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PRIMES - the company

PRIMES is a manufacturer of measuring devices for the analysis of laser beams.

These devices are used for the diagnostics of high-power lasers. This ranges from CO, lasers to solid-state
and fiber lasers to diode lasers and the wavelength ranges from IR to near UV.

A wide range of measuring devices is available to determine the following beam parameters:

Laser power

Beam dimensions and position of an unfocused beam
Beam dimensions and position of a focused beam
Beam quality factor M2

Development, production and calibration of the measuring devices is performed at PRIMES. This guarantees
optimum quality, excellent service, and a short reaction time, providing the basis for us to meet all of our
customers’ requirements quickly and reliably.

PRIMES GmbH
Max-Planck-Str. 2
64319 Pfungstadt
Deutschland

Tel. +49 6157 9878-0
info@primes.de

www.primes.de
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1 Basic safety notes

Intended use
The device has been designed exclusively for measurements in the beam of high-power lasers.

Use for any other purpose is considered as not intended and is strictly prohibited. Furthermore, intended use
requires that all information, instructions, safety notes and warning messages in this operating manual are
observed. The specifications given Kapitel 14, , Technical data“, auf Seite 57 apply. Any given limit values
must be complied with.

If not used as intended, the device or the system in which the device is installed can be damaged or destroyed.
In addition, there is an increased risk to health and life. Only use the device in such a way that there is no risk
of injury.

This operating manual is an integral part of the device and must be kept in the immediate vicinity of the place
of use, accessible to personnel at all times.

Every person who is responsible for the installation, start-up or operation of the device must have read and
understood the operating manual and, in particular, the safety instructions.

If you still have questions after reading this operating manual, please contact PRIMES or your supplier for
your own safety.

Observing applicable safety regulations

Observe the safety-relevant laws, guidelines, standards and regulations in the current editions published by
the state, standardization organizations, professional associations, etc. In particular, observe the regulations
on laser safety and comply with their requirements.

Revision 02 05/2026 EN 7
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Laser radiation warning

During the measurement the laser beam is reflected from the rotating measuring tip. This produces scattered
or directed reflection of the laser beam (laser class 4). Depending on the wavelength of the laser, the reflected
beam is usually invisible.

To avoid injury from the reflected laser beam, no one should be in the hazardous area where the measurement
is taking place. The hazardous area must be defined before operation of the FMW+ R2.

Before switching on the laser, ensure that the measuring tip is not in the measuring range. Wear suitable
gloves and move the measuring tip out of the measuring range if necessary.

During operation of the device, the laser radiation must be fully absorbed after passing through the measurement zone.

When working with the device, people in the hazardous area must protect themselves by taking the following
protective measures.

4 N

- )

Fig. 1.1: Risk of injury due to scattered or directed reflections of the laser beam
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—O
FocusMonitor FMW+ R2 PRI M ES

Necessary safety measures

A DANGER

Serious eye or skin injury due to laser radiation

The device measures direct laser radiation, but does not emit any radiation itself. However, dur-
ing the measurement the laser beam is reflected at the rotating measuring tip. This produces
scattered or directed reflection of the laser beam (laser class 4). The reflected beam is usually not
visible.

p [nmeasurement mode, a safety distance of one meter to the device must be maintained even
when wearing safety goggles and safety clothing.

p Protect yourself from direct and reflected laser radiation while working with the device by taking
the following measures:

e Never leave the device unattended when taking measurements.

e \Wear safety goggles adapted to the power, power density, laser wavelength and operating mode of the
laser beam source in use.

e \Wear suitable protective clothing or protective gloves if necessary.

e [f possible, also protect yourself from direct laser radiation and scattered radiation by using separating
protective devices that block or attenuate the radiation.

e [f the device is moved from its aligned position, increased scattered or directed reflection of the laser beam
occurs during measuring operation. Mount the device in such a way that it cannot be moved unintentionally,
i.e. by bumping or pulling the cables.

e |nstall safety switches or emergency safety mechanisms that allow the laser to be switched off immediately.

e Use suitable beam guidance and beam absorber elements which do not emit any hazardous substances
when irradiated.

Employing qualified personnel

The device may only be operated by qualified personnel. The qualified personnel must have been instructed in
the installation and operation of the device and must have a basic understanding of working with high-power
lasers, beam guiding systems and focusing units.

Conversions and modifications

The device may not be modified in terms of design or safety without the explicit consent of the manufacturer.
The same applies to unauthorized opening, dismantling and repair. The removal of covers is only permitted
within the scope of the intended use.

Liability disclaimer

Manufacturer and distributor exclude any liability for damages and injuries which are direct or indirect consequences
of using the device not as intended or modifying the device or the associated software without authorization.

Revision 02 05/2026 EN 9
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2 lcons and conventions

Warning messages

The following icons and signal words indicate possible residual risks in the form of warnings:

A DANGER

Means that death or serious physical injuries will occur if necessary safety precautions are not taken.

Means that death or serious physical injuries may occur if necessary safety precautions are not taken.

/\ CAUTION

Means that minor physical injury may occur if necessary safety precautions are not taken.

NOTICE

Means that property damage may occur if necessary safety precautions are not taken.

Product safety labels

The following icons are used on the device itself to indicate imperatives and possible dangers:

Read and understand the operating manual before using the device!

Hand injuries warning

General warning sign

Hot surface warning

Labeling according to WEEE directive:

The device must not be disposed of with household waste, but in a separate WEEE collection
in an environmentally friendly way.

=444
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Further icons and conventions in this operating manual

Here you will find useful information and helpful tips.

Indicates a single instruction.

> If several of these instructions appear one below the other, the order in which they are executed is
irrelevant or they represent alternative courses of action.

2. A numbered list identifies a sequence of instructions that must be executed in the specified order.

> Indicates the result of an action to explain processes that take place in the background.

Indicates an observation prompt to draw attention to visible feedback from the device or the software.

® Observation prompts make it easier to check whether an instruction was executed successfully.
Often they also guide to the next instruction.

@ Points to a control element that is to be pressed / clicked.

Points to an element described in the text (for example an input field).

3 About this operating manual

This manual describes the installation and operation of the FocusMonitor FMW+ R2 and how to perform
measurements with the LaserDiagnosticsSoftware LDS version 4.0 or higher.

In this operating manual, the abbreviations FMW+ R2 and LDS are used.

For measurement operation with a PC, the LDS must be installed on the PC. The LDS included in the delivery.
PRIMES will also be happy to provide you with a current download link.

For this purpose, contact your sales partner or send an e-mail to: support@primes.de

The software description includes a brief introduction on using the device for measurements. For a detailed
description of the software installation, file management and evaluation of the measurement data, please
refer to the separate instructions for the LDS.

This operating manual describes the software version valid at the time of printing. Since the LDS is
subject to continuous development, the supplied data medium may have a newer version number.

Revision 02 05/2026 EN 11
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4 System description

41 Functional description

The FMW+ R2 measures the beam properties of focused laser beams. In addition to the geometric dimensions
of the focused laser beam, the focus position in space, the beam parameter product as well as the beam quality
factor M2 are determined.

The laser beam is scanned along the x-axis with a rotating measuring tip. The integrated horizontal carrier is
used to move the measuring tip along the y-axis so the focused laser beam in the plane can be measured.

The FMW+ R2 does not have its own z-axis. The z-axis of the laser system must therefore be used for
caustic measurements.

The FMW+ R2 can be used to measure NIR beams up to 1,000 W laser power.
The device has an internal absorber that is not actively cooled. The maximum capacity is 245 kJ.

The maximum 8 x 8 mm measurement window can be scanned with a resolution of up to 1 024 x 1 024 pixels.

The FMW+ R2 works with the PRIMES LDS and is equipped with an Ethernet interface for fast and secure
data exchange.

4 N

Measuring tip Status display

FMW+ [
FocusMonitor : ]
Ethernet

VORSICHT/CAUTION

Rotierende Messspitze
Rotating measuring tip

This is a FMW+ R2 device.
Do not remove measuring tip!

Offset: 10.6 mm
G c Power In ®

PRIMES
®

Fig. 4.1: Main components FMW+ R2
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4.2 Measuring principle

The FMW+ R2 is an opto-mechanically scanning measuring system.

The laser beam is scanned using a specialized measuring tip. A small pin hole (typical diameter: 25 pm) in
the measuring tip samples a small part of the laser beam. The sampled part of the laser beam is guided onto
a detector element

The detector is selected depending on the wavelength of the laser radiation to be measured. In this way,
different laser beam sources and systems can be measured by optimally selecting the measuring tip and the
associated detector.

The high angular velocity of the rotating measuring tip allows the analysis of high power densities.

Due to the dynamics of the analog-to-digital converters used, a very good signal-to-noise ratio is achieved.
Very low intensities as well as high peak intensities are recorded with equal precision.

4.3 Status display

The optical display consists of three LEDs, which use different colors to show different states of the FMW+

Color Device status Meaning

White Power The supply voltage is connected

Yellow Rotation The measuring tip is rotating

Red Measuring The measuring tip is rotating and the y-axis is moving.

The measurement is in progress.

Tab. 4.1: States of status display

Revision 02 05/2026 EN 13
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4.4 Explanation of the product safety labels

A potential hazard area for hand injuries is marked with a symbol “Hand injuries warning“ on the device.

Warning of hand injuries due to the rotating measuring tip

The rotating disk with the mounted measuring tip rotates at high speed during measuring operation.
Even after a measurement or after switching off the device, the rotational disc will continue to rotate for a
certain period of time.

To avoid hand injury, do not reach into the device aperture when the measuring tip is rotating.

If the rotating measuring tip hits an obstacle, the measuring tip will be damaged. In this case, the device
must be sent in for service. Therefore, no objects may be held in the beam path of the device.

After switching off the rotation or the device, wait for the measuring tip to come to a standstill. Observe the
,Rotation” status display, schapter 4.3 ,Status display”“ on page 13.

4 N

Rotating measuring tip

\_

Fig. 4.2: Risk of injury due to a rotating measuring tip

Warning of hand injuries in the device openings

Rotating gears and the horizontal carrier are located in the device opening. These are protected from contact
by the user with a screwed cover. The cover must always be kept closed during the operation of the device.

4 7 N

Fig. 4.3: Risk of injury due to a rotating parts
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4.5 Scope of delivery and accessories

The following parts are included in the scope of delivery:

e FMW+ R2

e PRIMES power supply

e Power cable

e Patch cable Cat.5e, Cross-Over, 5 m

Patch cable Cat.5e, 5 m

PRIMES USB flash drive (PDF of operating manual, software, etc.)

The following accessories are available:

e Transport and storage case
e Measuring tip in @ membrane box

5 Transport and storage

NOTICE

Damage/Destruction of the device
The device’s axes and carriers may be damaged if the device is subjected to hard shocks.

» Handle the device carefully when transporting or installing it.

NOTICE

Damage/Destruction of the device
Imbalance of the rotational disc can damage the device.

» Never operate the device without the measuring tip.

Remove measuring tip to avoid contamination

It is recommended to remove the measuring tip from the FMW+ R2 and place it in the supplied membrane box.
P Remove the measuring tip according chapter 11.3 ,Check/replace the measuring tip“ on page 51

P Caution: Removing the measuring tip will result in a loss of the TCP datal

Revision 02 05/2026 EN 15
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6 Installation and settings on the PC

6.1 Install LaserDiagnosticsSoftware LDS

The basic version of LDS is included with the device. PRIMES will also be happy to provide you with
a link to download the current version. Please contact your sales partner or contact us by email:

support@primes.de
1. Please ensure: System requirements:
e  System requirements are met. e Intel Pentium Core i3 or better
e You have administrator rights. e Windows 10 (64-bit version)
Close all programs on your PC. e Atleast 4 GB RAM; 8 GB RAM recommended

Insert the PRIMES thumb drive into e Display resolution: Full HD (1 920 x 1 080) at 100 % scaling
your PC and open the directory.

In the standard configuration, Windows
automatically opens the removable
storage device.

e An Ethernet port for connecting the measuring device

4. Double-click the LDS_Setup exe file 2 LaserDiagnosticsSoftware Setup - x
to start the installation.
. ) Welcome to the
5. Follow the instructions on the screen. LaserDiagnosticsSoftware Setup Wizard
» |f no other location is specified, then
the main program LDS.exe . o o e o ol e
will be copied to the directory PRIMES Setup Wizard.
C:\Programs\Primes\LaserDiag-
nosticsSoftware.

= Cancel

6.2 Set IP address of PC

The PC must be in the same IP address range as the PRIMES device.

Choose one of the following options to establish a connection between the PRIMES device and the PC.
The IP address of the PRIMES device can only be changed once this connection has been established
(schapter 9.3.2 ,Changing the IP address of a connected device” on page 25.

Integration of a PRIMES device into a network

Within the PRIMES device, the option DHCP (Dynamic Host Configuration Protocol) is activated by default.
The device obtains its IP address from the DHCP server.

Direct connection of a PRIMES device to a PC

In Windows > Control panel > Network and Sharing Center, assign an IP address to your PC that is in
the same address range as the PRIMES device (e.g. 192.168.116.xyz). The first three number blocks must
be identical, the last number block can be freely selected. The IP address should be entered by a system
administrator.

The IP address of your PRIMES device can be found on the identification label.

16 Revision 02 05/2026 EN
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[ Mounting

741 Conditions at the installation site

e The device must not be operated in a condensing atmosphere.

e The ambient air must be free of gases and aerosols that interfere with the laser radiation
(e.g. organic solvents, cigarette smoke, sulfur hexafluoride).

e Protect the device from splashes of water and dust.
e Operate the device in closed rooms only.

7.2 Installation in the laser system
7.21 Prepare mounting
Mounting preparation

To prevent damage during transportation, the measuring tip is removed when delivered. It is installed with the
curved side facing the laser beam.

» Mount the measuring tip according to chaptchapter 11.3 ,Check/replace the measuring tip* on page 51

-

~

Pinhole

N

Fig. 7.1: Measuring tip

1. Switch off the laser beam.

2. Ensure that moving parts, e.g. robot arms, etc. are at a standstill and that they cannot be set in motion
unintentionally.

3. Check the space available before installing the device, especially the required space for the connection
cables and hoses.

Revision 02 05/2026 EN 17
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7.2.2 Possible mounting positions

The FMW+ R2 is designed for vertical beam incidence from above

7.2.3 Align the device

Only use a pilot laser for alignment.
A DANGER

Serious eye or skin injury due to laser radiation

If the laser beam hits the stationary measuring tip located in the measurement aperture, scattered or
directed reflection of the laser beam occurs (laser class 4).

P Wear suitable gloves and move the measuring tip out of the measurement aperture.

/\ CAUTION

Risk of injury caused by rotating or moving parts

The hand or fingers can be crushed in the travel range of the horizontal and vertical carrier.
There is a risk of injury due to the rotating measuring tip.

» Do not reach into the device openings.
» Do not reach into the measuring range of the device or hold objects into it.

» Only align the device while the measuring tip is stationary.

. L : : Position of the laser beam
For the FMW+ R2, a vertical beam incidence is required

with respect to the x-y plane.

-+

1. Position the device in the x and y directions so that \
the pilot laser beam hits the geometric center of *
the semicircle in the entrance opening. y

2. Move the system to the lower measuring position
of the z-axis.

18 Revision 02 05/2026 EN
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7.24 Mount the device

A DANGER

Serious eye or skin injury due to laser radiation

If the device is moved away from its aligned position, increased scattered or directed reflection of the
laser beam occurs during measuring operation (laser class 4).

» Mount the device so that it cannot be moved by an unintentional contact or cables being pulled
accidentally.

There are three M5 threaded holes on the bottom of the housing for fastening.

Fasten the device with 3 screws. The total length of the screws depends on the dimensions of the customer’s
support bracket.

3x D 42T 12,4
M5 - 6H T 10
N B 5,05 X 90°, Oben

125

©

10,5
Jan
o
o
=

5l 23

\_ J

Fig. 7.2: Mounting threads on the bottom of the FMW+ R2

7.3 Removal from the laser system

Switch off the laser beam.

N

Ensure that moving parts, e.g. robot arms, etc. are at a standstill and that they cannot be set in motion
unintentionally.

Switch off the device.
Disconnect all connections.
Unscrew the fastening screws.

S

Remove the device from the laser system.
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8 Connections

8.1 Overview of the connections

Establish all electrical connections and switch on the device before starting the LDS.

®
""bo’o”é,,»o"’o,
FMW+ |
- | ~¢— Ethernet
FocusMonitor 3
Ethernet
VORSICHT/CAUTION
Rotierende Messspitze
Rotating measuring tip
This is a FMW+ R2 device.
Do not remove measuring tip!
BEd—  On/Off switch
S .
PRIMES — e  POoversupply
Offset: 10.6 mm connection
Power In g
\_ = -

Fig. 8.1: FMW+ R2 connections
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8.2 Power supply
The FMW+ R2 requires a voltage supply of +24 V = 5 % (DC) for operation.

A suitable power supply is included in the scope of delivery.

Only use the provided PRIMES power supply and connection lines.

8.3 Ethernet

Data between the FMW+ R2 and PC is transmitted via Ethernet. Connect the FM+ to the PC via a crossover
cable or to the network via a patch cable.

4 N

LAN

or

Crossover cable Patch cable

®
A >

R ——

FocusMonitor

Ethernet

°

.\ VORSICHT/CAUTION

Rotierende Messspitze
Rotating measuring tip

This is a FMW-+ R2 device.
Do not remove measuring tip!

2 PRI PRIMES Power
Offset: 10.6 mm
g e . g supply )

Fig. 8.2: Connect the FMW+ R2
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9 Measuring with the LaserDiagnosticsSoftware LDS

This chapter describes measurements with the LDS. For a detailed description of the software installation,
file management and evaluation of the measured data, please refer to the separate operating manual “LDS”.

9.1 Warning messages

A DANGER

Serious eye or skin injury due to laser radiation

Depending on the measuring principle used, the laser beam is reflected at the measuring tip (laser class 4).
The reflected beam is usually not visible.

p Please wear safety goggles adapted to the power, power density, laser wavelength and operating
mode of the laser beam source in use.

» Wear suitable protective clothing and protective gloves.

» Protect yourself from laser radiation by separating protective devices
(e.g. by using appropriate shielding).

» During measurements, a safety distance of one meter to the FMW+ R2 must be maintained even
when wearing safety goggles and safety clothing.

A DANGER

Serious eye or skin injury due to laser radiation

If the device is moved from its aligned position, increased scattered or directed reflection of the laser
beam can occur during measuring operation (laser class 4).

» Mount the device so that it cannot be moved by an unintentional contact or cables being pulled
accidentally.

/\ CAUTION

Risk of injury caused due to the rotating measuring tip

The measuring tip of the FMW+ R2 rotates at high speed during measurements. Even after the rota-
tion or the device has been turned off, the measuring tip will continue to rotate for a certain period of
time.

If the rotating measuring tip hits an obstacle, the device must be sent in for service to readjust the
measuring tip.

» Do not reach into or hold any objects into the beam entrance of the device.

» Wait for the measuring tip to come to a standstill (observe the ,Rotation” status display)

22 Revision 02 05/2026 EN
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/\ CAUTION

Risk of injury caused due to the rotating or moving parts
The hand or fingers can be crushed in the device openings by rotating gears and the carrier.
p» Do not reach into device oppenings

p Do not reach into or hold any objects into the beam entrance of the device.

NOTICE

Damage/Destruction of the absorber

An acoustic warning signal is triggered when the temperature of the absorber reaches 110 °C. The
temperature is measured near the center of the absorber. The temperature of the base plate may
differ.

P In the event of the alarm, switch off the laser immediately and allow the absorber to cool down!

NOTICE

Damage/Destruction of the measuring tip

In case of very high power densities (CO2 > 15 — 30 MW/cm?; NIR > 8 — 10 MW/cm?), plasma
may be ignited on the surface of the measuring tip, which could destroy the measuring tip.

p Increase the speed according to appendix A on page 62 and purge it with inert gas, if necessary.

9.2 Establish measurement readiness

1. Check whether the mounted measuring tip and the mounted detector are suitable for your measuring
task, schapter 11.4 ,Selection of the measuring tip“ on page 54

N

Determine the required speed of the measuring tip according to appendA on page 62

Ensure that the measuring tip is not in the measurement area before switching on the laser.
Wear appropriate gloves and, if necessary, move the measuring tip out of the measurement area.
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9.3 Connect/disconnect the device to the LDS

9.3.1

1. Switch on the device.

Switch on the device and connect it to the LDS

2. Start the LDS by double-clicking on the program icon @ in the start menu group or on the desktop icon.

The start screen appears.
3. Select the operating mode Measure.

If the Show start screen option is
disabled or the window Connections is
closed:

p» Click on the Devices tab and then on
the + Connect to device button.

@ The Connections window appears.

4. Click on the desired device.

5. Click on the Connect to device button.

If the device does not appear:

» Click on the Search the network
button.

If the device still does not appear in the

Connections window, see chapter 10.2
,Connection error when using the LDS*

on page 4¢.

(-] PRiMES LaserDiagnosticsSoftware = & &3
ANALYZE LAST LAYOUT
Search update automatically [+]
Show tutorial
Show start screen
EN\DE A Fontsize A Colors A
—®
19 PRIMES LaserDiagnosticsSoftware
File Connections Measurement Environment Tools
Devices  Projects
Connect to device
- 0O x

@ Connections.

Devices found

m PRIMES FM+ 192158117122

All

Search for COM ports

Address

Search the network

Connect to device
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9.3.2

Changing the IP address of a connected device

Within the device a static IP address is stored and the function Use DHCP is activated. When establishing a
connection, the device will first wait to be assigned a suitable IP address via DHCP. If this prooves unsuccessful,

it will

revert to the static IP address.

If Use DHCP is disabled, the device will directly use the static IP address. As a result, the connection can be
established faster.

For a connected device, both the IP address and the activation of DHCP can be changed.

Change the IP address of a device as
follows:

1.
2.

6.

9.3.3

Click on the Devices tab.

Right-click on the device and select
the Device settings menu point.

Enter the desired IP address in the
Static IP address input field.

Deactivate Use DHCP.
Confirm the entry with OK.

The Confirmation window appears.

In the Confirmation window, place
a check mark at Acknowledge and
click OK.

Switch the device off and on again.

Deviges

PRIMES device

Projects

Device settings
EEFROM
Create status values projech

Create diagnostics file

Reconnect ® Device settings - B X

PRIMES device

Static IP address [192.168.116.x72 ‘«
E}«

oK Cancel ‘

Disconnect Device name

Use DHCP

@ Confirmation

the device?

Do you want to send the device name and network settings to

Acknowledge E:+

Cancel

ra
¥

Disconnect device from the LDS and turn off

Click on the Devices tab.

Right-click on the device and select
the Disconnect menu point.

Switch off the device.

If applicable, disconnect the electrical

connections.

Deviges
a

PRIMEldevice

Projects

Device settings

EEFROIM

Create status values project
Create diagnostics file

Reconnect

R
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9.4

General information about working with the LDS

This chapter contains general information about the LDS, irrespective of the respective measuring task.
Read this general information before turning to the following chapters on the various measurement modes.

9.4.1

Enter user-defined device name

If you want to assign a user-defined de-

vice name to a device, proceed as follows:

1.
2.

5.

o2

9.4.2

Click on the Devices tab.

Right-click on the device and select
the Device settings menu point.

Enter the desired device name in the
Device name input field
(max. 18 characters).

In the Device settings window, con-
firm the entry with OK.

The Confirmation window appears.

Place a check mark at Acknowledge
and click OK.

Switch the device off and on again.

The device name is displayed in the
Connections window.

After connecting, the device name is
displayed in the Devices tab.

Open ,,Device control“ menu

Click on the Devices tab.

Select the device and click on the
device function Scanner below the
device name.

The Device control menu with the

following sections opens.

Measuring modes
(see chapter 9.4.3 on page 27)

Devigces =~ Projects
{b

PRIMES device Device settings
EEPROM %
Create status values projecy

Create diagnostics file

Reconnect ® Device settings = 2 =
Disconnect Devicename  [PRIMESdevice
Static IP address [192.168.116.y2 ]
Use DHCP
oK Cancel

19 Confirmation

Do you want to send the device name and network settings to
the device?

Acknowledge E*

m Cancel

—
@ PRIMES LaserDiagnosticsSoftware

File Connections Measurement Environment Tools Scripts  Toolbenches BExtras  Help

Devices | Projects

«

W .
FMW-+ Test 1475 L | B Device control

Scanner FMW=+75 [ ]
Linescan

Measuring modes Single planes

Maonitor

Device function
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9.4.3 Open a measuring mode

The desired measuring mode is selected in the Device control menu. The following measuring modes are available:
e Linescan (schapter 9.7 ,,Linescan” on page 36

e Single planes (schapter 9.8 ,,Single planes” on page 39

e Monitor (schapter 9.9 ,,Monitor” on page 44

» After opening the Device control
menu, click the button of the desired
measuring mode, for example Single
planes.

A drop-down list for changing the
measuring mode appears in the up-

per area of the Device control menu.

Change measuring mode:

1. Click on the button to open the drop-
down list.

2. Select measuring mode.

After selecting the measuring mode,
the corresponding toolbench is
opened.

If the toolbench has been closed, re-open
it by clicking the Open measurement
toolbench button.

—e
@ PRIMES LaserDiagnosticsSoftware

File Connections Measurement Environment Tools Scripts  Toolbenches Extras  Help

Devices = Projects
«
1=

Scanner FMW+ 75 [ ]

FMW+ Test 1475 Device control

Linescan

Single phne%

Maonitor

=)

Single planes

Device control

Linescan
Single planes
Monitor

Linescan Manual caustic

(( Toolbench Linescan X

NE%NECER20SE
m? - O

Plane Analysis: Scanner FMW+ 475

o | Amplitude in cts 461
Cross saction _ - -
Statistics for selected range only |:
g 10000 | | Range D@
g M
=

=

| Measuring mode b

Device control

Open measurement toolbench

Settings = Advanced %
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9.4.4 Enter parameters and activate

Be aware when settings are made in one measuring mode, some options are also available in other modes
as well.

For example, if you enter a parameter in the Single planes mode, it will automatically be applied to all other
measuring modes that use this same parameter.

Transfer an entered parameter value « Pixel iy * |
with the Enter key:

1. Enter the desired value in the input
field. Example: blue input field

The background color of the input
field changes to blue.

2. Confirm the entry by pressing the
Enter key.

The field returns to its original back-
ground color.
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9.4.5 Saving options

The LDS offers (up to) three different options for saving. They differ by the storage location and the selection

of the data to be saved.

When saving/loading a configuration, note that the command is called in a certain measurement mode, but
the saved/loaded data set also includes the settings of the other measurement modes.

Save data with asterisk (*) to a file /
load from a file:

All data marked with an asterisk in the
Device control menu can be saved to a
preset file with the extension .pre on the
PC.

» To save a configuration, click on the
icon f=<.

» To load a configuration click on the
icon .

Save data with an asterisk (*) in the

EEPROM of the device:

All options marked with an asterisk in the
Device control menu can be saved in the
EEPROM in the device.

In this case, the settings will be retained
even if the device is switched off or dis-
connected from the power supply.

1. Click on the Advanced tab.

2. Click on the Save device settings
button.

Save all settings in the LDS:

With these buttons it is possible to save
or load all settings of the Device control
menu. The storage is made device-related
in the local installation of the LDS.

1. Click on the Settings tab.
2. Use one of the following options:

p» Click the Save current parameters
button to save the settings of the
connected device.

» Click on the Load last parameters
button to load the last saved settings.

W .
g Device control

W .
- B Device control

| Measuring mode b

Settings  Advanced %

Save device settings

Rotational speed in rpm 1875 W
# Pixel inxy *
| .

- B Device control

| Measuring mode b

Settings = Advanced

Parameter settings

Save current parameters i

Load last parameters
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9.5

9.5.1

In all measuring modes, the measuring tip

Settings that apply in all measuring modes

Move axes

can be moved to a defined y-position.

1.

Click in the device control > Ad-
vanced.

Click on the arrow to open the drop-
down list.

Use one of the following options:

>

Enter a value in the parameter field
and confirm the entry with the Enter
button.

Use the slider below the input field.

Click on the button
Move to y position.

The Confirmation window appears.

4.
5.

Switch off the laser if necessary.

Check the Acknowledge box and
click OK.

The measuring tip is moved to the
entered y-position.

=

Device control

| KMeasuring mode

Settings  Advanced

Move axes

y-Position in mm

Move to y-position

V)

@ Confirmation

Make sure that the laser is switched off before proceeding.

Acknowledge ’z:+

Cancel

s
¥
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9.5.2 Entries for the measuring tip used

For traceability of the measurements performed with a specific measuring tip, the specifications of the measuring
tip used can be entered into the LDS.

The specifications are indicated on the packaging of the measuring tip. Missing entries have no effect on the
measurements performed.

1. After opening the Device Control -— )
menu, click the Advanced button. | | B Device control

2. Select the Type of measuring tip used [Measuring mode v
from the drop-down list.

3. Enter the serial number S/N of the S Acvanced %

measuring tip used.

4. Enter the Sensitivity in cts/(MW/
cm?) of the measuring tip used.

Save device settings

5. Enter the Pinhole diameter in um of o €02 high power
n ‘ Measuring tip v Diode
the measuring tip used.
q o T * MIR High Div. W
6. Click the Save device parameters e Eein G =
button. SN+ S o PRIMES
Sensitivity in cts/[MW/cm?) E* —
Pinhole di ter i . :33 * il Detector photodiode
inhole diameter in pm 33 i
Max [ sensitiviry (Sf() o2y
\ SN 335
A\
< > P
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9.6 Device control

9.6.1 Settings

The options listed below in alphabetical order are not available in all measuring modes.

1. Click on the Settings tab. -
< — =]

Device control

2. Enter the options according to the

explanations in the following table. [ Measuring Mode ~
p Data with (*) can be saved, see Settings%:ed

chapter 9.4.5 ,Saving options® on|

page 29.

Option Explanation

Save current parameters » Click this button to save all current settings of the connected device.

Number of measurements » Enter the desired number of single plane measurements of the time

series.

autom. Measurement window If this option is enabled, then the measurement window size will be set
automatically.

» Set the check mark to enable the option.

autom. Gain When using a CO, detector, this option is not available and will not be
displayed.

If this option is enabled, the gain is set automatically.

» Set the check mark to enable the option.

Window size in mm If the autom. Measurement window option is disabled, the size of the
measurement window can be set manually. Use one of the following
options:

» Enter the length and width in the corresponding input fields.

» Position the mouse pointer anywhere within the measurement
range and drag while holding down the left mouse button. Keep the
mouse button pressed until the measurement window meets your
requirements.

Interval between measurements in s Enter the pause between the single plane measurements of the time
series. This is the pause between the end of one measurement and the
start of the next.

Load last parameters P Click this button to load the last saved device configuration.

Line width in mm Use one of the following options to adjust the line width (length) and position:
» Enter the width (length) of the line.

P Position the mouse pointer at any point within the measurement
area and drag while holding down the left mouse button. Keep the
mouse button pressed until the length of the measuring line meets
your requirements.

Line center in mm Use one of the following options to adjust the position of the measuring line:

» Enter the x-/y-position of the line center in the corresponding input
fields.

P Position the mouse pointer within the measurement window.
Then drag while holding down the right mouse button.
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Manual z-Position in mm

Measurement duration in s

Reset measurement window

Nominal power P in W

Parameter settings

# Pixel in x

Position in mm

Find beam

Gain in dB

Time series

This option defines the position of the next measurement on the z-axis
(see chapter 9.8.3 ,Measure manual caustics with the single plane mea-
surement mode” on page 41).

Set the check mark at Deactivate z-axis.

Enter the Manual z-position in mm.

Enter the duration of the measurement in s.

vvywyy

Click this button to maximize the measurement window and simul-
taneously center it in the measurement range.

To calculate the power density, the laser power used must be entered.
Otherwise, the measured amplitudes are given directly in counts.

» Enter the nominal laser power used during measurement.

All settings in the Device control menu can be individually saved for
each device. The settings are saved to the local installation of the LDS.

This and other options for saving/loading configurations are described in
chapter 9.4.5 ,Saving options* on page 29.

The number of pixels determines the resolution of the measurement.
Use one of the following options:
» Enter a value in the input field.

P Use the slider below the input field.

Use one of the following options to adjust the position of the measurement
window:

P Enter the x-/y-position in the corresponding input fields.

P Position the mouse pointer within the measurement window.
Then drag while holding down the right mouse button.

This option enables an automatic beam search with an automated mea-
suring window size and measurement. The laser beam is automatically
searched for in the entire measuring range. Measurement window size
and gain are set automatically.

The measured plane is then displayed in the graphic display.
p Click on the button to start the beam search.

Note that the determined measurement data will not be saved in the
project tree of the Projects tab.

When using a CO, detector, this option is not available and will not be
displayed.

If the autom. Gain option is disabled, the gain can be set manually.
The option can be used to control the sensitivity of the detector.
Use one of the following options:

» Enter a value in the input field.

P Use the slider below the input field.

A time series consists of several single plane measurements with the
same settings.
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9.6.2 Advanced

The options listed below in alphabetical order are not available in all measuring modes.

1. Click on the Advanced tab.

2. Enter the options according to the
explanations in the following table.

» Data with (*) can be saved, see
chapter 9.4.5 ,Saving options“ on
page 29.

Option

Move axes

Number of averaged planes

Arithmetic Average

Focal length of focusing optics in mm

Save device settings

Calibrated wavelength(s) in nm

Measuring tip

nominal Power P in W

W .
- B Device control

|Measuring Mode b

Settings  Advanced %

Explanation

With this option, the horizontal carriers can be moved in a defined man-
ner. There are 2 options to choose from:

» Enter a value in the input field.
P Use the slider below the input field.

This option is described in chapter 9.5.2 ,Move axes“ on page 39.

With the default setting of 7 in the input field, no averaging takes place.

» Enter the number of plane measurements >1 for averaging

The default algorithm for averaging the plane measurements is Arithmetic
Average. Averaging over several measurements can be useful, for example,
when measuring a laser with significant power fluctuations.

» Select an algorithm from the drop-down list:

e Arithmetic Average: The measured values for each pixel are added
together and divided by the number of planes.

e Max. intensity per pixel: The values from all the measurements are
compared for each pixel and only the maximum value for each one is
displayed.

e Max. Lines: The values from all the measurements are compared
for each line (meaning the line measured by the device in x-direction)
and only the maximum value for each one is displayed.

If several planes of a caustic have been measured, the caustic fit and the
entered focal length are used to calculate the raw beam diameter on the
focusing optics.

» Enter the focal length used by the focusing optics of the laser system.

All options marked with an asterisk in the Device control menu can be
saved in the EEPROM of the device.

These and other options for saving/loading configurations are described
in chapter 9.4.5 ,Saving options” on page 29.

The “calibrated wavelength” is the wavelength at which the device has
been validated. This is stored in the device and is displayed in the LDS.

Documentation of the measuring tip used

With these options, the specifications of the measuring tip used can be
entered into the LDS for documentation of the measurements performed.

This option is described in chapter 9.5.2 ,Entries for the measuring tip used"
on page 31.

To calculate the power density, the laser power used must be entered.
Otherwise, the measured amplitudes are given directly in counts.

» Enter the nominal laser power used during measurement.

34
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Option
# Pixel in x/y

Rotational speed in rom

Used wavelength in nm

Explanation

The number of pixels determines the resolution of the measurement.

Enter the resolution in x-/y-direction in the corresponding input fields.

The required speed of the measuring tip used must be determined according
t0 appendix .on pege 63,

» Select the speed of the measuring tip from the drop-down list.

To calculate the beam quality factor M2, the used wavelength must be
entered. Depending on the display in the option Calibrated wavelength(s)
in nm, the used wavelength can be entered in a defined range.

For example, with a ,calibrated wavelength of 1 064 nm, the used wave-
length can be entered from 1 000 - 1 100 nm.

Use one of the following options to set the wavelength of the laser used:
» Enter a value in the input field.
» Use the slider below the input field.
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9.7 Linescan

In measuring mode Linescan, the laser beam is measured at a defined position on the y-axis over a specific
period of time. The line width, line center and position on the y-axis are freely adjustable.

The measuring tip of the FM+ is moved to a fixed y-position. At this position, it measures the power density
on a single measuring path with every rotation of the measurement tip.

The measurement is carried out over a defined period of time or until it is manually aborted.

9.7.1 Search laser beam automatically

1.  Observe the warning messages in -— )
chapter 9.1 ,Warning messages* on || E Device control
oage 22.

Click on the Settings tab.

|Linescan v

Switch on the laser. Settings | Advanced

Click on the Find beam button. ]

vy & 9D

The laser beam is automatically

searched for in the entire measuring
range. The measurement window and -
gain are set automatically.

If the search is successful, the laser
beam is displayed in the graphic
representation.

If the beam is not displayed:

» Check for correct alignment of the
device on the x-y plane according to
chapter 7.2.3 ,Align the device" on Line center in mm
oage 18. Line width in mm

=
ﬁ
=
8

A0 LAl
| |

Gain in dB

v

Check the direction of the beam
entrance.

AdeSt the gain. Measurement duration in s

# Pixel inx

Choose a different z-position.

Increase the laser power (step by step).

Parameter settings

o vwyy

If necessary, adjust the measurement
track manually according to the following. S (T FEIEIEEE
chapter 9.7.2 ,Adjust the measure- Load last parameters
ment track manually“ on page 37 .

Find beam
6. Start the measurement according to nominal Power in W *
chapter 9.7.3 ,Start measurement”
on page 38.

[

Parameter settings
Save current parameters

Load last parameters
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9.7.2

Adjust the measurement track manually

In a window in the upper area of the
Settings tab, the measurement plane is
displayed graphically:

the entire measurable area (thin lines)

the measurement track to be recorded
(thick lines)

the measuring position on the z-axis

after performing a beam find and during
the measurements, a false color view of
the recorded area

Create a measurement track:

>

Position the mouse pointer anywhere
within the measurement area.

Drag while holding down the left
mouse button.

Keep the mouse button pressed until
the measurement track meets your
requirements.

Adjust the position:

>

Enter the x-/y-position of the track
center in the corresponding input
fields.

Position the mouse pointer over the
measurement track.

Drag while holding down the right
mouse button.

With a laser beam displayed:

>

To zoom to the center of the graphic
representation, first move the mouse
pointer over the graphic representation
until the plus/minus buttons appear.
Then press the buttons.

To zoom in on the position of the
mouse pointer, position the mouse
pointer anywhere within the graphic
representation.

Then turn the mouse wheel.

To zoom to the size of the measuring
range. Position the mouse pointer
within the measuring range.

Then double-click left.

e .
| | E Device control

|Linescan v

Settings = Advanced

W .
- E Device control

|Linescan v

Settings | Advanced

|
Line center in mm DD*
Line width in mm *

Gain in dB

Measurement duration in s

# Pixel in x

2 Ll

Parameter settings
Save current parameters
Load last parameters

Find beam

Measuring range
< I

(thin line)

* Measurement track
(thick line)
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9.7.3

2. Click the Start button.

3. Switch on the laser.

*» The measurement begins.

Optional:

» Click the Stop button to abort the
measurement.

» Click the Stop Rotation button to
stop the rotation of the measuring tip.

During the measurement, the prog-
ress is shown in the following indica-
tors:

Measurement:

Start measurement

Observe the warning messages in
chapter 9.1 ,Warning messages” on
oage 22.

While the indicator is rotating, the mea-
surement is performed.

Measurement completed:

After successful measurement, the indica-

tor lights up green.

4. Switch off the laser after the measure-

9.74

The

ment is completed, unless you want
to perform further measurements.

Display measurement results

measurement results are displayed

in the opened tool during and after the
completed measurement.

>

PRIMES recommends checking the

quality of the results after a measure-

ment.

Depending on the results, it may
seem necessary to repeat the mea-
surement with improved measure-
ment setup or changed parameters.

For a detailed description of the file
management and evaluation of the
measured data, please refer to the
separate operating manual LDS.

(( Toolbench
(6]

%

Measurement

—

Linescan

Plane Analysis: Scanner FMW+ 475

Manual caustic

i Cross section k
s 1
£ 10000+
u
= 4
2
= 1
E
< 1
i offset
P s T
LI T T
-5000 4] 5000
¥ in um
600
400

Line index

g

Stop Stop Rotation

Status 'ﬂ'

Linescan

Measurement completed

Linescan X

ElRRRRCSE
m? - 0O X

Amplitude in cts

Statistics for selected range only

Range D
|

Lock range size

Center on ROI

autom. Scaling

DDDDIED

Show integral

€00 T
Cross section y

Line in dex

g
=] [+
& =]
I T N IS S A
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9.8

Single planes

In single planes measuring mode, single planes are measured at selected z-positions.
Measurement window size and the gain can be set automatically or determined manualy.

It is also possivle to have the software search for the laser beam automatically in the entire measurement
range.

To measure a manual caustic, several planes can be measured — either individually or by means of a serial
measurement.

An increment along the z-axis can be configured for this, schapter 9.8.3 ,Measure manual caustics with the

single plane measurement mode” on page 41..

The FMW+ R2 does not have its own z-axis. The z-axis of the laser system must therefore be used for caus-
tic measurements.

9.8.1

v B ©® D

1O

Search laser beam automatically

Observe the warning messages in
chapter 9.1 ,Warning messages” on
page 22.

Click on the Settings tab.
Switch on the laser.
Click on the Find beam button.

The laser beam is automatically
searched for in the entire measuring
range. The measurement window and
gain are set automatically.

If the search is successful, the laser
beam is displayed in the graphic
representation.

If the beam is not displayed:

>

v

v

Check the correct alignment of the
device on the x-y plane again accord-
ing to chapter 7.2.3 ,Align the device*
on page 18.

Check the direction of the beam
entrance.

Adjust the gain.
Choose a different z-position.

Increase the laser power (in small
increments).

If necessary, adjust the measurement
window manually according to the
following. chapter 9.8.2 ,Adjust the
measurement window manually” on
page 40 an.

Start the measurement according to
chapter 9.8.4 ,Start measurement”
on page 43.

W .
- B Device control

|Sing|e planes

v

Settings = Advanced

il ©

Reset measurement window

z-Increment in mm
Deactivate z-axis
Manual z-position in mm

nominal Power in W *

autom. Measurement window
‘Window size in mm

Position in mm

autom. Gain

Gain in dB

Time series

Mumber of measurements
Interval between measurements in s *

Find beam

Param ings
Save current parameters

Load last parameters

1l
I (0= Alaf
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9.8.2

Ina

Adjust the measurement window manually

window in the upper area of the

Settings tab, the measurement plane is
displayed graphically:

the entire measurable area (thin lines)

the measurement window to be
recorded (thick lines)

the measuring position on the z-axis

after performing a beam find and dur-
ing the measurements, a false color
view of the recorded area

Make sure that the autom. measurement
window option is not activated. Other-
wise, the manual setting may be overwrit-
ten when starting a measurement.

Create a measurement window:

>

Position the mouse pointer anywhere
within the measurement range. Drag
while holding down the left mouse
button. Keep the mouse button
pressed until the measurement win-
dow meets your requirements.

Adjust the position:

>

>

Enter the x-/y-position in the corre-
sponding input fields.

Position the mouse pointer anywhere
within the measurement window.
Drag while holding down the right
mouse button.

With a laser beam displayed:

w B

|Sing|e planes b

Device control

Settings = Advanced

e

=

[single planes v

Device control

Settings =~ Advanced

= ©

¥

Reset measurement window

-

Measuring range
(thin line)

Measurement window
(thick line)

» Tozoom to the center of the graphic Ancrement in mm
representatlon, first move the mouse P O
pointer over the graphic representa- o
tion until the plus/minus buttons ap- Henualz pesition in mm —
pear. Then press the buttons. naminal Pewerin W

» To zoom in on the position of the autom. Measurement window [
mouse pointer, position the mouse Window size in mm a5 |[5176 ‘e
pointer anywhere within the graphic Position in mm [0,059 |[0118 i
representation.

Then turn the mouse wheel. autom. Gain

» To zoom to the size of the measuring canin e
range. Position the mouse pointer
within the measuring range. T sIrEs
Theﬂ dOUble-Cth leﬂ Number of measurements

Interval between measurements in s *
Find beam
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9.8.3 Measure manual caustics with the single plane measurement mode

In single planes measurement mode, further measurements can be performed at any z-positions.
With this procedure, a caustic can be measured manually.

The FMW+ R2 does not have its own z-axis. The z-axis of the laser system must therefore be used for caus-
tic measurements.

For stigmatic and single astigmatic beams, at least 10 different positions on the z-axis must be measured
according to ISO 11146-1. About half of the measurements must be distributed within one Rayleigh length on
both sides of the beam waist and about half must be distributed beyond two Rayleigh lengths starting from
the beam waist.

An odd number of measurement planes makes it more likely that one of the measurement planes will be at
or close to the focal plane. PRIMES recommends measuring at least 21 planes within + 3 Rayleigh lengths
around the focus.

For generally astigmatic and unknown beams, ISO 11146-2 requires measurements to be made at a minimum
of 20 uniformly distributed points on the z-axis within a range of at least three times the Rayleigh length both
behind and in front of the beam waist.

PRIMES recommends measuring at least 21 planes within + 3 Rayleigh lengths around the focus. An odd
number of measurement planes makes it more likely that one of the measurement planes will be at or close
to the focal plane will be measured.

Single measurement with manual input of the z-position:

Reset measurement window

This procedure is used when the laser system moves to z-Increment in mm
the position of the next measurement.
1. Click on the Settings tab. Manual z-position in mm -

2. Inthe z-position in mm field, enter the desired position
of the next plane to be measured.

3. Start and stop the measurement according to
chapter 9.8.4 ,Start measurement” on page 43.

Single measurements using z-increment spacing:

Reset measurement window

1. C“Ck on the Settings tab z-Increment in mm 3.00 «
2. Enter the spacing for the further measurements in the
z-Increment in mm field. Manual z-position in mm

3. Start the measurement according to chapter 9.8.4
,Start measurement” on page 43 and wait until the
measurement is completed.

* The measured plane is one z-increment away from
the previously measured plane.

Move the laser or device according to the entered value.

Start a measurement again and wait until the measure-
ment is finished.

6. Repeat the last 2 step as often as you like.
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Series measurement using z-increment spacing:

The combination of the Time series and z-Increment in
mm options enables measuring a free caustic in one run.

1.
2.

Click on the Settings tab.

Enter the spacing for the planes to be measured in
the z-Increment in mm field.

In the Number of measurements and Interval
between measurements in s input fields, enter the
number of measurements and the interval. The interval
is the time between the end of one measurement and
the start of the next.

Make sure that the laser or device moves within the
value entered in the Interval between measure-
ments in s input field according to the value entered
in the z-step size input field.

Start the series measurement according to
chapter 9.8.4 ,Start measurement” on page 43
and wait until the measurement is finished.

Reset measurement window

z-Increment in mm
Deactivate z-axis
Manual z-position in mm

nominal Power in W *

autom. Measurement window
Window size in mm

Position in mm

autom. Gain

Gain in dB

Time series

Humber of measurements

Interval between measurements in s *

Eo
O
—

O |

o =
0 =
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9.8.4 Start measurement

1.  Observe the warning messages in
chapter 9.1 ,Warning messages* on
page 22.

2. Click the Start button.
3. Switch on the laser.
» The measurement begins.

Optional:
» Click the Stop button to abort the
measurement.

» Click the Stop Rotation button to
stop the rotation of the measuring tip.

During the measurement, the progress
is shown in the following indicators:

Measurement:

While the indicator is rotating, the measure-
ment is performed.

Measurement completed:

After successful measurement, the indicator
lights up green.

Averaging (if enabled):

The indication shows the measured planes
that are used to average a measured value.

4. Switch off the laser after the measure-
ment is completed, unless you want
to perform further measurements.

9.8.5 Display measurement results

The measurement results are displayed
in the opened tool during and after the
completed measurement.

» PRIMES recommens checking the
quality of the results after a measure-
ment.

Depending on the results, it may be
necessary to repeat the measurement
with improved measurement setup or
changed parameters.

» For a detailed description of the file
management and evaluation of the
measured data, please refer to the
separate operating manual LDS.

—>
—>
-

& single planes x

NE%ECEREE

P> Caustic Analysis: FMW-+ 20 Caustic

R )

Algorithm [Rotated moments V|

Y
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Status
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0
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9.9 Monitor

In Monitor measuring mode, measuring planes are continuously viewed in a false-color image. The laser
beam can be automatically searched by the software in the entire measurement range.

After a successful search the measurement will be run as long as desired. During the measurement, data is
continuously read out and displayed in the graphical view. Measurement data is not saved in the project tree

of the Projects tab.

9.9.1 Search laser beam automatically

1.  Observe the warning messages in
chapter 9.1 ,Warning messages"” on
oage 22.

Click on the Settings tab.
Switch on the laser.
Click on the Find beam button.

vy & @D

The laser beam is automatically
searched for in the entire measuring
range. The measurement window and
gain are set automatically.

@ If the search is successful, the laser
beam is displayed in the graphic
representation.

If the beam is not displayed:

» \erify the correct alignment of the
device on the x-y plane according to
chapter 7.2.3 ,Align the device* on
oage 18.

» Check the direction of the beam
entrance.

v

Adjust the gain.

v

Choose a different z-position.

v

Increase the laser power (in small
increments).

5. If necessary, adjust the measurement
window manually according to the
following. chapter 9.9.2 ,Adjust the
measurement window manually“ on
oage 45 an.

6. Start the measurement according to
chapter 9.9.3 ,Start measurement”
on page 46.

W .
| E Device control

‘Monitor v

Settings = Advanced

©

|

Reset measurement window
Window size in mm
Pasition in mm D IC'
Gain in dB o ]

Find beam

Param ings

Save current parameters
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9.9.2

In a window in the upper area of the
Settings tab, the measurement plane is
displayed graphically:

e the entire measurable area (thin lines)

e the measurement window to be
recorded (thick lines)

e the measuring position on the z-axis

e  after performing a beam find and during
the measurements, a false color view of
the recorded area

Create a measurement window:

P Position the mouse pointer anywhere
within the measurement range. Drag
while holding down the left mouse
button. Keep the mouse button
pressed until the measurement window
meets your requirements.

Adjust the position:

» Enter the x-/y-position in the corre-
sponding input fields.

P Position the mouse pointer over the
measurement track. Drag while holding
down the right mouse button.

With a laser beam displayed:

» To zoom to the center of the graphic
representation, first move the mouse
pointer over the graphic representation
until the plus/minus buttons appear.
Then press the buttons.

» To zoom in on the position of the
mouse pointer, position the mouse
pointer anywhere within the graphic
representation.

Then turn the mouse wheel.

» To zoom to the size of the measuring
range. Position the mouse pointer
within the measuring range.

Then double-click left.

Adjust the measurement window manually

=

|Sing|e planes b

Device control

Settings = Advanced

< Mea

surement range
(thin lines)

4__ Measurement window

(thick lines)

? Measuring position on

Device control

w e

|Monitor v

Settings = Advanced

O
W

|
z-Position in mm
Reset measurement window
Window size in mm B I |
Position in mm DD«
Gain in dB o]
|

Find beam

Parameter settings

Save current parameters

the z-axis

O
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9.9.3 Start measurement

A DANGER

Serious injury to the eyes or skin due to laser radiation

If you use a continuous plane measurement to align the device in Monitor measurement mode,

note the following:

» Align the device preferably with a pilot laser that cannot cause dangerous reflections.

» Aligning the device with a class 4 laser can result in dangerous reflections. In this case, the alignment
must be remotely controlled behind a separating protective device. The protective device must block
the radiation or reduce it to a non-hazardous level.

1. Follow the warning messages in
chapter 9.1 ,Warning messages” on
oage 22.

2. Click the Start button.
3. Switch on the laser.

» The measurement begins.

Optional:
» Click the Stop button to abort the
measurement.

» Click the Stop Rotation button to
stop the rotation of the measuring tip.

During the measurement, the progress
is shown in the following indicators:

Measurement:

While the indicator is rotating, the measure-
ment is performed.

4. Switch off the laser after the measure-
ment is completed, unless you want
to perform further measurements.

9.9.4 Display measurement results

During the measurement, measurement
data is continuously read out and displayed
in the graphical view.

The determined measurement data are not
saved in the project tree of the Projects tab.

» For a detailed description of the file
management and evaluation of the
measured data, please refer to the
separate operating manual LDS.

Start Stop Stop Rotation

Status

Monitor

ar

(( Toolbench Linescan Manual caustic Linescan

(e EREDE

False-color Image: Scanner FMW-+ 475 a ? - 0O
4000

2000

Yoz in pm
=]
1

-2000

-4000 -2000 o 2000 4000
Habs IN Pm
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9.10 Determining the tool center point (TCP)

The tool center point (TCP) is usually located on the beam axis on the focus plane.

1. Set up the FMW+ R2 as described in Beam axis
chapter 7.2.3 ,Align the device* on|
oage 18.

2. Install the FMW+ R2 as described in Laser-
chapter 7.2.4 ,Mount the device* on|  processing head
age 19.

3. Determine the focus position with the
FMW+ R2.

4. Measure the distance between the
reference plane and the reference
plane of the laser processing head.

X-axis

The distance in the z-direction from the

pinhole to the reference point on the top y-axis
edge of the device is indicated on the

device as an offset of 10.6 mm.

TCP coordinate system Device coordinate system

9.10.1  Distance from the pinhole to the reference plane

4 N

Reference plane at the plus sign of

the y-axis
+ —
Q [¢]
: @
©

©

©®

NI

o>
_AH = ®

<
e
)

10,6 mm offset
7
S

\ Pinhole j

Fig. 9.1: Distance from the pinhole to the reference plane
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10  Troubleshooting

10.1 Messages in the LaserDiagnosticsSoftware LDS during measurement

If problems occur during a measurement, the LDS displays them in different categories and different colors.

Note

Notes provide assistance in interpreting the measurement
results and are displayed in a blue window.

Use one of the following options:

» Click on the warning triangle in the footer to display/hide
the window.

» If applicable, click the Next message button to display
more messages of the same category.

» Click the Confirm button to remove the displayed message.

Warning

Non-safety-critical problems that influence the quality of the
measurement results, for example, are displayed in a yellow
window.

Use one of the following options:

» Click on the warning triangle in the footer to display/hide
the window.

» If applicable, click the Next message button to display
more messages of the same category.

» Click the Confirm button to remove the displayed message.

Device error

Device errors that can result in damage of the device are displayed
in an orange window.

In this case, proceed as follows:
1. Fix the problem.
2. Click the Confirm button to remove the message.

The message disappears. If the problem is not fixed, then
the message appears again shortly afterwards.

3. Do not proceed with the measurement until the problem is
solved.

Safety critical note

Safety-critical problems that can result in damage/destruction
of the device are displayed in a red window.

In this case, proceed as follows:
1. Fix the problem immediately.
2. Click the Confirm button to remove the message.

The message disappears. If the problem is not fixed, then
the message appears again shortly afterwards.

3. Do not proceed with the measurement until the problem is
solved.

0

Note Q 1/1

; F EN\DE A Fontsize A Colors A

Warning 1/1

g

Confirm

if EMN'DE A Fontsize A Colors A

@ Device error 1/1
Confirm Next error
@ Safety critical note 1/1
Confirm Next error
N

U
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10.2 Connection error when using the LDS

The firewall may block the connection between the device and
the LDS:

» In Windows > Control panel > Firewall, enable the UDP
port 20034.

The IP address of the PC is not within the range of the device.

» In Windows > Control panel > Network and Sharing Center,
assign an IP address to the PC that is in the same address
range as the PRIMES device (e.g. 192.168.116.xyz).

The IP address of the PRIMES device can be found on the
identification plate.

If several network cards or a USB3-to-Ethernet card are installed in
the PC, the connection between device and LDS may be blocked
by the selection of the wrong network card.

1. Select the appropriate network card in the Connections >
All window.

The device is displayed in the Connections window
2. Click on the device.

3. Click on the Connect to device button.

The UDP port should be enabled by a system
administrator.

The IP address should be set by a system admin-
istrator.

® connections -

Devices found

Realtek PCle GBE Family Controller
Address

Connect to device

V)
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10.3 Other errors

Error

Error during a measurement

Apart from the ambient
noise and zero offset,
no measuring signal is
available.

The measuring tip is
destroyed during the
measurement.

When measuring small
beams, an offset of the
recorded measuring
tracks to one another is
observed.

A lag of the signal in the
x-direction can become
visible in some cases
with the DFY-PS+ detector
and very small beams in
combination with a high
measuring tip velocity.

Slight differences in
sensitivity may occur when
using the DFY-PS+ detec-
tor in the wavelength range
1,064 - 1,080 nm.

Tab. 10.1:  Other errors

Possible cause

e Data transmission error

e Processor crash in the
measuring system

e Program execution error

The device is not aligned
correctly.

The power density in the
focus is too low.

The selected resolution is too
low for smaller focus spots
(e.g. r,= 80 pm) and a maxi-
mum measuring window.

The measuring tip is defective.

The measuring tip is installed
incorrectly.

The signal enhancement is
too low.

The power density is too
high, igniting plasma on the
surface of the measuring tip.

Fluctuations in the synchro-
nisation of the rotation disc
and delays in triggering the
trigger signal.

The response time of the
used photodiode of the DFY-
PS+ detector.

The upper limit of sensitivity
of the DFY-PS+ detector is
close to the wavelength of
solid-state lasers.

Remedy

1. Restart the software.

2. Turn off the supply voltage, turn it on again, and
start another reset cycle.

3. Restart the computer

Check the device alignment to the laser beam.

Increase the laser power. The absolute power density in
the focus typically has to be several hundred kW/cm2 to
achieve a significant measuring signal with a standard
measuring tip.

First measure outside the direct focus area. If this
does not lead to a result, increase the resolution
(e.g. 256 x 256).

Insert a new measuring tip, see chapter 11.3 ,Check/
replace the measuring tip“ on page 51.

Turn the measuring tip around.

Set the maximum enhancement and select the maximum
measuring range.

Increase the speed of the measuring tip, see appendix A
on page 62 and purge the measuring area with inert
gas.

Position the beam as close to the left edge of the window
as possible. The time interval between the trigger signal
and start of the measurement is then smaller and errors
can thus be reduced. Averaging is also often helpful in
this case.

For such measurements, PRIMES recommends the use
of the DFIG-PS+ detector.

For such measurements, PRIMES recommends the use
of the DFIG-PS+ detector, which provides a broader

wavelength range.
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11 Maintenance and service

11.1 Maintenance intervals

The operator is responsible for determining the maintenance intervals of the measuring device.
PRIMES recommends a maintenance interval of 12 months for inspection and validation.

If the device is used sporadically (less than once a day), the maintenance interval can be extended up to
24 months.

Please note that the safety and warning functions of the device must be checked regularly.
11.2 Cleaning

Cleaning the device surface
1. After a measurement let the device cool down for an adequate period of time.

2. First clean the device surface with clean and oil-free compressed air.

3. For further cleaning, use a mixture of distilled water and isopropanol in a ratio of approx. 5:1.
Use lint-free cleaning cloths that do not cause scratches.

&

If these steps are not sufficient, please contact PRIMES or your PRIMES distributor.

11.3 Check/replace the measuring tip

NOTICE

Damage/Destruction of the measuring tip

The very small pinhole of the measuring tip can quickly become blocked by dirt particles or when
touched with bare hands.

» Wear suitable gloves when installing/removing the measuring tip from the FM+ and make sure that
the environment is free of dirt and dust

» Do not disassemble the measuring tip, otherwise it will become non-functional.

NOTICE

Damage/Destruction of the device
Imbalance of the rotation disc can damage the device.

» Never operate the device without the measuring tip.
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Remove the measuring tip

P Caution: Removing the measuring tip will result in a loss of the TCP datal
1. Unplug the power cord to prevent the device from being accidentally switched on again.

2. Remove the screwed cover at the
back of the device and turn the
rotating disc until the measuring tip is
visible in the housing opening

3. Turn the rotational disc until the
measuring tip becomes visible in the
housing recess.

4. Turn the drive wheel counterclockwise
until the rotation disk protrudes ap-
proximately 15 mm into the housing
opening.

5. Remove the fastening screws of the
retaining plate (Torx T8).

6. Carefully push the measuring tip and
retaining plate upwards through the
housing bore using a screwdriver

7. Pull the retaining plate up slightly and
then forwards until it loosens and can
be removed easily.

8. Carefully remove the measuring tip.

52
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Install the measuring tip

A DANGER

Serious eye or skin injury due to laser radiation/Destruction of the measuring tip

If the laser beam hits the measuring tip in the beam path, it could be destroyed and scattered or
directed reflection of the laser beam (laser class 4) occurs.

P After installation, move the measuring tip out of the beam path.

1. Insert the new measuring tip
The inlet aperture is located on
the convex side (see Fig. 7.1 on
page 17).

2. Use up and down movements to
insert the retaining plate into the
rotational disc at an angle of about
45 degrees, ensuring that the guide
groove is pointing upwards. Then
push it down into the recess

» Check whether the retaining plate is
positioned correctly by lightly pressing
the front edge.

3. Insert the fastening screws (Torx T8)
and tighten hand-tight.

4. Move the measuring tip out of the
beam path.
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114 Selection of the measuring tip

Depending on the laser type, you must use the appropriate measuring tip. The measuring tips are available
for different wavelengths, power density ranges, or beam divergences so that measurements can be
recorded at a maximum power in each case.

This ensures that an optimum configuration of the FMW+ R2 is achieved. Only one value can be exploited
fully for the power or power density.

The service life of the measuring tips depends not only on the power density but also on the cleanliness of
the surface (dust, particles, fingerprints). Therefore, the measuring tips must be treated very carefully.

Measuring tips specifications and selection of suitable detectors

The measuring tips are suitable for different power densities depending on the design. The power density
depends on the laser power and focus size.

Observe the destruction limits of the measuring tips in appendix B on page 63

Measuring tips NIR high div Diode
Typical pinhole diameter in pm 20 50

Beam divergence/acceptance angle in mrad <200 < 500
Typical wavelength in nm 800 - 1100 400 -1 700
CO,-laser Maximum power density in MW/cm?

Laser power up to 1 kW — —

NIR-laser Maximum power density in MW/cm?
Laser power up to 1 kW 10 2.5
VIS-laser Maximum power density in MW/cm?
Laser power up to 1 kW 10 —

Suitable detectors

Detector types DFIG-PS+, DFY-PS+

Tab. 11.1:  Measuring tips specifications and selection of suitable detectors
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12 Measures for the product disposal

As a B2B device, this PRIMES measuring device is subject to the European Waste Electrical and Electronic
Equipment (WEEE) Directive and the corresponding national laws. The WEEE directive obliges the operating
company to dispose of the device in an environmentally sound manner, not with household waste, but in a
separate WEEE collection.

PRIMES gives the opportunity to return PRIMES measuring devices for free disposal within the scope of the
Waste of Electrical and Electronic Equipment (WEEE Directive). This service does not include shipping costs.
Send PRIMES measuring devices to be disposed of within the EU to our address:

PRIMES GmbH
Max-Planck-Str. 2
64319 Pfungstadt

Germany

If you are located outside the EU, please contact your local PRIMES distributor to discuss the disposal procedure
for your PRIMES measuring device.

PRIMES is registered at the german ,joint body" for producers ,Stiftung Elektro-Altgerate Register” (Stiftung EAR).
Our number is: WEEE-reg.-no. DE65549202.
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13 Declaration of conformity

PRIMES

EU Declaration of Conformity

The manufacturer: PRIMES GmbH, Max-Planck-StraBe 2, 64319 Pfungstadt, Germany
hereby declares, that the device with the designation:

FocusMonitor FMW+ R2

is in conformity with the following EU Directives:
Machinery Directive 2006/42/EC
EMC Directive 2014/30/EU
RoHS Directive 2011/65/EU

Following harmonized standards have been applied:

DIN EN ISO 12100:2011-03 Safety of machinery - General principles for design - Risk assessment and risk
reduction

DIN EN 61010-1:2020-03 Safety requirements for electrical equipment for measurement, control, and
laboratory use - Part 1: General requirements

DIN EN IEC 61326-1:2022-11 | Electrical equipment for measurement, control and laboratory use - EMC
requirements - Part 1: General requirements

DIN EN IEC 63000:2018 Technical documentation for the assessment of electrical and electronic
products with respect to the restriction of hazardous substances

Authorized for the documentation:
PRIMES GmbH, Max-Planck-Str. 2, 64319 Pfungstadt

ﬂ A
Pfungstadt, June 16, 2026

Dr. Reinhard Kramer, CEO
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14 Technical data

Measurement parameters
Power range "

Wavelength range

Beam dimensions

Max. power density range per measurment

Max. power density Nd:YAG laser (1 000 — 1 100 nm)

Max. beam divergence = NIR high div
Determined parameters
Focus position x, y, z

Focus radius X, y

Beam quality factor M2

Raw beam diameter at the focusing element
Beam parameter product
Divergence angle

Power density distribution
Device parameters

Working range x-y
Resolution

Speed of measuring tip
Supply data

Power supply
Communication

Interface

Dimensions and weight
Dimensions (L x B x H)
Weight (approx.)
Environmental conditions
Operating temperature range
Storage temperature range
Reference temperature

Permissible relative humidity (hon-condensing)

upto 1000 W
800 - 1100 nm
75-3000 pm !
245 kJ 2

10 MW/cm2
240 mrad

yes (with external z-axis)
yes
yes
yes
yes
yes

2D, 3D

8 x 8 mm
32 x 32 to 1024 x 1 024 pixel
1875, 3750 min™’

24V DC £ 5 %, max. 1.8 A

Ethernet, OPC UA via LDS

185,5x148,5x 214 mm
11 Kg

10-40°C
5-50°C
22°C

10-80 %

" Depending on the specification of the Measuring tip used; consult PRIMES if in doubt.

2 With thermal connection to a mounting platform. Measured at room temperature and laser power 300W.
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15

15.1

Dimensions

Variant 1 - New build

If not otherwise stated, all dimensions are in millimeters (mm)
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15.2

Variant 2 - Modification

If not otherwise stated, all dimensions are in millimeters (mm)
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16 Appendix

A Determine the speed of the measuring tip used

The calculations B Limits for measuring operation” auf Seite 63 assume a Gaussian profile.

The maximum power density in real beams with the same dimensions is often slightly smaller (typically minus
10 - 20%, minus 50% for a tophat distribution).

In case of doubt, start with a lower laser power.
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B Limits for measuring operation

Table element

Speed in min-1

NIR high div measuring tip

White

1875

3750

Diode measuring tip

Risk of
destruction!
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2 2,41

8 350 0,21 0,42 1,04 2,08 0,21 1,04
375 0,18 0,36 0,91 1,81 0,18 0,91
400 0,16 0,32 0,80 1,59 0,16 0,80
425 0,14 0,28 0,70 1,41 0,14 0,70
450 0,13 0,25 0,63 1,26 0,13 0,63
475 0,11 0,23 0,56 1,13 0,11 0,56 1,13
500 0,10 0,20 0,51 1,02 0,10 0,51 1,02
1000 0,025 0,05 0,13 0,25 0,03 0,13 0,25
2000 0,006 0,01 0,03 0,06 0,01 0,03 0,06
3000 0,003 0,01 0,01 0,03 0,00 0,01 0,03

0,1 0,2 0,5 1 0,1 0,5 1
Power in kW
Tab. B.1: Power density in MW/cm?

The table indicates only the material ablation thresholds. The specifications of the respective measuring tip
must be considered, especially the smallest measured diameter within the specified measurement accuracy

of 75 pm.

Revision 02 05/2026 EN

63



PRIMES

FocusMonitor FMW+ R2

B.1 Thresholds for measurement operation focusing on small beam diameters.
Diameter (um) Max. Power (W) Power density (MW/cm?)
50 100 10,19
55 120 10,10
60 140 9,90
65 160 9,64
70 190 9,87
75 220 9,96
80 250 9,95
90 300 9,43
100 350 8,91
125 500 8,15
150 650 7,36
175 750 6,24
200 850 5,41
225 1000 5,03
250 1000 4,07
275 1000 3,37
300 1000 2,83
Tab. B.2: Maximum Power density for NIR-measuring tips at rotation speeds of 3750 rpm
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Tab. B.3: Maximum Power density for NIR-measuring tips
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C Checking OPC UA Sensors

The FMW+ R2 is equipped with sensors to read the absorber
temperature and the electronics temperature, which can be

accessed via the OPC UA interface and displayed graphically in l““m"*“““”I)(I&MEX’"Ii"'-I!I-*rI@ ERYORE
the LDS.

1. To do this, select a connected FMW+ R2 device in the LDS
and enable the “Graph” display.

2. Click on the gear icon in the upper right corner of the graph,
which becomes visible when hovering over it, to open the software
menu.

Communication

3. Ensure that, in the following menu under “Software,” the check-
box in the row “record device status values” is enabled. Record device status values

Additional settings for remote connection

Clear project tree when discannecting device
OPC Server address
Device IP add

Autasta

4. Then, drag the device from the left sidebar of the LDS and drop A s clbheon s AT N
it into the previously opened graph window. T 15@

m RNEFNEERIEEEENCEH

5. The measurement device data will now appear in real time in
the graph window. Under the “Sensor” menu, you can choose
between reading the absorber temperature and the electronics
temperature.
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