drivers (not shown)
Software and Manual CD for InstaCal Measurement Box (not shown)

Depending on the individual order, your FemtoFiber® pro Laser System may be delivered with further
options or items not listed here.

NOTE ! If option LRC is ordered, item 20, Mechonics CU30 Driver Box, is integrated into the 12" Sup-

ply Rack as MC 110 module.

NOTE ! Cables 27, 28 and 29 are usually factory pre-mounted to their dedicated positions at the

modules of the 12" Supply Rack.
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3.2

Installation Instructions FemtoFiber® pro Laser Head

Laser Beam

Figure 29 FemtoFiber® pro laser head (example)

When installing the FemtoFiber® pro Laser Head the following instructions have to be observed:

The FemtoFiber® pro Laser Head must be fixed by brackets or clamping forks to a breadboard
either atf the protective housing or at the 3 posts (for main dimensions of the FemtoFiber® pro Laser
Head please see sections 6.12, 6.13 and 6.14, for mounting options please see sections 6.15 and
6.16).

The FemtoFiber® pro Laser Head should only be installed in place free from vibrations.

The FemtoFiber® pro Laser System is designed for indoor usage, at altitudes below 2000 m.
Environmental conditions:

Operation temperature: +20 °C .. +30 °C, rel. humidity non condensing.

Transport/storage temperature: 0 °C .. +40 °C, rel. humidity non condensing.

Weights: Control Unit < 4.5 kg, FemtoFiber® pro laser head < 15 kg depending on system variant
and options.

Never use the FemtoFiber® pro Laser System near water, for example near a wash basin, a sink or
other damp environment.

The laser beam emits through up to one of the 2 apertures shown in Figure 29 depending on the
system variant. For location of the laser beam apertures please see section 6.12.

NOTE ! When not in use the Oscillator Monitor Output connector must be 50 Q terminated by the

supplied terminator.

Only use cables supplied by ToprTiCA for connection between FemtoFiber® pro Laser Head and
Control Unit. Use of other cables voids warranty.
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4. Operation

4 Operation

4.1 Operator Controls FemtoFiber® pro Laser Head
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Figure 30 Operator controls at FemtoFiber® pro laser head (example)

1 Secondary Aperture (only 6 FC/APC Connector Arm 1 11 Power/Conftrol Connector

available with NIR/UCP/TVIS

variants)
2 Primary Aperture 7 Motor Stage (only VAR 12 Only TVIS variant

Option) Manual Wavelength Tuning

3 Laser Radiation Emission 8 FC/APC Connector Arm 2 13 Only TNIR variant

Warning LED Manual Wavelength Tuning
4 1560/780-Switch (only 9 FC/APC Connector Arm 3

available with NIR variant)
5 HV-Piezo (only VAR Option) 10 Oscillator Monitor Output
Only with VAR Option:
RF-Sync Output
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FemtoFiber® pro Laser System

4.1

.1 Description of Operator Controls FemtoFiber® pro Laser Head

Secondary Aperture

Secondary Aperture of the FemtoFiber® pro Laser Head:

(only available with NIR Variant: 1560 nm frequency doubled laser beam.
NIR/UCP/TVIS variant) | UCP Variant: 980 - 1400 nm supercontinuum laser beam.
TVIS Variant: 488 - 640 nm tunable laser beam.
2 Primary Aperture Standard Aperture of the FemtoFiber® pro Laser Head:
IR/IRS-Il Variant: 1560/1560 nm laser beam.
NIR Variant: 780 nm frequency doubled laser beam.
SCYb Variant: 1030 nm laser beam.
SCIR Variant: 980 - 2200 nm supercontinuum laser beam.
TNIR Variant/Option 830 - 1100 nm tunable laser beam.
3 Laser Radiation The white Laser Radiation Emission Warning LED lights up continuously when
Emission Warning LED | laser light is emitted under standard specifications.
The LED is blinking when the laser is running with reduced power, i.e. not
under standard specification (for adjustment of set level please see section
5.5.3).
DANGER! When the white Laser Radiation Emission Warning LED lights up
or is blinking, one has to be aware of laser emission.
4 1560/780 switch (only | Mechanical switch to change between either 780 nm or 1560 nm laser
available with NIR pbeam (only NIR variant).
variant) NOTE ! Both wavelengths simultaneously are not available.
5 HV-Piezo Fine adjustment of the resonator length is performed by a high-voltage
(only VAR Option) piezo.
This piezo moves max. 10 um when the maximum Voltage of 150V is
applied. This corresponds to a change of the repetition rate of approx.
0.1 kHz. The piezo has a resonance frequency of 5 kHz.
6 FC/APC Connector Fiber connector for seeding an external FemtoFiber® pro AMP Laser Head.
Arm 1
7 Motor Stage Coarse adjustment of the resonator length is performed by a translation
(only VAR Option) stage. The mid position corresponds to the nominal oscillator repetition rate
e SMB-connector noted in the Production and Quality Control Test Data Sheet. The maximum
length variation corresponds to + 100 kHz of repetition rate variation with
respect to the nominal repetition rate.
8 FC/APC Connector Multi Arm System with 3 arms:
Arm 2 Fiber connector for seeding an external FemtoFiber® pro AMP Laser Head
9 FC/APC Connector Multi Arm System with 4 arms:
Arm 3 Fiber connector for seeding an external FemtoFiber® pro AMP Laser Head
10 Oscillator Monitor Connector for pulse-train monitoring on an oscilloscope (min. 200 MHz) or a
Output spectrum analyzer. Any device connected must be 50 Q terminated.
Only with VAR Option: | NOTE ! When not in use the connector must be 50 Q terminated by the
RF-Sync Output supplied terminator.
¢ SMA-connector Only with VAR Option:
RF output for synchronization of the repetition rate.
11 Power/Control Connector for control and supply of the FemtoFiber® pro Laser Head by
Connector the FemtoFiber® pro Conftrol Unit via the supplied connection cable.
e D-Sub 37-pin male
connector
12 TVIS Manual Manual Wavelength Tuning (only TVIS variant)
Wavelength Tuning For details of fine thread screw setftings and corresponding values please
refer to the TVIS section of the Production and Quality Control Data Sheet.
13 TNIR Manual Manual Wavelength Tuning (only TNIR variant)
Wavelength Tuning For details of fine thread screw setftings and corresponding values please
refer fo the TNIR section of the Production and Quality Control Data Sheet.
G‘ TOPTICA
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4. Operation

4.2 Operator Controls FemtoFiber® pro Control Unit

28 27 26 25 24 23 22 2120191817
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Figure 31 Operator controls FemtoFiber® pro Control Unit

NOTE ! The operator controls for the mode-locked ring oscillator and the one or two non-linear
fiber amplifiers (depending on the specification) are identical and described only once.

14 Mains Connector 19 USB Type A Connector 24 Power/Control Connector
15 Fuse Holder 20 USB Type B Connector 25 ON/OFF Key Switch

16 Mains ON/OFF Switch 21 RS232 Connector 26 Power Status LED

17 TCP/IP Ethernet Connector 22 reserved 27 Error LED (red/green)

18 Error LED (red) 23 Interlock Connector 28 Laser Emission Start/Stop

Button and Laser Radiation
Emission Warning LED
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FemtoFiber® pro Laser System

4.2.

1 Description of Operator Controls FemtoFiber® pro Control Unit

Phoenix connector

14 Mains Connector Socket for connection to the mains line via the supplied mains cable.
15 Fuse Holder For changing the fuses please see section 2.5.3.
Use only Miniature Fuse 5x20 mm, T2.5 A, 250 V.
NOTE ! Both fuses are actively in use. Due to this, both fuses have to
be checked !
16 Mains ON/OFF Switch | ON/OFF switch for the mains supply of the FemtoFiber® pro Control Unit.
17 TCP/IP Ethernet Ethernet connector for computer control.
Connector
18 Error LED The LED blinks red while the internal microprocessor is booting and lights
up green contfinuously when the internal microprocessor is ready for oper-
ation.
The LED lights up red continuously when a severe error leading to a laser
emission shut-down has occurred.
19 USB Type A USB 1.1 Interface connector for service purposes and firmware update.
Connector
20 USB Type B USB 1.1 Inferface connector for computer conftrol.
Connector
21 RS$S232 Connector RS232 Interface connector for computer control.
22 reserved
23 Interlock Connector Connector for installation of an external interlock circuit. Please see sec-

tion 2.5.1 for details.
For installation use a Phoenix Contact MC 1.5/2-ST-3.81 plug.

24 Power/Control Connector for control and supply of the FemtoFiber® pro Laser Head by
Connector the FemtoFiber® pro Control Unit via the supplied connection cable.

e D-Sub 37-pin female
connector

25 ON/OFF Key Switch Key Switch to switch the FemtoFiber® pro Control Unit ON/OFF. In position

OFF the internal microprocessor is switched OFF and the internal power
supply is in standby-mode.

26

Power Status LED

The green LED lights up continuously when the internal microprocessor is

ready for operation.

A slow blinking indicates that the system is in standby mode.

The LED blinks fast while the internal microprocessor is booting.

NOTE ! The boot sequence must be finished before the laser can be
started. This is indicated by an acoustic signal.

27

Error LED

Red LED indicating severe errors leading to a laser emission shut-down.

Details about the error are displayed on the Console Tab of the FemtoFi-

ber® pro GUI (see section 5.5.7).

NOTE ! In case of a severe error,
Photonics AG.

please contact TOPTICA

28

Laser Emission Start/
Stop Button and Laser
Radiation Emission

Push button to switch the laser ON/OFF. The yellow LED in the button lights
up when laser light is emitted.

Warning LED DANGER! When the yellow Laser Radiation Emission Warning LED lights
up, one has to be aware of laser emission.
OTOPTICA
Page 40 ‘ PHOTONICS

Status: 6.9.18




4. Operation

4.3 Connection of the FemtoFiber® pro Laser System

CAUTION ! Before plugging in the cables, make sure that the FemtoFiber® pro Control Unit is switched
OFF at the ON/OFF Switch at the rear panel.

The following basic connections are necessary to operate the FemtoFiber® pro Laser System:

NOTE ! When not in use, the Oscillator Monitor Output (10) must be 50 Q terminated by the sup-
plied terminator.

1 Connect the supplied mains cable to the FemtoFiber® pro Conftrol Unit (connector and switch at
rear panel, see Figure 31).

2 Connect the supply and control cable to the FemtoFiber® pro Laser Head (Power/Control Con-
nector (11)) and the FemtoFiber® pro Control Unit (Power/Control Connector (24)).
Always fix the screws of the connectors !

DANGER! For your safety it is recommended to set up an external interlock circuit. If no interlock cir-
cuit is connected, please use the supplied interlock plug to close the external interlock cir-
cuit. For information see section 2.5.1. Make sure the interlock circuit is closed before
operating the system. For safety reasons please close the laser beam shutter(s) as
described in section 2.5.2.

3 For computer control of the FemtoFiber® pro system via USB please follow the instructions noted in
section 5.2 to install the USB connection.

4.3.1 FemtoFiber® pro Multi-Arm Laser Systems

CAUTION ! Before plugging in the cables, make sure that all FemtoFiber® pro Control Units are
switched OFF at the ON/OFF Switch at the rear panel.

1 Connect the supplied mains cables to the FemtoFiber® pro Control Units (connector and switch at
rear panel, see Figure 31).
2 Connect the supply and control cables to the FemtoFiber® pro Laser Heads (Power/Control Con-
nector (11)) and the FemtoFiber® pro Control Units (Power/Control Connector (24)).
NOTE ! Make sure that each FemtoFiber® pro Laser Head is connected to its dedicated Control

Unit. FemtoFiber® pro Laser Head and Control Unit are respectively marked by serial num-
ber containing labels for easier identification (see section 2.4).

DANGER! For your safety it is recommended to set up an external interlock circuit. If no interlock cir-
cuit is connected, please use the supplied interlock plugs to close the external interlock
circuits. For information see section 2.5.1. Make sure the interlock circuits are closed before
operating the system. For safety reasons please close the laser beam shutter(s) as
described in section 2.5.2.

3 Connect the FC/APC fibers for each arm (i.e. FemtoFiber® pro AMP Laser Head) to the respective
FC/APC connector (Figure 30: 6, 8, 9) of the FemtoFiber® pro main Laser Head.

When not in use the FC/APC connector must be closed by the supplied cap(s) for laser safety reasons
and fo prevent from pollution.
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4 Only 2, 3and 4 arm systems:
Connect the Control Computer to the USB Type A connector (Figure 31: 19) of the FemtoFiber® pro
main Confrol Unit.
Connect the Ethernet switch to the power supply. Connect the Ethernet switch to the FemtoFiber®
pro Control Units by patchcords.

usSB

Main
Control Unit E Control

(Master) Ethernet Switch Computer

Patchcords

AMP 1
Conftrol Unit
(Slave)

AMP 2
Conftrol Unit
(Slave)

AMP 3
Conftrol Unit
(Slave)

Figure 32 FemtoFiber® pro 4 arm system

4.3.2 Additional Connections FemtoFiber® pro with VAR and LRC Option

Please refer to sections 6.2.2 and 6.3.2 in the appendix for additional connections of systems with VAR
and LRC option.
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4. Operation

4.4 Power Up of FemtoFiber® pro Systems

DANGER! Do noft look into the exiting beam of the FemtoFiber® pro Laser Head as the oufput can
exceed the limits for class 1 specified by the US laws 21 CFR 1040.10 and 2 CFR 1040.11 and
the Laser Safety Standard EN 60825-1:2014. Take precautions to eliminate exposure to a
direct or reflected beam.

NOTE ! The FemtoFiber® pro Control Unit is equipped with an universal mains input which sets the
FemtoFiber® pro Control Unit to your local mains supply voltage.

NOTE ! The operation of systems with VAR option is described in section 6.2 in the appendix.

For safe operation of the FemtoFiber® pro Laser System please follow the steps below.
1. Make sure all connections according to section 4.3 are installed.

2. Switch ON the Mains Switch on the rear panel of the FemtoFiber® pro Control Unit(s) to set the sys-
tem in standby mode.

CAUTION ! With a Multi-Arm Laser System, for safety reasons and tfo guarantee optimum system per-
formance, before powering-up always check whether the FC/APC fiber connections are
installed properly.

3. Switch ON the FemtoFiber® pro Control Unit(s) by the Key Switch at the front panel and wait until
the boot sequence is finished. This is indicated by an acoustic signal and the green Power Status
LED lighting continuously.

4. Manual Operation:
To activate/deactivate the laser(s) press the yellow Laser Emission Start/Stop button on the
FemtoFiber® pro Conftrol Unit(s) front panel.

Computer Controlled Operation:

Start the FemtoFiber® pro GUI(s) and connect each FemtoFiber® pro Control Unit as described in
section 5.4. Click the ON or OFF button on the Laser Control Tab of the FemtoFiber® pro GUl to
activate/deactivate the laser controlled by the respective GUI.

5. The white Laser Radiation Emission Warning LED (Figure 30: 3) lights up continuously and indicates

laser emission.
Open the desired shutter.

4.5 Power Down

NOTE ! The operation of systems with VAR option is described in section 6.2 in the appendix.

1. To switch OFF the FemtoFiber® pro Laser System, deactivate the laser(s) at the respective yellow
Laser Emission Start/Stop button on the FemtoFiber® pro Control Unit(s) front panel.

2. Switch OFF the FemtoFiber® pro Control Unit(s) by the Key Switch on the front panel.
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5 Computer Control of the FemtoFiber® pro Laser System

Key features:

Built-in microprocessor for system conftrol

Easy communication through web browser

Access to motorized controls, such as variable pulse compression
Python command structure available for system integration

The FemtoFiber® pro Control Unit includes a microprocessor which conftrols all laser parameters. This
ensures furnkey and hands-off operation with a single ON/OFF button for the user.

Standard communication interfaces (Ethernet, USB and RS 232) allow access to all relevant parame-
ters for an easy integration in complex setups. The user can choose between three alternatives:
Simplest way is to login via any web browser already installed on the user's computer. Another way is
employing the FemtoFiber® pro GUI that is included free of charge. The advanced user may also write his
own scripts using a pool of pre-defined Python commands.

5.1 System Requirements

Control computer with Windows operating system, up to Windows 10.

5.2 USB Connection

5.2.1 Installation of FTDI CDM Drivers for USB Connection

NOTE ! You will need to have administrator rights to run the setup. If you don't have logged in with
such rights, you will need to logon as such first. As an alternative, you may also run
setup.exe under a different user while using right-mouse-click and select "run as..."

NOTE ! Since support of Windows XP has been terminated recently, TOPTICA no longer supports this
or older operating systems. The following procedures are executed on a Windows 7 sys-
tem, also including some special remarks on Windows 8.
Operation with Windows 10 has been verified at time of issuing this manual.

NOTE ! Newest and latest FTDI drivers can always be found at the manufacturer's website:
http://www.ftdichip.com/Drivers/VCP.htm

1. Start your confrol computer.

2. Switch ON the FemtoFiber® pro Conftrol Unit at the ON/Off switch (16) at the rear panel and at the
ON/OFF Key Switch (25) at the front panel.

3. Insert the Software USB flash drive to the control computer and select the folder FemtoFiber-pro-
USB-Driver_Windows (Figure 33).
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5. Computer Conftrol of the FemtoFiber® pro Laser System

GO

» FFpra-Dezld » Fpro-Drivers

& Downloads

] Recent Places

A Libraries
[F Documents
@ Music
& Pictures

B# Videos

™ Computer
&, Local Disk (C)

e Removable Disk (E:)

€ Network

}-. €DM_¥2.10.00_WHQL_Certified 09 Date modified: 12/17/2014 4:39 PM

N Application Size: 186 MB

Organize v [= open Share with + New folder

- Name Date modified
°T Favorites

B Desktop CDM_v210.00_ WHQL Certified 09

Type

Date created: 12/17/2014 4:40 PM

o | B )
D 2|
=~ 0 @

Figure 33

NOTE !
ers.

For latest drivers, please see www.ftdichip.com and search for VCP (Virtual Com Port) driv-

4. Connect the supplied USB cable first to the USB Type B connector (Figure 31: 20) of the FemtoFi-

ber® pro Control Unit and then to the control computer.

5. Start the CDMxxx.exe installer.

@ FTDICDM Drivers

=)

FTDI CDM Drivers

Driver Package and launch the installer.

www ftdichip.com

Click 'Extract’ to unpack version 2,10.00 of FTDI's Windows

Device Driver Installation Wizard

Welcome to the Device Driver
Installation Wizard!

This wizard helps you install the software drivers that some
computers devices need in order to work.

To continue, click Next

EESE ] cancel < Back
Figure 34
6. Click Extract to initialize the installation. The window shown in Figure 34 right appears. Click Next to

start the installation.
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Device Driver Installation Wizard

Completing the Device Driver
Installation Wizard

The drivers were successfully installed on this computer.

‘You can now connect your device to this computer. If your device
came with instructions, please read them first

Driver Name Status

%/ FTDI COM Driver Packa... Readyto use
%/ FTDI COM Driver Packa... Readyto use

Figure 35

7. Click Finish to complete the installation.
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53 Installation of FemtoFiber® pro GUI-Software

NOTE ! You will need to have administrator rights to run the setup. If you don't have logged in with
such rights, you will need to logon as such first. As an alternative, you may also run
setup.exe under a different user while using right-mouse-click and select "run as..."

The following installation procedure is described with Windows 7/8, other operation sys-
tems may show different windows. In this case, please follow the steps accordingly.

1. Start your contfrol computer.

2. Insert the Software USB flash drive to the control computer and select the folder FemtoFiber-pro-
GUI_Installer and start "setup.exe”.

o [ B
@v;\ » FFpro-Dezld » FFpro-GUllnstaller » < %3 [ Search Frpro-GUl nstoler 2]
B Open  Sharewth v Newfolder =~ A @
B Videos
A m
e Removable Disk (E)
€ Network
thj;f iept:hp(am" Date m-:zh;z\ }1;55,’3&13501 AM Date created: 12/17/2014 3:30 PM
Figure 36
3. The FFpro-GUI Installation Wizard is started and prompts with the window shown in Figure 37.
153 Frpro-GUI [E=mEE S

|
Destination Directory
Select the primar instalation directory.

All softvare will be installed in the following lacations. Ta install software into a
different lacation, click the Browse button and select anather directany.

Directory for FFpra-GLI

‘C.-.Frugram Files (86)\FFpro GUI\ |[ Browse. |
Directory for National Instruments products
[G:Program Fies (x86)\National Instrmerts' | [ Browse.. |
<<Back || Nestr> J[  Cancel
Figure 37
4. Browse to select the program folder

(Default: Program Files\FFpro-GUN\) and confirm with Next.
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5. Only Windows 8.0:

Please check the Disable Windows fast startup checkbox (Figure 38) the and confirm with Next.

Disable Windows Fast Startup
Disable Windows fast startup to prevent problems with installing or removing
hardware.

The fast startup capabilty intraduced in Miciosalt Windows 8 map cause prablems with instaling
or remaving hardware. National Instiuments recommends disabling Windows fast startup, For
mare information about fast startup, click the following link or visit ni.com/infa and snter the Info
Cods WinF astStartup

idows Fast Startup Information

Disable Windows fast startup to prevent problems with instaling or removing hardware.

<¢ Back Next >> Cancel

Figure 38

. ~
8 FFpro-GUE [
|

License Agreement
*ou must accept the licenses displayed below to proceed,

HI Il

NATIONAL INSTRUMENTS SOF TWARE LICENSE AGREEMENT @

INSTALLATION NOTICE: THIS IS A CONTRACT. BEFORE YOU DOWNLOAD THE SOFTWARE
AND/OR COMPLETE THE INSTALLATION PROCESS, CAREFULLY READ THIS AGREEMENT.
BY DOWNLOADING THE SOFTWARE AND/OR CLICKING THE APPLICABLE BUTTON TO
COMPLETE THE INSTALLATION PROCESS, YOU CONSENT TO THE TERMS OF THIS
AGREEMENT AND YOU AGREE TO BE BOUND BY THIS AGREEMENT. IF YOU DO NOT WISH
TO BECOME APARTY TO THIS AGREEMENT AND BE BOUND BY ALL OF ITS TERMS AND
CONDITIONS, CLICK THE APPROPRIATE BUTTON TO CANCEL THE INSTALLATION
PROCESS, DO NOT INSTALL OR USE THE SOFTWARE, AND RETURN THE SOFTWARE
WITHIN THIRTY (30) DAYS OF RECEIPT OF THE SOFTWARE (WITH ALL ACCOMPANYING
WRITTFN MATFRIAI S Al ONG WITH THFIR CONTAINFRS) T0 THF Pl ACF YOLI ORTAINFD

The software to which this National Instruments license applies is FFpro-GUI.

1 acoept the above 2 License Agresment(s)

-
L FRpro-GUI

Start Installation
Fleview the fallowing summary before continuing

Adding or Changing
* FFpro-GUI Files
* NI-VISA 5.41

Fun Time Support

Click the Mext buttan to begin installation. Click the Back button ta change the installation settings

Nest>> GaveFie. | [ <<Back || Mew»> |[  Cancel
Figure 39
6. Confirm the License Agreement. Click Next to start the copying process (Figure 39 right).
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" ~ " ~
53 Frpro-GUI [ 59 FFpro-GUI =)
| |

Installation Complete

The installer has finished updating your system

Overall Progress: 4% Complets

Publishing praduet information.

<< Back Het>> | Cancal << Back. Finish
Figure 40
7. The installation progress may take several minutes. Click Next to exit the installation wizard (Figure
40 right).

The window shown in Figure 41 appears.

d B
FFpro-GUI =5

@ You must restart your computer to complete this operation.

If you need to install hardware now, shut down the computer. f you
choose to restart later, restart your computer before running any of this
software.

Restart | [ SwtDown | [ Resta Later
Figure 41
8. Click Restart to make sure that the computer is running with all the necessary drivers and libraries
properly.

When the FFpro-GUl is started for the first fime, Windows firewall will interrupt with the following mes-
sage (Figure 42).

TOPTICA
@m Page 49

Status: 6.9.18



FemtoFiber® pro Laser System

r Al
ﬂ Windows Security Alert ﬂ

@ Windows Firewall has blocked some features of this program

Windows Firewall has blocked some features of FFpro-GUI on all public and private networks.

& Mame: Fpro-GUL|
Publisher: TOPTICA Photonics AG
Path: C:\program files (x86)\fpro-gui\fforo-gui.exe

Allow FFpro-GUI to communicate on these networks:
[] Private networks, such as my home or work netwark

Public networks, such as those in airports and coffee shops {not recommended
because these networks often have little or no security)

What are the risks of allowing a proaram through a firewall?

[ @A_Jlowaooess ] [ Cancel

Figure 42

9. Please select the appropriate safety level and click Allow access.
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54 Start of FemtoFiber® pro GUI-Software

The FemtoFiber® pro GUI will add a program group to your installed programs. Select "Start -> All Pro-
grams -> FFpro-GUI -> FFpro-GUI" to start the software.

& FemtoFiber Pro GUI =l = =
connection | laser centrol | infe | censole

mome e | ARMO
COMS - Intel ASRL3:INSTR - double click COM port

COML4 - USB Serial Port ASRLI4:INSTR or TCP/IP connection .
available TCP/IP connections rescan

FF1Lab_Rack A7 192168.51.212

FF_Dauertest 1 192168.51.240

FFpra_02010 192168.51.34

FFpro_02056 192168.51.40

FFpro_02280 192168.55.14

FFpro_02281 192168.51.251

FFpro_02282 192168.51.236

FFpro_02283 192168.51.193

am_Patrick_sei ischweesdochoohnieee 1921685162

zzFFpro_02058 192168.51.227

Figure 43

After starting the FemtoFiber® pro GUI, it will automatically scan all possible connections to your
FemtoFiber® pro Laser System(s). Serial and USB ports are listed in the upper boxes, laser system(s) con-
nected via TCP/IP will be displayed in the lower box (if any).

Double-click on the desired connection to activate. If the desired port is not shown, it may be re-listed
by performing a rescan.

NOTE ! For Multi-Arm Laser Systems please make sure that the master Control Unit is connected to
the control computer.

After a successful connection, the list of the available ports and systems is grey-scaled and blocked.
Additionally, a green indicator at the left end of the status bar at the bottom of the screen shows that the
computeris connected with the selected laser system. Next to that, the selected port and the laser head
id (Serial number) is displayed.

As a last step, change to the Laser Control tab (see Figure 46) and use the ON/OFF buttons to start/
stop the laser emission. When the laser emits light, a yellow colored laser warning symbol is shown at the
right side of the window. For further information about the FemtoFiber® pro GUl operation please refer to
section 5.5.
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5.5 Operation of FemtoFiber® pro GUI-Software

5.5.1 General

digit to modify
3658
cursor
Figure 44 Example: Changing Numeric Input Controls
Changing numeric input controls:
Set the focus on the desired numeric conftrol (left click on the field). A cursor appears in the input field.

The digit to the left of the cursor can be incremented/decremented with the up/down arrow keys. To
select the desired digit use the arrow keys left/right.
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5.5.2 Connection Tab

& FRdichro_bioMP_001A =] & =
connection | laser control | info | console
T ARMO
double click COM port
or TCP/IP connection ...
- close
rescan connection
hello!
send password
reconnect slaves
| 192168.5545 FFdichro_bioMP_001A

Figure 45 Connection tab
available serial ports

rescan

available TCP/IP connections

close connection

hello!

send password

reconnect slaves

O‘ TOPTICA
PHOTONICS

The list contains all available COM-ports of the control com-
puter.

Clicking updates the corresponding list.

The list contains all available laser heads for which an Ethernet
connection has been established (see section 5.6).

Clicking this button deactivates the current connection.

Clicking this button leads to an acoustic signal of the currently
connected FemtoFiber® pro Control Unit.

Only necessary for Ethernet connection: Clicking opens a win-
dow to enter a password (default: empty) to enable full control
via Ethernet (userlevel 1, see section 6.8).

Only present with Multi-Arm systems:

Clicking checks and updates the connection to the slave Con-
trol Units. Please use the button in case of communication mal-
function to slave Control Units.
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5.5.3 Laser Control Tab

& FFpro_02031 =l = =
connection  lasercontrol | info | console
—— ARMO
OFF
1,00
set level
_, g 100
I N L
0 01 02 03 04 05 06 07 08 09 1
ffpro.armi.axSi.pos
LASER EMISSION
Si prism target position 31416r25 ACTIVE !

R G e
26000 27000 28000

@ auto optimize|_optimize now <can now

Srerp '
32000 33000

>

192.168.51.3 FFpro_02031

Figure 46 Laser Conftrol tab (example)

ON/OFF

set level

FFpro.armO.level

Si prism target position

FFpro.armO0.axSi.pos

Clicking switches the laser emission ON/OFF.

Changing the set level reduces the laser power (1 corresponds
to 100 %). When the laser power is reduced, the laser is not
operating under standard specification and the white Laser
Radiation Emission Warning LED on the FemtoFiber® pro Laser
Head is blinking.

This function is only for alignment purposes.

Displays the actual set level for the main laser.
Changing the target position of the motorized prism compressor
allows to optimize the pulse length (IR, IRS-II, NIR) or spectral dis-

tribution (SCIR, UCP, TVIS, TNIR).

Displays the actual target position of the Si prism.

NOTE ! The following operator controls are only available if the optimization feature is imple-
mented (not available for all system variants).

auto optimize

optimize now

scan how

Indicator laser triangle
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Clicking switches the auto optimize feature ON/OFF. When
switched ON, auto optimize constantly adjusts the average
power to maximum.

NOTE! For constant pulse timing, auto optimize should be
switched OFF |

Starts the auto optimize procedure.

Starts a search for maximum average power over the whole
prism set range and adjusts the average power to maximum.

A yellow colored laser warning symbol is shown at the right side
of the window when the laser emits light.
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5.5.4 Laser Control Tab Standard

System UCP and TVIS Variant

bt @ [

& FFpro_02215

ffp

Si prism target position

30000 31000 32000

26000 27000 28000 29000

i
ffpro.amm0.axSFL0.pos

14135,00

SFL0 prism target pesition

BN a0
o v i

. S i 10350

N N N N N N I I N
10000 11000 12000 13000 14000 15000 16000 17000 18000

ARMO

LASER EMISSION
ACTIVE !

|
33000

FFpro_02215

4192‘153.55‘14

Figure 47 Laser Control tab (example)

For description of the basic operator controls, please refer to section 5.5.3.

NOTE !
variant.

The following operator controls are only available with the FemtoFiber® pro UCP and TVIS

SF10 prism target position

FFpro.arm0.axSF10.pos

G‘ TOPTICA
PHOTONICS

Changing the target position of the motorized SF10 prism com-

pressor allows to optimize the pulse length.

Displays the actual target position of the SF10 prism.
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5.5.5 Laser Control Tab Multi-Arm Laser System

With a Multi-Arm Laser System, for each arm a Laser Confrol Tab appears after the FemtoFiber® pro GUI
has activated a connection to the FemtoFiber® pro main Control Unit. The number of the respective arm

is displayed above the Indicator laser triangle.

0 10000 20000 30000 40000 50000 60000 70000 77000

R G soa

& Frdichro_bioMP_0014A =@ =]
connection  laser control | info | console |
e ARMO
OFF
1,00

set level
., 0
o o1 o2 o3 Toa oS 06 oy Tosod M

fipro.arm0.axSi.pos

LASER EMISSION

i prism targt positon 39999,99 ACTIVE !

set level

. )

L R L L T L R
0 01 02 03 04 05 06 07 08 03 1
ffpro.arml.axSi.pos

targe postian 0,00
Y

R N e R BN R R R
-1 -09 -08 -07 -06 -05 -04 -03 -0.2 -01 0

-

] 192.168.55.46. FRdichro_bioMP_001A
& FFdichra_bioMP_0014 - amplifier arm 1 = =r=]
ffpro.arm Jevel
o 1,00 ARM1

LASER EMISSION
ACTIVE !

Figure 48 Laser Conftrol tab (example for two-arm system)

For description of the operator conftrols, please refer to section 5.5.3.
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5.5.6 InfoTab

& FFdichro_bioMP_001A [ = | =]

console |

connection | laser control  info

press refresh button to update information ... ARMO

fpro.serial 'FFdichro_bioMP_001A" |

ffpro.firmware ‘FemtoFiberDichro-firmware 1.4.0 (release 437, 2014-06-11 15:55:46)"

ffpro.ip '192.168.55.46'

ffpro.time ‘2014-12-1211:34:07"

Ffpro.uptime "2211:08:59'

ffpro.osci.reprate 20389576

ffpro.oscifactory_reprate 20000000

LASER EMISSION

ffpro.arm0.rack_interlock | 0 ACTIVE !

ffpro.arm0.head_interlock ]

ffpro.userlevel() 1

len(ffpro.arms) 2

ffpro.show_slaves() ffpro.arml : Frdichro_bioMP_001B @ 192.168.55.48

ffpro.arm0.onoff 0

ffpro.arm0.level 0.99989587000000002

ffpro.arm0.axSi.pos 39999.991 -

T
El El
i 1921685546 FFdichro_bioMP_001A

Figure 49 Info tab
table Displays FemtoFiber™ pro system specific parameters.
refresh info Reloads and updates the table.
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5.5.7 Console Tab

sage.

DANGER! If the laser system is controlled via the Console tab, please note that the Indicator laser tri-
angle is not updated according to the operating status of the individual laser(s).
To signalize this, the Indicator laser triangle is covered with a red bar and a warning mes-

& FFdichro_bioMP_001A

|E=E|8oH =

connection | laser contrel | info  console

a

1

>33
»»> len(ffpro.arms)

>»»> ffpro.show_slaves()

fipro.arml : FFdichrc bioMP 001B @ 192.168.55.48
>33

>»> £fpro.arm0.onoff

ffpro.armd.level
587000000002
fipro.arm0.axSi.pos
91999399998

click into console indicator and type commands ...

4192 168.55.46 FFdichro_bioMP_D01A

m

copyall

copy selection] paste to console

ARMO

no indicator updates
in console mode!

Figure 50 Console tab

screen

copy all
copy selection

paste to console
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Built-in terminal to communicate with the FemtoFiber® pro laser
system on the command level.

Copies the whole content of the terminal to the clipboard.

Copies the selected content of the terminal to the clipboard.

Copies the clipboard content (text only) to the terminal prompt.
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5.6 Ethernet Connection

5.6.1 Installation of the Ethernet Connection

NOTE ! To control the FemtoFiber® pro via Ethernet, first a suitable TCP/IP connection must be
established.

NOTE ! With a Multi-Arm Laser System, the Ethernet connection must be established for each
FemtoFiber® pro Control Unit separately.

In order to set the IP address of the internal microprocessor, the FemtoFiber® pro Control Unit must be
connected to the control computer by USB and the USB connection must be installed (see section 5.2).
After starting the GUI software select the Console Tab and enter the respective command to change the
IP configuration as desired:
to check the current status, type:
ipconfig("?") + <RETURN>
to set the unit as a DHCP client, type:
ipconfig("DHCP") + <RETURN>
to set a fixed IP-address, type:
ipconfig (" xx.xx.xox.xxx") + <RETURN>
the command is then acknowledged as follows:
iface ethO inet static
AdAress XXX XXX XXX XXX
netmask 255.255.255.0
new configuration written
in order to apply the new IP address or configuration, simply enter the command
applyip()

or restart the system. After rebooting the new configuration is used.

NOTE ! When your control computer has an active firewall installed, make sure that the Ethernet
connections to the selected addresses are allowed. Otherwise, the FemtoFiber® pro GUI
software is not able to detect lasers connected via Ethernet.
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5.7 Web Frontend

NOTE ! To control the FemtoFiber® pro via Ethernet, first a suitable TCP/IP connection must be
established.

Parallel fo the FemtoFiber® pro GUI Software tool, all controls are offered via a web-browser based fron-
tend. To access the frontend, the FemtoFiber® pro Laser System must be configured for a TCP/IP Ethernet
connection (please refer to section 5.6).

To communicate with the FemtoFiber® pro Control Unit simply type in the corresponding IP address:

N/ /XXX XXX XXX

where xXxXx. xXxx.xxx.xxx represents the IP-address of the FemtoFiber® pro Control Unit.

NOTE ! With a Mulli-Arm Laser System only the FemtoFiber® pro main Control Unit is controlled via
the operation window. All AMP systems are controlled via sofftware commands entered in
the console window.

@ TOPTICA FemtoFiberPro - Mozilla Firefox E]@
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Figure 51

By default, the selected connection is in "userlevel 0" with read-only rights. In order to access full conftrol,
the user has to login (with password if there is one installed, else simply press login). For detailed informa-
tion about the userlevels, please see section 6.8.
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5. Computer Conftrol of the FemtoFiber® pro Laser System

5.7.1 Operation

After clicking on the "Operation” link on the web frontend homepage (Figure 51), the operation page
will be displayed:

(@ FemtoFiber Pro - Mozilla Firefox Eﬂ@

Datei  Bearbeiten  Ansicht  Chronik  Lesezeichen Exiras  Hife

& FemtoFiber Pro

@ TOPTICA
@ o

4 Passiow for Precisiou.

logged in with userlevel 1

Figure 52

The control elements on this page are principally the same as on the Laser Confrol Tab of the FemtoFi-
ber® pro GUI. For a description of the operator controls, please refer to section 5.5.3.

5.7.2 Python Command List

By clicking on this link, a list of the available Python commands is displayed. The commands are dis-
played in different colors:

black-colored commands are accessible by userlevel 0 and 1.

brown colored commands are accessible by userlevel 1 only.

For detailed information about the userlevels, please refer to section 6.8.

NOTE ! The list of Python commands is always up-do-date. When a new firmware adds new com-
mands, they will be also added to the list. It is therefore recommended to take the current
list as a programmers reference.

NOTE ! The command list noted in section 6.9 corresponds to firmware version 1.0.0. The current
firmware version on your FemtoFiber® pro Laser System is displayed on the Python com-
mand list.

If you are not familiar with the Python script programming language, you may also read further informa-
tion about the language on the command list page, by scrolling down to the end of the list. (see also
section 6.7).

A very helpful Python reference is found on the internet: hitp://www.python.org/doc/2.4.2/
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5.7.3 Console

The console window offers an integrated terminal fo communicate with the FemtoFiber® pro Control Unit

by typing in commands directly.
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Built-in terminal to display the communication with the FemtoFi-
ber® pro laser system on the command level.

Input field for entering software commands. The command is
sent and executed by pressing ENTER.

Sends and executes the entered command.
Sends a user inferrupt to finish the current action.
Clears the screen.

Displays a list of system properties in the screen.

Executes basic selftest which can be performed e.g. during a
measurement without disturbing the laser emission.

Executes complete selftest. This test contains the basic selftest

and interrupts the laser emission. It also checks movable com-
ponents e.g. prism motor position.
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5. Computer Conftrol of the FemtoFiber® pro Laser System

5.7.4 System Properties

This page lists a detailed report about the status of the FemtoFiber® pro Laser System. The information is
more detailed than the one on the FemtoFiber® pro GUl Info Tab. The list is intentionally used for frouble-
shooting purposes.

5.7.5 Debug Lodfile

The debug lodfile lists all temporarily occurring events, from the boot-up sequence to warnings or error
messages. It may be helpful for froubleshooting purposes.

NOTE ! The list will be cleared when the FemtoFiber® pro Control Unit is switched OFF by the Key
Switch at the front panel.

For detailed information on the messages, please see section 6.9.7.

5.7.6 Service Lodfile

The service lodfile lists all severe errors and warnings permanently. It may be helpful for troubleshooting
purposes.

5.7.7 Data Transfer

This window shows the content of a local folder in the internal microprocessor environment. It is typically
used for update processes as a temporary file drop zone. Also, when automatic measurements are per-
formed, the measured data is stored there.

To access this folder by the control computer, simply use ftp file transfer protocol,
e.g. enter

FHO 1/ /XXX XXX XXX

into the file browser, e.g. Windows® Explorer, where (Xxx.xxx.xxx.xxx represents the FemtoFiber® pro Con-
trol Unit IP address).

TOPTICA
@m Page 63

Status: 6.9.18



FemtoFiber® pro Laser System

5.7.8 Firmware Update

This page allows to upload a new firmware to the FemtoFiber® pro Conftrol Unit. Select a file location and
press upload to start the update process.

NOTE ! With a Multi-Arm Laser System only the FemtoFiber® pro main Confrol Unit can be

updated via the firmware update window. All AMP systems are updated via USB flash
drive as described in section 6.5.
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6. Appendix

6 Appendix

6.1 Specifications of FemtoFiber® pro Laser Systems

Your laser has been manufactured to the latest specifications. For reference please see the Production
and Quality Control Test Data Sheet or the TOPTICA website (www.toptica.com) for general specifications.

6.2 FemtoFiber® pro with VAR Option

6.2.1 Installation

To install and run the laser, in general please first follow sections 3, 4 and 5 of this manual. Always follow
the Safety Instructions and Warnings noted in section 2 of this manual.

The installation of the variable repetition rate control (VAR) is performed after the FemtoFiber® pro
laser system has been installed. Before starting the setup for VAR, make sure that the laser is switched off.
Figure 55 illustrates how the VAR accessories are connected.

6.2.2 Additional Connections

Computer
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Figure 55 Connections for FemtoFiber® pro VAR-option

For location and description of the connectors, please refer to sections 4.1 and 4.2.
For the installation of the Mechonics drivers please refer to the manual included on the Mechonics CD.
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6.3 FemtoFiber® pro with LRC Option

6.3.1 Installation

NOTE ! The LRC option requires the VAR option installed in the FemtoFiber® pro laser system.

To install and run the laser, in general please first follow sections 3, 4 and 5 of this manual. Always follow
the Safety Instructions and Warnings noted in section 2 of this manual.

The installation of the laser repetition rate control (LRC) is performed after the FemtoFiber® pro laser
system has been installed. Before starting the setup for LRC, make sure that the laser is switched off.
Figure 56 illustrates how the LRC accessories are connected.

6.3.2 Additional Connections
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Figure 56 Connections for FemtoFiber® pro LRC-option

For location and description of the connectors, please refer to sections 4.1, 4.2 and 6.3.3.
To set-up the required connections (see Figure 56), make sure the 12" supply rack is switched OFF at the
rear side switch close to the power entry module.

NOTE ! A description of the electronic plug in modules and their respective connections is given in
section 6.3.3. Please proceed with the cabling in the same order as described there.
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6. Appendix

6.3.3 LRC Plugin Modules

6.3.3.1 RF Input Amplification Module

©

Figure 57 RF Input Amplification Module

The RF Input Amplification Module preamplifies the RF input signals for the PHD 110 module.

Connections:

e Connect the first radio frequency input (RF1 in) to the Monitor SMA-connector at the FemtoFiber®
pro laser head. Use the supplied coaxial cable with SMA/BNC connectors.

e Connect RF1 out of the RF Input Amplification Module to the RF1 connector on the PHD 110 mod-
ule. Use the supplied coaxial cable with BNC/SMA connectors.

¢ Connect the second radio frequency input (RF2 in) to your existing reference oscillator.

e Connect RF2 out of the RF Input Amplification Module to the RF2 connector on the PHD 110 mod-
ule. Use the supplied coaxial cable with BNC/SMA connectors.
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6.3.3.2 PHD 110 Module (Phase Detector)

%) ©
GTOPTICA PHASE
0 PHOTONICS DETECTOR

®
@ RF1

o

@

®@PHD 110

@
®

o
c

@® '@

(@) ©

Figure 58 Front panel of the PHD 110 module

The PHD 110 comprises an analog phase detector, which compares the instantaneous phase angles of
two radio frequency signals (RF1 and RF2). The output voltage of the phase detector is proportional to
the relative phase difference between the two input signals. The output is used as an error signal and fed
to the PID regulator. In addition, the PHD 110 module hands over information such as the signal level of
RF1 and RF2, the instantaneous phase deviation and the RMS phase jitter to the measurement unit
MB 110.

Connections:

e Connect the first radio frequency input (RF1) to the Monitor SMA-connector af the FemtoFiber®
pro laser head. Use the supplied coaxial cable with SMA/SMA connectors.

e Connect the second radio frequency input (RF2) to your existing reference oscillator.

e Using the supplied ribbon cable (D-SUB25 connectors), connect the PHD 110 module to the
MB 110 module.

* Connect the Phase Output (@, 4) BNC-connector to the Photo Detect Input of the PID 110 mod-
ule. Use the supplied BNC to D-SUBY converter cable.

* Close the Phase Difference Input (A @) by the 50 Q terminator if this input is not needed.
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6.3.3.3 MB 110 Module (Measurement Unit)
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Figure 59 Front panel of the MB 110 module

The measurement unit MB 110 contains a number of Analog-to-Digital converters which are used to pro-
cess information about the operational state of the feedback loop. It obtains values for the signal level of
RF1 and RF2, the instantaneous phase deviation and the RMS phase jitter from the PHD 110. In addition, it
continuously samples the voltage supplied to the piezo. All this information is digitized and sent to the lap-
top computer via an USB connection.

Connections:
¢ Danger! High-Voltage !
Use the supplied BNC to Lemo 2 pin converter cable to connect the Output BNC-connector to the
HV Piezo Lemo 2 pin-connector at the FemtoFiber® pro laser head.
¢ Danger ! High-Voltage !

Use the BNC cable marked yellow to connect the Input BNC-connector to the Output BNC-con-
nector at the PID 110 module.
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6.3.3.4 PID 110 Module (PID Regulator)

Figure 60 Front panel of the PID
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The PID 110 is a very versatile proportional infegral differential regulator. In general, it is used to provide
feedback to a system in a way as to minimize an error signal which has to be delivered as an input. Here
the signal to be minimized is the relative phase deviation between the two radio frequency signals RF1

and RF2.

Connections:

¢ The PID 110 module has only two connections at the front panel which have already been

described in the previous two sections. Therefore no further cabling is required.

However, make sure that the ON/OFF switch next to the green status LED is in position OFF while

installing cable connections.

This switch enables or disables the high voltage amplifier which drives the piezo. Check that the

“reg.” switch is in position LOCK, and the "mod.”

switch is in position OFF. Please do not make

adjustments to the settings of the P, |, and D screws and the gain control at this time, since these
values have been pre-set at the company.
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6.3.3.5 MC 110 Module (Motor Controller)
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Figure 61 Front panel of the MC 110 module

The Motor Conftroller MC 110 controls the motion of the linear translation stage mounted inside the
FemtoFiber® pro laser head, which serves to coarsely adjust the repetition rate of the laser. Whenever the
piezo voltage leaves a predefined interval around its middle value, the computer sends a trigger signal
to the motor controller and the translation stage is set into motion.

Connections:

e Use the supplied SMB to D-SUB 9 cable to connect the Motor Stage of the FemtoFiber® pro laser
head to the Motor connector at the MC 110 front panel.
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6.3.4 LRC Software and Drivers

The provided software monitors the operating state of the feedback loop. Before the phase-locked loop
can become effective, the software automatically adjusts the laser's repetition rate to the reference fre-
guency by moving the translation stage to a proper position. As soon as the difference of RF1 and RF2 is
within in the capture range of the piezo, the phase-locked loop is activated.

During operation of the phase-locked loop, the software continuously monitors the piezo voltage.
When the piezo voltage moves out of a certain interval, the position of the translation stage is automati-
cally adjusted so that the piezo can return to its infended operating range.

Upon shipment, the software and the required hardware drivers are installed on the provided laptop
computer. If you should decide to run the software on a different computer, please follow the software
and driver installation instructions given in section 6.3.7 before proceeding further. In the following, it is
assumed that you operate a computer on which the software and all hardware drivers are installed.

Connections:

e Start the laptop computer. Switch ON the mains switch besides the mains socket on the rear panel
of the LRC control rack.

NOTE ! The three USB cables have to be connected to the USB ports of the laptop computer to
which they were connected at system installation. Thus the USB ports are labelled to con-
nect the cables accordingly.

e Use the three provided USB cables to connect your computer to the MB 110 and MC 110 modules
and the FemtoFiber® pro control unit.
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6. Appendix

6.3.4.1 FFS Cavity Coarse Loop Software
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Figure 62 The FFS Cavity Coarse Loop software

1 Residual Phase Difference
e scaling and appearance can be customized
¢ single plots can be exported as two column ASCII files
2 |Spectrum of Residual Phase Difference
¢ scaling and appearance can be customized, a cursor allows convenient analysis, continu-
ous (exponential) averaging can be applied
¢ single plots can be exported as two column ASCII files
3 |Log Indicator
Certain events are logged in chronological order together with a timestamp
Examples for events:
Change of the flip-flop state, exceeding of signal level limits, start and stop of piezo motor move-
ment etc.
e the text can be exported into an ASCII file
4 |History Plot
of the latest jitter values.
e scaling can be customized
5 |lifter Indicator
giving the rms value of the residual phase difference as measured by a dedicated rms detector.
6 History Plot
of the latest piezo voltages, together with the upper and lower limits and the target value.
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7 |Piezo Voltage Indicator
showing the voltage applied to the piezo used to controll the phase difference.

8 |[Coarse Loop enable/disable Button
When enabled, the software controls an additional slow piezo motor whenever the fast piezo has
reached one of the given limits.

9 |Manual Move Button
allows to manually move the piezo motor at any fime.

10 |Search Button
Pressing this button starts an automatic search alogrithm, trying to reduce the difference frequency
to zero in order to enable the PID 110 regulator to lock again.

11 |Difference Frequency Indicator
whenever the PID 110 regulator falls out of lock, the data acquisition of the residual phase signal is
suspended and the difference frequency betwen the two RF frequencies is counted. In order to
enable the PID 110 to lock again it is necessary to move the piezo motor such that the frequency
difference is close to zero.

12 [History Indicator of the difference frequency.

13, |RF Signal Level Indicator

14 |giving the signal RF levels of the two inputs RF1 and RF2 in terms of dBm. In order for the phase
detector to work correctly the levels have to be in the range —10 dBm to -6 dBm. The indicators turn
red whenever one of the limits is exceeded, for too high signal levels additional an acoustic signal is
given.

15 |Total Phase Offset Indicator
shows the total phase offset as given by the static software value plus the voltage level currently
applied to the Phase in (A®;,) BNC-connector at the PHD 110 phase detector.

16 |HV OK Indicator
indicating whether the high voltage supply for the piezo is correctly working.

17 |Signal Level OK Indicator
indicating whether the RF input levels are within the required range, turning red whenever one of
the levels is out of bounds.

18 |Phase Locked Indicator
indicating whether the measured jitter value is below a given maximum value.

19 |Motor Busy Indicator
indicating whether the piezo motor is moving. Synchronously with this indicator the voltage level at
the Busy BNC output of the PHD 110 phase detectoris changed. The busy and the idle voltage level
of the output can be user defined.

20 |Flip Flop Indicator
A fast flip-flop in the phase detector is recognizing whenever the residual phase difference
exceeds a given maximum value, the flip-flop remembers such an event until it is reset by pressing
the ,R" button right of the indicator. The flip-flop assures that all ,out of bounds" events are
recognized by the user even if they are too fast for the software's sampling rate.

21 |Static Phase Offset Control
the phase offset between RF1 and RF2 can — within a certain range — be controlled by the software
and/or the Phase in (A®;,) BNC-connector at the PHD 110 phase detector. This control allows to
enter a static (DC) phase offset of =250 ps to +250 ps (offsets are entered in units of seconds, while
,le-12" and , 1p" are, e.g., valid entries for 1 picosecond).

22 |Anadlysis enable/disable Button

allows switching ON and OFF the data acquisition of the residual phase difference signal (diagrams
1 and 2), disabling the analysis improves the update rate of the other indicators as, e.g., the piezo
voltage. The data acquisition is automatically disabled whenever the PID 110 regulator falls out of
lock.
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Menu ,File“:

Save Phase Signal ...
Save Phase Spectrum ..,
Save Log ...

E:it

Save Phase saves the timeresolved residual phase signal as two-column ASCII table.
Signal

Save Phase saves the fourier transformed residual phase signal as two-column ASCII table.
Spectrum

Save Log saves the event log fext to disk.

Exit exits the application

Menu ,Help“:

Save Service Report L.,

Abouk

Save Service for service and support purposes;

Report collects important information about the configuration of software and operating
system in an ASCIl file which can be sent to TOPTICA Photonics AG in case of
problems.

About opens a window showing the currently installed software version.
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6.3.5 Quick Start

In order to use the LRC option of the FemtoFiber® pro Laser System, please proceed as follows:

1.

Start the FFS Cavity Coarse Loop software on the laptop computer. On the top right corner of the
program window, the difference between the laser repetition rate and the reference (11 in Figure
62) is displayed in units of Hz.

Switch on the PID 110 module. The piezo is now moving. Most likely, the difference between the
laser repetition rate and the reference frequency is still too large to be compensated for by the
piezo. Therefore the phase-locked loop is not yet working properly.

Press the Search button (10 in Figure 62) once. The software will now start to move the translation
stage. If the difference frequency increases, the direction of motion will be reversed after a
moment. Once the difference between the two radio frequencies RF1 and RF2 is within the cap-
ture range of the piezo, the translation stage will stop to move. From now on, the phase-locked

loop is precisely controlling the repetition rate of the FemtoFiber® pro.

6.3.6 Swilch-Off Procedure

Disable the confrol of the FFS Cavity Coarse Loop software by clicking on the Coarse Loop
enable/disable button (8 in Figure 62) with the green indicator.

Close the FFS Cavity Coarse Loop software.
Switch OFF the PID 110 module.

Switch OFF the mains switch besides the mains socket on the rear panel of the LRC control rack.
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6.3.7 Software and Driver Installation with Windows 7

NOTE ! Due to the multitude of computers and OS versions on the market, TOPTICA is not able o
guarantee the operability of the FFS Cavity Coarse Loop soffware on any system other
than the provided computer. If you decide to run the software on a different computer or
OS, you may use the following sections as a guideline for the installation. However, TOPTICA
will not provide support for problems that are related to the use of equipment from third
party manufacturers or OS versions not mentioned in this manual.

NOTE ! For software and driver installation the LRC control rack must be switched on.

6.3.7.1 Driver Software for Measurement Module MB 110

The analog-to-digital converter module needs to be installed and calibrated using the InstaCal software
on the supplied TOPTICA USB flash drive.

1. Connect the MB 110 module to your computer using the supplied USB cable. A generic driver will
be installed automatically by the operating system. Wait until the installation is finished.
NOTE ! The installation of the MB 110 hardware driver is not yet completed.
2. Connect the TopPTicA USB flash drive with the InstaCal software to your computer. Execute the

installation program icalsefup.exe.

The installation routine will take you through the installation process. Please follow the instructions
given on the screen. After the required files have been copied to your hard disk, you are asked if
you want to restart your computer now.

Confirm with YES.

3. After the restart, open the InstaCal software. If InstaCal does not automatically detect the analog-
to-digital converter in the MB 110 module, press the Add Board button in the InstaCal menu to
select the converter manually. Confirm with OK. The device has now been added to the configu-
ration file and is ready for use.

4. Exit the InstaCal software.
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6.3.7.2 Driver Software for Motor Controller MC 110
The hardware driver for the MC 110 module is included on the supplied TOPTICA USB flash drive.
1. Connect the ToPTICA USB flash drive to your computer.
2. Connect the MC 110 module to your computer using the supplied USB cable.
Please open the device manager and check the USB controllers of your computer for driver con-

flicts. Update the drivers manually if necessary.

3. Windows may inform you that the software has not passed a logo test. Confirm with “"Continue
Anyway". The hardware driver will now be installed.

4. After completion of the Found New Hardware Wizard, confirm with Finish.

6.3.7.3 FFS Cavity Coarse Loop Software

The control and monitor software for the LRC option is supplied on the TopTICA USB flash drive which has
been shipped together with your system.

1. Connect the ToPTICA USB flash drive to your computer.
2. Using the Windows Explorer, locate the program setfup.exe on the USB flash drive.
3. Execute the setup program. The installation routine will take you through the installation process.

Please follow the instructions given on the screen.

4. After restarting your computer, the program can be found on your computer under Start -> All Pro-
grams -> TOPTICA -> FFS-CavityCoarseloop.
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6.4 Computer Control via RS 232 Connection
1. Start your terminal program, select the COM port and set the following parameters:
1.1 Enter a name for the FemtoFiber® pro Laser System terminal connection. Press OK.

1.2  Select the appropriate COM port which the FemtoFiber® pro Laser System is connected to.

IC0M1 Properties El
Part Settings |
Bits per second: |1152DD v|
Data bits: |8 v|
Parity: |None v|
Stop bits: |1 v|
Elow control: w
[ Ok l [ Cancel ] [ Apply ]
Figure 43

1.3 Enter the following parameters and press OK:

Baudrate: 115200 Parity: none

Data Bits: 8 Stop Bits: 1

Flow control: none

2. Switch ON the FemtoFiber® pro Control Unit at the Key switch on the front panel.

The Terminal main window shows the boot sequence of the FemtoFiber® pro Laser System.

3. After the boot sequence is finished, commands can be entered to operate the system.
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6.5 Firmware Update

NOTE ! With a Multi-Arm Laser System, the frmware update must be performed for each individ-
ual FemtoFiber® pro Control Unit.

NOTE ! Never switch OFF the FemtoFiber® pro Conftrol Unit while a firmware update is performed.

When a new FemtoFiber® pro firmware is available, it can be downloaded from our website or, upon
request, it is supplied on a USB flash drive for installation. The firmware is compressed in a single file which
must be transferred to a USB flash drive. The USB flash drive is then plugged into the USB Type A connector
(Figure 31: 19) of the FemtoFiber® pro Conftrol Unit.

To start the update process, switch ON the Key Switch at the FemtoFiber® pro Control Unit. Start the
FemtoFiber® pro GUl and select the Console Tab or use a web interface console.

Type in the command
usbupdate()

This will prompt you as follows:

& FFpro_BETA_1 A=
connection | laser control | info  console |

)

P

=3

3

P

)

P

=3

3

P

>>> usbupdate ()

current wersion: wultiple drives found! using the first one found
WHWOUNTIinG ush mEmory ...
mounting ush memory ...

archives on usb mewory:
ID archive
1 ffpro_update_l.0.1_release3l0.tar.gz

please enter ID of archive to use for update ('a'=s Abnrt.]:l b
click into console indicator and type commands ... [ copy &l ”(npysele(tinn][pastetochsDIe
COM3 - USB Serial Port FFpro_BETA_1
_d - -
Figure 64

A list of archive files is shown. To select the correct update, type the corresponding number and press
<RETURN>. The update process is started and extracts the archive file to the internal microprocessor. The
procedure may take some minutes.
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@ FFpro_BETA

connection | laser control | info  console |

>33 L’
P
=3
3
P
)
»x> usbupdate (]
current wersion: multiple drives found! using the first one found
unmounting usbh memory ...
nounting ush memory ...
archives on usb newory:
ID archive
1 ffpro_update_1.0.1_release3l0.tar. gz
please enter ID of archiwve to use for update ('a's Abort):l
new twp directory: /tmp/updates/
rm: cannot remove 'Stmpfupdates/*': No such file or directory
extracting sunt/ffpro_update_l.0.1_release3ll.tar.gz S
w
click into console indicator and type commands ... copy &l ”[npy sele(tinn][paste ko console

iCOMS - USB Serial Port FFpro_BETA_1

Figure é5

After finishing, the user will be informed as follows and is asked to finalize the update with a reboot of the

system.

@ FFpro_BETA_1

connection | laser control | info console

o
passud
gervices -> Jetec
inetd.conf -> Jfetc
lascondefault.ini  -» /conf
lagcondefault.ini > /home

getting transfer owmer ...

remounting filesysten readonly...

checking filesysten ...

finished ...

updated to firwware FemtoFiberPro-firmware 1.0.1
Reboot now? (¥)

click into console indicator and type commands ...

fdev/sdal haz been mounted 25 times without being checked, check forced.
Adew/fsdal: 1762731496 files (0.9% non-contigquous), 60007/251968 blocks

~
irelease 310, 2010-01-20 1l7:00:04) 5
L

copy &l ”[Dpy’ selectinn][paste ko console

iCOMS - USB Serial Port FFpro_BETA_1

Figure 66

Afterrebooting, the system is ready to operate with the new firmware.
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6.6 Troubleshooting

Problem Cause Solution

The laser does not emit light/ | External interlock circuit | Close external interlock circuit
cannoft be switched ON. closed ¢ (see section 2.5.1).

Boot sequence finished ¢

Switch ON the FemtoFiber® pro
Confrol Unit and wait until the
boot sequence is finished (see
section 4.4).

The confrol computer can not | Cable connection properly | Check cable connection.
connect to the FemtoFiber® pro | installed ¢
Control Unit - -
usB connection properly | Install  USB  connection as
installed ¢ described in section 5.2.
The laser pulse length is not | Prism in wrong position. Optimize prism position (see
within the specifications. sections 5.5.3, 5.5.5 or 6.9.2.
The laser power is not within the | Set level on FemtoFiber® pro | Adjust set level to 1 (see

specifications, Laser Radiation
Emission Warning LED is blinking.

GUI Laser Control Tab not in
Position 1.

sections 5.5.3, 5.5.5 or 6.9.4).

The red error LED lights up and a
modelock-error is reported at
the GUI window.

Oscillator Monitor Output is not
terminated by 50 Q.

Oscillator Monitor Output must
always be terminated by 50 Q,
either by the supplied termina-
tor plug or by the connected
devices.

NIR Variant: The 780 nm laser | Prism in wrong position. Optimize prism position (see
power is not within the specifi- sections 5.5.3, 5.5.5 or 6.9.2.
cations.

NIR Variant: No 780nm or | 1560/780 Switch in wrong posi- | Operate  1560/780 Switch  as

1560 nm laser light.

tion.

described in section 1.2.3.

SCIR Variant: Continuum not as
desired.

Prism in wrong position.

Optimize prism position
sections 5.5.3, 5.5.5 or 6.9.2.

(see

6.6.1 Selftest, System Status and Error Logging

For error detection the FemtoFiber® pro Laser System is capable of performing a selftest or reporting the
system status. For details please refer to sections 6.9.5, 6.9.6 and 6.9.7.
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6.7 General Information on the Python Programming Language

The remote control language of the laser system is based on the Python programming language (Version
2.4.2). For controlling the laser, the most important elements are so-called properties and commands
that are defined in addition to the standard Python language.

The laser is ready for executing the next property read-out, assignment or command after the so-
called prompt ">>>"is received.

6.7.1 Properties

Properties are used like variables. They can be read and some of them can be assigned with new values.
The property types used for controlling the laser are infeger, floating point and strings.
Here are some examples of using properties:

Reading a string property:

>>> ffpro.serial
'"FFPRO_2V0O 0815
>>>

or if you want to avoid the quotation marks:

>>> print ffpro.serial
FFPRO_2V0_ 0815
>>>

Integer and floating point properties can be read in a similar way:

>>> ffpro.reprate
39874832

>>> ffpro.arm0.level
0.75

>>>

Assigning new values is done in this way:

>>> ffpro.arm0.level=0.8
>>>

Combined ways of assignment are also possible:

>>> ffpro.arm0.level=ffpro.arm0.level / 2.0
>>> ffpro.arm0.level /= 2.0
>>>
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6.7.2 Commands

In contrast to properties, commands always need brackets "( )" to be executed. Furthermore most of the
commands need parameters which must be noted in the brackets. Some of the parameters might be
optional and can be omitted. Commands can print out output like the commands "1ist ()" and they
can refurn a result value like the command "ffpro.userlevel ()", and they can do both like the com-
mand "ffpro.selftest ()". The difference between printed output and a result value is that a result

value can be used in calculations or variable assignments etc.
Examples for executing commands:

For a command without output and without result:
>>> ffpro.arm0.on()

A command with result value can be used very similar:

>>> ffpro.userlevel ()
0

But it can also be used like any other value of the respective type:

>>> a=ffpro.userlevel ()
>>> a

0

>>> 1+ffpro.userlevel ()
1

Commands with output but no result are used simply like this:

>>> systemsummary ()
FFPRO_2V0_ 0815

>>>

Commands with output and result value again can be used in different ways:

>>> ffpro.selftest ("IO")
checking ...

0

>>> a=ffpro.selftest()
checking ...

>>> a

0
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6.7.3 Error Messages

In case of a problem, an error message gives information about the source of the problem. Python error
messages always consist of a so-called fraceback and the error type.

Example:

>>> 1/0
Traceback (most recent call last):

File "<stdin>", line 1, in <module>
ZeroDivisionError: integer division or modulo by zero
>>>

For remote control purposes always the last line of the error messages contains the most valuable infor-
mation, i.e. the error type (in this case "division by zero"). The traceback in the first part of the message
only describes the position of the error source in the code that was being executed. If case of our single
commands it will most probably always be

Traceback (most recent call last):
File "<stdin>", line 1, in <module>

indicating that the command, causing the error, was entered at the console (standard input, "<stdin>").
The fraceback may look more complicated when scripts are executed and the error happened inside a
command call, nested inside other commands. In any case the error type is noted at the end.
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6.8 Userlevels

6.8.1 General

The FemtoFiber® pro can be controlled via different interfaces. While the access via RS232 and USB is lim-
ited to only one controlling PC, which is furthermore directly connected to the FemtoFiber® pro Control
Unit, the access via Ethernet allows the access by multiple persons at the same time if the FemtoFiber®
pro is integrated into a local area network (LAN). This possibility offers a great flexibility and, e.g. the pos-
sibility to monitor the laser performance in the office while an experiment is running in the laboratory.

However, in this case you may not want everybody in the network to be able to operate the laser,
switch it ON and OFF or change any other setting. For this reason the FemtoFiber® pro control can be
password protected. This protection is realized by different userlevels, i.e., different levels of control privi-
leges:

The lowest userlevel (level 0) allows to query most of the laser settings and the laser status but does not
give write access to any of the settings nor does it allow to operate anything. Userlevel 0 is not password
protected.

The userlevel for regular laser operation is level 1. It offers all the commands which are necessary to oper-
ate the FemtoFiber® pro Laser System. Level 1 is password protected, but upon delivery the password is
empty. When you want to connect the FemtoFiber® pro to a LAN we strongly suggest to change the
password !

6.8.2 Changing the UserlLevel

In order to simplify operation, the console access via RS232 and USB always starts with userlevel 1, mean-
ing that the FemtoFiber® pro can immediately be controlled without the need of entering a password.
This is also true for access via Ethernet as long as the level 1 password is empty (factory default).

As soon as the password is not empty, a control connection via Ethernet starts with userlevel O, giving
only limited read access. In order to control the laser, the userlevel must be changed first. The following
commands are used to read the current userlevel, to change the userlevel and to change the password:

ffpro.userlevel() (command, no parameter, integer resulf value)
Returns the currently active userlevel.

ffpro.changeuser() (command, 1 optional parameter, integer resulf value)
This command allows to change the active userlevel.
After submitting the command it waits for the password input, completed by the ENTER key. Depend-
ing on the entered password the userlevel is chosen. As an option the password can be added as
parameter to this function (ffpro.changeuser("mypasswd”)). Unknown passwords will set userlevel O.
Result value: new userlevel

ffpro.changepasswd() (command, 1 optional parameter, no result value)
This command allows to change the password for userlevel 1. After submitting the command it waits
for password input, completed by the ENTER key. The password then must be entered a 2nd time in
order to avoid typos. Alternatively the new password can be added as optional parameter
(ffpro.changepasswd (" newpasswd").
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6.9 FemtoFiber® pro Operation via Software Commands

6.9.1 Basic Operation

The FemtoFiber® pro firmware offers a very flexible and powerful language for controlling the laser with
all his features. However, for basic operation a small subset of the commands is sufficient:

Switching ON and OFF

The fiber oscillator for seeding the amplifier stages is started already during system initialization, immedi-
ately after powering up the electronics. During normal operation there is no need to switch OFF the oscil-
lator again, since no laser light will be emitted as long as the amplifier stages are switched OFF.

For turning ON and OFF the emission therefore the amplifiers have to be switched ON by the following
commands:

ffpro.arm0.off() (command, 0 parameters, no resulf value)
switch OFF emission

ffpro.arm0.on() (command, 0 parameters, no result value)
switch ON emission

In a Multi-Arm System the additional amplifiers can be accessed in a similar way by simply replacing

“armQ" with “arm1”, *arm?2" or "arm3", respectively.
For querying the emission status the following property can be used:

ffpro.arm0.onoff (infeger property)
on/off flag:
_ 1 = emission ON (oscillator and all amplifiers of armO are on)
0 =no emission

6.9.2 Tuning the internal Pulse Compressor

Before being emitted at one of the FemtoFiber® pro apertures, the amplified pulses can be manipulated
by the built-in pulse compressor in order to exhibit the phase distribution best suited for the user's needs.

The pulse compressor consists of a set of two highly dispersive prism, one of which can be moved by a
motor in order to adjust the amount of dispersion applied to the pulses. The motor for the prism can easily
be accessed by the user with the following commands. All positions of the prism stage are entered in um,
relative to a fixed position (reference position).

In order to query the current prism position use the following property:

ffpro.arm0.axSi.pos (floating point property, read-only)
current moftor position in um

In a Multi-Arm System the additional amplifiers can be accessed in a similar way by simply replacing

“armQ" with *arm1”, *arm?2" or "arm3", respectively.

Example:

>>> ffpro.arm0.axSi.pos
312483

>>>
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For moving the prism two different methods are possible:

ffpro.arm0.axSi.moveabswait() (command, 1 parameter)
Move motor to absolute position and wait for arrival.
parameter: absolute position in um

Example:

>>> ffpro.arm0.axSi.moveabswait(33000)
1.0

>>>

While the prism is moving, the laser will not accept any further commands. It is also possible to send the
motor to the desired position without waiting for it's arrival:

ffpro.arm0.axSi.target (floating point property)
motor target position in um

Example:

>>> ffpro.arm0.axSi.target = 33000

>>>

The reasonable range of motor positions can be read out by these two properties:

ffpro.arm0.axsi.scanmax (floating point property)
stop value for optimizer scans (um)

ffpro.arm0.axSi.scanmin (floating point property)
start value for optimizer scans (um)
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6.9.3 Tuning the internal SF 10 Compressor (only UCP and TVIS)

Before being emitted at one of the FemtoFiber® pro apertures, the amplified pulses can be manipulated
by the built-in SF 10 compressor in order to adjust the pulse length.

The SF 10 compressor consists of a set of two highly dispersive prism, one of which can be moved by a
motor in order to adjust the amount of dispersion applied to the pulses. The motor for the prism can easily
be accessed by the user with the following commands. All positions of the prism stage are entered in um,
relative to a fixed position (reference position).

In order to query the current prism position use the following property:

ffpro.arm0.axSF10pos (floating point property, read-only)
current moftor position in um

In a Multi-Arm System the additional amplifiers can be accessed in a similar way by simply replacing

“armQ" with “arm1”, "arm?2" or "arm3", respectively.

Example:

>>> ffpro.arm0.axSF10.pos
1747.3

>>>

For moving the prism two different methods are possible:

ffpro.arm0.axSF10.moveabswait() (command, 1 parameter)
Move motor to absolute position and wait for arrival.
parameter: absolute position in um

Example:

>>> ffpro.arm0.axSF10.moveabswai t(15000)
1.0

>>>

While the prism is moving, the laser will not accept any further commands. It is also possible to send the
motor to the desired position without waiting for it's arrival:

ffpro.arm0.axSF10.target (floating point property)
motor target position in um

Example:

>>> ffpro.arm0.axSF10.target = 1500

>>>
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6.9.4 Reducing the Power Level

While the specified emission properties, such as pulse duration and output power, can only be guaran-
teed when the amplifier is operated with the factory set amplification level, it might be desirable to
reduce the power level for alignment purposes. This can easily be done with the following property:

ffpro.armo.level (floating point property)
level of amplification from 0.0 to 1.0 (monotonical but not linear)

In a Multi-Arm System the additional amplifiers can be accessed in a similar way by simply replacing

“armQ" with “arm1”, "arm2" or "arm3", respectively.

After the system boot sequence the level will be set to 1.0. This can be verified by querying its value:

>>> ffpro.arm0O.level
10

>>>

In order to reduce the power level, simply assign a new value between 0.0 and 1.0.

>>> ffpro.armO.level=0.5

>>>

The emitted laser power will be much lower now and the white status LED at the laser head will be blink-
ing while the laser emission is switched ON, indicating that the pulses are not expected to fulfill the speci-
fications now.

NOTE ! The scale used here is monotonic, but not necessarily linear, i.e. a value of 0.5 does not
mean that the emitted power is 50 % of the maximum power.

6.9.5 System Status

The command
systemsummary() (command, no parameter, no resulf value)

reports a summary of the most important system parameters, such as software and hardware versions,
uptime counters etc.

This is a very useful tool for getting a survey of the system status. It provides useful information about
the installed firmware, network configuration, pump laser status, motor status, recently occurred prob-
lems etfc.

The command is non-invasive, i.e., it can be used during a measurement because it has no influence
on the laser emission.
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6.9.6 Troubleshooting

The FemtoFiber® pro is equipped with many sensors, helping to constantly monitor the system health and
to identify problems. There are a few commands which generate debugging outputs to analyze a
potential problem and to support our service staff.

Selftest

ffpro.selftest() (command, 1 optional parameter)
Performs a automatic selftest of the laser hardware.
parameter: (optional)
_comma separated list of verbosity modes, and test names

Use ffpro.selftest("2") to get a list of available options on your system.

Example:

>>> ffpro.selftest(“basic”)

>>>

to do a quick basic selffest, checking fundamental operation of most of the hardware components. The
command will report the different steps of the selftest. In case of problems with one of the components a
“FAIL" is reported together with the source of the problem. In the last line of the command output the
total number of "FAILs" is reported. This basic test is non-invasive and should not disturb the current laser
emission.

A more detailed selftest is done by using the command

>>> ffpro.selftest(“ complete”)

>>>

In addition to the basic test, some more complicated and time consuming measurements are done,
such as motor referencing, pump diode analysis etc. During these tests the laser emission is switched OFF
and the motoris moved.

In standard mode the selftest commands only reports failures. A more detailed output is available in
verbose mode, by adding a “,v" to the parameter:

>>> ffpro.selftest(" complete,v”)

>>>

In this mode a detailed list with all executed tests is reported. It can be a very useful source of information
for our service staff in case of problems.
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6.9.7 Error Log

For troubleshooting purposes the FemtoFiber® pro firmware maintains a log file, collecting all important
events happening during operation. It contains information about the initialization process after system
power up as well as a list of errors and warnings, eventually occurring later. The log file is reset upon sys-
tem boot and only contains information about events that happened since laser power on time.

In order to have a look at this log file use the command

ffpro.printlog() (command, T optional parameter, no resulf value)
Print log messages since last system boof,
parameter: (optional) filter type: "all*,"er","warn" or "alert"

Example:

>>> ffpro.printlog(“all”)

>>>

will print out the complete content of the log file to the console. By specifying a different filter name, the
output can be reduced to only contain information of the desired priority.
All log file entry have a certain priority level:

Filter Importance Description

err low “errors" are the most unimportant entries. They only report minor failures
during the operation of the laser and include, e.g. mistakes such as using
a command with a wrong parameter or trying to switch ON the emission
without having closed the interlock circuit. Errors are supposed to have
no impact on the system health.

warn high "warnings" produced by the FemtoFiber® pro firmware report more
important events or problems. If, e.g. the FemtoFiber® pro Control Unit is
switched ON without a laser head being connected, the firmware will
detect this problem during initialization and report it with several warn-
ings. Opening the interlock circuit while the emission is switched ON will
switch OFF the laser emission and leave a warning in the log file.

alert highest “alerts” report the most severe problems. If you find some alerts on the
log file, please consult the TOPTICA Photonics AG service staff.

The command ffpro.printlog() without any parameters will report only warnings and alerts. The most
important entries, i.e. all warnings and alerts, are additionally collected in a persistent log file which is not
deleted when the system is switched OFF. This service log file willremain until it is reset by a TOPTICA service
engineer.

In order to print out it's contents use the command

ffpro.printplog() (command, no parameter, no result value)
Print service log messages being permanently stored in the internal flash memory.

The command does not need any parameters:

>>> ffpro.printplog()

>>>

The result of the commands ffpro.printlog("all”) and ffpro.printplog() are also available on the lasers
webpage and are also a very valuable source of information for the TOPTICA service staff in case of a
problem.
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6.9.8 Full Command Set

The commands explained above are most likely sufficient for all standard applications. If, however, more
detailed information about the FemtoFiber® pro control language is needed, a PDF document with the
full set of available commands is available from each laser directly. It is stored in the internal memory of
the laser, is updated with each firmware update and always contains a document version compatible
with the currently installed firmware.

The easiest way to get the document is downloading it from the laser's webpage. When the laser is
operated without Ethernet connection the command

usbdocu() (command, no parameters)
will save a PDF document with the FemtoFiber® pro command reference to a removable storage device
plugged into the Type-A USB connector at the FemtoFiber® pro Conftrol Unit. Please make sure you have

a storage device with sufficient memory plugged in. A file named “pythonlist.pdf" will be copied to the
device. The device can then be removed again and the document can be viewed with any PC.
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6.10 Declaration of CE Conformity FemtoFiber® pro

Konformitédtserkldrung

@ TOPTICA
Declaration of Conformity / Declaration de Conformité PHOTONICS

QM-Formular: F-173 ’ Stand Formular: 15.12.2016 | Version Formular: 10 l Seite: 1von1
Wir / We / Nous TOPTICA Photonics AG
Anschrift / Address / Adresse Lochhamer Schlag 19
82166 Graefelfing
Germany

erklaren in alleiniger Verantwortung, daR das Produkt / declare under our sole responsibility, that the product / declarons
sous notre seule responsibilité, que le produit

Bezeichnung / Name / Nom FemtoFiber pro

Artikelnr. / Article No. / No. d'Article FF PRO IR, FF PRO IRS I, FF PRO NIR, FF PRO NIR /HI,
FF PRO SCIR, FF PRO TNIR, FF PRO TVIS, FF PRO UCP

Beschreibung / Description / Description Erbium-doped Fiber lasers

mit den grundlegenden Anforderungen der Richtlinien / fulfills the requirements of the standard and regulations of the
directives / satisfait aux exigences des normes et directives

2014/30/EU (Elektromagnetische Vertraglichkeit), 2014/35/EU (Niederspannungsrichtlinie)
2011/65/EU (RoHS-Richtlinie)

Ubereinstimmt und damit den Bestimmungen entspricht. / and therefore corresponds to the regulations of the directive. / et,
ainsi, correspond au réglements de [a directive.

Angewendete harmonisierte Normen / Applied harmonized standards: / Normes harmonisées appliquées:

DIN EN 61326-1 VDE 0843-20-1:2013-07 Elekirische Mess-, Steuer-, Regel- und Laborgeréte - EMV-Anforderungen
- Teil 1: Aligemeine Anforderungen (IEC 61326-1:2012); Deutsche Fassung EN 61326-1:2013
Electrical equipment for measurement, control and laboratory use - EMC requirements - Part 1. General
requirements (IEC 61326-1:2012); German version EN 61326-1:2013

DIN EN 610101 Sicherheitsbestimmungen fiir elektrische Mess-, Steuer-, Regel- und Laborgeréte - Teil 1: Allgemeine
Anforderungen (IEC 61010-1:2010 + Cor. :2011); Deutsche Fassung EN 61010-1:2010
Safety requirements for i i for t, control and laboratory use - Part 1: General

requirements (IEC 61010-1:2010 + Cor. :2011); German version EN 61010-1:2010

DIN EN 60825-1 Sicherheit von Lasereinrichtungen - Teil 1: Klassifizierung von Anlagen und Anforderungen (IEC
60825-1:2014); Deutsche Fassung EN 60825-1:2014
Safety of laser products - Part 1: Equipment classification and requirements (IEC 60825-1:2014); German version
EN 60825-1:2014

DIN EN 50581 Technische Dokumentation zur Beurteilung von Elektro- und Elektronikgeraten hinsichtiich der
Beschrénkung geféhrlicher Stoffe; Deutsche Fassung EN 50581:2012
Technical doc ion for the of ical and electronic products with respect to the restriction of
hazardous substances; German version EN 50581:2012

Durch nicht von uns autorisierte Anderungen am Produkt verliert diese Erklarung ihre Gilltigkeit. / Non authorized changes
at the product result in the invalidity of this declaration. / Changements au produit, qui ne sont pas autorisées par nous, ont
pour conséquence l'invalidité de cette declaration.

//‘/—\

Grafelfing, den 29.08.2018 Dr. Thomas Weber

Vorstand

Ort und Datum der Ausstellung Name’und Unterschrift des Befugten
Place and Date of Issue Name and Signature of authorized person
Lieu et date d'établissement Nom et signature de la personne autorisée
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6. Appendix

6.11 Declaration of CE Conformity FemtoFiber® pro SCYb

Konformitétserklarung

¢ ToPTICA
Declaration of Conformity / Declaration de Conformite PHOTONICS

QM-Formular: F-173 | Stand Formular: 15.12.2016 | Version Formular: 10 ‘ Seite: 1von1
Wir / We / Nous TOPTICA Photonics AG
Anschrift / Address / Adresse Lochhamer Schlag 19
82166 Graefelfing
Germany

erkléren in alleiniger Verantwortung, daf das Produkt / declare under our sole responsibility, that the product / declarons
sous notre seule responsibilité, que le produit

Bezeichnung / Name / Nom FemtoFiber Pro SCYb
Artikelnr. / Article No. / No. d’Article FF PRO SCYB
Beschreibung / Description / Description High-power ultrafast fiber laser

mit den grundlegenden Anforderungen der Richtlinien / fuffills the requirements of the standard and regulations of the
directives / satisfait aux exigences des normes et directives

2014/30/EU (Elektromagnetische Vertraglichkeit), 2014/35/EU (Niederspannungsrichtlinie)
2011/65/EU (RoHS-Richtlinie)

libereinstimmt und damit den Bestimmungen entspricht. / and therefore corresponds to the regulations of the directive. / et,
ainsi, correspond au réglements de la directive.

Angewendete harmonisierte Normen / Applied harmonized standards: / Normes harmonisées appliquées:

DIN EN 61326-1 VDE 0843-20-1:2013-07 Elektrische Mess-, Steuer-, Regel- und Laborgeréte - EMV-Anforderungen
- Teil 1: Aligemeine Anforderungen (IEC 61326-1:2012); Deutsche Fassung EN 61326-1:2013
Electrical equipment for measurement, control and /aboratory use - EMC requirements - Part 1. General
requirements (IEC 61326-1:2012); German version EN 61326-1:2013

DIN EN 61010-1 Sicherheitsbestimmungen fir elekirische Mess-, Steuer-, Regel- und Laborgerate - Teil 1: Allgemeine
Anforderungen (IEC 61010-1:2010 + Cor. :2011); Deutsche Fassung EN 61010-1:2010
Safety requirements for electrical equipment for measurement, control and laboratory use - Part 1. General
requirements (IEC 61010-1:2070 + Cor. :2011); German version EN 61010-1:2010

DIN EN 60825-1 Sicherheit von Lasereinrichtungen - Teil 1: Klassifizierung von Anlagen und Anforderungen (IEC
60825-1:2014); Deutsche Fassung EN 60825-1:2014
Safety of laser products - Part 1: Equil ication and requil (IEC 60825-1:2014); German version

EN 60825-1:2014

DIN EN 50581 Technische Dokumentation zur Beurteilung von Elektro- und Elektronikgeraten hinsichtlich der
Beschrénkung geféhrlicher Stoffe; Deutsche Fassung EN 50581:2012
Technical documentation for the assessment of electrical and electronic products with respect to the restriction of
hazardous substances; German version EN 50581:2012

Durch nicht von uns autorisierte Anderungen am Produkt verliert diese Erklarung ihre Giiltigkeit. / Non authorized changes
at the product result in the invalidity of this declaration. / Changements au produit, qui ne sont pas autorisées par nous, ont
pour conséquence l'invalidité de cette declaration.

Gréfelfing, den 13.02.2018 Dr. Thomas Weber
Vorstand e

Ort und Datum der Ausstellung
Place and Date of Issue Name and Signature of authorized person
Lieu et date d'établissement Nom et signature de la personne autorisée
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FemtoFiber® pro Laser System

6.12 FemtoFiber® pro Laser Head Main Dimensions (IR/NIR/SCIR)
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Figure 47 FemtoFiber® pro laser head main dimensions and apertures (IR/NIR/SCIR)
(all possible apertures shown)
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6. Appendix

6.13 FemtoFiber® pro Laser Head Main Dimensions (IRS-11/SCYb)

@
N
o o = '-Q
© o
L[z ° s} —
S @ E]
[S)
[ —— —L =L 1
280
m A oL
— ) I P
0
['e)
[sp]
N
© : 9 ﬁ
55 58,5 .
v v
Laser Beam Laser Beam

Figure 48 FemtoFiber® pro laser head main dimensions and apertures (IRS-II/SCYb)
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FemtoFiber® pro Laser System

6.14 FemtoFiber® pro Laser Head Main Dimensions (UCP/TNIR/TVIS)
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Figure 469 FemtoFiber® pro laser head main dimensions and apertures (UCP/TVIS/TNIR)
(all possible apertures shown)
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6. Appendix

6.15 FemtoFiber® pro Laser Head Mounting Options (IR/IRS-1I/NIR/

SCYb/SCIR)
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Figure 70

The 3 supplied posts are compatible with commercial available pedestal pillar posts, which are clamped
by standard clamping forks, e.g. Newport PS-F, Thorlalbs CF 125 or CF 175.
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FemtoFiber® pro Laser System

6.16 FemtoFiber® pro Laser Head Mounting Options (UCP/TVIS/TNIR)
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Figure 71

The 5 supplied posts are compatible with commercial available pedestal pillar posts, which are clamped
by standard clamping forks, e.g. Newport PS-F, Thorlabs CF 125 or CF 175.
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6. Appendix

6.17 Llicense and Copyright Information associated with Third Party
Software

This product incorporates certain third party software. The license and copyright information associated
with this software is available in the folder Software License and Copyright Information on the supplied
USB flash drive.

Please address your request to TOPTICA Photonics AG, Head of Development, Lochhamer Schlag 19,
82166 Graefelfing, Germany. This offer is valid during a 3-years-period beginning at the purchase date.

6.18 EU Legislation for Electrical and Electronic Equipment (EEE)

Companies selling electrical and electronic goods in the European Union must conform to the EU legisla-
tion for electrical and electronic equipment (EEE), which includes the Waste Electrical and Electronic
Equipment Directive (WEEE). Assigned duties affect product design of the equipment, disposal of used
appliances as well as organizational responsibilities, i.e. product registration.

There are different requirements for household WEEE and that which is sold business to business (B2B).
All equipment TopPTICA Photonics AG handles is classed as B2B. TOPTICA is registered at the Competent
Authority (Stiffung Elekiro-Altgerdte Register EAR) under No. DE70442884.

At end-of life return your product back to TOPTICA. TOPTICA will dispose used equipment in such a man-
ner as to meet all relevant local, country and EU requirements and guideline.

To return products please mark them clearly with "intended for disposal’. Contact TOPTICA prior to ship-
ping and send them to the following address:

TOPTICA Photonics AG
Lochhamer Schlag 19

D-82166 Graefelfing
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FemtoFiber® pro Laser System

7 Guarantee and Service

On the following page you will find the Guarantee Registration Form in which the warranty conditions are
defined. Please complete in the Guarantee Registration Form immediately after you receive your device
and refurn it fo TOPTICA Photonics AG by mail or fax.

As a first step toward obtaining technical support, please contact your local distributor or visit the sup-
port pages on our web site: http://www.toptica.com/support/.

In case you wish to return a product for diagnosis and/or repair, please contact us prior to sending it
so we can issue a Return Material Authorization (RMA) number for you.

You can contact us in the following ways:

- Internet: service.toptica.com. In our support section you can find a list of frequently asked ques-
tions and a service contact form.

- Email: service@toptica.com

- Phone: +49-89-85837-150.

Our customers in the USA and Canada may contact TOPTICA Photonics Inc.:
- Phone: +1-585-657-6663
Our customers in Japan may contact TOPTICA Photonics K.K.:

- Phone: +81-42-306-9906
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PHOTONICS

Guarantee Registration Form ‘ ToPTICA

QM form: F-015 Status of form: 13.10.2015 Version of form: 02 Page: 1of1

return to sender:

TOPTICA Photonics AG
Customer Service
Lochhamer Schlag 19

D- 82166 Graefelfing/Munich
Germany

FAX: +49 89 85837-200
Guarantee Conditions

The products of TOPTICA Photonics AG are produced with the greatest possible care using high-quality components and are checked
in detail before being delivered. Therefore, as the manufacturer, TOPTICA Photonics AG gives a guarantee of durability according to
the following terms:

1 TOPTICA Photonics AG guarantees the buyer that there will be no defects in the product based on defective
material or processing, for a period of 12 months from first delivery (guarantee period). Natural wear and tear as
well as defects resulting from improper use or use contrary to the specifications, from failure to observe operating
instructions, from insufficient maintenance and care or from modifications, interventions or attempted repairs that are
neither carried out nor authorized by TOPTICA Photonics AG, are not covered by the guarantee.

2 Unless expressively stated in the order acknowledgement or the invoice semiconductor light emitting devices
like laser diodes, tapered amplifier chips, Terahertz transmitters and receivers etc. whether sold as single
parts or integrated in systems are not covered by the guarantee.

3. If a defect covered by the guarantee arises during the guarantee period, TOPTICA Photonics AG shall rectify such
defect within a reasonable period at its own discretion by repairing or replacing the product or the defective part.

4. The guarantee period shall commence upon delivery of the product by TOPTICA Photonics AG or by a third party that
obtained the product directly from TOPTICA Photonics AG for the purpose of selling it to the buyer.

The claim under the guarantee shall be excluded if the defect is not notified to TOPTICA Photonics AG in writing
immediately after having been discovered, and no later than one month after expiry of the guarantee period.

For the purpose of rectifying a defect covered by the guarantee, the product or the relevant part shall be sent to
TOPTICA Photonics AG at the expense and risk of the buyer. The product shall be returned at the expense and risk of
TOPTICA Photonics AG.

5. No claims may be derived from this guarantee other than claims for rectification of the defects falling within the scope
hereof, in accordance with the present terms. In particular, the buyer is not entitled under this guarantee to claim
damages or a reduction in price from TOPTICA Photonics AG, or to rescind the contract. Potential, more far-reaching
claims of the buyer against its seller shall not be affected by this guarantee.

6. Important!: The obligation of TOPTICA Photonics AG under this guarantee is subject to the condition that the
buyer gives his/her express consent to them by sending the signed duplicate of this form to TOPTICA
Photonics AG immediately after delivery, also truthfully indicating the model number, the serial number and
the date on which the product was delivered.

7. The buyer may not assign claims under this guarantee to third parties without the prior written consent of TOPTICA
Photonics AG.
8. This guarantee is governed by substantive German law to the exclusion of the provisions of the UN-Convention on

Contracts for the International Sale of Goods (CISG). The Regional Court [Landgericht] Munich | shall be the court of
exclusive international, local and subject-matter jurisdiction for legal disputes arising under or in connection with this
guarantee.

| request the above mentioned guarantee for the purchased products and herewith
consent to the above mentioned Guarantee Conditions:

Model No.: Date:
Serial No.: Signature:
Date of Delivery: Name/Title:

To be completed by the buyer and returned to TOPTICA Photonics AG by mail or fax (+49 - 89 — 85837 — 200).

Version: 02/10-15
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