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Chapter 1 Safety
Attention

The safety of any system incorporating the equipment is the responsibility of the assembler of the
system.

All statements regarding safety of operation and technical data in this instruction manual will only
apply when the unit is operated correctly as it was designed for.

The BC207 and BC210C Series must not be operated in explosion endangered environments!
Do not obstruct the air ventilation slots in the housing!

Do not remove covers!

Do not open the cabinet. There are no user-serviceable parts inside!

This precision device is only serviceable if returned and properly packed into the complete original
packaging including the cardboard inserts. If necessary, ask for replacement packaging.

Refer servicing to qualified personnel!

Changes to this device cannot be made nor may components not supplied by Thorlabs be used without
written consent from Thorlabs.

Prior to applying power to the BC207 and BC210C Series, make sure that the protective conductor of the
3 conductor mains power cord is correctly connected to the protective earth ground contact of the
socket outlet! Improper grounding can cause electric shock resulting in damage to your health or even
death!

All modules must only be operated with duly shielded connection cables.

The following statement applies to the products covered in this manual, unless otherwise specified
herein. The statement for other products will appear in the respective accompanying documentation.

m This equipment has been tested and found to comply with the limits for a Class A digital device,
pursuant to part 15 of the FCC Rules and meets all requirements of the Canadian Interference-Causing
Equipment Standard ICES-003 for digital apparatus. These limits are designed to provide reasonable
protection against harmful interference when the equipment is operated in a commercial
environment. This equipment generates, uses, and can radiate radio frequency energy and, if not
installed and used in accordance with the instruction manual, may cause harmful interference to radio
communications. Operation of this equipment in a residential area is likely to cause harmful
interference in which case the user will be required to correct the interference at his own expense.

Users that change or modify the product described in this manual in a way not expressly approved by
Thorlabs (party responsible for compliance) could void the user’s authority to operate the equipment.

Thorlabs is not responsible for any radio television interference caused by modifications of this
equipment or the substitution or attachment of connecting cables and equipment other than those
specified by Thorlabs. The correction of interference caused by such unauthorized modification,
substitution or attachment will be the responsibility of the user.

The use of shielded I/O cables is required when connecting this equipment to any and all optional
peripheral or host devices. Failure to do so may violate FCC and ICES rules.

This product has been tested and found to comply with the limits according to IEC 61326-1 for using
connection cables shorter than 3 meters (9.8 feet).
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The instrument must only be operated with a duly shielded and low resistance USB cable delivered by
Thorlabs.

Do not stick anything into the input aperture of the Camera Beam Profilers! You may damage the
neutral density (ND) optical attenuation filter.

The M2MS and M2MS-AL M? Measurement System comes with an alighment laser that is powered by a
M2MS and M2MS-AL internal driver. Be careful when using this laser!

Laser modules can deliver up to several 0.4 mW of even invisible laser radiation! When operated
incorrectly, this can cause severe damage to your eyes and health! Be sure to pay strict attention to the
safety recommendations of the appropriate laser safety class, as stated for the used light source.

The device is a class 1 laser sources.

ATTENTION
Laser Eadiation
Class 1 Laser Froduct

according to
EM 60825-1: 200505

A=635nm P = 0.4mW

Rev: 8.2, 14-Aug-2023 © 2023 Thorlabs Page 2
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Chapter 2 Intended Use

The BC207 and BC210C Camera Beam Profiler measures the shape, size and position of laser beams.
They are used in photonics research and development applications.

The BC207 and BC210C Camera Beam Profilers are designed for laboratory use only. These products may
not be used or integrated into equipment that is applied in pharmaceutical, medical, or military
applications. Thorlabs, Inc. Life Support and Military Use Application Policy is stated below:

THORLABS’ PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS OR IN ANY MILITARY APPLICATION WITHOUT THE EXPRESS WRITTEN APPROVAL OF
THE PRESIDENT OF THORLABS, INC. As used herein:

1. Life support devices or systems are devices or systems which, (a) are intended for surgical implant
into the body, or (b) support or sustain life, and whose failure to perform, when properly used in
accordance with instructions for use provided in the labeling, can be reasonably expected to resultin a
significant injury to the user.

2. A critical component is any componentin alife support device or system whose failure to perform
can be reasonably expected to cause the failure of the life support device or system or to affect its
safety or effectiveness.

3. The Thorlabs products described in this document are not intended nor warranted for usage in
Military Applications.
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Chapter 3 Introduction

The BC207UV(/M), BC207VIS(/M), BC210CU(/M), and BC210CV(/M) Camera Beam Profilers allow
identification of complex mode patterns (like flat top and donut) while optimizing a laser system.
Compared to scanning slit beam profilers like the Thorlabs BP209 Series, Camera Beam Profilers capture
a more detailed beam profile and provide a true 2D analysis of the beam's power density distribution.
Compared to the BC207 Series, the BC210C Series has a larger camera chip, resulting in a higher
resolution, and a smaller camera housing.

The Thorlabs BC207UV(/M), or BC210CU(/M), camera beam profilers are suited for use within the UV
range. The BC207VIS(/M) and BC210CV (/M) are optimized for applications in the visible light range. The
high resolution in a large field of view and the thermal stability make the BC207 and BC210C Camera
Beam Profilers a superior product. Several trigger modes allow flexible capturing of beam profiles from
pulsed light sources. This includes a TTLinput for triggered pulse detection of signals.

The BC207 and BC210C series camera beam profilers can be purchased in an imperial version (BC207UV,
BC207VIS, BC210CU, or BC210CV) and in a metric version (BC207UV/M, BC207VIS/M, BC210CU/M, or
BC210CV/M). For the purpose of this manual, BC207UV(/M), BC207VIS(/M), BC210CU(/M), or
BC210CV(/M) refers to all versions, respectively.

The Beam Software versions 8.0 and higher support all features for a full beam analysis with the BC207
Series Camera Beam Profiler. BC210C Series requires software version 9.0 or higher.

The Beam Software is provided for download from the software tab on the Thorlabs BC207 and BC210C
website. With the integrated power meter, the power and beam shape can be observed through the
software simultaneously. To compensate for ambient light, a measured mean value of the ambient
light intensity is subtracted from the beam profile measurement. The automatic exposure and gain
control feature adapts the camera settings to the actual beam intensity. The USB 3.0 interface allows for
a high frame rate. Measurements at very high frame rates can be transferred with reduced frame sizes.

To convert Thorlabs camera beam profilers into a fully-automated M? measurement system, Thorlabs
offers the M2MS(-AL) extension sets. For more information please contact Thorlabs technical support.

3.1 Ordering Codes and Accessories

BC207UV CMOS Camera Beam Profiler, 245 - 400 nm Wavelength Range,
@20 um - @7.0 mm Beam Diameter, Imperial Mounting

BC207UV/M  CMOS Camera Beam Profiler, 245 - 400 nm Wavelength Range,
@20 um - @7.0 mm Beam Diameter, Metric Mounting

BC207VIS CMOS Camera Beam Profiler, 350 - 1100 nm Wavelength Range,
@20 um - 37.0 mm Beam Diameter, Imperial Mounting

BC207VIS/M CMOS Camera Beam Profiler, 350 - 1100 nm Wavelength Range,
@20 um - @7.0 mm Beam Diameter, Metric Mounting

BC210CU CMOS Camera Beam Profiler, 245 - 400 nm Wavelength Range,
@20 um — @10.0 mm Beam Diameter, Imperial Mounting

BC210CU/M  CMOS Camera Beam Profiler, 245 - 400 nm Wavelength Range,
@20 um — @10.0 mm Beam Diameter, Metric Mounting

BC210CV CMOS Camera Beam Profiler, 350 - 1100 nm Wavelength Range,
@20 um — @10.0 mm Beam Diameter, Imperial Mounting

BC210CV/M  CMOS Camera Beam Profiler, 350 - 1100 nm Wavelength Range,
@20 um — @10.0 mm Beam Diameter, Metric Mounting

Rev: 8.2, 14-Aug-2023 © 2023 Thorlabs Page 4
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BC207 and BC210C Series Camera Beam Profiler Chapter 3 Introduction

For beam quality (M?) measurements, Thorlabs offers M2MS hardware extension sets to BC207 Series,
BC210C Series, and BP209 Series, as well as complete M? Measurement Systems consisting of M2MS and
BP209 Series beam profilers. The M2MS extension sets can be purchased through the M2MS website.

Recommended Accessories:

A mounting adapter for the former BC106N-UV(/M) or BC106N-VIS(/M) Camera Beam Profilers can be
purchased by contacting Thorlabs directly.

To purchase the above products, please visit our homepage http://www.thorlabs.com. For further
information or custom made solutions, please contact our technical support.

3.2 Requirements

The requirements for using a PC to operate the BC207 and BC210C Series Camera Beam Profilers are
given below. The BC207 Series requires Thorlabs Beam Software Version 8.0 or higher and the BC210C
Series requires Version 9.0 or higher. Please find the BEAM Software for download from the Beam
Software website.

Hardware Requirements

e Processor (CPU): > 3.0 GHz Intel Core (i5 or Higher)1

e Memory (RAM): 4.0GB

e Graphic Card Resolution: OpenGL (specification GLX 1.3 up) compatible graphics adapter:
e Radeon (X100 series = X850, X1000 series > X1600, HD series > 2400)
e Geforce 7 series 27600, 8 series > 8500, 9 series > 9600
e Quadro FX series 2 FX770M

e Hard Drive: Min. 2 GB of available disk space

e Interface: Free high-speed USB 3.0 port

e Monitor resolution minimum 1024 x 758 pixel ( = 16 bit color depth)

intel Core i3 processors and mobile versions of Intel processors may not satisfy the requirements.

The Thorlabs Beam Software is compatible with the following operating systems:
e Windows’ 11 (for Beam Software Version 9.0 or Higher)
e Windows® 10 (32-bit or 64-bit)
e Windows” 8.1 (32-bit or 64-bit)

Recommended for Optimal Performance:

e USB 3.0 high speed port
e Processor: Intel Core 2i5 or AMD Ryzen 5 (min. 3.0 GHz), 8.0 GB RAM
e OpenGL (specification GLX 1.3 up) compatible graphics adapter:

= Radeon HD series = 7000

= Geforce GTX series 2500

Chapter 4 Getting Started

Please inspect the shipping container for damage. Please do not cut through the cardboard. You might
need the box for storage or for returns.

If the shipping container seems to be damaged, keep it until you have inspected the contents for
completeness and tested the BC207 and BC210C Series device mechanically and electrically.

Verify that you have received the following items within the package:

Page 5 MTNO026962-D02
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4.1 Parts List BC207UV(/M) and BC207VIS(/M)

BC207UV(/M) or BC207VIS(/M) Beam Profiler

1. 1 BC207UV(/M) or BC207VIS(/M) Beam Profiler Instrument with Mounted Filter Wheel
2. 6 Mounted Attenuation Filters, See Section Filter Wheel@for Further Information

3. 1 Snap-On Dust Cap

4. CABU31: USB 3.0 A to Micro B Cable, Length: 3 m

5. Quick Reference

4.2 Parts List BC210CU(/M) and BC210CV(/M)

BC210CU(/M) or BC210CV(/M) Beam Profiler

1. 1BC210CU(/M) or BC210CV(/M) Beam Profiler Instrument with Mounted Filter Wheel
2. 6 Mounted Attenuation Filters, See Section Filter Wheel[1s7] for Further Information
3. 1Snap-0On Dust Cap

4. CABU32: USB 3.0 A to Right-Angle Micro B Cable, Length: 3m

5. 1Screwdriver to tighten the Locking Screw of the USB 3.0 Cable

6

. Quick Reference

Chapter 5 Operation Instructions
5.1 Operating Elements

5.1.1 BC207 and BC210C Series
5.1.1.1 Operating Elements BC207 Series

The components of the BC207UV are labeled in the image below. Aside from the mounting thread,
BC207UV and BC207UV/M are identical. BC207VIS and BC207VIS/M outer dimensions and components
look identical to BC207UV and BC207UV/M. BC207VIS(/M) differs in the mounted filters and the
protection glass.
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BC207 and BC210C Series Camera Beam Profiler Chapter 5 Operation Instructions

Display Window with Filter Wheel

Selected Filter Element

Screw to
Open Filter Wheel

Input Aperture

Beam Camera

4x 4-40 Threads for
30mm Cage System

SM1 Internal Thread

BC207UV

Display Window with ‘,_| Filter Wheel
Selected Filter Element

NDUV20B

Beam Camera

USB 3.0 Port BC207UV ¥ |BNC Connector
i - S/N: M00012441 ’ \ ! Trigger IN

Status LED

Status

TRIGGER IN
0-5VMAX
(T
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5.1.1.2 Operating Elements BC210C Series

The components of the BC210CU are labeled in the image below. Aside from the mounting thread,
BC210CU and BC210CU/M are identical. BC210CV and BC210CV/M outer dimensions and components

look identical to BC210CU and BC210CU/M. BC210CV (/M) differs in the mounted filters and the
protection glass.

Display Window with

Filter Wheel
Selected Filter Element

Screw to
Open Filter Wheel

Input Aperture
Beam Camera

4x 4-40 Threads for
30mm Cage System

SM1 Internal Thread

BC210CU

Display Window with

Filter Wheel
Selected Filter Element

Beam Camera

Status LED USB 3.0 Port

SMA Connector
Trigger IN
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5.1.1.3 Filter Wheel

The Thorlabs BC207UV(/M), BC207VIS(/M), BC210CU(/M) and BC210CV(/M) Camera Beam Profilers are
equipped with a filter wheel containing six different neutral density (ND) optical attenuation filters.
The filter wheel is designed to quickly and easily adapt the light source power to a power level within

the dynamic range of the CMOS camera. Please make sure to stay below the saturation power of the
camera.

Display Window with
Selected Filter Element

_—1 Filter Wheel

Screw to
Open Filter Wheel

Input Aperture

BC207 series

Display Window with

Selected Filter Element Filter Wheel

Screw to
Open Filter Wheel

Input Aperture

BC210C series
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The filters come in a fixed configuration. A small window on the housing above the input aperture
shows which filter is selected. The filter types and their nominal losses are model dependent as they
are optimized for the wavelength of the BC207 and BC210C Series model. Please find information on
the pre-configured filters and links to the respective website in the tables below.

Model BC207UV (/M) and BC210CU(/M) accommodates for a wavelength range between 245 - 400 nm.
Please use the reflective filters NDUVxxB for applications between 245 nm and 350 nm with the
BC207UV(/M) or BC210CU(/M). For applications above 350 nm, absorption filters can be used
alternatively.

BC207UV(/M) and BC210CU(/M)

Name on Filter Wheel Filter Type

NDUV20B 20 dB UV Fused Silica Reflective ND Filter, 200 nm - 1200 nm
NDUV30B 30 dB UV Fused Silica Reflective ND Filter, 200 nm - 1200 nm
NDUV40B 40 dB UV Fused Silica Reflective ND Filter, 200 nm - 1200 nm
NE20B 20 dB UV Absorptive ND Filter, 400nm - 650 nm1
NE30B 30 dB UV Absorptive ND Filter, 400nm - 650 nm!
NE40B 40 dB UV Absorptive ND Filter, 400nm - 650 nm 1!

1 These filters are provided for use near the 400 nm upper wavelength range of the BC207UV(/M) or
BC210CU(/M).

The Model BC207VIS(/M) and BC210CV(/M) is equipped with six absorptive neutral density (ND) filters
made from glass. One set of three comes with A-type anti-reflection coating (350 to 700 nm). The other
set has a B-type AR coating for applications between 650 and 1050 nm.

BC207UV(/M) and BC210CU(/M)

Name on Filter Wheel Filter Type

NE20B-A 20 dB Absorptive ND Filter, AR-Coated: 350-700 nm
NE40B-A 40 dB Absorptive ND Filter, AR-Coated: 350-700 nm
NE60B-A 60 dB Absorptive ND Filter, AR-Coated: 350-700 nm
NE20B-B 20 dB Absorptive ND Filter, AR-Coated: 650-1050 nm
NE40B-B 40 dB Absorptive ND Filter, AR-Coated: 650-1050 nm
NE60B-B 60 dB Absorptive ND Filter, AR-Coated: 650-1050 nm

Be sure to have manually selected the appropriate ND filter corresponding to the actual
operating wavelength! Beware of the reflected light from reflective UV filters!
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Choosing the optimal attenuation

To adapt a light source with unknown power level to the Camera Beam Profiler it is highly
recommended to use the automatic exposure control (see chapter Camera Beam Profiler
Parametersm) of the camera. In addition, it is advisable to start with the highest loss attenuation filter
(40 or 60 dB) in order to prevent damage to the camera.

In case the Beam Software displays an error "Power too high, camera saturated!" the light intensity
exceeds the maximum detectable power of the BC207 or BC210C Series Beam Profiler. In this case
additional means for external beam attenuation in front of the beam profiler are required. The prism
based Thorlabs ATT30x laser beam attenuators are particularly suitable as they preserve the
polarization, size, and shape of the beam.

In case the Beam Profiler Software does not show a "Power too high" error it can be operated with this
setting and the measurement results are reliable. However, in order to minimize beam distortions
introduced by the ND filters, it is recommended to select the lowest possible attenuation.

Rotate the filter wheel in a 60 degree revolution to bring the nearest lower attenuation filter in front of
the camera aperture. If a "Power too high" error appears, rotate the filter wheel back to the previous
filter as this will be the optimal filter to use. If no error appears, rotate the wheel further until the
lowest attenuation filteris in use.

When using a high loss attenuation filter in conjunction with a low power light source the software will
display the warning "Power too low". This means the source is attenuated too much so that the
camera's gain and exposure regulation is not able to achieve an evaluable signal level. In this case
reduce the optical attenuation down to the lowest available filter loss (20 dB).

Alternatively, exchange or remove a filter from the filter wheel. To do so, unscrew the plate in front of
the filters. Be very careful to avoid dust. Please be aware that when removing the filter, the label of
the filter slot will not change. Please note which filter was removed.

The front plate can also be removed to clean the filters.

The BC207 and BC210C Series Beam Profiler must not be cleaned from dust using ethanol, cleaning
tissue, cotton tipped applicators or any other mechanical tools! Using these chemical and/or
mechanical tools voids warranty! Remove dust using only oil- and water-free compressed gas, such as
Thorlabs Duster CA4-US or CA6-EU (Tetrafluoroetane). Keep the gas nozzle at least at a distance of 4
inches (10 cm) from the filter surface, otherwise liquid gas drops may hit the surface and leave visible
traces on the filter surface; moreover the air pressure might damage the mirror.

For proper power measurement results, the currently chosen ND filter loss (in dB) must be
entered into the Beam Profiler Software! See section Device Settings/« .

For correct beam profiling results it is highly recommended to shield ambient light from entering the
Beam Profiler aperture. Using attenuation filters provided within the filter wheel will attenuate
ambient light but will also absorb power of the light source by the same amount so that the ratio
between both remains unchanged.
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5.1.1.4 Change Filter Wheel

The Thorlabs BC207UV(/M), BC207VIS(/M), BC210CU(/M), and BC210CV(/M) Camera Beam Profilers are
equipped with a filter wheel containing six different neutral density (ND) optical attenuation filters. In
case of spatial constraints, the filter wheel can be removed.

When removing the filter wheel, please ensure a dust-free environment and recommended to wear
rubber gloves. Even with gloves, avoid touching any optical surfaces. Please refer to the chapter
cIeaning@.

3. Completely loosen and remove the retaining ring of any ND filter using an SPW602 Graduated SM1
Spanner Wrench.
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4. Remove the ND filter. Please handle the filter carefully. Always wear gloves when handling filters,
or touch the filter with a lint-free cloth.

5. Turn the filter wheel so that the grip recess is positioned above the first lower screw in order to
remove the filter wheel completely with an Allen key, for example BD-1/16.

6. Turn the filter wheel so that the grip recess is above the second lower screw in order to remove it
completely with an Allen key (for example BD-1/16).
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7. Turnthe empty ND filter holder so that the first upper screw can be removed with an Allen key (for

example BD-1/16).

8. Afterwards, turn the empty ND filter holder so that the second upper screw can be removed with an
Allen key (for example BD-1/16).

v %
o ay

9. Now the filter wheel assembly can be removed from the camera housing. The camera's cover glass
should not be touched.

10. To reattach the filter wheel, the steps must be performed in reverse order.
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5.1.1.5 Status LED

With the Beam software installed and the Beam Profiler connected as instructed, the Status LED should
light up solid Yellow, turning to solid Blue several seconds after power is applied. The table below
details the conditions represented by the status indicator.

LED If LED Is Flashing If LEDIs On IF LED Is Off

Blue: Connected to a USB 3.0 Port
USB port cannot provide Green: Connected to a USB 2.0 Port
Status sufficient power to the Yellow: Camera has internal
camera problem or computer USB port has
malfunctioned

There is no USB Connection
providing power to the camera

5.1.1.6 CMOS Sensor Protective Glass Window

The CMOS sensor is protected by a glass window. The type of window depends on the Series model:

Camera Beam Profiler Window Thickness
BC207UV(/M) or UV Fused Silica + UV AR coating 1 mm
BC210CU(/M)

BC207VIS(/M) or ND Filter NG3 1.0 OD 1 mm
BC210CV(/M)

5.1.1.7 Trigger Input

A TTL trigger input is provided for synchronizing the Camera Beam Profiler's global shutter with laser
pulses. The appropriate BNC (for BC207 Series) or SMA (for BC210C Series) connector to connect to a
trigger out of a laser driver is located on the back side of the instrument body, see the chapter
Operating Elements BC207UV(/M) and BC207VIS(/M)[ &1 or BC210CU(/M) and BC210CV(/M)[ &' More
Information on how to use the trigger input is described in the chapter Triggerm in the software
section of the manual.
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5.1.1.8 Mounting BC207 Series

Post Mounting and Sensor Position

On the bottom side of the BC207 Series Camera Beam Profilers, a mounting thread is provided. All
metric models have M6 x 1 mm threads while the imperial models feature a 1/4"-20 thread.

i Mounting Thread
Hole for Dowel Pin

Mounting Thread

Hole for Dowel Pin

Mount the BC207UV(/M) or BC207VIS(/M) Camera Beam Profiler to your optical system using a Thorlabs
post, post holder and a base or clamping fork.

Sensor Position on BC207UV(/M) and BC207VIS(/M)

The sensor is centered with respect to the mounting thread holes on the bottom of the device. Its
depth measured from the front surface of the filter wheel is 20.7 mm (0.82").

This is also indicated by a fine white line engraved in the housing. This line is labeled "Optical
Measurement Plane" in the drawings@.

Please see the dimensions of BC207UV§[M1|1_55'1 and BC207VIS((M[|1_55'1 for the precise position of the
sensor on the camera beam profilers.
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5.1.1.9 Mounting BC210C Series

Post Mounting and Sensor Position

On the bottom and left side of the BC210C Series Camera Beam Profilers, a mounting thread is

provided. All metric models have M6 x 1 mm threads while the imperial models feature a 1/4"-20
thread.

Mounting Thread

Hole for Dowel Pin

Mounting Thread

Hole for Dowel Pin

BC210C bottom view

Hole for Dowel Pin

Mounting Thread

Hole for Dowel Pin

BC210C side view
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Mount the BC210CU(/M) or BC210CV (/M) Camera Beam Profiler to your optical system using a Thorlabs
post, post holder and a base or clamping fork.

Sensor Position on BC210CU(/M) and BC210CV(/M)

The sensor is centered with respect to the mounting thread holes on the bottom of the device. Its
depth measured from the front surface of the filter wheel is 20.3 mm (0.80").

This is also indicated by a fine white line engraved in the housing. This line is labeled "Optical
Measurement Plane" in the drawings@.

Please see the dimensions of BC210CU(/M) and BC210CV(/M) [1ss1for the precise position of the sensor
on the camera beam profilers.

5.1.2 Camera Beam Profiler Series with M2MS Extension Set
5.1.2.1 Operating Elements M2MS

The components of M2MS M2 Measurement System are labeled in the image below. These
components are identical to M2MS-AL.

Status LED Stage

M2MS Power

Input Aperture Switch

Output Aperture M2MS

Power Supply
Status LED Power

USB 2.0 Connector to PC

USB 2.0 Connectors

Dowel Pins for =
Mounting Adapter
Mounting Hole for

M4 Cylinder Head Screw

Power Connector Alignment Laser

Power Switch for Alignment Laser
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5.1.2.2 Mounting BC207 Series on M2MS(-AL)
Please use the mounting adapter for BC207 Series to M2MS in order to mount the BC207UV(/M) or

BC207VIS(/M) beam profiler to the M2MS Measurement Extension. For a mounting adapter for BC207
onto a preexisting M2MS Extension Set, please contact Thorlabs.

1. Place the BC207 Series device onto the mounting adapter for the BC207 Series such that the dowel
pins on the adapter fit into the holes for the dowel pins on the BC207 Series device.

_ Mounting Thread
Hole for Dowel Pin

Mounting Thread |+ | e (e X

www.thorlabs.com

Hole for Dowel Pin

Bottom View BC207 Series

Dowel Pins
for BC207 Series

Mounting Hole
for BC207 Series

Holes for Dowel Pins
from M2MS

Mounting Holes
for M4 x 0.7 Cap Screws
for mounting to M2MS

M2MS Adapter for BC207UV(/M) and BC207VIS(/M)

2. Hold the BC207 Series device to the mounting adapter and turn both together upside down. Insert
the 25mm long M6 x 1 cap screw, or 1" long 1/4"-20 cap screw into the mounting hole on the bottom
of the mounting adapter and secure the BC207 Series device on the adapter.

3. Place the adapter with the BC207 Series onto the M2MS Measurement Extension such that the three
@4 mm dowel pins protruding from the M2MS Measurement Extension will fit into the respective
holes in the mounting adapter. With that, the input aperture of the BC207 Series faces the output
aperture of the M2MS.
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Output Aperture
M2MS

Dowel Pins for
Mounting Adapter

Mounting Hole for
M4 x 0.7 Cap Screws

4. Secure the adapter with the two enclosed M4 x 0.7 Cap Screw onto the M2MS Measurement
Extension.

The BC207UV(/M) or BC207VIS(/M) is now securely mounted to the M2MS Measurement Extension.
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5.1.2.3 Mounting BC210C Series on M2MS(-AL)

Please use the mounting adapter for BC210C Series to M2MS in order to mount the BC210CU(/M) or
BC210CV(/M) beam profiler to the M2MS Measurement Extension. For a mounting adapter for BC210C
onto a preexisting M2MS Extension Set, please contact Thorlabs.

1. Place the BC210C Series device onto the mounting adapter for the BC210C Series such that the
dowel pins on the adapter fit into the holes for the dowel pins on the BC210C Series device.

J

Mounting Thread

\.

Hole for Dowel Pin

BiR o1 3) s

-

Mounting Thread

Hole for Dowel Pin

BC210C bottom view

Mounting Hole

for BC210C Series Dowel Pins

for BC210C Series
Mounting Hole

for M4 x 0.7 Cap Screws
for mounting to M2MS

Holes for Dowel Pins
from M2ZMS

Mounting Hole
for Breadboard

Mounting Hole
for M4 x 0.7 Cap Screws
for mounting to M2MS

M2MS Adapter for BC210C series

2. Hold the BC210C Series device to the mounting adapter and turn both together upside down. Insert
the 25mm long M6 x 1 cap screw, or 1" long 1/4"-20 cap screw into the mounting on the bottom of
the mounting adapter and secure the BC210 Series device on the adapter.
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3. Place the adapter with the BC210C Series onto the M2MS Measurement Extension such that the
three @4 mm dowel pins protruding from the M2MS Measurement Extension will fit into the
respective holes in the mounting adapter. With that, the input aperture of the BC210C Series faces

the output aperture of the M2MS.

Output Aperture
M2MS

Mounting Hole for

Dowel Pins for
M4 x 0.7 Cap Screws

Mounting Adapter

4. Secure the adapter with the two enclosed M4 x 0.7 Cap Screw onto the M2MS Measurement

Extension.

The BC210CU(/M) or BC210CV(/M) is now securely mounted to the M2MS Measurement Extension.
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5.2 Setup BC207 and BC210C Series

This chapter describes the setup for the BC207UV(/M), BC207VIS(/M), BC210CU(/M) and BC210CV(/M).

1. Provide stable mounting of the Beam Profiler as described in the chapter Mounting BC207
Series| s 1or Mounting BC210C Series| 11
2.  Download the Beam Software version 8.0 or higher through the software tab on the BC207 Series
website and installl it on your computer (Download the Beam Software version 9.0 or higher
through the software tab on the BC210C Series website and installl it on your computer).
3. Connect the camera using the supplied USB 3.0 cable to the PC as described in Connection to the
pcl2)
4, M@the Beam Software.
5.  With the dust cap still on the beam profiler, adjust the BC207 or BC210C Series Camera Beam
Profiler such that its optical aperture will be exposed to the optical beam.
6. Be sure to operate the instrument within its specified Power Range@. Please regard the output
power of your light source.
a. Choose aneutral density (ND) filterin the Filter wheell sTwhich is suited for the operating
wavelength (UV / VIS) of your light source.
b. Selectafilter attenuation which is adapted to the applied laser power. Always start with the
maximum attenuation to prevent damage to the beam profiler.
c. Ifrequired, choose additional attenuation in front of the beam profiler to stay within the
specified power range.
7.  Remove the dust cap.
8.  Minimize ambient light entering the Beam Profiler aperture.
9. Switch on the light source.
10. Alignthe beam to be measured so thatitis perpendicular to the front face of the Beam Profiler.

Do not stick anything into the Beam Profiler aperture! The protective glass might be scratched.
Prevent dust or other contamination from entering the aperture!
Keep beam power below the allowed limit to avoid damage to the instrument!

5.3 Installation

5.3.1 Software Installation

The Beam Software can be downloaded from the Thorlabs website:

http://www.thorlabs.com/software pages/ViewSoftwarePage.cfm?Code=Beam

Please check for updates to the Thorlabs Beam Software and always use the latest Software version.

The Beam software versions 9.0 or higher support the BC210C beam profiler series. Software versions
below version 9.0 do not support the BC210C Series.

The Beam software versions 8.0 or higher support the BC207, BP209, and BC106N beam profiler series.
Software versions below V8.0 do not support the BC207 Series.

e Save the ZIP file to your computer and unpack the archive. The Install Shield Wizards starts by
double-clicking the setup.exe.

e The installation contains 2 main parts - the NI-VISA™ Runtime V17.0 (for Windows® 8.1 and
Windows® 10) or the NI-VISA™ Runtime V2022 Q3 (for Windows® 11) and the Beam Software itself,
including drivers and the manual.

e Please read the license agreements carefully, choose "l agree" and click 'Next'.
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e Windows Security will ask your confirmation to install the Thorlabs USB driver.

e You may check the box "Always trust software from "Thorlabs GmbH".This will shorten the
installation. However, if you do not want to do that, please click the "Install" button. You will then be
asked to confirm the installation of further Thorlabs software components. Please install the
instrument driver packages as well as the Firmware Loader Driver Package.

e When all drivers are installed, the "Read Me" comes up.

e Click "Next", then "Finish" to complete the software installation.

5.3.2 Connection to the PC

Connect the BC207 or BC210C Series Beam Profiler to a USB 3.0 port of your computer. Use only the
cable that comes with the beam profiler or a cable qualified for high speed USB 3.0 standard.

Use only the supplied USB 3.0 cable. USB 2.0 or USB 1.1 cables can cause transmission errors and
improper instrument operation!

Please make sure, that the USB cable is connected to a USB 3.0 port.

After connecting the instrument to the PC, the operating system loads the appropriate USB drivers for
the Beam Profiler instrument.

Once connected, an icon will appear in the task bar indicating that the driver installation is in progress

To verify the correct driver installation, check the presence of the instrument in the Device Manager:
From the Start button select Control Panel to Device Manager.

If you cannot see an entry please check the troubleshootinglislsection.
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5.3.3 Start the Application

Click the "Programs" — "Thorlabs" — "Thorlabs
appropriate icon added to your desktop.

Chapter 5 Operation Instructions

Beam Application" entry, or simply click the

When the application is started, the following start screen appears:

—~ 2021-07-15
== ' 11:12:19

[BEIES) (0T e 1

File Control Options Windows View Help

HOLERE ETF R EOPEESN T T L HEPA

=3

fe

IR e valu
 Wavelength m Calculations Derived from Raw Data
it eaiho [Morker  2]0 [Has n Beam Width (4-Sigma) X' 7851.1
~ Power Comection 01z 8 L Beam Width (4-Sigma) ' 6556.0
Ambient Light Correction 0.00 + Azimuth Angle (4-Sigma) 12
- Intensity Threshold = Ellipticity (4 Sigma) 815
. Beam Profiler Information Peak Position X 1963.1
Model BC207VIS Peak Fosition Y 396.8
Serial Number 11533 Centroid Fosition X 80.6
Driver Version a1 Centraid Position Y 46.9
Fitmuare Version 1086 AD Saturation 34
| sensor Information Total Pouer 8
Camera Beam Profiler Parameter Ellizae(fitiee)
- E] Ellpticity -10000.0 o BEE
Binning Bnnado) = Minor Ellipse Diameter (13.5%) -10000.0
Auto Exposure ] Major Ellipse Diameter (13.5%) -10000.0
Exposure Time (29998 HEms Orientation 0.0
Hot Pixel Correction

Plot over Time Parameter

The connected instrument is recognized, automatically connected and shown in the Beam Settings

panel:

> Trigger
> Region of Interest

P calcutstion Area
Averaging Mode

- Nurmber of averaged fra...
Clp Level
Hold Maximum
Approximate Elipse

-+ Autoscale to Pezk
| Profie cut Position
> Reference Posttion

P unt

Max. Data Points
Time Interval
- Action after Max. Data

No Trigger
User Defined, 5658, 6762

Calculation Parameter

Ful ROI
Floating

1.00 Tames

&

of peak

EUEm
g
KICICID(Ms

Peak Position 5340.6 2428.8
Sensor Center 4222.8 3532.8
um, dBm, Celsius

100000 >
s
Discard First Poini +

D)

)
Ea
as I
s
+ E]I
Lin

P 319 | Attenuation: 0 dB | Exposure Time: 999.99 ms| Gain: 10.80 dB | Auto Exposure: ON|  0.75fps

File Control Options Windows View Help

O EKER Y

Optical Setup

|

Wavelength
- Attenuation
- Power Correction
Ambient Light Correc...
Intensity Threshold
Beam Profiler Information
-~ Model BC207VIS
~ Serial Number 11533
- Driver Version 21
- Firmware Version 106

’ Sensor Information

Usually the Beam Software connects automatically to the instrument that has been connected first. If
you have connected more than one Beam Profiler and want to use another than the connected device,

select to the icon "Device Connection" and click the desired instrument:
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Device Selection

Refresh Device List

Beam Profiler

BC207VIS/IM
11533

l Refresh Stage List

Stages

DDS100/M
MG7848656

x Close

Click on 'Refresh Device List' for an update if you have very recently connected or removed a Beam
Profiler instrument from your PC. If an expected instrument is still missing check if the USB driver is
properly installed (see chapter Troubleshootingm).

After selecting a Beam Profiler it will be connected and displayed in the Beam Settings Panel@, where
all available settings and adjustments to the Beam Profiler can be made.

It is advisable to read the steps described in the chapter Measurement with the Beam Profilerfes]
carefully in order to setup your Beam Profiler device and application properly.

When the Beam Profiler Software is started for the first time, three preselected windows are opened
and arranged automatically: Calculation Results, 2D Projection, 3D Profile. Otherwise, the arrangement
of the last session (selected windows and their position) will be recovered. See the Child Windows|sr]
chapter for a detailed description of each window.
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5.4 The Graphics User Interface (GUI)

In this manual, the Beam Software is described based on a setup using a BC207VIS on the M2MS
measurement extension for M2 measurements, connected to a PC running with OS Windows® 10. The
application automatically adapts to the specifications of the BC207 or BC210C series beam profiler.

The main window consists of a menu bar (1), a tool bar (2), a status bar (3) and common frame for
displaying several child windows. When starting the application, an additional window is displayed
within the main window - the Beam Settings@ (4) panel. This panel can be unpinned from the main
window and moved to a different display location, e.g., to a second monitor.

File Contiol Options Windons View Help @ THORL:ES
PPNz 0rrd 0 NN BBENEei0Iae: s

Beam Sttings (4)
Optical Setup [«
- Wavalength 635.00 B
Attenuation 3 +
Power Corraction O sam. |
Ambient Light Corec_. ||
Intensity Threshod |

Beam Profiler Information

Mode! BC207VIS/M
Serial Number 11533
Driver Version 2.1

-~ Firmware Varsgion 0.1.22
P+ sensor Information

Camera Beam Profiler Parameter 1

- Auto Exposure |
=+ Exposure Time [W_:?
= Gain 12.00 =
~ Hot Poeal Corraction ﬁ
P> Trigger Mo Tnggar
} Region of Interast Ful SFe, B445.5, 705!
} ‘Calculation Arez Auto Rectangle, [CLS,
Averagng Mode Hone B
- Cip Level 13.50 S

Hold Maimum |

- Appioximate Elipse ¥

- Autoscale to Pezk O

D profie cut Position Peak Position 117.3 56

} Reference Position Sensor Center 4222.8
P une um, My Calsus

Maz. Data Points @

Trme Interval
Action after Max. Dat... | Discerd First Point % |+

4

9 I 6551 Attenuation: 0 dE | Exposure Time: 999,99 ms | Gain: 12,00 dB | Auto Exposure: ON| 075 fps

5.4.1 Menu Bar

All user activities can be done using the menu bar items

File Control Options Windows View Help
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5.4.1.1 File Menu

These menu entries deal with files or printing.

Fk—. Control ~ Options  Windows ~ Vie
* Import Configuration

[ Export Configuration

< |mport Device Data

# Export Device Data

= Print Application Window Ctrl+P
Print Active Window

" Save Test Protocol

@ CQuit Alt+Fd

The entries in the first block, Import and Export Configuration, are related to XML files which contain
information about the chosen Beam Profiler device and its settings, file export parameters and
application settings. In order to copy the GUI appearance and Beam Profiler settings to another PC you
need to save the configuration file, copy it and load it on the target system.

The second part allows to import and export data originally retrieved from the Beam Profiler:
Export

e RAW format: This is a product specific bitmap with additional information, here pixel pitch
(distance between 2 pixels) and exposure time.

e BMP format: This is the standard, uncompressed bitmap image retrieved from the camera.

e Intensity Value Text Matrix: This matrix saves 12bit values. The 1st value in the 1st line represents
the intensity of the left upper pixel in the 2D projection.

o TIFF (8bit), PNG and JPG formats: Standard picture formats for easy integrating of measurement
results into external documents.

e Asequential savingis available as well. Details please see section Calculation Results/ &)

Import
The import is limited to Device Data allowing reconstruction of the original measurement result with

the Beam Software.

e RAW format: Along with the bitmap, saved from the camera, pixel pitch and exposure time are
used for calculation, so the imported beam profile will reproduce the true size and also the optical
power.

e BMP format: Only the bitmap will be shown. The dimensions in X and Y direction are not the
original ones (pixel pitch will be considered as 1).

Print
With the Print Application Window a screenshot of the Beam Profiler application is printed.

The Print Active Window entry prints the current active child window of the Beam Profiler application.
This function gives you the opportunity to print a specific child window.

The Save Test Protocol opens a dialog window, where individual data can be entered. Click "Save" and
then "Close" to save a test report with the calculation results and the current projection image to the
indicated location. If the 3D Profile window is opened, a screenshot of the 3D Profile is also included in
the test report.

See some detailed examples for data export in the Save Measurement Results[e7] chapter.
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5.4.1.2 Control Menu

Options  Windows
{1} Pause
Pl Mext Frame

» Clear Windows

9 Start NI Network Variables

Use the first menu entry to start D and pause @ the continuous
operation of the Beam Profiler device including retrieving
measurement data, performing calculations and displaying graphs and
numerical results to the output windows.

"Next Frame" starts a single measurement and returns to pause state.

When the GUI is started or the active Beam Profiler instrument is
changed, the application will start continuous operation automatically.

Pausing the consecutive operation is advantageous for detailed analysis of a single image. The paused
Beam Profiler can be restarted at any time.

The "Clear Windows" function resets the content of all windows, including child windows. The window
content will be filled with the next measurement result received from the instrument. This function
may be useful in combination with a trigger mode while waiting for the next image orfor a synchronous
restart of all plots and time-based measurements.

The measurement of all beam parameters and the accumulation of calculated data is started
automatically with the software start. "Clear Windows" __x deletes all accumulated data and restarts

the measurement.

Start NI Network Variables

This feature is a data interface for handing over the parameters listed below to an external program

environment such as LabVIEW.

e Saturation (in %)

e Total Power

e Base lineXandY
e Peak Value XandY

e Distance of Peak to Reference Position X and Y
e Distance of Centroid to Reference Position X and Y

e SigmaXandY
e Beam Width ClipXandY

e Ellipse Diameter Min and Max

e Gauss DiameterXand Y
o Ellipticity

e (Camera Temperature

e Pixel Pitch

e User Power Offset

e Serial Number

e Reference Position Xand Y

In order to use this command, you need to have installed additional National Instruments” software
(Distributed System Manager, NI CVI Runtime Engine).
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5.4.1.3 Options Menu

Windows View Help

5 Beam Settings _
& Display Settings | &)

1 Reset Application Settings

& German
@ Chinese

These entries allow changing the device (Beam Profiler) and application (GUI) specific settings and let

you choose a language.

e e
¥ Beam Settings

The Beam Settings panel contains all important information about the optical settings, the properties
of the active Beam Profiler and a summary of the calculated beam parameters. Please see the detailed

description of this panel in the section Beam Settings@.

I.._|
|=5:; Display Settings Panel

Here, the different styles for 2D Projection and 3D Profile are listed for selection.

& Display Settings

| Color Scale

Better resolution of lower intensities .
@) Linear scaling of the color bar .

Better resolution of higher intensities BWinvert Coal Copper Fall

Hot Rainforest  Rings  Spectrum

Spring  Summer  Winter

Error Log File

Error Log Path | log

X

(-]

There are 3 different color scale types available:

e Better resolution of lower intensities (Logarithmic Scale))
e Linear scaling of the color bar (Linear Scale)

e Better resolution of higher intensities (Quad Scale)

User-Configured Color Scales

If a certain color scale is required it is possible to create a custom color scale which can be loaded
automatically by starting the application. To do so a few things need to be considered.

When starting the software, the application loads valid *.Iut files from the folder:

...\My Documents\Thorlabs\Thorlabs Beam\LUT

Rev: 8.2, 14-Aug-2023 © 2023 Thorlabs
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A valid *.lut file must fulfill the following criteria:

e Ordinary text file with 9 columns and 256 rows

e Values must be tab-separated

e The first three columns have 256 entries

e The last six columns have only 129

e Eachvalue represents a 8 bit intensity (0- 255) of R(ed), G(reen) and B(lue), respectively.

The first three columns represent the linear scale of a user-made color scale, the next three columns
represent the scale for lower intensities (logarithmic scale) and the last three columns the scale for
higher intensities (quad scale).

Such a color scale could look like this (The first two rows are not part of the *.lut file; they are shown

here only forillustration):

Linear Scale Logarithmic Scale Quad Scale
R G B R G B G B
0 255 0 0 255 0 255 0
1 255 0 1 255 0 255 0
2 255 0 2 255 0 10 255 0
127 255 240 255 0 254 255
128 255 255 255 255 255
129 255 0
254 255 0
255 255 0

..." stands for the intermediary values.
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"/ Reset Application Settings to Defaults

This button resets all BEAM application settings to defaults:

Application Setting Default Value Explanation
Intensity Threshold Disabled
Auto Exposure Enabled Exposure time set to automatic
Trigger Mode No Trigger Instrument set to continuous data acquisition
Region of Interest Full Size ROl is set to full sensor size.
. Auto Software determines a rectangular area in which the power level
Calculation Area Preset . .
Rectangle is above theclip level.
Calculation Area Clip Level 10% !:or defllmng.th.e Falculatlon Area in autc.>mat|c. mode, Fhe Iqwer
intensities limitis setto 1% of the peak intensity to clip noise.
Averaging Mode None No averaging
The clip level for calculating the ellipse and beam width is set to
Clip Level 13.50 % 13.5% of the difference between the baseline and the peak
intensity.
Measurement Method All Pixels All pixels are used for calculation, no slit emulation.
Hold Maximum Disabled
Approximate Ellipse Enabled Theellipseis approximated to get a smooth surrounding.
Autoscale to Peak Enabled The diagrams that show intensities, are scaled to the peak

intensity.

Profile Cut Position

Peak Position

The X and Y profiles are taken from the row and column where the
peakis located.

Reference Position

Sensor Center

Reference position is set to the sensor center. Centroid and peak
positions are calculated relative to the reference position.

Position Unit pm All position units are displayed in um.

Power Unit mwW All power units are displayed in mW.
After reaching the max. number of data to be plotted, with the next

Plot Method Latest Data data acquisition the first data set will be discarded and the the
most recent set will be added.

Plot Interval Every Meas. For every measurement, the data are plotted

Max. Data Points 100000 The maximum number of data to be plotted

Velocity 200 mm/s Translation speed of the stage

Hot Pixel Correction Weak see chapter Hot Pixel Correction[ s

Language e

The language of the application can be selected.
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5.4.1.4 Windows Menu

View  Help

@ | 2D Projection
= | 30 Profile

J K=

| =| Calculation Results

N X Profile
Y Profile

Plot Pasitions
Plot Diameters

Plot Power

=
=

B2 EE

Plot Gaussian Fit

Plot Orientation

(=
;
(1]

Plot Environment Data

Bearn Stability

=B

Bearn Quality Measurement

2 Manual Vergence Measurement
£ Tuning View

& Beam Overlapping

5.4.1.5 View Menu

m Help

Default Workspace
#y Profile Workspace
W M Workspace

Empty Workspace

Tile View

Cascade View

Maximize Diagrams

Show Toolbar and Legends
Save current workspace
Load Workspace

Recent Files r

When the GUI is started the first time, the Default Workspace is opened.
To close and open the windows, toggle the corresponding entry in the
windows menu or via the Tool Bar| s 1.

An open child window can also be closed by clicking the [X] in the upper
right corner of the child window.

From this menu entry, a number of pre-configured child window
arrangements ("workspaces") can be quickly selected:

Default: Settings panel, Numeric results, 2D projection, 3D profile
Profile: 2D projection, 3D profile, numeric results, X and Y profiles
M2: Beam Quality Measurement, X and Y profiles

Empty workspace

Further, the active child windows can be arranged, tiled, and cascaded.

"Maximize Diagrams" turns off the side and top toolbars in all child windows
simultaneously, "Show Toolbar and Legends" turns them on again.

"Save Current / Load Workspace" saves your Beam Software GUI appearance
to aini-file that can be loaded at any time.

"Recent Files" lists recently used workspace files so that you can quickly load often used workspaces.
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5.4.1.6 Help Menu

Click "Contents", the first entry within the help menu, or press the "F1" key on the keyboard to open
the online help file, which contains all information included in this manual.

With a click on the link Visit the Thorlabs Website this website is opened
9 Contents = in the browser window.
Visit the Thorlabs Websitc V/evy Thorlabs (LPGL) License Agreement will open the license files of
View Thorlabs License Agreement the installer paCkage'
View LGPL License Agreement Check for Update searches for available software updates.

fo) Check for Update
About

About Thorlabs displays device information and software versions details:

& Thaorlabs Bearn - About >
0 - S

Thorlabs Beam
Copyright@ 2023, Thorlabs GmbH

Application 9.0.5612.508
Ot by Nokia  4.8.6
MI-VISA Engine 17.0

Beamn Profiler: BC15ourcedil  9.0.508
BC25curce.dll  9.0.508
BP15ourcedll  9.0.508
BP25ourcedll  9.0.508

Stage: DDSMStage.dil 9.0.508
VTa05tagedll  9.0.508

If you have trouble with the software, please submit the version of the application to Thorlabs. This can
help to resolve your problem.

5.4.2 Tool Bar
For the most important menu entries there are also symbols provided in the tool bar.

0= @@ s @ (@c]EnnNn B w AO-E @

Clicking on a toolbar symbol will have the same effect as clicking on the original menu entry. When
moving the mouse over the icons, a tool tip will be displayed.

In the list below the toolbar icons are explained.

‘? Open the online help file

L]
@ b Pause and start the continuous device operation| 201

’u Take a single measurement| 29

—

x Clear the content of each window/ 207
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<)

f"‘ff"n‘?

Eh el

YEBEE S > e|e s

=
=
g

Open the Device Connection dialog

Restore Beam Settings@ panel (if unpinned or closed)

Open the Display Settings [0 panel
Reset application settings to defaults [0

Open child window 2D Projection|ss
Open child window 3D Profilel e

Open child window Calculation Results[e4)

Open child window X Profilefe2

Open child window Y Profilel 62

Open child window Plot Position[ 751
Open child window Plot Power| 767

Open child window Beam Stability@
Open child window Beam Quality (M?)[100)
Toggle auto exposure on[offm

Toggle auto scale to peak on/off

Toggle max hold on/off

Change ROI (drop down)m

Open child window Manual Vergence Measurement/ es')

Open child window Tuning View[ 701

Open child window Beam Overlappingm
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5.4.3 Status Bar

&y Power too low! P 3558 | Attenuation: 0 dB | Exposure Time: 28.00 ms | Gain: 0.00 dB | Aute Exposure: OFF | 0.00 fps
The status bar displays important status information about the Camera Beam Profiler concerning

e Errors and warnings, see chapter Warnings and Errors|ss).

e Plot Data Point Status, see section Mm.

e Attenuation setting (by Filter Wheell s lor external attenuator).

e Camera settings like Exposure Time and Gain.

e Current refresh rate of the application in frames per seconds (fps).

o Alternatively, if stored Device Data are loaded, the location of the file is displayed.

5.4.4 Save Settings

The actual settings of the GUI including configurations of the graphical displays and the instrument
setup are automatically saved when exiting the program. When starting the Beam Software again, the
most recent settings are automatically loaded.

Exception: Actual zoom settings of 3D graphs, the rotation and translations are not stored. This is to see
the full aperture range and full amplitude range on every start of the GUI.

The stop state of the previous measurement will be ignored at a new start of the Beam Software
because it always starts in continuous mode.

5.4.5 Beam Settings

The Beam Settings panel is a very convenient visualization of all important information and settings
that can be made to the instrument and to the calculation parameters. For a better visibility, the Beam
Settings topics are arranged in expandable group boxes that allow to show or hide topics. Further, the
Beam Settings panel is the only child window that can be detached: When starting the application, this
panel arranged by default within the main window. Drag an drop it to any convenient location within or
outside the GUI main window, e.g., to a second PC monitor. When detached, the Pinicon in the upper

right corner changes from |1| to |_"|| Click to this icon to bring the panel back into the GUI frame. The
panel view can be customized easily by expanding W or hiding | topics.
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l
|

- Wavelength 635.00 lz]. nm

- Attenuation [ 1o Fitter 2o a8
- Power Correction | Start... 0.12 dB
- Ambient Light Correction [ | [ Start.. | 0.00

- Intensity Threshold |:| m

- Model BC207VIS/M
- Serial Number 11533
- Driver Version 2.1
- Firmware Version 1.0.6

> Sensor Information

- Bnning

- Auto Exposure O

- Exposure Time 999,99 > ms
- Gain 12.00 BEL:]
- Hot Pixel Correction Weak s

’ Trigger Mo Trigger

} Region of Interest Full Size, 7065.6, 8445.6

P calculation Area Full ROT
- Averaging Mode Floating S
MNumber of averaged fra... | 1.00 g Frames

Clip Level 13.50 g % of peak
Hold Maximum O
Approximate Elipse v

- Autoscale to Peak [+

} Profile Cut Position Peak Position 55.2 745.2
} Reference Position Sensor Center 4222.8 3532.8
} Unit um, dBm, Celsius

LIL3

- Max. Data Points
Time Interval
" Action after Max. Data ...

100000
0.00
Discard First Poini ¥

Beam Settings BC207 or BC210C Series

Ay

5

am Profiler Information

amera Beam Profiler Parameter

Calculation Parameter

Plot over Time Parameter

Please read this section carefully and follow the setup instructions in order to maximize the accuracy of

your measurements.
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5.4.5.1 Optical Setup

(=]
v
Wavelength £35.00 2 nm
Attenuation 60 % || 80 1 dB
Power Carrection < [ start.. |-1.39 dB
Ambient Light Correction _ Start...  |/0.00 = 0.00
Intensity Threshold 1.00 =

This part of the Beam Settings panel

e setsthe operating waveIength@

e setsthe attenuation@ in accordance with the used ND Filter
e executes apower correction| a1

e executes ambientlight correction[zo

e sets the intensity thresholdm

Initial Settings

When this camera is connected for the first time, the following default values are set:

Parameter

Default Value

Wavelength

635nm

Attenuation [dB]

No Filter (0 dB)

Power Correction

OFF, factory calibration active

Ambient Light Correction

OFF

Intensity Threshold

1.00

5.4.5.1.1 Wavelength

Enter the operating wavelength in nm as a precondition for proper measurement of the Total Power. It
enables consideration of the known response curve stored within the Beam Profiler instrument. The

correct wavelength is important for accurate Beam Quality (M?) results as well.

\%

Wavelength 635.00

e
- nm

The available range is limited to 245 - 400 nm for BC207UV(/M) or BC210CU(/M) and 350 - 1100 nm for
BC207VIS(/M) or BC210CV(/M), respectively.

Rev: 8.2, 14-Aug-2023
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5.4.5.1.2 Attenuation

The attenuation is given by the selection of the neutral density (ND) filter that is placed in front of the
optical input. You can select a filter by rotating the filter wheel[ o). Select the nominal attenuation of
the chosen ND filter in order to include the attenuation in the calculation of the Total Power.

.

Attenuation 20 S 20 ~|dB

Select the active filter from the drop-down list.

A\
Wavelength 635.00 = nm
Attenuation m |0 =1 dB
Power Correction 20 0.12 dB
Ambient Light Correction | 40 0.00
Intensity Threshold 60

v User Filter

Select 'No Filter' in the case that you have removed the filter in front of the entrance aperture so that

no attenuation (0 dB) is present. For instructions on how to remove the filter please see chapter Filter
Wheell o

If you are using external attenuation filters or beam splitters, select 'User Filter' and enter its
attenuation value into the control on the right. Only values between 0 and 100dB are accepted by the
software.

The correct selection of this attenuation value is a precondition for a proper power measurement and
for the Ambient Light Correction[ .

5.4.5.1.3 Power Correction

The Power Correction allows to adjust the total beam power as measured by the Beam Profiler to the
power level measured by a reference power meter.

Preconditions:
Be sure that the following settings are accurate:
e OQOperating wavelength
e Nominal loss of the selected ND filter
| Power Correction Start... 0.00 dB

Click the "Start" button - the Power Correction Dialog appears.

=, Power Correction Dialog @

Correct the current Power value display in accordance
with the accurate value, measured by an external
Power Meter

Current Power value: 353 | | mwW =

-

Power Meter value: 3.20 1 miW

JADDIV X Close
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The "Current Power Value" is the power as actually measured by the integrated Beam Profiler power
meter. Enter the power meter reading from the external power meter into the "Power Meter Value"
control. Click "Apply" and both values will coincide. Click "Close" to leave the panel.

The difference between the power measured externally and measured by the Beam Profiler will be
displayed as an offset in [dB].

Power Correction ¥ Start... -1.69 dB

This offset (in dB) is stored in the Beam Profiler and is read out and activated automatically each time
after connecting this instrument.

The user calibrated power reading is correct only at the actual wavelength and the selected ND filter
and when the external power meter is used in the same conditions (ambient light). If any of these
parameters change, the power correction needs to be repeated.

After executing the Power Correction it is activated automatically, which is indicated by the check
mark.

The activation state is saved in the software. When restarting the software using the same instrument,
the offset is recognized, read out and the same activation state (active / inactive) as in the previous
software session will be restored.

If the power correction is not active, the attempt to activate it lets the software check the camera for a
saved offset. If no saved offset is found, the Power Correction dialog opens and asks for a power meter
value. If an offset is recognized, it will be applied immediately. For this reason it is recommended to
perform a power correction if the environment of the instrument was changed.

5.4.5.1.4 Ambient Light Correction

Itis highly recommended to shield ambient light from entering the entrance aperture as best possible,
e.g. by using the supplied ND attenuation filters. However, a considerably high ambient light level may
still occur within the camera image that cannot be distinguished from beam power. Accordingly, an
offset level will add to the measured beam profile which leads to inaccurate beam parameters.
Therefore, a correction for the remaining ambient light level is provided and should be carried out in
cases where the ambient light level is measurable. An indication for this is when the far-off wings of
the X Y profiles do not go down to zero intensity level.

It is recommended to proceed with the ambient light correction after a 30 min warm-up time and
repeatitif needed (e.g., ambient light conditions changed).

Arnbient Light Correction Start... 0.00 0.00

Click the 'Start' button - the Ambient Light Correction Dialog appears.
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=, Ambient Light Correction @

Please block the laser light from the Beam Profiler!
Do not cover the Beam Profiler aperture!
Press OK.

Correction Progress

| 0% Canc
@OK x Close

=1}
[1:]

Make sure the laseris blocked, but not the ambient light, click "OK"; the correction starts.

= Ambient Light Correction @

Please block the laser light from the Beam Profiler!
Do not cover the Beam Profiler aperture!
Press OK.

Correction Progress

470, Cancel . Ambient Light Correction Result @

'.6.' Ambient Light Correction succeeded.
Pox || X o '_
L

Click OK and close the Ambient Light Correction window. The Ambient Light Correction appears
enabled, and the correction factor will be displayed.

Ambient Light Correction |+ Start... 52.36

e Thorlabs Beam Software uses a unique approach for Ambient Light Correction - please see details
in section Application Notes| .

e When ambient light power is changed or a different ND filter is used, a new correction is
required, otherwise beam profiles are displayed using an unreal (positive or negative) offset and
the accuracy of measurement results may worsen.

e Ambient light correction is disabled by any software restart, reconnection of a camera Beam
Profiler, or change of the ND filter settings in the software.

5.4.5.1.5 Intensity Threshold

The Intensity Threshold applies to the raw data retrieved from the camera, and allows to clip the
intensities below a user-defined threshold.

Using the intensity threshold may exceed the Calculation Area Clip Level[s]. In such case, the
calculation area will change and this way falsify the beam diameter calculation. The beam centroid
position will not be affected.

A typical situation to enable the intensity threshold is, for example, the task to define the beam
centroid in an environment with a high and unstable ambient light level. The changing ambient light
interferes with the centroid position calculation. When applying an appropriate intensity threshold,
the varying ambient light can be omitted.

The entered value is the percentage of the maximum ADC output level:

Page 41 MTNO026962-D02



BC207 and BC210C Series Camera Beam Profiler Chapter 5 Operation Instructions

“ Intensity Threshold

v |10.00 =

In the above example, all intensities below 10% of the ADC maximum output level are omitted.

The threshold is shown in the X and Y profiles as a dot-and-dashed line with a label, if the option Auto

Scale to Peak is disabled - in this case, the intensity scale of the X or Y profile displays the
percentage of the ADC maximum output level:

100
80
60
40

20

=

If Auto Scale to Peak ist enabled, the intensity scale displays the percentage of the peak level, and
thus, the Intensity Threshold label cannot be displayed.

5.4.5.2 Beam Profiler Information

, Beam Profiler Information

----- Model BC207VIS/M

- Serial Number 11533

Driver Version 2.1

Firrmware Version 1.0.6

‘*’ Sensor Information

Width Height
Number of active pix... 1224 1024 pix
- Pixel Size 6.9 6.9 um
----- Sensor Size 8.45 7.07 mm

Beam Profiler model, serial number, driver version, and firmware version are read out from the BC207
Series and BC210C Series instrument and cannot be changed. Beside general information, important

sensor information is stated

Rev: 8.2, 14-Aug-2023
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5.4.5.3 Camera Beam Profiler Parameter

This chapter contains a number of important camera settings that are accessible by the user. Please
become familiar with the meaning of these controls in order to prevent improper adjustments which
may lead to erroneous measurement results. All visible controls are explained below.

V)

Binning Binning 2x2 S
Auto Exposure ol
Hot Pixel Correction Veak =
" Trigger
Trigger Mode Mo Trigger S
" Region of Interest
Preset Full Size =
Center to Sensor
Center to Centroid
Left 0.00 =
Top ] =
vidth B445.6 -
Height 7065.6 -

m &

pix

pm
pm
pm

pm

Apply ROI

Details on the individual parameters are explained in the subsequent sections.

Initial Settings

When this camera is connected for the first time, the following default camera parameters are set:

Parameter Default Value
Binning Binning 2 x 2
ON

Auto Exposure Control

Exposure Time

NA due to Auto Exposure

Gain NA due to Auto Exposure
Hot Pixel Correction WEAK
Trigger
Trigger Mode No Trigger
Full Size

Region of Interest
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5.4.5.3.1 Binning

Binning allows to reduce the data volume by binning 2 x 2 pixels or even more, by 4x 4, 8 x 8 or 16 x 16.
This results in shorter processing times for data computation. Please be aware that the spatial accuracy
is reduced by binning.

Further, binning is very useful for weak signal to reduce the noise thereof.

[ NoBinning |
Binning 2x2 |
Binning 4x4
Binning 8x8 |
Binning 16x16

—

5.4.5.3.2 Exposure Control

Exposure time is the period of time when the CMOS global shutter is open and the image sensor is
exposed. For CW sources there is a linear dependency between exposure time and mean image
brightness. Increase the exposure time to increase brightness and vice versa.

1. Auto Exposure Control

The exposure control includes adjustments for exposure time and electrical gain factor. Both settings
determine the sensitivity of the camera and need to be adapted to the actual beam power in order to
ensure a nearly full scale amplitude measured by the camera's AD converter.

By default, both settings are controlled automatically in order to achieve an Image Saturation between
65 and 95% of the available AD range.

Auto Exposure ¥
Exposure Time 0.02

Y

It is highly recommended to use this automatic exposure control. When activated, the Beam Profiler
software will automatically adapt both the exposure time and gain. Both controls become gray and
display the actually used values. The goal is to keep the brightest pixel of the selected ROI at a high
saturation level but prevent saturation (100%) due to the limited range of the AD converter that is
digitizing the image.

However, in case of unstable or pulsed laser 1] power it might be advantageous or even required to
disable the automatic exposure control and set the optimal values manually. For this, remove the 'Auto
Exposure Control' check mark and follow the instructions below.

2. Manual Exposure Control

Auto Exposure

Exposure Time [0.23] I ms

Exposure time can range from 0.03 ms to 1000 ms (for BC207) or 500 ms (for BC210C) with a step width of
0.01 ms.

e . . . . .
Use the [+ arrows in order to increase and decrease the exposure time stepwise. To enter a certain
value just overwrite the present one.
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5.4.5.3.3 Gain Control

The Gain can be set manually only with Auto Exposure disabled.

Gain 0.00 = dB

The Gain denotes the linear amplification factor of the electrical amplifier between the CMOS sensor
and the AD converter. Higher gain increases image brightness, but also image noise. Therefore, it is
recommended to use primarily the exposure time control for brightness adjustments.

Gain settings higher than 0.00 db should be used only if

e the exposure time is already set to its maximum value or
e the exposure time is set below 1 ms and brightness change between two successive exposure
times is too large.

e pulsed laser sources are used.

5.4.5.3.4 Hot Pixel Correction

Hot pixels appear as an unwanted property of CMOS sensors and are due to different charge leakage
rates between individual pixels. They appear as points of high intensity particularly at long exposure
time and their intensity depends on the temperature.

Hot pixels may cause measurement errors, particularly in 4s measurements, which is important for M?
beam quality measurements, and may impact the baseline definition during ambient light correction.

Thorlabs Beam offers a hot pixel correction feature.

To reduce or eliminate hot pixels from influencing the measurement, set the hot pixel correction to
Weak, Moderate or Strong (maximum suppression of hot pixels). This function can be used to get the
current threshold value for hot-pixel correction. The value is a quantitative measure of how
aggressively the camera will remove hot pixels.

Please be aware that selection of the Moderate and, even more so, Strong hot pixel correction affects
the displayed beam profile, especially whenever the beam diameter is very small or has steep edges.
Selecting strong is results in cleaner displayed profiles for beams with larger diameter.

Off [
Weak
Cocerte k|
Strong

5.4.5.3.5 Trigger

The BC207 and BC210C Series Camera Beam Profilers are able to capture beam profiles of irregularly
occurring optical pulses or pulsed light sources in different modes to trigger exposure with respect to
the laser pulse occurrence.

Open the ‘Beam Settings(ss ! panel and topic "Camera Beam Profiler Parameterf« " - "Trigger" to
choose between the trigger modes: No Trigger, Software Trigger, or Single Pulse Trigger.
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W Trigger

Trigger Mode
W Region of Interest Software

Preset Single Pulse I

By default 'No Trigger' is chosen for continuous caption of CW light sources.

The BC207 and BC210C Series Beam Profilers accommodate for the following frequency ranges:

37 kHz: The BC207 and BC210C Series Camera Beam Profiler can detect single pulses provided their
frequency is lower than 37 kHz. Frequencies above 37 kHz are recognized as continuous wave signal and
resultin a multi pulse detection.

10 Hz: The BC207 and BC210C Series Camera Beam Profiler together with the Beam Software can
discriminate each single pulse in the beam profile analysis when the pulse frequency is at maximum 10
Hz. This frequency is highly dependent on the acquisition settings and the PC. This is because the
camera awaits a ready signal from the software. For frequencies between 37 kHz and 10 Hz, pulses may
be skipped and not each pulse can be analyzed. In this case, the pulse following the ready signal from
the software will be captured and analyzed.

1. No Trigger

This mode is dedicated mainly for use with CW sources. A constant beam power is expected so that
image capturing can start at any time. This mode should be used also for pulsed sources with high
repetition rates above 37 kHz. Pulse trains with a frequency above 37 kHz appear as CW signal to the
camera.

In order to activate the mode, first click D in the Toolbar.

2. Software Trigger

"Software Trigger" can be used for pulsed light sources which do not provide an electrical trigger signal
for synchronization to the beam profiler. Also, irregularly occurring optical pulses can be captured.

In the software trigger mode, the Beam Profiler Software processes images which exceed a brightness
level set by the user. The beam profile data may not represent profiles from each discriminated single
pulses one after the other. Whenever the camera is available after receiving a ready signal from the
software, an image with a sufficient brightness is processed by the software. Whether the camera
acquires each pulse depends on the pulse frequency and the PC. For pulse frequencies up to 10 Hz,
each pulse can be resolved, given that exposure settings and PC hardware and performance are at an
optimum.

Make sure the Beam Software is set to continuous measurement mode;

if not click D in the tool bar[= . Select "Software Trigger" in the Beam Settings panel.

W Trigger
Trigger Mode MNe Trigger

W Region of Interest M
Single Pulse

Preset

The ‘Software Trigger’ mode requires manual exposure control[s An appropriate warning appears, if
auto exposure is enabled:
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=, Software Trigger @

q & The Auto Exposure is not usable in Software Trigger mode.
Deactivate the auto exposure control and enable the Software trigger mode?

@ Yes x Cancel

To confirm, click "Yes" and enter the desired ‘Exposure Time[Y and the ‘Gain Factor| s T manually.

v
Binning Binning 2x2 S
Auto Exposure
Exposure Time 999,99 -1 ms
Gain 12.00 ~| dB
Hot Pixel Correction Weak H

Then define the ‘Min. Image Saturation’ level in %, that will be the software controlled brightness
trigger level.

W Trigger
Trigger Mode Software S
Min. AD Saturation [50.00] 2 %

A default value of 50 % indicates that only images with a half scale maximum brightness are triggered,
captured and interrogated afterwards. Dark images taken by the camera with a maximum brightness
lower than the selected ‘Min. AD Saturation’ level will be ignored and not displayed.

Adjusting Exposure Time and Gain

Adjust both the ‘Exposure Time’ and the ‘Gain Factor’ controls so that a low ‘AD Saturation’ (in % of full
scale brightness) results when no laser pulse is captured. Increase the ‘Exposure Time’ and ‘Gain Factor’
so that a detected laser pulse exceeds the ‘Min. AD Saturation’ threshold. Decrease both controls in
case the detected pulse reaches the limiting 100% saturation because its real intensity may be
considerably higher.

The status bar informs you about the activated software trigger function.

The Beam Profileris waiting for an image reaching the selected saturation threshold. In case the actual
AD saturation level is below the threshold, the status bar informs you about a waiting software trigger
event.

SW Trigger 30.00 % P+ 71| Attenuation: 40 dB | Exposure Time: 300,00 ms | Gain: 8.00 dB | Auto Exposure: OFF | 1.64 fps

For frequently occurring pulses it is recommended to set the Exposure Time to a slightly shorter period
than the pulse period so that only a single pulse is captured.

Prevent ambient light from entering the input aperture and use one of the neutral density filters for its
attenuation.

Note that the image brightness of a captured single optical pulse is not adjustable by the ‘Exposure
Time’ control in case the single optical pulse is shorter than the adjusted exposure duration. Use the
supplied ND filters of the filter wheel and the ‘Gain Factor’ control to adjust image brightness. In order
to ensure a minimum noise level itis recommended to keep the gain value as low as possible.

3. Single Pulse

This option allows to use an external electrical TTL trigger inputss ] from a pulsed light source to
synchronize image capturing with single pulses.

1) Please feed the TTL level trigger signal from the laser source or from the appropriate driving pulse
generator into the BNC connector of the BC207 series or the SMA connector of the BC210 series.
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Be sure to enter only a TTL compatible signal to the BNC and SMA jack not exceeding the range
between 0.0 V and +5.5 V. Higher or lower voltages may damage the trigger input. See section
Trigger Ingutm for details.

The TTL Trigger input parameters are listed in the table below:

Parameter Value

Save Static Voltage Level 0.0V<U<5.5V

Trigger Input Low Oto0.4V

Trigger Input High 24Vto55V

Input Impedance > 100 kQ

Pulse Width (Min) 100 ps

Trigger Delay 0.27 ps

Trigger Input TTL Level, LVTTL compatible

Trigger Input Connector BNC Jack (BC207 Series)
SMA Jack (BC210 Series)

Use only shielded coaxial cables for connecting the trigger source. Do not connect a trigger cable
without a signal source because it may capture disturbing pulses that may trigger the shutter.

2) Click the icon D in the tool bar| s+,
3) Switch the camera in the beam Software to the mode Single Pulse to activate the response to a

hardware trigger.

Trigger Mo Trigger
Trigger Mode Software

Min. AD Saturation M

Please be aware that discrimination between single pulses is limited to about 10 Hz, highly dependent
on the acquisition settings and the PC.
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5.4.5.3.6 Region of Interest

"W Region of Interest The maximum Region of Interest (ROI) is 2448 x 2048
Preset Full Sze + | pix pixel (full size) and the smallest 32 x 32 pixel. The ROI
Ca e depends on the settings for binning. With the ROI

Center to Centroid parameter, the user can define a subarea within the

e 20 = L. maximum available camera sensor surface for data
e - acquisition. Only image data of the selected ROI are
e =) hm transmitted from the Camera Beam Profiler to the PC
Height 7065.60 “Jum

so that a narrowed ROl size reduces bandwidth
requirements and therefore increases measurement
speed (frames per second, fps).

m There are some ROI presets that can
1600 x 1600

be selected from the list.

Lt B To confirm, click to | Apply ROI -
8003 £00 this button applies the changes that
400 x 400
200 200 were made not only to the ROI, but
e, also to the Center settings|s ] of the
User Defined ROI. By selecting a predefined ROI it
is automatically centered to the
ApDyROI sensor center. See the preview image for visualizing

the adjusted size which is displayed as a yellow
rectangle. To shift the selected ROl within the available sensor area click right into this rectangle and
drag the mouse; the "Preset" name changes immediately to User Defined.

User Defined ROI

A user defined ROI can be easily defined by drawing a rectangle into the preview image (click left, hold
down and draw a rectangle). The last preset value is replaced automatically by "User Defined" and the
chosen ROI size and position is displayed within the controls on the right. These values can also be
modified by entering the desired Width, Height, Left and Top values into the appropriate controls. Its
unit can be switched between pixels or um.

The ROI point of origin (0,0) is located in the upper left corner of the entire sensor area so that 'Left' and
"Top' describe the upper left ROI borders with respect to this corner. In contrast to that, measurement
coordinates X and Y are defined with respect to the center of the ROI, see below.

Center

Any user defined ROI can be centered to either the sensor center or to the centroid of the measured
beam. The latter may be useful if the beam centroid is located far away from the sensor center and the
user defined ROl does not cover the sensor center.

When the measured beam is considerably smaller than the Camera Beam Profiler aperture, it is
advisable to limit the area captured by the camera. Reduce the image area by determining a ROI that is
well filled by the beam. However, it is not recommended to narrow ROl too much - lower intensity
areas surrounding the laser beam will be cut off! This may lead to incorrect numerical results (for
instance Beam Centroid position) or even prevent calculation of the beam width because the selected
clip level (default 13.5% of the peak intensity) is not reached within the ROI.

Please enlarge the ROl when the beam under test does not fit to the selected ROI area. The ROI height
and width should be at least two times the beam width.
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Do not forget to click the | Apply ROI

The Beam Profiler's point of origin (X =0, Y =0) is always fixed to the center of the entire sensor area so
that X and Y coordinates have a bipolar range. Shifting the ROI off-center will maintain the calculated
beam position because these data are bound to the entire sensor area and not to the relative ROI

coordinates.
5.4.5.4 Calculation Parameter

button, as soon as it becomes highlighted green!

This section in the Beam Settings@ is used to set parameters for beam profile calculation. Shown
below is the view of the Calculation Parameter section at the first start of the Beam Software or after

pressing the "Reset Application Settings to Defaults[= 1" button -+ in the toolbar:

Vv
P calculation Area Full ROI
Averaging Mode Floating S
Number of averaged fra... | 1.00 - Frames
Clip Level 13.50 + % of peak
Hold Maximum
Approximate Elipse ¥
Autoscale to Peak il

3
3
P unit

Profile Cut Position
Reference Position

Peak Position £83.1 2891.1
Sensor Center 4222.8 3532.8
pm, dBm, Celsius

5.4.5.4.1 Calculation Area

W Calculation Area
Preset
Clip Level [% of peak]

Auto Rectangle ¥
Default (1.0%)

The Calculation Area defines a specific area within the
already selected Region of Interest (ROI), see Camera
Beam Profiler Parameter| 1. Whereas the ROl determines
the image area that is retrieved from the camera and
displayed, the Calculation Area can be equal to or smaller
than the ROl and defines the image area, that is used for all
numerical calculations. That is, all pixels within the ROl are
displayed while only the pixels within the Calculation Area
are used for calculations.

Ak

1.00

Such a limitation is especially advantageous for:

EEZ (LEE fcaing v e Selecting and analyzing only a single beam spot among
Murnber of averaged fra... | 1.00 - Frames .
: = multiple beams
Clip Level 13.50 ¥ % of peak . . . .
Hold Maximum e Rejecting ambient or stray light
Approximate Elipse v e Reducing measurement noise
Autoscale to Peak ¥

e Increasing performance

It is advisable to set the camera ROI to the smallest feasible area instead of working with a large ROI
and shrinking the Calculation Area afterwards. This will increase measurement speed.

Six presets are provided to choose a Calculation Area.
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Auto Rectangle:

Auto Rectangle I1SO:

Full ROI:

User Rectangle:

Auto Ellipse:

User Ellipse:

v
W Calculation Area

Preset

X Position

¥ Position
Width
Height
Angle

Center

User Rectangle

3405.15

Auto Rectangle

Auto Rectangle ISO
Full ROI

User Rectangle
Auto Elipse

User Ellipse

The software will analyze every image from the BC207 and BC210C Series
automatically and determine the area in which a measurable amount of
power is present. Areas with a power level lower than the clip level[s: ] will
be excluded from further calculations.

The rectangular calculation area is calculated according to 1SO11146-1 using
multiple iteration steps. The clip level is determined during the calculation.

The entire image area defined by the ROl is involved in beam calculations.

A rectangular area, set by user input is defined as Calculation Area. Enter
pixel values which describe the Calculation Area position and size or simply
drag arectangle into the 2D Projection window.

An elliptical area is created automatically by the software around the beam
shape. Criteria: Clip Level[s). Areas with a power level lower than the clip
level will be excluded from further calculations. The clip level can be set up
in the Application Settings.

An elliptical area, set by user input, is defined as Calculation Area. Enter
pixel values which describe the Calculation Area position and size or simply
drag an ellipse into the 2D Projection window.

When "User Rectangle" or 'User Ellipse' is selected,
please enter size and position of the Calculation Area
numerically or drag and drop the borders of the user

pm

2394.30 2 um rectangle (ellipse). All values are in um or pixels,
1897.50 | um depending on the unit selectionm, and the point of
;908;'20 hd Em origin is situated in the upper left corner of the entire
X ~ | degree el . .y
e sensor area. X (Y) Positions describe the position of the

left (upper) border of the user rectangle (ellipse).
Further, a defined calculation area can be rotated by
entering numerically the desired rotation angle.

The Calculation Area can also be set and visualized
within the 2D Proiection@ window. See the
appropriate chapter for details.

Clip Level of the Calculation Area

If the calculation area is detected automatically (Auto Rectangle or Auto Ellipse), the borders of the
Calculation Area in all four directions are defined by the calculation area clip level. The border in one
direction is set when all pixel values fall (seen from the peak) below the Clip Level. Decreasing the Clip
Level increases the Calculation Area which in return increases for example the 4 ¢ diameters, but also
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increases the noise. For a steep beam profile, 1.0% is an optimal clip level value. If the beam profile is
rather flat, it might be advantageous to lower the clip level.

The clip level is set by default to 1% and can be set between 0.01 and 13.5 %. In order to quickly return
to the recommended 1.0% clip level, just click to the box Default (1.0%).

S

Clip Level Default (1.0%) 1.00 i+

m The "Clip Level of Calculation Area" is different from the Clip Level[s 1 used for beam profile
calculations!

The calculation area must not cut off lower intensity parts of the beam profile. This may cause
inaccurate calculation results!

When the ROI size or position is changed and the Calculation Area was not set to 'Automatic' and does
not fitinto the new ROI, the Calculation Area will be reset to 'Full Size', in other words, to the new ROI.

5.4.5.4.2 Averaging Mode

Mumber of averaged fra...  Block

Two modes are available - floating and block.

When using an averaging mode, please also define the number of averaged frames, which can be set
from 1 to 100.

In Floating mode, the average is calculated from the weighted previous average and the recent frame.
Example: Floating average is made for 10 frames. The previous average value is multiplied by 9, then
the recent frame value is added and the sum is divided by 10, which gives the new average value.

In Block mode, the indicated number of frames is accumulated, after acquisition the average is
calculated and displayed. This is the slowest mode.

Setting the frames to numbers higher than 1 enables noise reduction.

This option is helpful for unstable light sources with fluctuating intensity or beam shape, or if the
update rate on the screen is too high for easy data readout. Also use this option to suppress Beam
Profiler noise in case of low intensity.

5.4.5.4.3 Clip Level

In contrast to the Calculation Area Clip Levelm, the Clip Level parameter is used to determine the
beam width. It defines a relative intensity level between dark level (0%) and peak level (100%) of the
measured beam profile at which the beam width is determined. The 1S011146 Standard recommends a
default value of 1/e2=13.5% of the peak intensity. Other values from 5% to 95% can be set by entering
manually.

Click on Default (1/e?) to set the default Clip Level of 13.5%. See Appendix Application Note[r1] for
details.
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5.4.5.4.4 Hold Maximum

The Hold Maximum feature is recommended for pulsed laser sources. In all subsequent scans for each
pixel only the maximum values are stored, displayed and used for calculation.

In comparison to the software trigger| s 1 function of the Beam Software, Hold Maximum will only store
and analyze maximum values, while in software trigger, a threshold can be set.

5.4.5.4.5 Approximate Ellipse

Enable the Approximate Ellipse check box in order to get the best fitted beam ellipse. This setting
provides more stable and reliable ellipse results.

Otherwise, ellipse data are retrieved from single minimum and maximum diameters of the elliptical
beam cross section. These results are more noisy and therefore less reliable than the fitted results.

5.4.5.4.6 Autoscale to Peak

Enable the "Autoscale to Peak" check box to scale the X and Y profiles to their peak intensities.
Disabling will scale the X and Y profiles to the value of AD saturation.

5.4.5.4.7 Profile Cut Position

The profile cut position determines the location of the crosshairin the 2D Proiection@.

W Profile Cut Position

Preset User Position S
X Position 751 =
Y Position 529 =

The position of these X and Y cross sections can be fixed to the ROl Center, to the centroid, to the peak,
or to a user defined position.

W Profile Cut Position ROI Center
Preset Centroid Position
X Position Peak Position pix

¥ Position m pix
For the user defined position, the X and Y positions are to be entered numerically.

5.4.5.4.8 Reference Position

The reference position influences the calculation results. Peak and Centroid positions refer to the
reference position. By default, the reference position is set to the sensor center. In the 2D Projection
window it is displayed as a grey crosshair.

W Reference Position
Preset ROI Center
X Position Peak Position
Y Pasition Centroid Position

User Position

The Reference Position can be set to predefined positions (see above) or to a user defined position.
The X and Y coordinates of a user defined position are to be entered numerically or set in the 2D
Proiectionm(Reference Position Editor):
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W Reference Position

5.4.5.4.9 Unit

Preset User Position =
X Position 680 T opix
¥ Paosition 512 > pix
W Unit
Pasition pix S
Power il =
Temperature Celsius S

The measurement units that are displayed in the Beam Software can be selected in the Unit topic.

Position units: um or pixel.
Total Power units: mW or dBm.
Temperature: °C, °For K.

(Temperature is measured inside the camera.)

The following table gives an overview on all available units:

Unit |Description
pix Location, width or distance, related to the image sensor pixels. The origin of the coordinate
system (X=0, Y=0) is the sensor center, not the image center!
Positive X values go to the right, positive Y values to the top of the image.
pum Location, width or distance in um, calculated from the camera pixels. 1 pixel =6.45 um.
The origin of the coordinate system (X=0, Y=0) is the sensor center, not the image center!
Positive X values go to the right, positive Y values to the top of the image.
mW | The Total Power of the beam is calculated from the integral intensity of the image using the
wavelength dependent sensor response, the Exposure Time and Gain of the camera as well
as the filter attenuation and the power correction value.
dBm |The Total Power translated from mW into dBm: 10 * log (P[mW!]), 0 dBm refers to 1 mW.
% Relative level between 0and 100%.
deg [Angle in degree with respect to the X axis, range -90° to +90°.

5.4.5.5 Plot Over Time Parameter

Vv
Max. Data Points 100000 -

Y

Time Interval 0.00 5

Action after Max. Data .. | WujEe|(sRale e

Discard Last Points

The Beam Software allows to show different plots of beam measurements:

Plot Positionsm
Plot Power] 71

Plot Diametersm
Plot Gaussian Fit/7']
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Plot Orientation| 7 Plot Environment Datal s |
Beam Stabilitym

The section Plot Over Time Parameter is used to configure these plots:

e The maximum number N of data points in the plots can be defined (N=1 to 100000).

e The time interval between two data points can be selected (between 0 =every measurement to
1000 s; default = every measurement).

e Specify the action performed after the maximum number N of recorded data points is reached:

o "Discard First Points" means the 1st data set is discarded and the most recent data point will be
added to the plot. In other words, after reaching the maximum number N of plotted data
points, the plot continues and displays the most recent N data points.

o "Discard Last Points" means that all data points beyond N will be discarded. In other words,
after reaching the maximum number N of data points, the plot stops.

5.4.5.6 Translation Stage Control

If a translation stage is detected as is the case when a M2MS measurement extension is connected and
powered, the topics "Translation Stage Control" and "M? set" appear as the last two topics of the Beam

Settings panel. The description in this section assumes a Thorlabs DDS100 Linear Translation Stage, as it
is used in the M2MS Extension Setles .

Vv
Model DDsS100/M
Serial Mumber MG7 848656
Actual Position 200.00 mm
Target Position 0.00 = mm
Increment 1.00 = mm
Velocity 200.00 = mmys
F
« o »
a 200 mm
A4 a2l
Lens LA4158-UV =
Focal Length nan
Focus Offset 0.00 =
Focus Position nan

This panel allows the user to manually control the translation stage. This is useful for a coarse setup of
the M? or Divergence Measurement] s,

Actual Position displays the present stage position.

Target Position: Enter a value between 0 and 200 mm, press "Enter" on your keyboard, and the stage
will travel with the set Velocity (see below) to the new position.
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The total displacement reaches from 0 to 200 mm, although the stage translation path is only 100 mm.
This results from the mechanical design of the M2MS| o 1M? Meter Set.

Increment: Enter the increment for moving the stage stepwise.

Velocity: This is the speed of the stage when traveling between two positions (e.g., between the actual
and the target position).

L 1 »
Pressing these buttons moves the stage backward / forward for one step, equal to the Increment.
Pressing this button interrupts the continuous stage travel to a target position.

The slider bar on the bottom of the panel has two functions - it shows the stage position, and the slider
can be moved with the mouse in order to start a stage travel.

M2 Set

The panel "M2 Set" allows to set the lens parameters for the M2MS extension such that the beam waist
before the lens can be calculated. The Lens Type and Focus Offset are chosen by the user. The software
calculates the focal length and beam waist based on the provided information, including the
wavelength as set above under Optical Setup@.

The focus position is then determined based on internal M2MS parameters, the type of beam profiler,
the focus offset and the determined focal length.
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5.4.6 Child Windows

When starting the application first time, three child windows are opened and arranged automatically:

e 2D Proiection@
e 3D Profile[e]
e Calculation Resultsm

The application also provides other windows:

e XProfile[s)

e YProfilefe ]

e Plot Positions| 71

e Plot Powerl )

e Plot Diameters|+)

e Plot Gaussian Fit/ 7]

e Plot Orientation[s ]

e Plot Environment Datal w1
e Beam Stabilitym

e Beam Quality (M?)[ e

e Manual Vergence Measurement@

° TuningViewm
° BeamOverIappingm

All above windows can be opened and closed by clicking the symbols in the toolbar or by selecting the
entries in the menu "Windows". Additional child windows are accessible through the menu barlz .

The appearance of the Thorlabs Beam Software can be arranged according to your requirements and
taste. All child windows can be re-sized and flexibly positioned. Here is an example of arranging some
child windows:

File Control Options Windows View Help

Approximate Elipse

20 @evma@eEn BEBw 2R LO-Eoe s
) [ = < LS SIS (o 7510 i ¢ |
e [ P Velu

 Wavelength nm Calculations Derived from Raw Data
ftennation [Mofiker  2]o [Has n Beam Width (4-Sigma) X' 7851.1

-~ Power Comection 02 d8 - Beam Width (4-Sigma) ' 6556.0
Ambient Light Correction 0.00 - azimuth Angle (4-Sigma) 12

- Intensty Threshold (Loo & = Ellipticity (4 Sigma) 83.5

By ek

Model BC207VIS Peak Position Y 306.8
Serial Number 11533 Centroid Fosition X 80.6
Driver Version 2.1 Centroid Position Y 46.9
Firmuare Version 1.06 AD Saturation 394

> sensor Information Total Poer 8
s ted) :

i ame2a  2) E] shpﬁmw 100000 g T SEIE]
inor Ellipse Diameter (13.5%) 10000.0
utolEpose i Major Ellipse Diameter (13.5%) -10000.0
Exposure Time (29998 HEms Orientation 0.0
- Gain (los  Tejas
Hot Pixel Correction Weak s

> Trigger Ho Trigger

> Region of Interest User Defined, 5656, 6762

P calcutstion Area Full RO

Averaging Mode
- Nurber of averaged fra.. 1,00 |+ Frames
Clp Level % of pesk
Hold Maximum
v
v

- Autoscale to Peak

) Profie Cut Position Peak Postion 5340.6 2428.8
> Reference Postion Sensor Center 4222.8 3532.8
P unic um, dam, Celsius

Max. Data Points (100000 ]3]
Time Interval s
-+ Action after Max. Data .

P 319 | Attenuation: 0 dB | Exposure Time: 999.99 ms | Gain: 10.80 dB | Auto Exposure: ON|  0.75fps

To close a child window deselect the menu entry or the appropriate toolbar symbol or click the close
button "X".
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Each child window can be moved and resized. If a child window is closed, size and position are stored
and recovered when it is reopened.

When the GUI application is closed and reopened, the main panel will have the same child panels open
in their former positions. To arrange the windows automatically use the function "Tile View" from the
"View"lsslmenu.

5.4.6.1 2D Projection

The 2D Projection graph shows the image from the Beam Profiler with the power intensity distribution
within the selected Region of Interest (ROI).

This window can be opened and closed via the menu item "2D Projection" in the window menu or via
the toggle button ® in the toolbar.

@ AN Erarection’ [:][:][:]

— 2000

1000

-2000

)
k

-3000 2000 -1800 3 \\\IEEEL 2000 3000 4000

TR A T T T ST W A W T A M

On the left side of the 2D Projection window a toolbar is located with the following toggle buttons:

Toolbar Icon Associated Action

2 Save Diagram or Image |Opens a dialog box to specify the properties of the saved

screenshots / diagrams.

[/\. Scale Show or hide the x and y scale
O Color Changes the color of the image from gray scale to color (see
Display Settingsm)
Peak Marks the Peak Position using a green cross
Centroid Marks the Beam Centroid using a blue cross within a blue circle;

resets the centroid indicators

O ¢+

Ellipse Displays the approximated Beam Ellipse in yellow color. The
ellipse is drawn corresponding to fitted or unfitted numerical
data. See Beam Settings@ to enable/disable the ellipse fit.
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Distance Measurement Mode

Toolbar Icon Associated Action
v The distance measurement editor opens a table beside the

projection image. When drawing lines into the projection image,
the distance is inserted into the table. A maximum of 10
distances can be drawn. Remove a distance entry by selecting
the entry and pressing the "DEL" key or select the entry and
choose the "Delete Distance" entry from the context menu.

=)

Color Distance [um] X [um] | [um]
3786.15 3786... 0

3728.1 3728.1 0
2141.4 0 2141.4

© UL Frufzetion
F -

E w| * SetReference Position to Sensor Center
Set Reference Position to ROI Center
Set Reference Position to Peak Position
Set Reference Position to Centroid Position

Set Reference Position to User Position

The reference position for calculations can be displayed or
hidden as a grey crosshair by toggling the EE| button. A drop-
down menu allows to set the reference to typical positions or to
define a user position. Detailed explanations please see in
section Beam Settings [

D w ® SetCalculation Area Automatic
Set Calculation Area Automatic 150
Set Calculation Area to Full Size
Set Calculation Area by User
Set Calculation Area Automatic Ellipse
Set Elliptical Calculation Area by user

The Calculation Area is a subarea of the ROI. It can be displayed
or hidden by toggling the |:| button. Only pixels within this
Calculation Area are interrogated and recognized for beam data
calculation.

A drop-down menu allows to make a choice from several
presets; additionally a rectangular or elliptical calculation area
can be defined by the user. Detailed explanations please see in
section Beam Settings/so .

Fix Crosshair to Center
Fix Crosshair to Centroid
Fix Crosshair to Peak

Fix crosshair to User Position
Reset the Angleto 0

< Show Profile Curve

~+ Show Fit Curve

The crosshair, that shows the X and Y profile cuts for calculation,
can be displayed or hidden by toggling the A\ button.

The position of these X and Y cross sections can be fixed to the
ROI Center, the centroid, the peak or to a user defined position.
Additionally, X and Y profiles and their curve fits can be drawn
into the 2D graph displaying the power distribution within a
horizontal and a vertical cross section.

Please see also section Beam Settings@.

This button locks or unlocks the mouse interactions within the 2D
Projection.

If the window height is smaller than the full toolbar, the lower symbols are packed into a context menu

which is accessible via an arrow button on the bottom of the toolbar.
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The calculation area must not cut off lower intensity parts of the beam profile. This may
cause improper calculation results!

The following graph shows an example of a chosen ROl and Calculation Area:

Full Camera Resolution

Selected ROl = Actual Camera Resolution

Calculation Area

o

330 x 330 pixel
2.13 x2.13 mm

768 x 768 pixel 5.954 x 5.954 mm

1360 x 1024 pixel 8.772 x 6.605 mm

Example:

The beam in this example enters the Beam Profiler several times: once directly and additionally from
multiple reflections. The ROl is selected to 768x768 pixels so that all 3 beams are visible within the 2D
Projection window. But, in order to limit the image interrogation to the main beam the calculation area
was chosen much smaller.

Within this 2D Projection panel, coordinates X and Y are defined as follows:

Y

3.302
mm

00 -

3.302 | Sensor chip area
4.386 00 mm 4386

Independent of the selected unit (pixel or um) within the Application Settings panel (see Beam
Settings, Unit|_54'1), the origin of the coordinate system is the selected reference position. Horizontal
axis is X and vertical axis is Y. Both axes are also labeled on the Beam Profiler housing.
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5.4.6.2 3D Profile

ST OTil E DDD

el =

i
—[|

Lin

The 3D Profile illustrates the power density distribution of the measured optical beam. Whereas the
beam's cross-section is parallel with the X-Y-plane, the relative power intensity is shown in the Z
direction (Pseudo 3D). This window can be opened and closed via the menu item "3D Profile" in the

window menu or via the toggle button ® in the toolbar.

The 3D profile can be moved, rotated and zoomed with the mouse:

Rotate: Press right mouse button and move mouse
Move: Press left mouse button and move mouse
Zoom: Scroll mouse wheel

The following table summarizes the toolbar symbols available within the 3D Profile window and its
appropriate action.

Toolbar Icon | Associated Action
:: Opens a dialog box to specify the properties of the saved screenshots / diagrams.
oy . . . .
- Opens the 3D Profile Settings dialog box
&:‘* Toggles the appearance of the profile between solid to wired (default).
T
P.::,- Resets the manipulations of translation, rotation and zoom to the default view.

Position, size and rotation angle are also displayed within the 3D Profile Settings dialog box. Numerical
values can be set to define the 3D Profile appearance:
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& 3D Profile Settings

3D Profile

X Position | -3.80 a

' Position

X Rotation

' Rotation a

st

Speed I=ICI]|:l Quality

o If the slider "Speed - Quality" is in the far right position, the 3D image is displayed with highest

quality, i.e., with full resolution.

e The higher the 3D image quality is set, the more system resources are used. Depending on the
system capabilities, the software may slow down.

5.4.6.3 X and Y Profiles

Both windows can be opened and closed via the menu item "X Profiles" or "Y Profiles" in the window
menu or clicking on the appropriate toolbar symbols.

=
L0 || S

EAS

Eromieyy

=]
)
Intensity [% of peak]

T
-4000 -2000 0 2000 4000

Position [pm]

tll

=]
=)
Intensity [% of peak]

T T T
-3000 -2000 -1000 0 1000 2000 3000
Paosition [pm]

The X profile displays a single pixel row taken from the received camera image, while the Y profile
shows a single pixel column. The column and row are defined by the position of cross hair within the 2D

Proiection@graph.

The yellow curve shows the measured profile, while the red curve shows the approximated
Gaussian[ 2 fit function and the blue - the approximated Bessell172] fit. The curves can be shown /
hidden by toggling the appropriate button above the diagram.

If "Autoscale to Peak" is enabled and the cross hair in 2D projection is fixed to peak, the measured
curve shows relative intensities from 0 to 100%, where 100% denotes the maximum value in the

selected row / column.
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If the "Autoscale to Peak" function is disabled, the X and Y profiles will show a peak amplitude equal to
the AD converter saturation.

The amplitude of the Gaussian fit curve may be lower or even higher than the peak intensity of the
measured curve.

The selected clip level (default 13.5%) is displayed if the "Auto Scale to Peak" function is enabled

(button @).

The horizontal scale is displayed in pixels or um and its range refers to the selected Region of
Interest| 1. The unit of the scale can be changed in the Beam Settings / Unit[s: 1 dialog.

Toolbar |Associated Action
Icon

.
=

Opens a dialog box to specify the properties of the saved screenshots / diagrams.

t'. Opens a dialog box to save measurement data to XLS or CSV file.

Toggle button to display grid in the diagram. Default: grid is shown.

- Zoom Home button

I Cursor mode - toggle button to show or hide the cursor.

| ‘ Show / Hide calculation area

Cursor Mode

Move the mouse pointer close to the vertical cursor line. The mouse pointer

changes to 4k The cursor line can be moved with the left mouse button pressed to
a position inside the diagram. The current values at the cursor position are shown
a in arectangle next to the cursorin the colors of the plotted curve.

itk
5.4.6.4 Zooming and Panning Diagrams
All diagrams, e.g. X and Y profiles, plot diagrams, M? and divergence diagrams, that have aslider, can be
manipulated for X and Y scale (zoom) as well as for X and Y positioning (pan).
Zoom Mode

To zoom in the diagram, draw a rectangle with the left mouse button pressed. Right click the diagram to
revert to the last zoom action.

.:.., Zoom Home button returns to display of the complete diagram.

Zooming the Diagram Axes
C——r—

Move the mouse cursor over an edge of the vertical or horizontal scroll bar slider. The

I L cursor changes to ¢ or <>. Press and hold left mouse button and move the mouse. This
" T T will zoom in on the appropriate part of the diagram axis. Return to default view using
the Zoom Home button.

Panning the Diagram Axes
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1

Move the mouse pointer over the center of the vertical or horizontal scroll bar slider
m and press left mouse button. Now the slider can be moved to pan (shift) across the
diagram. Return to default view using the Zoom Home button.

5.4.6.5 Calculation Results

In this window the results of the calculations are displayed as derived formt he raw data or the fitted
ellipse. The window can be opened and closed via the menu item "Calculation Results" in the window

menu or via the toggle button in the toolbar |

[ | £zilenl Hug fenn e DDD
t'l D Parameter Value Unit Test Min. Max.
Cal i Derived from Raw Data
Beam Width (4-Sigma) X' 1183.6 pm 0.00 690.00
! Beam Width (4-Sigma) Y 1128.9 pm 0.00 [ 690.00
¥ Azimuth Angle (4-Sigma) 8.1 @ 0.00 90.00
o Ellipticity (4 Sigma) 954 % 0.00 100.00
Peak Position X 948.8 pm 0.00 690.00
Peak Position ¥ -10.4 pm 0.00 690.00
Centroid Position X 59.8 pm 0.00 690.00
Centroid Position Y 121.3 pm 0.00 ©690.00
AD Saturation 39.5 % 0.00 100.00
Total Power -29.57 dBm 0.00 100.00
—  Ellipse (fitted)
‘|| Elipticity 95.3 % 0.00 100.00
Minor Ellipse Diameter (13.5%) 652.3 Hm 0.00 690.00
Major Ellipse Diameter (13.5%) 684.7 pm 0.00 690.00
Orientation -50.2 deg 0.00 100.00

The width of the columns is predefined but can be resized. With the first start of the Beam Software,
the parameters as shown above are displayed in this table. Click the marked green D iconin the table

in order to select or deselect parameters to be calculated and displayed. The fewer calculation results
are enabled, the higher the speed performance of the software.
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‘Select [ Deselect All

Calculations Derived from Raw Data
Beam Width (4-Sigma) X
Beam Width (4-Sigma) ¥
Beam Width (4-Sigma) X'
Beam Width (4-Sigma) ¥
Azimuth Angle (4-Sigma)
Ellipticity (4 Sigma)
Beam Diameter (4-Sigma)
Effective Beam Diameter
Peak Position X
Peak Position Y
Peak Position R
« Centroid Position X
« Centroid Position ¥
Centroid Position R
+| AD Saturation
« Total Power
Effective Area
Peak Density

L A&

il

Ellipse

| Ellipticity

| Minor Ellipse Diameter

| Mzjor Ellipse Diameter
Mean Ellipse Diameter
Eccentricity

¥ Orientation

Profile Measurement
Beam Width Clip X
Beam Width Clip ¥

Fit Measurement
Gaussian Intensity X
Gaussian Intensity Y
Gaussian Diameter X
Gaussian Diameter Y
Bessel Intensity X
Bessel Intensity Y

Camera Temperature

Power Meter

Al [
Note|

e Even if the Gaussian and / or Bessel Fit calculations are disabled from display in the Calculation
results panel, the appropriate fitted curves are still shown in the X and Y Profile windows, if

enabled there.

e Centroid Position: This parameter is very sensitive to ambient light which may shift the calculated

centroid! See Ambient Light Correctionm.

The units of the calculations can be changed in Beam Settings / Unit[se).

If a calculation failed the value turns to "--".
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For details on these parameters, please see section "Application Notelsesl"
Handling of Calculation Results and Settings

Toolbar Symbol |Associated Action
(] | .
Save Calculation Results
: Lock / Unlock Test Parameters
M}' Load Test Parameter Configuration
Save Test Parameter Configuration

Save Calculations opens a dialog box:

S e =5l ¢ select the destination folder (see the preview pane)

e Define the file name

e Selectfile format (*.txt, *.csv or *.xls)
e Add date, time stamp, index (optional)
e Click "Save Calculations"

File

Folder 1ser name]\DocumentsThorlabs\Thorlabs Beam

Filename | Data

Format Text Format (*, txt)

Ak

| Date | YYyY-MM-DD H
¥ Time hh.mm.ss s
¥|Index |1 =

C:fUsers/[user name] /Documents,Thorlabs/Thorlabs
Beam/Data_2016-04-19_11.00.41_#001.txt
Preview

l Save Calculations l

Lock / Unlock Test Parameters; Load / Save Test Parameter Configuration.

These functions are related to the configuration of the Pass / Fail Test@functionality.
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Sequential Saving

This feature is used to save sequentially sets of the selected calculation results/e:), e.g for along term

analysis.

| = Save Calculation Resulks

File

Filename | Data

(S5

Folder 1ser name]\DocumentsThorlabs\Thorlabs Beam

Format Text Format (*, txt)

¥| Index |1

Preview

¥|Date | YYYY-MM-DD

-
-

¥|Time | hh.mm.ss

-
-

-
-

Ak

C:fUsers/[user name] /Documents,Thorlabs/Thorlabs
Beam/Data_2016-04-19_11.00.41_#001.txt

Save Calculations

¥ Sequential Saving

Save Data...

@ with Interval Of | 10

Every 10

Stop Saving After...

Reaching Capacity of

Saving

@ Reaching Saving Time of

Ak

Ar

seconds.

th Measurement.

Ak

L3

MEB.

Times.

Start Sequential Saving

x Close

e Select the destination folder (see the preview pane).
e Define the file name.

e Select the export format.

e Add date and/or time stamp (optional)

e Save Data... Select either

— the time interval between two records (1 to 10°sec.)
or

— the n-th measurement to be recorded (n=1to 105)

e Stop Saving after... Define when the sequential saving
shall be terminated:

— after reaching a certain file size (1 to 100 MB)
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)] Wlamitral MeTgentEi EastmeEnent DDD

& Live

Settings for the Manual Vergence Measurement

r r

4 4

Position 1

-

Position [mm] | 0.00

Beam Width (4-Sigma) X [um]

Beam Width (4-Sigma) Y [um]

Position 2

-

Position [mm] | 1.00

Beam Width (4-Sigma) X [um]
Beam Width (4-Sigma) ¥ [um]

Results

Vergence Mean [deg] ‘ergence X [deg]

Distance [mm] Vergence Y [deg]

Vergence refers to the divergence or convergence angle of a light beam. The manual vergence
measurement allows this angle to be measured using a simple mechanical setup. The Beam Profiler is
mounted so that it can slide along the beam propagation trace. This can be done using, for example, a
Thorlabs M2 translation stage or a Thorlabs RLA Series of dovetail optical rails in combination with a RC
series rail carrier and a post.

Open the Manual Vergence Measurement Window either by selecting the appropriate item from the
Menu bar (Windows = Manual Vergence Measurement) or simply by clicking the 32 icon:

8 Vergence Settings Dialog @
Beam Diameter Source
@ Beam Width (4a)
Beam Width Clip

1. Click the &4 icon in the left upper corner to open "Settings for the Manual Vergence
Measurements". Select the beam diameter calculation method. Measure the distance between the
light source and the front plane of the Beam Profiler and enter this value to the box "Position 1" in
millimeters and click the ¥ icon.

. -

v v

Position 1 Position 2
Pasition [mm] | 240,00 | % S

Position [mm] | 241.00
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2. The software calculates the beam width at Position 1.

Position 1

Position [mm] 240:00 :

-

Beam Width (4-Sigma) X [um] 2931.34

Beam Width (4-Sigma) ¥ [um] 2326.58

3. Move the Beam Profiler, measure the distance again, enter the new distance into the box "Position
2" and press the 2nd V¥ icon.

4. The beam width at Position 2 is calculated and based on the entered distance change, the vergence
angle in X and Y axes is displayed.

Position 1 Position 2

Position [mm] | 240,00 |5 Position [mm] | 270}00 |5

® ]

Beam Width (4-Sigma) X [um] 293134 | | Beam Width (4-Sigma) X [um] 232541
Beam Width (4-Sigma) Y [um]  2326.58 Beam Width (4-Sigma) ¥ [um] 2417.01

Results

Vergence Mean [deg] 0.04 Vergence X [deg] -0.00

Distance [mm] 30,00 Vergence Y [deg] 0.09

The accuracy of the entered distance between the two positions (shift) of the Beam Profiler is
significant for vergence measurement accuracy.

If you are using the Beam Profiler together with a M2MS Extension Set, the Manual Vergence
measurement is even more simple:

e Remove the focusing lens from the system.

e Feed the laser beam into the M2MS-BC207 and BC210C Series input aperture and align it.
e Openinthe Beam Settings panel the Translation Stage Control@topic.

e Use the stage slider to set 0 and 200 mm positions and proceed as described above.
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5.4.6.7 Tuning View

The Tuning View child window allows selectable values to be displayed in an analog way, which can be

helpful for adjusting the optical setup.

Select from the Menu bar (Windows -> Tuning View) or simply click the £ icon. The tuning view can
display either two needle scales or 4 bar graphs. Each scale or graph can be assigned to one of the

following parameters:

Sensor Saturation
Total Power
Ellipticity

Beam Width 4o (X)
Beam Width 4c (Y)
Peak Position X
Peak Position Y
Centroid Position X
Centroid Position Y

Ellipse Diameter min.
Ellipse Diameter max.

Beam Width Clip X
Beam Width Clip Y
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92.74 [%]

06.3 [uW]

uning View

179 [um]

229 [um]

P I~ I
II-

B]

Reset Min and Max Walues

N

\

[ sensor saturation [+ [ Total Power

[=] [centroid Position x_[=] [ centroid Position ¥_[+]

On the scales, the observed minimum and maximum values are shown as blue triangles. They can be
reset using the 9 buttons marked above.
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5.4.6.8 Beam Overlapping

The Beam Overlapping tool is useful to adjust the location of a light beam. For example, two sources
can be adjusted in such way that their spots overlap at a certain location and are concentric.

Select from the Menu bar (Windows ->Beam Overlapping) or simply click the ‘ icon.

‘ B eIV ET D] DDD
$ Save Shot
Save Shot 1 L\\,D
L 54

Save Shot 2

B

Take a snapshot of the reference position by clicking to the button "Save Shot 1" or "Save Shot 2". The
software instantly starts to overlay the live image from the Beam Profiler with the captured snapshot.

The overlay method can be selected in the box "Composite Mode":

B eV ET I appTig =SSO LE

B

[ d
$
o

Overlay "Plus"

Save Shot

(e ] ([
B

Save Shot 2

Composite Mode
@ Plus
Lighten

Difference

Centroid Difference

X [um]  1256.36
¥ [om]  1339.61

R [um] 1835.58

50% )
BA8E o, o {5057y Ve

e

In "Plus" mode the intensities of the snap shot and the live image are added. This eases the adjustment

particularly of regions with lower intensity.
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‘ EeaTmVErappiig SSToTHE

BIEIES

$

Save Shot

O
Save Shot 2 D

Composite Mode
Plus
@ Lighten

Difference

Centroid Difference

X [um]  1258,20
¥ [om]  1342.52

R [um] 1839.96

50% )
L 5057 Ve

e

Overlay "Lighten"

In "Lighten" mode, within the overlapping region only the "pixel" with higher intensity will be
displayed; the intensities of the snapshot and the current beam are not added.

) By Guerhiguing - ilgel

BIEIES

$

Save Shot

Use Shot 1 .
Save Shot 2 D

Composite Mode
Plus
Lighten

@ Difference

Centroid Difference
¥ [pm] 1258.34
¥ [um]  1344.49

R [um] 1341.48

50% )
BEE o, o {5057y Ve

e

Overlay "Difference"

Finally, in the "Difference" mode, the intensities are subtracted. The more regions appear black within

the overlay, the better the live image fits to the snapshot.

The centroid shift between snapshot and live image is displayed in X and Y axis direction, R is the

resulting absolute distance between these centroids.

For improved visualization of the overlay, the intensities of the snapshot and the live image can be

weighted in 25% steps (slider).
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5.4.6.9 Plots

Thorlabs Beam Software offers several additional plot windows to show the beam behavior:
Plot Positions/ |
Plot Powerl 7
Plot Diameters| 77

Plot Gaussian Fit/ s ]

Plot Orientationm

Plot Environment Datam

Beam Stability@

All plot windows are accessible via the "Windows" menu, while Plot Positions, Plot Power and Beam
Stability also have buttons in the toolbar. The diagrams can be cleared using the "Clear Windows"
command (Menu Bar -> Control or _ button).

Convenient view functions allow a detailed analysis of the parameter's behavior over time.

Display / Hide a certain parameter: Appropriate buttons are located above the diagrams.

Zoom Out: Press and hold left mouse button and mark the desired diagram area.

Undo Zoom: Right click on the diagram to reproduce the previous zoom status.

Zooming Diagram Axes

e Viove the mouse cursor over an edge of the vertical or horizontal scroll bar slider.

I <=4 The cursor changes toBlor «. Press and hold left mouse button and move the
———T1 = mouse. This will zoom in on the appropriate part of the diagram axis. Return to
default view by right clicking to the diagram.

Panning the Diagram Axes
msmmmmmm  Move the mouse pointer over the center of the vertical or horizontal scroll bar

m slider and press left mouse button. Now the slider can be moved to pan (shift)
— 71— across the diagram. Return to default view using the Zoom Home button.

Autoscale: This button in the left toolbar returns the diagram to default view (auto scaled).
Cursor Mode: If the mouse position is near to the vertical cursor line, the mouse cursor changes

to P The cursor line can be moved with the left mouse button pressed to a position inside the

diagram. The current values at the cursor position are shown in a rectangle next to the cursorin
the colors of the plotted curve.

The individual plot windows are explained in detail in the next sections.
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5.4.6.9.1 Plot Positions

XYZ
Toolbar: , Menu bar: Windows -> Plot Positions

| Kid Hloi Husiions

b

tll

100

50

=R
=

Paosition [pm]
=
1

-50 —

-100 -

00:00:00 00:08:20

Measurement Time [hh:mm:ss] started at 2016 Apr 15 13:05:44

00:16:40

The positions of X and Y peak and of X and Y centroid positions can be displayed vs. time.

Toolbar Icon Associated Action
(] | Save Diagram or Image: Opens a dialog box to specify the properties of the saved
= diagram or image.
EII Save Data: Opens a dialog box to specify the properties of the saved calculation
data
* Clear all plots

Show or Hide the grid in the diagram:

Show or hide the cursor

B“Lﬂ Autoscale ON/OFF
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5.4.6.9.2 Plot Power

W
Toolbar: , Menu bar: Windows ->Plot Power

| K Plui Houss CIEIE

-2,8 -

Ea FIFTT™Y W1\ NIRRT e IR FT

=] = [E@ L mE S
=)

Power [dBm]

-2,95

4|h I}

T G G G G T
00:00:00 00:00:50 00:01:40
Measurement Time [hh:mm:ss] started at 2016 Apr 15 13:22:25

The total power measured by the Beam Profiler vs. time can be displayed.

The power indication of Thorlabs Beam Profiler instruments is not calibrated vs. wavelength, it is based
on a typical responsivity curve of the used sensor and the manually entered wavelength (see Optical
Setup / Wavelength[ )

Toolbar Icon Associated Action
1] Save Diagram or Image: Opens a dialog box to specify the properties of the saved
C diagram or image.
EE Save Data: Opens a dialog box to specify the properties of the saved calculation
= data.
* Clear all plots

Show or Hide the grid in the diagram:

hﬂz,ﬂ Autoscale ON/OFF

Show or hide the cursor
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5.4.6.9.3 Plot Diameters

Menu bar: Windows ->Plot Beam Diameters

-~

— [F|E L &
=)

Diameter [um]

1090

1088 —

1086 —

1084 —

1082

1080 —

1078 -

00:03:20 00:06:40 00:10:00 00:13:20
Measurement Time [hh:mm:ss] started at 2021 Okt 05 13:40:09

I T
00:00:00

The Plot Diameters window displays the beam diameter over time as the user adjusts settings. This
allows to easily monitor the behavior of the beam diameter.
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5.4.6.9.4 Plot Gaussian Fit

Menu bar: Windows -> Plot Gaussian Fit

L Bl Gz Fii EIEIE)
g?rﬁ_ S S
£ |
S I L il L L LULL U LA
97,2 __ Iulhl.naﬂjhluﬂ.dﬂﬂ iLliﬂLHilLLﬂuﬁ.“ Ill.l]-].u_ el
E]E 97
96,8 —
96,6 —
96,4
00:00:00 00:03:20  00:06:40  00:10:00  00:13:20

Measurement Time [hh:mm:ss] started at 2016 Apr 15 13:22:25

This window plots the Gaussian Intensity value (see Calculation Resultsm) which shows the
coefficient of determination of the fit.

Toolbar Icon Associated Action
(]| Save Diagram or Image: Opens a dialog box to specify the properties of the saved
== diagram or image.
EII Save Data: Opens a dialog box to specify the properties of the saved calculation
data
x Clear all plots

Show or Hide the grid in the diagram:

i

Autoscale ON/OFF

Show or hide the cursor
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5.4.6.9.5 Plot Orientation

Menu bar: Windows -> Plot Orientation

Siot Orrentaton 2E%)

Angle [degree]

——————————§——————————
00:01:00 00:01:05 00:01:10 00:01:15
Measurement Time [hh:mm:ss] started at 2016 Apr 15 13:36:38

#

This window plots the orientation (in degrees) of the ellipse, see Calculation Results[ e 1.

Toolbar Icon Associated Action
(1] Save Diagram or Image: Opens a dialog box to specify the properties of the saved
= diagram or image.
Eg Save Data: Opens a dialog box to specify the properties of the saved calculation
= data
* Clear all plots

Show or Hide the grid in the diagram:

B“Lﬂ Autoscale ON/OFF

Show or hide the cursor
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5.4.6.9.6 Plot Environment Data

In this window the position of the X and Y centroids can be logged together with the reading of the
camera's internal temperature sensor vs. time.

Ic FPlui SNyt =0t Beizy BEE

tll

=] & @ &)

=)
Temperature [°C]

(] uosog

L T "
00:00:00 00:00:10 00:00:20 00:00:30
Measurement Time [hh:mm:ss] started at 2016 Apr 15 14:05:55

The temperature axis is located to the left (yellow curve), the centroid position axis (blue and green
curves) is shown to the right.

Toolbar Icon Associated Action
(]| Save Diagram or Image: Opens a dialog box to specify the properties of the saved
C ] diagram or image.
EII Save Data: Opens a dialog box to specify the properties of the saved calculation
data
x Clear all plots

Show or Hide the grid in the diagram

B“Lﬂ Autoscale ON/OFF

I Show or hide the cursor
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5.4.6.9.7 Beam Stability

Toolbar: E, Menu bar: Windows = Beam Stability

iz LA

:: [Wcentorpositons | [ LatestPlotted Centroid | | MRaling CentroidPositons | | | LatestRoling Centrod | Data Count 2262
N e [ o L —
[dd:hh:mm:ss]
‘iﬁ anm Max. Distance to Reference Position
5 X [pix] 0.62
] Y [pix] 0.49
18,6 - R [pix] 0.63

Smallest Enclosing Circle

) ] Center Pos X [pix] -36.60
18,4 Center Pos Y [pix] 18.19
. | Radius [pix] 054

18,2

=)
Paosition [pix]

18 o

17,8 4

17,6 o

-37,2 =I7 -36,8 -36,6 -36,4 -36,2 -36
Position [pix]
Max. Data Count: 100000

This feature allows the beam stability vs. time to be recorded in a very versatile way. Accumulated data
are accessible from the graphic display by enabling several plots:

m Plots the trace of the centroid positions as a blue line
m Plots the most recent centroid position as yellow dot
m Plots the trace of the rolling centroid positions@ as adark green line
m Plots the most recent rolling centroid position as a bright green dot
m Plots the trace of the reference positions@ as dark red line
m Plots the reference position as a bright red dot
m Plots the Gauss / Bessel fitted centroid positions
m Plots the smallest enclosing circle around centroid position cloud

[IEEﬂtroid Positions ] Plot disabled

m Plot enabled
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Most of the beam stability characteristics are given in numeric units:
Data Count: The actual count of displayed measurement results.
Elapsed Time: Time since last start of stability measurement

Max. Distance to Reference Position of the centroid positions is given in distance (X), distance (Y) and
as radial distance (R). The reference position can be defined in the Settings Dialog (see below the
tabIe@) as either the oldest centroid position or the center of the centroid positions data cloud.

Toolbar Icon |[Associated Action

] | Save Diagram or Image: Opens a dialog box to specify the properties of the saved
== diagram or image.
[

t b Save Data: Opens a dialog box to specify the properties of the saved calculation data

Shows the Settings Dialog (see below)

b Reset Data: Clears Beam Stability data only
¥

Stops and restarts the measurements, clears all accumulated plot data

Sets the zoom factor so that all data points are located within the diagram area

&
'h" Zoom out to the entire sensor area

Show or Hide the grid in the diagram:

Display results as dots or wired

Settings Dialog

[ Beam Stability Settings B Reference Position: Reference for calculation of beam stability. Can
Reference Position be set to the center of the data cloud or to the oldest displayed data
point.

@ Center of the data points doud

Oldest data paint

The maximum number of data points to be displayed, the handling of data points after reaching the
maximum and the time interval between two displayed data points is set in the menu Beam Settings /
Plot over Time Parameter| s,
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5.5 Measurement with the Beam Profiler

To achieve correct and reliable measurement results, it is recommended that these basic guidelines are
followed.

1. Follow the instructions described in Setup BC207 Series[1s 1and BC210C Series| 7.
2. In the Beam Software:
a. Enterthe correct operating wavelength [0
b. Enterthe attenuation|s 10of the chosen ND filter.
c. Perform the Ambient Light Correction|« lin case of weak light sources compared to the ambient
power level.
d. Perform a Power Correction| ]

Software Performance Optimization

As soon as a BC207 and BC210C Series device is selected within the "Device Selection" panel, the
measurement starts in the continuous mode. It may be advantageous to stop the continuous
measurement for a detailed analysis of a beam profile captured with the last image. Also, user
interactions with the GUI will work more fluently when the continuous flow of image data is stopped.

Measurement speed of the Camera Beam Profiler depends on various device settings like binning,
image resolution (ROI) and the selected exposure time. Also the number of open child windows used
to visualize the measured results and the number of activated numerical parameters to be calculated
may reduce the available display update rate, depending on the performance of your PC.

For accurate measurement results (power values, M? results) the correct wavelength must be entered.
Thorlabs Beam Profiler instruments are not calibrated for power with respect to the wavelength. The
power calculation is based on a typical responsivity curve of the used sensor and manually entered
wavelength (see Beam Settings / Optical Setup@).

5.5.1 Operating the Instrument

Be sure that the Camera Beam Profiler is connected to the PC and the driver is installed properly as
described in the chapter Connection to the PC.

At the initial program start, the GUI opens and displays the Beam Settingsm panel, the Calculation
Resultsm, @@ Projection and 3D Profile[e). Child windows[ s can be opened and closed via the
entries in the menu "Window" or via the symbols in the toolbar of the main window. The activated
windows can be sized and arranged as desired.

The recognized Beam Profiler will be connected automatically, and the continuous image acquisition
starts.

If more than one device was recognized during the initial application start, the first recognized device
will be connected and started. Please see section Start the Applicationgﬁfor details on how to select a
different device.

Verify the settings in the section Optical Setug@ if you have started the Beam Software for the first
time. For more details on the hardware settings please see the section Camera Beam Profiler
Parameter| a1,

The configuration of child windows is saved when the BEAM software is closed. On the next software
instance, the BEAM software is next opened, these windows and their last positions and appearances
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are restored. Also, the most recent device selection will be restored when restarting the BEAM
application, together with the most recent settings that were made in the settings panel.

File Control Options Windows View Help DRLAES

Mz @vs @ nEBEwERLO I o ey
e (= Ealoubation Rl [ ) o o P2 = 1

B [ e valu| | e
- Wavelength nm Calculations Derived from Raw Data
- Attenuation [Morker 2] [Has n Beam Width (4-Sigma) X' 7851.1 @
Power Correction 0.12 dB L Beam Width (4-Sigma) ¥' 6556.9
- Ambient Light Correction 0.00 v Azimuth Angle (4-Sigma) 12 @
- Intensty Threshold = Ellipticity (4 Sigma) 83.5
Model BC207VIS Peak Position Y 396.8
- Serial Number 11533 Centroid Position X 80.6 '$' N
- Driver Version 21 Centroid Position Y 46.9 o
Firmware Version 1.0.6 AD Saturation 394
P sensor Information g;)ltli;w(v;;hd) 8883 ¢ Lin
[ | etoocty 100000
= Cyoooos| & 30 profie Lol
inor Ellipse Diameter (13.5%) 10000.0
Auto Exposure v Major Ellipse Diameter (13.5%) -10000.0
Exposure Time ms Orientation 0.0

Gain dB
* Hot Pixel Carrection Weak
P Trigger No Trigger
’ Region of Interest User Defined, 5658, 6762
Calculation Parameter
P calculation Area Full ROT
Averaging Mode
Number of averaged fra... Frames
Clip Level % of peak
~ Hold Maximum
Approximate Elipse v
Autoscale to Peak L
’ Profile Cut Position Peak Position 5340.6 2428.8
> Reference Postion Sensor Center 4222.8 3532.8

P unic um, dBm, Celsius

Plok over Time Parameter
Max. Data Points 100000 B

- Time Interval
- Action after Max. Data ... |Discard First Poini ¥

I 319 Attenuation: 0 dB | Exposure Time: 999.99 ms | Gain: 10.80 dB | Auto Exposure: ON|  0.75 fps

The child window 2D Proiection@shows the measured intensity distribution across the sensor area in
gray or color scale whereas the 3D Profile[ el is plots the beam intensity with respect to the 3rd
dimension (Z scale). Numerical calculation results are displayed in the appropriate Calculation

Results| &1 window. The parameters to be calculated can be selected by clicking the 1 Nicon in left
upper corner the Calculation Results[ s 1window.

All contents of the child windows including available options are explained in chapter Child
Windows/s7 )
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5.5.2 Pass/Fail Test

The Calculation Results panel includes a pass/fail test for reproducible assessment of light beams.

£l CAICHALONESILE EE N
t" m Parameter Value Unit Test Min. Max.
Calculations Derived from Raw Data
) Beam Width (4-Sigma) X 298333  pm -V [2900.00 [£]¥ [3100.00 [£]
Beam Width (4-Sigma) Y 3039.07 pm ¥ [2900.00 [31¥ [3100.00 [3]
V}_‘ Beam Diameter (4-Sigma) 3010.45 Hm 2900.00 3100.00
Peak Position X -19.53 Hm 0.00 0.00
&ﬂ Peak Position ¥ 53.56 Hm 0.00 0.00
Centroid Position X (Reference Fosition) 0.00 Hm 0.00 0.00
Centroid Position Y 0.00 Hm 0.00 0.00
AD Saturation 85.71 % ¥l | s0.00 [$]¥ [ o95.00 (%]
Total Power 0.36 mw L=~ | o050 3v [ 0.75 (5
Ellipse (fitted)
Ellipticity 99.44 % v | os.00 [#{+ [ 100.00 5]
Minor Ellipse Diameter (13.5%) 2716.25 pm ¥ [2500.00 [$]+ [ 2800.00 [£]
B Major Ellipse Diameter (13.5%) 2731.49 pm ¥ [2500.00 [$]¥ [ 2800.00 [£]
Eccentricity 10.55 % 0.00 0.00
Crrientation - deg 0.00 0.00
Profile Measurement
Beam Width Clip X (13.5%) 2689.34 pm ¥ [2500.00 [$]¥ [2800.00 [£]
Beam Width Clip ¥ (13.5%) 2699.78 pm ¥| [ 2600.00 [$1¥ [2800.00 3]
Fit Measurement
Gaussian Intensity X 97.37 % 0.00 0.00
Gaussian Intensity Y 96.98 % 0.00 0.00
Gaussian Diameter X 2827 47 pm 0.00 0.00
Gaussian Diameter Y 2505.24 pm 0.00 0.00
Bessel Intensity X 93.00 Yo 0.00 0.00
Bessel Intensity Y 92 52 % 0.00 :
Environment Parameter
Camera Temperature 24 25 oC v | 2z.00 2™ [ 24.00 [%]

For each parameter a minimum and / or maximum can be set as criteria.

Pass / fail test criteria can be set to "not below minimum", "not above maximum" by setting the check
at Min. or Max., or "between minimum and maximum" by checking the appropriate boxes both, the
Min. and Max. columns.

Test results will be displayed in the column Test only for those parameters that are selected as test
criteria:

_ The selected test criteria was fulfilled; test passed.
The test criteria Min. was underrun; test failed
The test criteria Max. was exceeded; test failed

As per definition, the beam ellipse has a major and a minor axis. For a pass / fail test, a minimum and
maximum value can be entered in the fields for minor and major ellipse diameter. In the example
given above, the "pass" ranges are:

- Minor axis diameter must be between Min. = 2600 and Max. = 2800 um
- Major axis diameter must be between Min. = 2600 and Max. = 2800 um

The test is passed only if both conditions are fulfilled.
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Handling Pass / Fail Test Settings and Results

Toolbar Symbol |Associated Action

[ ]
t R Save Calculation Results
g Lock / Unlock Test Parameters
d}' Load Test Parameter Configuration

Save Test Parameter Configuration

Save Calculations opens a dialog box to enter file properties (name, format, comments). For details
please see the Calculation Results[es 1section.

Lock By default, pass/fail test parameters are unlocked. They can be locked in order to prevent
manipulation of margins and parameters included in pass/fail test. Optionally, the lock can be secured
by entering a password.

A password can be entered only once and cannot be changed! In case of troubles, please contact
Thorlabs| 7 for a solution.

Load / Save Test Parameter Configuration.

The Load and Save buttons in the Calculation Results toolbar allow you to load and save the
configuration of the pass/fail test.

In order to reconstruct a pass/fail test configuration automatically with the next session, save the
parameter to a test parameter configuration file. This file will be loaded with the next start of the
application. If more than one configuration file is saved, the most recently saved file will be loaded
automatically.

To load a test parameter from a file click to the "Load Test Parameter" button and select the test
parameter configuration file.
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5.5.3 Save Measurement Results

In addition to allowing the Calculation Results[es 1to be saved, the Beam Software will:

e Export Device Datam
e Print Windowsm
e Save aTest Protocol[ o1

* Import Configuration

M Export Configuration

« Import Device Data

~ Export Device Data

=1 Print Application Window Ctrl+P
Print Active Window

ol

. Save Test Protocol

@ Quit Ctrl+Q)

5.5.3.1 Export Device Data

To export data to a delimiter separated text document or an image, select "File = Export Device Data
..." from the Menu.

&, Thorlabs Beam 9.0 - BC207VIS/M

ZIN Control  Options  Windows  Vie

* Import Configuration

B Export Configuration

« Import Device Data
B Export Device Data

¢=1 Print Application Window Ctrl+P
Print Active Window

" Save Test Protocol

@ Quit Alt+F4

A dialog opens and asks for the type of file and the path where to save the file.
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=, Export Device Data @
File
Folder \[user name] \DocumentsThorlabs\Therlabs Beam =

Filename DeviceData

Format

Bitmap - Mot for import (*.bmp)
Date
a Intensity value text matrix - Not for import [*.csv)
Time Tiff - Mot for import (*tif * tiff]

Png - Mot for import [*.pnag)

¥ Index | jpeq - Mot for import (*jpg *jpea)

C:/Users/[user name] /Documents,Tharlabs Thorlabs
Beam/DeviceData_#001.raw
Preview

Save Device Data

Select the desired path and file name and choose the export format.

* raw

* bmp

* tiff

*.png

*.jpg

is the true image from the camera (intensity value per pixel), with an additional header,
including information on pixel pitch and base line. The resolution of the raw data equals
to the resolution of the retrieved camera image, i.e., 12 bit. Raw data can be reloaded
into the Beam Software and allow to reconstruct the exact image with exception of the
total power, because the exposure time cannot be saved within a *.raw file. Raw data
format cannot be used for import to standard Windows applications.

is the standard uncompressed RGB 24bit bitmap format. Therefore, the retrieved camera
data are reduced to a 8 bit resolution and saved to the three color channels. This is
necessary to achieve the compatibility of the exported image with the standard and thus,
to make it readable by standard picture viewers. *.bmp files can be imported by the
Beam Software, as this is an uncompressed image format,.

For export to the TIFF format, the camera image is reduced, similar to the *.bmp, to 8bit
and saved to the RGB channels, resulting in a 24 bit image. TIFF images are loss-free
compressed.

The PNG format is based on a loss-free compression. PNG uses four channels - RGB and
the alpha channel that comprises the transparency information (here: white =255 for
each pixel). For this reason, PNG are compressed 32 bit images.

JPEG images are lossly compressed 24bit images. The reduced to a 8 bit resolution
cameraimage is saved to RGB channels and subjected to a memory saving compression.

Compressed images cannot be imported by the Beam Software.
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Intensity Value Text Matrix

This is a CSV (comma separated values) file format. The comment "Not for import" is related only to

importing into the Beam Software: A data file cannot be imported in order to reconstruct a beam
profile.

Intensity values are saved to a text matrix with a header:

Thorlabs Beam
Version: 9.0.5612.508
Date: 15.05.2023
Time: 13:00:46

Device: BC207VIS/M
5/M: 11533

Resolution: Precise (12 bit)

Sensor Resolution [pix]: Width: 2448, Height: 2048

Pixel Size [pm]: Horizontal: 3.45, Vertical: 3.45

Region of Interest [pix]: Horizontal: 0, Vertical: 0, Width 2448, Height 2048
Wavelength [nm]: 635

Attenuation [dB]: 60

Exposure Time [ms]: 9.994

Gain: 0

Base Level [digits]: 32.46

32 3 32 32 32 32
30 34 32 31 31 32

The 1st value in the 1st line of the matrix represents the intensity of the left upper pixel in the 2D
Projection.
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Sequential Saving

The export of measurement data described above can be repeated sequentially using the Sequential
Saving feature on the bottom of the Export Device Data panel. This feature generates one single file
per data set, with extending the file name created by appending an incremented index. The start index
number can be freely selected between 1 and 10000. With each saved measurement, the index is
incremented by 1.

e 5| o select the destination folder (see the preview pane).

e Enterthe base file name.

e Select the export formatexport format/ s ).
e Add date and/or time stamp (optional)

e Check the box Index and define start index.

File
Folder UsersfAdmin/Documents,Thorlabs/Thorlabs Beam =

Filename | DeviceData

Format Bitmap - Mot for import (*.bmp)

1k

Ca SO e Check the box "Sequential Saving"
T2 oS i e Save Data... Select either
¥| Index |1 : . .
— the time interval between two records (1 to 106 sec.)
C:fUsers fAdmin/Documents,Thorlabs/Thorlabs
Beam,DeviceData.bmp or
Preview 5
— the n-th measurement to be recorded ( n =1to 107)

Save Device Datn e Stop Saving after... Define when the sequential saving
shall be terminated:

— after reaching a certain file size (1 to 100 MB)

| Sequential Saving
Save Data ...

R — after reaching a certain recording time (1to 106 sec.)
@ With interval o 10

SEC.

SO — after reaching a certain number of data sets (1to 105)
o Click "Start Sequential Saving"

RILINE I3

Every 10
Stop saving after..

Reaching capacity of 100 ME.

-
-

@ Reaching saving time of | 60 : sec, m
-
-

Saving 100 times. For sequential saving, an index value is appended to the
= selected file name. Make sure, the check box "Index" is
Start Sequential Saving
marked.

x Close

Index |1 =

Once the box "Sequential Saving" is checked, the indexing is enabled automatically.

5.5.3.2 Print Windows

Select "File = Print Application Window" or "File = Print Active Window" to print screenshots of the
appropriate window.

m Control ~ Options  Windows ~ Vie
* Import Configuration

B Export Configuration

« Import Device Data

~ Export Device Data

& Print Application Window ~ Ctrl+P

Print Active Window

If a PDF creating software is installed as a printer, the screenshot can be printed also as a PDF file.
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5.5.3.3 Save Test Protocol

To save a Test Protocol in pdf format select "File > Save Test Protocol".

@ Save Test Protocol |3

A dialog box opens:

&, Test Protocol @

Test Protocol File

Path |ients/Thorlabs/Thorlabs Beam,/TestProtocol_LPS-635-FC_00.pdf D

General Information

Test Organisaton Name [| ]

Test Organisation Adress

MName of Tester
User Text

Laser Information
Laser Type
Manufacturer
Manufacturer's Model Designation
Serial Number
Test Conditions
Laser Wavelength
Temperature
Operating Mode

Laser Parameter

Mode Structure
Polarization

Environment Conditions

=

l x Close

Here, additional information can be entered in order to save it together with the test report.

The results of the measurement are saved to a compact test protocol. It contains the Beam Profiler data
and settings and selected numerical calculation results[es]. If the 2D Projection and the 3D Profile
windows were activated, these plots will also be included.
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5.6 Beam Quality (M?) Measurement

The Beam Quality panel can be opened from the menu bar (Menu Windows) or by clicking the IZ icon
in the tool bar.

5.6.1 General

The M? value is an important measure of the beam quality. It is widely used in the laser industry as a
specification, and its method of measurement is defined in the 1SO 11146 standard. It is particularly
useful to describe the degree of divergence and the focusability (minimum focus diameter) of a real
laser beam.

For more detailed information about Beam Quality, please see section M? Theorym.
Beam Quality

Beam Propagation measurements according to the standard ISO 11146 describe the beam quality using

asingle parameter, which is either the Times-Diffraction-Limit Factor M2 or the Beam quality K = 1/M2
(also known as beam quality factor or beam propagation factor).

Whereas the beam quality K is directly proportional to the quality level (K=1 optimal, decreasing K
stands for poorer quality), its reciprocal value M2 (M2:1 optimal, increasing M for poorer quality) is
used more often.

Please do not confuse the beam quality (K<1) and times-diffraction-limit factor (M221).
Diffraction Limit

Depending on the wavelength | and beam divergence angle g, the theoretical limit for the minimum
beam waist diameter d0 is called the diffraction limit. The beam waist cannot be decreased beyond
this value.

M2 expresses how close the diffraction limit of the analyzed beam is to the diffraction limit of an ideal
Gaussian beam. The beam parameter product do*q describes that mathematically. For beams of less

quality, the product do*q is increased by the factor Mz.

2
d,0 — M2d,9
where d0 is beam waist at the focus and g - the divergence angle.

2.
M~ is also known as

e the ratio of the waist diameter d0 of the measured beam to that of an ideal Gaussian beam
(TEMOO) at the same divergence angle q.

e the ratio of the divergence angle q of the measured beam to that of an ideal Gaussian beam
(TEMOO) at the same waist diameter dO’

Lower beam quality results from laser imperfections like inhomogeneities which lead to appearance of
higher transverse modes.
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How to Measure Beam Quality

Ideal beam quality (K=1, M2:1) with a diffraction limited waist size is possible if only the fundamental
mode TEM00 (which has an ideal Gaussian shape) exists. The existence of higher modes decrease beam

quality which leads to larger waist diameters. Often, such distortions can be easily discovered by
looking at the non Gaussian beam profile.

But in many cases, several higher modes are distributed in a way that generate a nearly Gaussian shape
but the beam itself suffers from a bad beam quality.

The following example shows a beam with nearly perfect Gaussian shape but having a multi-mode

origin leading to bad quality M2 =1.79.

A nearly Gaussian shape is not an indicator of high beam quality! Therefore, a single-shot beam shape
measurement from a Beam Profiler does not provide a correct information about the beam quality.

Although a single Beam Profiler result is not a measure of beam quality, the Thorlabs Camera Beam
Profiler Series can be used to accurately measure the beam quality. For this purpose, a beam
propagation measurement is carried out according to the 1S011146 standard. The key ideais to measure
the variation of beam diameter d(z) along the axis of beam propagation z.

Measured beam /_/-’f/
diameter samples

Beam
waist

Focusing lens

When used with the M2MS measurement extension, the beam diameter and other parameters are
measured at several z-positions and stored by the software.

Besides learning the times-diffraction-limit factor MZ, the Thorlabs Beam Propagation measurement
determines the following parameters of an optical beam:

e beam waist width de' dOy

e beam waist z-position 20,0 20

y
e Rayleigh range Zpy ZRY
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e divergence angle GX, Gy
e waist asymmetry
e divergence asymmetry

e astigmatism

The Thorlabs Beam Quality measurement tool can handle CW sources and some pulsed sources! For
more information about pulsed laser sources read chapter Triggerm.

5.6.2 M2MS Operating Principle

The Thorlabs M2MS M? Measurement System is a compact instrument that includes all components
required to measure beam quality:

@® Beam Profiler such as the BC207 or BC210C Series (Not Shown Below) or Adjustment Laser (not
shown below)

Linear Translation Stage Thorlabs DDS100

Lenses with different AR coatings, suitable for different wavelengths to be analyzed
Lens centering assembly (X-Y translation mount)

2 tilted mirrors

Integrated control electronics (translation stage controller, USB 2.0 hub and driver for
alignment laser)

©@O®e0O

(S [
|_’je
Beam
pagation
"=

The beam under test enters the the focal lens (3), hits the two tilted mirrors (5) and leaves the
enclosure towards the Beam Profiler's input aperture (1). The translation stage is moved stepwise by
the control software, and in this way changes the path length between the focal lens and the Beam
Profiler. The maximum travel range of the stage (100 mm) is doubled by the use of two mirrors. The
resulting path length range is 200 mm. The focal length of the lens is selected in such a way that the
beam waist will be close to the middle of the travel range.

During the M? measurement, the stage moves stepwise along the beam propagation direction and at
each position the beam geometry is measured. From the results, the software calculates beam
parameters and beam quality.
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The mirrors are factory aligned; there is no need to re-align them.

For fine beam alignment, an alignment laser is supplied. Please see section Beam Alignment/01] for
details.

5.6.3 Beam Diameter Requirements

The Beam Quality measurement is based on the determination of the waist diameter of a focused
beam and the convergence (divergence) of the beam before (after) the beam waist.

Ideal Gaussian beams have the best focusability, which results in the minimum possible beam
diameter and M?=1. The absolute minimum waist diameter increases as the focal length of the lens
increases. In other words, for a given focal length, the smaller the waist diameter the closer M?is to 1.

The minimum waist diameter increases (at a constant M?) with the wavelength.

Limitations to the measurement of the beam diameter are given by the capabilities of the Beam
Profiler, see Technical Datal 1=2l. The initial (unfocused) beam diameter must not exceed the maximum
measurable beam diameter, the waist diameter must be greater than the minimum beam diameter.
The following diagram illustrates the requirements for the initial beam diameter depending on the
wavelength and for M?=1 and M?=2 (lens with a focal length of 250 mm as delivered with the M2MS
system):

BC207 and BC210C Series
Beam Diameter Requirements

A
£ 6
~ — —minimum @, M?=1
= - ——BC2, maximum &, M?=1
) , - o
i 4 — =—minimum @, M?=2
CE’ ' — BC2, maximum &, M?=2
© 3-
1-:::—-“—'—_——

250 500 750 1000 1250 1500 1750
Wavelength (nm)
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5.6.4 M? Meter Extension Set

The M? Meter Extension Set is an automated stage, compatible with all Thorlabs beam profilers of the
BP209, BC207 and BC210C Series as well as the former BC106N Series, to scan through the light beam in
the Z-axis for the beam profiler to acquire an M? value. Suitable mounting adapters for the beam
profilers of the BC207 Series, BP209 Series and BC210C Series are supplied. Please see the M2MS
website for other adapters and information.

M2MS M2 Measurement System Extension Set with adapters for
BC207 Series, BC210C Series and BP209 Series as well as the alignment laser.

5.6.5 Setup M2MS

The M2MS Measurement System is factory aligned. The mounting adapter for the Beam Profiler
provides a secure and reproducible positioning of the Beam Profiler's input aperture to the M2MS. This
eases the mechanical setup.

Itis strongly recommended to fix the M2MS properly to the optical table using the four rail clamps that

are included in the M2MS Accessory Box. To ensure proper mounting, first remove the rubber feet from
the M2MS base plate.

Transportation Lock and Stop Position Latch

In order to avoid transportation damages to the translation stage, it is locked when delivered. This lock
must be removed prior to powering-up the stage, and it must be re-installed for transportation.
Additionally, the DDS100 stage is fixed at its initial position by a solenoid controlled latch, which is the
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left stop in the photo (2). This latch fixes the stage when the power supply is switched off and releases
the stage when poweris applied.

Removal of the Transportation Lock

1. Remove the 4 screws fixing the top cover using a 0.05" hex key (supplied with the M2MS) and
remove the cover.

2. Remove the M4 fixing screw and red stopper (1) using the 3 mm ball driver included with the
accessory box. Keep the M4 fixing screw and stopper in a safe place for future usage.

1-Transportation Lock
2 - Electromagnetic Endpoint Latch

3. Close the M2MS.

Installing the Transportation Lock

1. Switch off the power supply.

2. Remove the 4 screws fixing the top cover using a 0.05" hex key (supplied with the M2MS) and
remove the cover.

3. Move the stop latch as indicated in the picture below and place the platform of the stage against
the left stop. Then install the transportation lock; do not tighten the fixing screw yet.
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5. Place back the top cover and fix it using the 4 screws. Now, the M2MS is ready for transportation.

5.6.5.1 Mounting the Beam Profiler

Please mount your Beam Profiler as described above in chapter Mounting BC207 Series on M2MS(-

AL 100
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5.6.5.2 Connecting M2MS to the PC

The M2MS comprises integrated control electronics with translation stage controller, a USB 2.0 hub and
a current source for the alignment laser.

® Sswitch to enable Alignment Laser

® Output connector for Alignment Laser

® USB 2.0 hub output ports (to Beam Profiler) (not
recommended for BC207 and BC210C as BC207 and BC210C
requires USB 3.0)

USB 2.0input (from PC)
Yellow indicator "Stage active"
Green indicator "Power On"
DC power supply input

M2MS power switch

®Qe®

Attention!

Prior to connecting the M2MS to the power supply, make sure the transportation lock is removed| s !
Otherwise the stage drive may be damaged!

It is strongly recommended that only the supplied USB cables are used to connect the Beam Profiler
and the control PC to the M2MS.

The use of other than the supplied USB cables may lead to USB connection instabilities.

Do NOT connect the M2MS to a computer prior to installing the Beam Software!

1. Remove the transportation lock[ s 1.

Connect AC power to the power supply and its output to the DC jack (Z@).

3. When using a BP209 Series Slit Beam Profiler, connect the Beam Profiler using the supplied angled
USB 2.0 cable to one of the USB hub outputs (3). Please do not connect a BC207 and BC210C Series
camera Beam Profiler as they require USB 3.0. Please connect the BC207 and BC210C Series camera
Beam Profiler directly to the P_C@

4. Switch the M2MS on (8). The green Power On indicator lights up.

N

5. Connect the M2MS to the PC using the supplied 3 m long USB 2.0 cable; do not start the Beam
software yet.
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6. The PC's operating system recognizes the connected new hardware and performs the driver
installation:

7. Start the Beam Software. It should automatically connect to the Beam Profiler and to the translation
stage. This can be seen in the Beam Settings Panel:

v
Model DDS100/M
Serial Number ME7848656
Actual Position 200.00 mm
Target Position 0.00 =
Increment 1.00 + mm
Velocity 200.00 >

« o »

0 200 mm

Lens LA4158-UV -
Focal Length nan
Focus Offset 0.00 =
Focus Position nan

8. Upon starting the Thorlabs Beam Software, the translation stage will be initialized and homed
automatically. This means that it is recognized in the tab Stage Selection and moves to the 200 mm
position in case it is not there yet. This can take a few seconds. The initialization can be forced
manually by clicking the "Refresh Stage List" button in the Device Selection window/[ s 1. After the
stage is identified and its serial number is read from its EEPROM, double click the DDS100(/M)
button in the device selection window.

5.6.6 M? Measurement

Prior to starting the Beam Quality measurements with the M2MS and a BC207 and BC210C Series Beam
Profiler, the beam of the laser under test needs to be aligned to the M2MS Measurement System. It is
important that the beam center hits the center of the Beam Profiler's aperture at every position of the
translation stage. Please read the following section carefully and follow the instructions.

Please open the M2 measurement panel via the icon M? to arrive at the alignment and measurement
GUL.

To prepare for and perform a M2 measurement, please click the M? icon on the left side of the window.
The top panel shows the Alignmentm tab, the M2 measurement]o] tab, and the Live Adjustment][izs]
tab. Please start with the Alignment of your system.
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3 Bzl Uil EEE
Alignment | M2 Measurement | Live Adjustment
& |+ Beam Diameter X' | | Beam Diameter ' | | — Hyperbolic Fitx' | | Hyperbolic Fit ' | = —
[ - Parameter Vaue D] Unit
700 = 44 \
- | | After Lens
En M Value X' 104
so0 3| [EN y | MValueY 101
s Rayleigh Length X' 551 mm
\ / Rayleigh Length ' 5.25 mm
D o104 Waist Diameter X 62.05 pm
- = Waist Diameter Y’ 6536 urm
A £ \ / Waist Asymmetry 0.96
M = 400 Waist Position X' 90.95 mm
2 : Waist Position V' 88.82 mm
ﬂ) % Astigmatism 213 mm
9) E pd Relative 0.40
= £ Full Divergence Angle X' 0.708 .
H § \\ / Full Divergence Angle Y’ 0.714 -
200 3 Divergence Asymmetry 101
E H N / Original Waist
F M Value X' 104
1007 - M Value V' 101
- 1= Rayleigh Length X' 10952.79 mm
A o= Rayleigh Length Y’ 1144815 mm
o — Waist Diameter X 3034.79 um
_ 4 n ] Ls Waist Diameter V' 305343 pm
T i T i T i T i T i 1 Waist Asymmetry 101
40 60 80 100 120 140 Waist Position X' 237491 mm
Pasition [mm] Waist Position V" -2057.90 mm
Astigmatism 443281 mm
M2 X: 1.04, M2 Y: 1.01 Relstve Asigmatism 040
Full Divergence Angle X' 0.016 .
Z[mm] 0o 200 Full Divergence AngleY' 0015 -

Divergence Asymmetry 096

90.95

Number | 30 (2| Position 40.00 mm Delete Switch X' Y' | | Move stage to position
Calculation Results of the Selected Point

Parameter Value Unit

Position 40.00 mm

Azimuth Angle -31.65 ‘

Ellipticity 9703 %
x ¥

Beam Diameter 620.93 £11.20 pm

Centroid Position 31097 2831 um

[ 100%  Data Paints: 31 4-Sigma X'&(Y" (1S0) Delay Line: 100 mm Wavelength: 635 nm

5.6.6.1 Beam Alignment

Why Beam Alignment?

The Beam Profiler has a defined input aperture, so when moving the translation stage it must be
ensured that the laser beam remains within the aperture. Ideally, the beam centroid remains centered
within the aperture during movement of the stage - this is a precondition for correct beam quality
measurements.

All internal parts of the M2MS Measurement System are factory alighed. A beam entering the M2MS
exactly parallel to the stage movement direction will remain centered to the Beam Profiler aperture
during stage movement. In other words, the beam alignment is dependent only on the position of the
light source. In the common case, the light source is a device with open beam output. In order to direct
the beam under test into the M2MS, a combination of two adjustable mirrors is required, Thorlabs
offers a variety of such items.

The beam alignment is executed in 3 steps, guided by a software wizard:

1. Coarse Alignment[inl Determine the correct location of the Laser Under Test output aperture by
means of an auxiliary laser (included).

2. Beam Alignment/is) of the Laser Under Test for minimum beam displacement and pointing angle
without focusing lens.

3. Alignment of the Focusing Lens| sl for minimum beam displacement and pointing angle.

5.6.6.1.1 Coarse Alignment

For a coarse alignment, Thorlabs provides an alighnment laser that is included with the accessory box.
For this step, the alignment laser is mounted on the M2MS in place of the Beam Profiler as described
below. It is mounted and aligned in such way that its output beam enters the M2MS exactly centered in
the Beam Profiler's aperture and is parallel to the stage movement direction. The alignment beam is
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reverse directed - it virtually exits the Beam Profiler and is redirected by the two mirrors of the stage
into the center of the laser source aperture (see the drawing in section M2MS Operating Principlem).

m Be careful when using the Alignment Laser!

ATTENTION
Laser Radiation
Class 1 Laser Product

according to
EN 60825-1:2005-05

A= 635nm P = 0.4dmYW

Remove the Beam Profiler together with its mounting adapter from the M2MS base.

Install the adjustment laser in place of the Beam Profiler and connect its 3.5 mm plug to the
Alignment Laser output (2)[ el

Make sure the M2MS is switched on and connected to the control PC, the Beam Software is
started and the stage has been initialized.

Remove the focal lens from the magnetic holder.

Switch on the alignment laser.

Align your optical system so that the spot of the alignment laser hits the center of your light
source.

5.6.6.1.2 Fine Alignment

After coarse alignment, the beam under test needs to be fine-adjusted using the Alignment feature of
the M? measurement panel. This is executed in two steps.

Preparation

Switch off the alignment laser and replace it with your Beam Profiler.

Make sure the BC207 or BC210C beam profiler is connected to the PC via the USB3.0 port. When
using an older BC106N beam profiler, connect the beam profiler to one of the M2MS USB output
ports (&, Connection to the PCloo section).

Remove the focusing lens (see @ in the drawing in the M2MS Operating Principlemsection).
Make sure the BC207 or BC210C Series beam profileris recognized by the Beam Software

(Toolbar @ Device Selectionm). Ifitis not recognized automatically, press the Refresh Device
ﬂ@ button.

Make sure the stage is recognized and initialized. If not, press the Refresh Stage List button /o]
and after the stage was recognized, double click to the DDS100 button. The stage initializes and
moves to the 200 mm position.

Enable the Laser Under Test.

Open M? child window either from the menu "Windows" -> "M? Quality Measurement" or by
clicking the M* button, and switch to the Alignment tab.
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m: Beam Quality

=/ 0][x
Alignment I/ Divergence Measurement

O Manual Alignment

Zmm] &) (20 Position 1 [mm] |0.00 | @
L 200.00 | = N
Position 2 [mm] 20000 || >

Dwell Time [s] 0 = | %

Beam Displacement Y [mm]

Pointing Angle Y [degree]

Beam Displacement X [mm] @

AD Saturation [3]

7017 O

Fointing Angle X [degree] @
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Explanation of indicators and icons

O

Start the Alighnment Wizard|os]

13

Start the Focusing Lens Alignment Wizard [00]

Z[mm]

This box shows the actual stage position; after initialization = 200 mm.

Position 1(2) [mm]

The left and right positions for the stage movement can be entered
numerically.

r&ﬁ 73—2\? Markers for left and right positions. Instead of numerical entry of the marker
Yy positions, the markers can be moved by drag-and-drop.
When clicking these capture buttons, the stage moves to the related position,
™ if not there yet, and captures the beam centroid position (amber crosshair).

This snapshot will remain until the stage returns to the appropriate position.

This button starts the stage loop movement mode and the stage moves
continuously between positions 1 and 2. A dwell time at the end positions can
be entered. During the loop mode, the software automatically captures the
beam centroids (yellow cross hair) at the left and right stop.

Dwell Time

Enter the desired time [sec]. Disable the dwelling by clicking to the [ icon.

Centroid crosshair of the actual beam position.

Crosshair of the sensor center

Beam Displacement

Centroid shiftin X (Y) direction between position 2and 1 [mm]. The box is
initially filled after the 2nd capture.

Pointing Angle

The angle [°] in X (Y) direction between the beam axis and the stage
movement direction. The box is initially filled after the 2nd capture.

Q

Alignment Success
Indicator

@ Alignment not successful

Alignment sufficient for correct Beam Quality Measurement
(displacement <0.65 mm, angle <0.35°)

O Good alignment (displacement < 0.35 mm, angle <0.15°)

AD Saturation

Displays the current saturation of the Beam Profiler's AD converter. For proper
beam alignment function the value must be 50 to 95 %. The green bulb to the
right of the numericfield indicates the "GOOD" range.
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5.6.6.1.2.1 M? Beam Alignment Wizard

Press the Start Wizard button | @ . You will be requested to select whether you want to adjust for M? or
Divergence Measurement. Make your choice:

& Wizard Selection @

M1 M2 Wizard

ﬂ) Divergence Wizard

The wizard starts:

M ey Clrilii g =E=

Alignment | M*/ Divergence Measurement

F 1 Manual Alignment

Z[mm] i)

@0 Position 1 [mm] | 0.00 @)

200.00 = —
Position 2 [mm] | 200.00 |, | o

D Dwell Time [s] | 0 = [x]

Beam Displacement Y [mm]

Pointing Angle Y [degree]

Beam Displacement X [mm] @ AD Saturation [%]

Painting Angle X [degree] @ 62 66 o

Prior to start this wizard, please make sure that the coarse alignment of your laser source was executed. Replace the alignment laser with the
Beam Profiler; do not install the lens yet. This wizard allows to move the stage between two positions by dicking the icons i@l or by using the

z loop mode { *). Observe the beam shift and minimize Beam Displacement and Pointing Angleparameters in arder to achieve green or at least
yellow condition. I’\\>

[ ree ) v ) ool |

e Forasuccessful alignment, the optical power level must be adjusted in such way that the AD
Saturation is between 50to 95 %. The green bulb to the right of the numericfield indicates the
"GOOD" range. During alignment this condition must not change!

e Afterinitialization, the stage is at Position 2 (200 mm). Click the capture button ‘@ | of Position 2 - the
centroid is captured, and its crosshair color changes to amber. As the actual beam centroid that is
marked by a blue crosshair, is located at the same position, the resulting color is white:
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fTd

BEE

Alignment | M=/ Divergence Measurement

Manual Alignment
Z[mm] (@) @p| Position 1 [mm] |0.00 [* (o)
| 200.00 I E]

Position 2 [mm] | 200.00

D Dwell Time [s] 0

Beam Displacement ¥ [mm]

Pointing Angle Y [degree]

Beam Displacement X [mm] @ AD Saturation [%]

Painting Angle X [degree] @ 62.73 o

Prior to start this wizard, please make sure that the coarse alignment of your laser source was executed. Replace the alignment laser with the
Beam Profiler; do not install the lens yet. This wizard allows to move the stage between two positions by dicking the icons 19 or by using the

loop mode ( i’). Observe the beam shift and minimize Beam Displacement and Pointing Angleparameters in order to achieve green or at least
yellow condition.

[ e J[ et || concel

Centroid captured at Position 2

e Click to the Position 1 capture button (0 mm). The stage moves to Position 1 and captures the second

centroid position:

M

BEE

Alignment | M*/ Divergence Measurement

Manual Alignment
Z[mm] | @y (20 Position 1 [mm] | 0.00

| 0.00 kil

Position 2 [mm] | 200.00 |, | o

D Dwell Time [s] 0 =1k

Beam Displacement Y [mm]

-0.9
Pointing Angle Y [degree]
-0.1
Beam Displacement X [mm] 1.7 @ AD Saturation [%]
Pointing Angle X [degree] (.2 63.91 o

Prior to start this wizard, please make sure that the coarse alignment of your laser source was executed. Replace the alignment laser with the
Beam Profiler; do not install the lens yet. This wizard allows to move the stage between two positions by dicking the icons i@l or by using the

loop mode { *). Observe the beam shift and minimize Beam Displacement and Pointing Angleparameters in arder to achieve green or at least
yellow condition.

[ e J[ mext ][ cance

Centroid captured at Position 1
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e Now, the beam displacement and the pointing angle are displayed numerically.

e Align the beam position using the controls of your laser source. Subsequently click the capture
button of Position 1 and 2, observe the alignment, and improve it until all four alignment criteria are
fulfilled (bulbs must be at least yellow):

M EEAm AT, DDD
Alignment M / Divergence Measurement
F.1- \I Manual Alignment
Z[mml G @0 Position 1 [mm] [000 | [
000 | (] ! - — —
Position 2 [mm] | 20000 |, ‘&
Dwell Time[s] |2 (3 [%]

Beam Displacement Y [mm]

»

0.0
Painting Angle Y [degree]
-0.0
Beam Displacement X [mm] -0 .0 O AD Saturation [%]
Pointing Angle X [degree]  -(0.1 O 86.60 O

Prior to start this wizard, please make sure that the coarse alignment of your laser source was executed. Replace the alignment aser with the
Beam Profiler; do not instal the lens yet. This wizard allows to move the stage between two positions by dicking the icons 188 or by using the

z loop mode { *). Observe the beam shift and minimize Beam Displacement and Pointing Angleparameters in order to achieve green or at least
yellow condition.

Help ] l Next ] l Cancel

Well aligned beam position

e Totoggle between the two positions, the movement of the stage between the two stop
positions can be controlled automatically by the software. Just push the loop button | and enter
a convenient dwell time value. The stage starts aloop move, dwelling at the stop position for the
given time. During the dwelling a realignment can be made. Please keep in mind, that the
numeric alignment indicators are being updated only after the next move.
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M Sz Ll iy [EEE]

Alignment | M f Divergence Measurement

N Manual Alignment
A\ ) p—
Z[mm] @) (@0 Position 1 [mm] 000 @&
6556 | = =1 : o Biry
Position 2 [mm] 20000 [ ‘&
Dwell Tme [s] |2 =l x|

Beam Displacement Y [mm]

Q
-

0.0
Pointing Angle Y [degree]
-0.0
Beam Displacement X [mm] -0 O AD Saturation [%]
Pointing Angle X [degree]  -().1 (»] 6666 o

Pricr to start this wizard, please make sure that the coarse slignment of your leser source was executed. Replace the alignment laser with the
Beam Profier; do nat instal the lens yet, This wizard allows to move the stage between o positions by dicking the icons '@l or by using the

1 loop mode ( }*). Observe the beam shift and minimize Beam Displacement and Pointing Angleparameters in order to achieve green or at least

yelow conditon,

Alignment Move Loop

e To terminate the loop, click the (J button.
o Afterfinishing, click Next to continue.
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5.6.6.1.2.2 Alignment of the Focusing Lens

o After finishing the Beam Alignment, the wizard guides you to the alignment of the focusing lens.
As afirst step, capture the beam position without lens, then click "Next":

' HoCusng LSS ignmenL [:]

"a Capture Reference

x Clear Reference

Centoid Difference x [mm]

Centroid Difference y [mm
AD Saturation [%5]
66.80 o
1' Prior to insert the lens, cick 8 to capture a reference shot of the beam.
EOCHSINO =S Algnment D

"a Capture Reference

x Clear Reference

Centoid Difference x [mm]

'.~

0.00 o
Centroid Difference y [mm
0.00 (&
AD Saturation [%]
66.85 (&

1' Click 'Next' to continue.

o Verify that the holder of the focal lens is centered (markers on the CXY1 translator and the lens
holder should match), place the the mounted focal lens back to the magnetic holder.
o Make sure that the bullet next to the AD Saturation is still in green or at least yellow.
o Observe the actual beam position and minimize the difference to the reference, using the X-Y
translators of the lens holder until the indicators are green or at least yellow.
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'l

) Lz wllpzni [:]

"OF | Capturs Referancs

x Clear Reference

Centoid Difference x [mm|

0.32 @

Centroid Difference y [mm

0.25

AD Saturation [%]

83.71 (&

Insert a suitable lens into the lens holder. Verify that the AD Saturation parameter is in green or atleast yellow position, Minimize
1 the Centroid Differences X and Y between the reference and the actual beam position using the X-¥-translators of the lens

holder until green or at least yellow condition is reached. When done, dick ‘Next'.

' FoCEna s SAgnTEnt [:]

"OF | Capturs Referancs

x Clear Reference

Centoid Difference x [mm]

0.00 o

Centroid Difference y [mm

0.00 o

AD Saturation [%]

83.17 (&

Insert a suitable lens into the lens holder. Verify that the AD Saturation parameter is in green or atleast yellow position, Minimize
1 the Centroid Differences X and Y between the reference and the actual beam position using the X-¥-translators of the lens

holder until green or at least yellow condition is reached. When done, dick ‘Next'.

e Then click "Next" to finish the Focusing Lens Alignment.
e Selectif you want to continue with an M? measurement:

& ThorlabsBeamApplication @

. Alignment Procedure Is Finished.

Continue with M2 Measurement?
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5.6.6.2 M? Measurement Panel

This section concerns the M? measurement and its settings. Click "M2 Measurement" in the Beam
Quality Measurement window to enter the M2 Measurement section.

m? BeamQuanty’

E[E[X]

Alignment | W2 Measurement ‘ Live Adjustment ‘

| '+ BeamDameter X' | | BeamDiameter Y| | — HyperbolcFitX'| | Hyperbolic Fit ¥'|

700 ,‘

R ]
E 5003 |

o N 4l

200 1 \

N
™

[1] Parameter Value
After Lens

M Value X 104

M Value ¥ .01

Rayleigh Length X' 551 mm
Rayleigh Length Y* 525 mm
Waist Diameter X' 6805 pm
Waist Diameter ¥’ 6536 pm
Waist Asymmetry 096

Waist Position X' 9035 mm
Waist Position ¥' 8a.2 mm
Astigmatism 213 mm
Relative i 040

300 \

Beam Diameter [um]

LN b4
_ 7

100 S M

0¥

[« n 1|

T T T T T T T

40 60 80 100 120
Position [mm]

Z[mm] o

() M2 X: 1.04, M2 Y: 1.01 @
200

-
Number Position 40.00 mm [ Delete ] [Swwtch X Y‘] [ane stage to pns\tmn]

-
®

Full Divergence Angle X' 0.702
Full Divergence Angle ' 0.714

Divergence Asymmetry 101
Original Waist
M Value X' 104

M Value ¥’ 101
Rayleigh Length X 10952.79
Rayleigh Length ¥ 1144815
Waist Diameter X' 303479
Waist Diameter ¥’ 3053.43
Waist Asymmetry 101
Waist Position X' 23791
Waist Position ¥’ -2057.90
Astigmatism ana
Relative Astigmatism 040

Full Uivergence Angle X' 0016
Full Divergence Angle Y 0.015
Divergence Asymmetry  0.96

mm
mm
pm
um

mm
mm
mm

Calculation Results of the Selected Point

Parameter Value
Position 40.00
Azimuth Angle  -31.65
Ellipticity 97.03
b

Beam Diameter 629.93
Centroid Position  310.97

611.20
298.31

100% [CataPeints: 31 4-Sigma X'&Y' (1S0) Delay Line: 100 mm Wavelength: 635 nm

Unit

Unit
mm

pm
pm

The M? panel is divided into 6 subpanels:

1. Toolbar

i)

-

£

»
ME
<
=
FE
e

M? Settings Opens the Settings/uzl for the M2 measurement

Auto Save Data Save Beam Profile Data during M? Measurement]u7]

Start / Stop Starts / stops a M? measurement

M? Switches to M? measurement

Divergence Switches to Divergence measurement

Save Data
data can be saved.

Grid Disables/Enables the grid in the diagram

After a successful M? measurement this button is enabled and plot

PDF Test Protocol Saves the results of a M? measurement into a PDF file
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2. M2 Diagram

The measured data are plotted in the diagram. The 4 buttons above the diagram allow the display to be
configured:

e The buttons Beam Diameter X' (Y') enable / disable the display of the measured data at the
individual positions

e The buttons Hyperbolic Fit X' (Y') enable / disable the curve fit to the measured data points.

Following the measurement, the results for the X and Y axes are displayed. To the left, an indicator
shows if the measurement was successful and 1ISO compliant. See also section M? Troubleshooting/ s,

The button || between the toolbar and the diagram expands the diagram over the entire M?> window.

3. Numeric Results

In this area, the Beam Quality measurement results are displayed in detail. Please see section M?
Measurement Results| ol for more details. The displayed parameters can be configured through the
icon in the upper left corner of subpanel 3.

4. Position Bar

The Position Bar below the M? Diagram shows the actual position of the translation stage as seen
before in the Alignment tab.

5. Selected Data Points

Select in the header of this sub-panel the Number of the desired measured data point. For this
selected point, the position of stage and the the 2D projection of the beam is displayed. The table
Calculation Results of the Selected Point to the right contains the following information:
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Parameter
Position [mm]

Azimuth Angle [deg]

Ellipticity

Beam Diameter X' [um]
Beam Diameter Y' [um]

Centroid Position X'
Centroid Position Y'

6. Status Bar

Explanation
The actual Z position of the translation stage for the selected data point.

For 4c beam widths the azimuth angle is the absolute azimuth angle,
calculated in accordance with 1SO011146-1 using 4c beam widths. Note that
the rotation range is not identical with the Orientation[e 1used for the

ellipse. Rotation angle range:
_45'+45°

In case of ellipse clip level beam width the azimuthal angle shows a
difference angle to a reference angle. Latter is calculated out of ten frames
at the beginning of each beam quality measurement.

The ellipticity of the fitted to an ellipse beam (see Application Notem)

For 4c beam widths these are the 1SO11146 compliant 4c beam diameters
in the transformed coordinate system (not lab system) at the actual Z
position.

In case of ellipse clip level beam widths the shown values are the minor
and major ellipse axes.

The positions of the beam centroids.

e Measurement progress bar

e Total number of measured data points

e Beam width setting for M> measurement

e Delay Line: Measurement range (difference between Start and Stop positions)
e Wavelength setting for beam quality calculation
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5.6.6.3 M?Settings

For a successful and reliable measurement, the appropriate measurement settings are essential. Click
{ip[% to enter the M? Measurement Settings dialog.

‘Wit Beam Quality Settings @ Beam Width
Beam Width for M2 Measurement i fo
. . Beam Wi r M2 Measurement
Use Gaussian Diameter for measurement G aussian Dl amete r. Th e b eam
. N . . . . Use Gaussian Diameter for measurement
B I profile will be fit using a o
Approx. Elipse (Clip Level at 1/e?) @/ Beam Width Clip (1/e2)

Gaussian curve prior to the
determination of the beam

¥ Correct Beam Width Approx. Ellipse (Clip Level at 1fe2)

Scan Method - . . | Correct Beam Width
e width. A Gaussian fit can
@) Normal Scan
Conree Semm reduce the impact of noise and/or unstable beam shape on the
Measurement Parameter re S u I ts °
Wavelength [ 635,00 z Beam Width Clip (1/e?): This is the value specified in ISO standard
e —— 11146-3. If a different clip level was used for normal Beam Profiler
strtfoml (000 - operation this will be overwritten by the M? measurement
Stop [mm] 200.00 initialization.

Min. Data Points | 20

Correct Beam Width: This option should be activated by default.
Due to the finite slit width so called convolution errors (blurred
Stage Position After Scan beam shape) appear, particularly at small beam diameters, that
< e results in an artificial increase of the beam width. Since this

oo astFoston € convolution error is systematic it can be calculated and eliminated.
This feature increases the measurement accuracy, particularly
when measuring narrow beams.

Timeout [sec] 15

| 4] [4

Go to Waist Position Y

Unit for Angle
@ Degree (deg)

Milliradian (mrad)

Measurement Parameters
l" ese ose . .
X a Setting the wavelength s

mandatory for a correct M? | wsvelength i £35.00 S
measurement. If the lasing wavelength is unknown, measure the
wavelength using a spectrometer.

Measurement Parameter

Measurement Range

Start [mm] 0.00 =

Attention| swpioml (000 -

Do not use the nominal wavelength of the laser, use the actual | "mP==Font= |10
(measured) value! Accuracy of this input significantly impacts the @ Tmeeutled |15 -
measurement accuracy.

Measurement Range

The Measurement Range determines the distance between the Start and Stop position, in other words,
the travel distance of the sleigh during the measurement. The travel distance can range from 5 mm to
the full length of the stage.

Min. Data Points is the (minimum) number of Z positions at which measurements will be made.. The
actual number depends also on the Scan Method.

Timeout is the max. waiting time for a valid camera image. This is to allow the Auto exposure function
to obtain a valid camera image.

Scan Method
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Scan Method The software provides two different kinds of scan

methods, the Normal Scan and the Coarse Scan.
@ Mormal Scan
The Coarse Scan just moves the translation stage

Coarse Scan from Start to Stop positions (or vice versa

depending on the position prior to start the

measurement). The number of recorded beam widths equates exactly to the entered number of Data
Points.

The Normal Scan pursues an ISO compliant measurements. The I1SO standard requires that

. at least 10 measurements shall be taken. Approximately half of the measurements shall be
distributed within one Rayleigh Length on either side of the beam waist, and approximately half of
them shall be distributed beyond two Rayleigh Lengths from the beam waist."

The first run of the Normal Scan is executed with respect to the entered number of Data Points, in
other words, like a coarse scan. A preliminary Rayleigh Length is calculated in order to evaluate if the
number of measured data points is sufficient to fulfill the I1SO standard requirements. If so, a
hyperbolicfitis applied. If not, a second run adds additional measurements within the Rayleigh Length
on both sides and/or beyond twice the Rayleigh Length.

Fora M2 measurement, running the Normal Scan is highly advised. The coarse scan is suitable for a first
estimate of the beam waist position or other preliminary measurements.

Reset

Restores the default settings for M? settings:
Parameter Default Setting

Beam Width Beam Width Clip (1/e32)
Wavelength 635 nm

Timeout 15sec

Start Omm

Stop 200 mm

Min. Data Points 10

Scan Method Normal Scan

Calculation Area

The settings for the Calculation Area can be made in the Beam Settings panell s . During a Beam Quality
Measurement (M? or Divergence), the Automatic Calculation Area is enabled by default for effective
noise reduction. Reflections and artifacts from filters, lenses or other optical elements can be
suppressed as well using the automatic Calculation Area.

This setting can be changed to manual, but this may affect the measurement.

By default the Clip Level of the Calculation Area is set to 1%. This is a reasonable value for most
applications and measurements. Lowering the clip level leads to increased calculation area and noise
level, this way increasing the measured the beam width.

For some cases it might be useful to adjust the Clip Level to cover the whole intensity.
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Initial settings

Independently from the user-defined settings the following options are set automatically for every
beam quality measurement.

Setting Parameter
Calculation Area Automatic
Auto Exposure On

Ambient Light Correction remains as set
Ellipse Clip Level 13.5%
Approximate Ellipse On

Itis strongly recommended to run an ambient light correction '] prior to any measurement, and then
enable Ambient Light Correction. This ensures the most accurate measurement.

Please be aware of the fact that ambient light correction is disabled any time the Beam Software is

started and/or the settings for attenuation = | (filter wheel) are changed in the software.
5.6.6.4 Saving the M? Measurement Results

Besides the standard function "Save M? Test Results[us' the Thorlabs Beam Software offers an
automatic saving of beam profile datamwhen an M? measurement is executed.

5.6.6.4.1 Saving M? Test Results
The beam quality measurement results can be saved in two different ways:
1. Save Test Results

B Save measurement data as CSV (default). The Save Test Protocolmdialog opens, select the
desired path, file name and file format (csv, txt or xIs), fill in the desired fields and click Save.
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2. Save Test Protocol

" Save measurement data as *.pdf file. The Save Test Protocolmdialog opens, fill in the desired
fields and click Save. The M? Measurement Results will appear in the PDF documents.

5.6.6.4.2 Saving Beam Profile Data During M? Measurement

During an M? measurement, the beam profile calculation results, the device data and the M?
measurement results can be saved automatically at each position of the translation stage.

"
To configure this automatic data export click the icon in toolbar on the left side of the M? panel. A
dialog opens:

M? M2 - Configure Automatic Data Export (23]
Data Export
Disabled
@ Enabled

+ Disable after next measurment

X Text Format [*. )
Export options
Comma Separated Value Format [*.csv)
+| Beam profile calaulation results Excel Format (*.xls)
|
Format | Comma Separated %t (*.cs .
Raw (*.raw]
+'| Device data Bitmap - Mot for Import (*.bmp)
Format | Png - Not for I = ) Intensity Value Text Matrix - Mot for Import (*.csv]

Tiff - Not for Import (*tif *.tiff)

+'| M2/Divergence measurement results Png - Mot for Import [*.png)

Format | Comma Separated Format (*.csyj P€0 - Not forImport (*.jpg *jpeg)
T

File Text Format [*.txt)
Folder iin/[Documents/Thorlabs /Thorlabs Beam/BP209 | | ... |

File name |Export_BC 106N ]

+'| Date | YYYY-MM-DD =
+|Time | hh.mm.ss

| Index |1 =

C: JUsers/Admin/Documents/Thorlabs Thorlabs
Beam/BP20S/Export_BC106N_2017-07-11_07.44.4
Preview 4_%001.

| Px || X

Section Data Export

i
Select Enable to activate the automatic export. The toolbar icon changes to and the status bar on
the bottom of the GUI appears as

= AUTOSAVE \» 380 | Attenuation: 40 dB | Exposure Time: 999.95 ms | Gain: 3.00 x| Auto Exposure: ON| 048 fps

The Data Export remains active until Disable is checked. If the data shall be saved only once, please
check the boxes
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Data Export

Disabled
@ Enabled

| Disable after next measurment

Select Disable after next measurement to stop the automatic export after the first run of the M?
measurement.

Section Export Options
Here the data to be exported can be selected by checking the appropriate box.

Beam Profile Calculation Results can be saved as .csv, *.txt, or *.xls files. A single file is saved; for each
stage position the data are appended to the existing file. The export file contains the header
(information about Beam Software version, time stamp of measurement start, and information about
the used beam profiler) and all calculation results (see section Calculation Resultsm; option "Select
All"). The name of this file is formed by appending the string "data" to the base file name.

With Device Data enabled, at each stage position the intensity values that are retrieved from the beam
profiler are saved to an individual file. For device data and file formats, please see section Export
Device Datal &7 1. The name of this file is formed by appending the string "device" to the base file name.
When M? / Divergence Measurement Results is enabled, the M? test results are saved in *.txt or *.csv
format as well; see section Saving M? Test Results| sl

Section File

e Select the desired target file folder for the automatic data export.

e Choose afile name.

e Add the date (optional)

e Add the time stamp (optional)

o Add anindex (optional). The index must be set manually!

e The box Preview shows the prefix of the file name with selected options.

When done, click OK. Now, the M? measurement with automatic data export can be started.

File Naming with Automatic Data Export

Beam Profile Calculation Results
3= Export_BC106M_2017-07-11_07.44.44_#001_Data.csv
prefix with date, time and manual index |"Data" stands for Beam Profile Calculation Results

Device Data
-’ik Export_BC106M_2017-07-11_07.44.44 #001_Device 2017-07-11_09.14.56_%001.png

prefix with date, time and manual index |["Device" stands for Exported Device Data (here: image of the beam).
Followed by individual time stamp and automatic index of the
appropriate stage position

M? / Divergence Measurement Results
B Export BCL06M_2017-07-11_07.44.44 #001_Results.csv

prefix with date, time and manual index ["Results" stands for M? test results
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5.6.6.5 Running the M? Measurement
Prior to starting a measurement, make sure that the following conditions are fulfilled:

o The beam s aligned properly - it should ideally remain centered with respect to the sensor
center over the entire scan range. Section Beam Alignmentl.orldescribes in detail how to achieve
this.

e The beam diameter should be in accordance with the Requirements to Beam Diameter| e )

e The exact wavelength of the laser under test is well known, as the wavelength value influences
the M? results.

e Ambient light may disturb the measurement and should be avoided.

o Reflections and interferences are avoided as far as possible.

e The laser system is warmed up - depending on the source this might take up to 1 hour.

e The laser output is spatially and temporally stable.

Start the measurement by clicking the Start button ), .
You will be prompted to confirm the laser wavelength:

M M* Wavelength Verification @

The M2 measurement uses the wavelength

(Fm [2)m

The wavelength has a major influence on the M2 value.
Please enter the correct wavelength of the light source for a valid M2 result.

@OK

Verify the wavelength and click OK.

While running the measurement most of the buttons and options are disabled, e.g. the M?
Measurement Settings and the Toolbar. This is intentional and prevents any settings changes during the
measurement.

The measurement can be interrupted at any time by clicking the Stop button 0.

After starting the measurement the X axis of the graph is adapted to the user-defined scan range, for
example from 50 to 125 mm. The Y axis scales automatically to the recorded beam width.

If the Normal Scan is applied the scale on the graph zooms in when the fine scanning adds additional
data points. After this step (at the end of the measurement) the full scan range is shown again.
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5.6.6.6 M? Measurement Results

After a successful M?> measurement, the Beam Quality Measurement window shown below appears.

m: Beam Quality mEE

Alignment | M2 Measurement | Live Adjustment ]

| '+ BeamDiameter X' | | | Beam Diameter Y'| | = Hyperbolic Fit X'| (L) Pararmeter Value Unit
M? Value X' 1.03
500 s M? Value V' 1.03
i Rayleigh Length X' 9.35 mm
1 . Rayleigh Length " 10.00 mm
B ] ‘Waist Diameter X' 90,77 pm
400 — N Waist Diameter ¥ 9119 pm
— ] Waist Asymmetry 1.00
£ ] Waist Position X' 100.09 mm
= i /-" Waist Position ¥" 4958 mm
% 300 H g Astigmatism 0.51 mm
E ] 7 Relative Astigmatism 0.05
g ] i Full Divergence Angle X' 0.528
= i 4 Full Divergence Angle ¥ 0.523
§ 200 - 4 Divergence Asymmetry 0.99
b Y
11| \ Original Waist
1= M? Value X' 1.03
100 d(_ \__:/ M- Value Y 103
1 Rayleigh Length X' 2271.35 mm
b | Rayleigh Length ¥ 239542 mm
| < | |" "| | > | ‘Waist Diameter X' 1378.10 pm
. == i x : x : xa?st iiameter ¥ ‘Iflﬂc;léﬁ‘l pm
aist Asymmet d
ot = A = L Waist Position X 3202.94 mm
Position [mm] Waist Position ' 3290.87 mm
Astigmatism 207 mm
@ N‘2 x: 1.03 ’ N‘2 Y: 1.03 Rela%iveAstigmatism 0.00
Full Divergence Angle X' 0.035 =
Z [mm] 0 200 Full Divergence Angle¥"  0.034

01.64 = : Divergence Asymmetry 0.97
Number a Position 150.00 mm Delete l [Switch X'y l [Mo\.re stage to position

Calculation Results of the Selected Point

Parameter Value Unit
Position 150.00 mm
Azimuth Angle 90.00 =
Ellipticity 99.43 %
X Y
\ Beam Diameter 463,30 465,74 pm
\ _L Centroid Position  4169.71 394666  pm

100% Data Points: 27 Diameter Clip Level 13.3% Delay Line: 100 mm Wavelength: 635 nm

The green bulb indicates that the measurement was successful and fulfills the 1ISO 11146 standards:

£s9 M2 X: 1.03, M2 Y: 1.03

In the case that beam criteria different from the ISO standard beam width criteria were used (see M?
Settingsm), a successful measurement is shown without the I1SO indication:

O M2 X:1.10, M2 Y: 1.07

In general, the X' and Y' axes do not coincide with the lab system (described by the X and Y axes).
Furthermore, the M? value for X'is independent from the one for Y'. For highly elliptical beams, such as

those from semiconductor lasers, MZX‘ and MZY' will differ much more than in this example.

Diagram Legend

* Beam Diameter X'
Beam DiameterY'
Hyperbolic Fit X'
Hyperbolic Fit Y'
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These values can also be found in the listing of the complete results next to the diagram:

Pararmeter Value » Unit
After Lens
M? Value X' 1.03
M* Value ¥' 1.03
Rayleigh Length X' 0.85 mm
Rayleigh Length " 10,00 mm
Waist Chameter X' 80.77 pm
Waist Diameter %' 91.19 M
Waist Asyrnmetry 1.00
Waist Position X' 100.09 mm
Waist Position ¥ 99.58 mm
Astigrmatism 0.51 ity
Relative Astigmatism 0.05
Full Divergence Angle X' 0.528 ®
Full Divergence Angle ¥ 0.523 :
Divergence Asymmetry 0.99
Original Waist
M? Value X' 1.03
M* Value ¥' 1.03
Rayleigh Length X' 2271.35 mm
Rayleigh Length " 2395.42 mm
Waist Chameter X' 1378.10 pm
Waist Diameter %' 1411.51 M
Waist Asyrnmetry 1.02
Waist Position X' 3292.84 mm
Waist Position ¥ 3290.87 mm
Astigrmatism 2.07 ity
Relative Astigmatism 0.00
Full Divergence Angle X' 0.0353 ®
Full Divergence Angle ¥ 0.034 :

Divergence Asymmetry 0.97

M2 X' and M2 Y' are the M? value for X'/ Y' axis, calculated from the hyperbolicfit of the measured data
points.

Rayleigh Length X' (Y') is the calculated distance [mm] from the beam waist position X' (Y') to the
position, where the beam diameter of the appropriate axis is V2 times larger than the waist diameter.
See also section M2 Theorym.

Waist Diameter X' (Y') is the beam diameter in the X' (Y') direction at the focal point. This is the
calculated minimum beam diameter [um], derived from the curve fit. This value may differ from the
smallest measured beam width.

Waist Asymmetry stands for the ellipticity at the waist position and is calculated by taking the ratio of
the waist diameters in both X'and Y' directions. A waist asymmetry of 1.0 indicates a round beam spot.

. dﬂy
Wast asymmme iy = ——

dﬂx

Waist Position X' (Y') Z position of the beam waist (smallest beam diameter). This is the calculated
beam waist position in mm derived from the curve fit. This value may differ from the position where
the smallest beam width was measured.

Astigmatism is known as the effect that the beam waist in X and Y scan direction is not at the same z
position. So there is a difference between the positions of minimal spot diameters ZOy and ZOy'
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astigmatism _abs = 2, — z;,

Relative Astigmatism is calculated from the Astigmatism values divided by the mean of the Rayleigh
Lengthin Xand Y.

Zm_v - Zm_x
(ZRlY —Zrax ) +2

Full Divergence Angle is explained in section M2 Theorym.

astigmatism rel=

Divergence Asymmetry is the ratio of the divergence anglesin Y and X axes. Values differing from 1.0
indicate that the beam ellipticity is changing with Z position, for instance when an elliptical beam is
focussed to a round spot.

g

divergence agymmmelng = g—y

¥

All results are calculated from the applied fit!
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Display the Results at a Certain Z Position

After measurement is finished, the calculated beam diameter, the beam centroid positions (X' and Y'),
and the beam ellipticity as well as azimuthal angle can be retrieved for a certain Z position from the
diagram. To do this, move the mouse pointer over the measured curves. For better visualization, the
curves can be zoomed by dragging a rectangle:

= _lLﬂlP B

I8

v

-.;.:LE-;'F

an

an 11

As soon as the mouse pointer hits a measurement point, its shape changes to ‘[t") . Click this point. The
position and calculated values corresponding to the clicked point will appear in the Calculations Results

of the Selected Point panel:

140

200

E] Parameter Value
After Lens

M? Value X' 1.03

M* Value ¥ 1.03
Rayleigh Length X' 9.85
Rayleigh Length ' 10.00

Waist Diarmeter X'
Waist Diameter ¥
Waist Asymmetry
Waist Position X'
Waist Position V'
Astigmatism

Relative Astigmatism 0.05
Full Divergence Angle X' 0,328
Full Divergence Angle V' 0.323
Divergence Asymmetry 0.99

Original Waist

M* Value X! 1.03
M Value ¥ 1.03
Rayleigh Length X' 227135
Rayleigh Length ' 239542
Waist Diameter X' 1378.10
Waist Diameter ¥ 1411.51
Waist Asymmetry 1.02
Waist Position X' 329284
Waist Position " 3290.87
Astigmatism 2.07
Relative Astigmatism 0.00

Full Divergence Angle X' 0,035
Full Divergence Angle ¥' 0,034
Divergence Asyrmmetry 0.97

Y lee

ge to position

Calculation Results of the Selected Point

Parameter Value

Poczition 150.00
Azimuth Angle 90.00
Ellipticity 99,48

Bearn Diameter

Centroid Position  4169.71

3594b.66

Unit

pm
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In contrast to the Results pane, the results shown here are calculated from the measured data point
without a hyperbolic fit. Therefore, the diameter value displayed at the actual waist may differ from
the X' (Y') waist diameters.

Reference Measurement

After a M? measurement is completed, the results can be saved and afterwards used as a reference. To

do this just click the >> button, the active results become the reference. Further, the reference data
are added to the diagram in a different color.

M Beam Quality B=E
Alignment |~ M2 Measurement ‘ Live Adjustment ]
& + Beam Diameter X' ‘Beam Diameter Y" = rbolic Fit '
‘ /| | (EHype ‘ [ Parameter Value Value (Ref.) Unit
| Hyperbolic Fit ¥’ | % Beam Diameter Ref. X'| | Beam Diameter Ref. Y'| After Lens
M Value X' 103 103
~ Hyperbalic Fit Ref. X' rbolic Fit Ref. ' M Value " 102 1.02
(ZHvpe (e | Rayleigh Length X' 9.86 9.86 mm
500 9 [ Rayleigh Length ¥ 9.97 9.97 mm
Waist Dizmeter X' 90.80 90.80 pm
Waist Dizmeter V' 90.92 90.92 pm
apd Waist Asymmetry 1.00 1.00
— Waist Position X' 100.04 100.04 mm
£ Waist Position ¥* 99.52 99.52 mm
/8) = Astigmatism 052 0.52 mm
~3 B am ] Relative 0.05 0.05
2 Full Divergence Angle X' 0528 0528
= Full Divergence Angle ¥ 0522 0522
= Divergence Asymmetry 0,99 0.99
5 200 -|
& Original Waist
E = v 4 M Value X' 1.03 1.03
1 i 7 M Value ¥* 1.02 1.02
= 100 4/ =] = Rayleigh Length X' 2283.16 2283.16 mm
| Rayleigh Length ¥’ 2408.23 2408.23 mm
Waist Diameter X' 1381.72 1381.72 pm
[ " L] [»] Waist Diameter V' 1412.68 141268 um
T T T T T T T T T Waist Asymmetry 1.02 1.02
60 80 100 120 140 Waist Position X' 3204.87 3284.87 mm
Position [mm] Waist Position ' 3299.86 3299.86 mm
Astigmatism 499 499 mm
@ M2X:1.03. M2Y-1.02 Relstive Actigmatism 0.0 000
’ Full Divergence Angle X' 0.033 0.035 -
Z[mml o 200 | Full Divergence AngleY' 0034 0.034 :
L Divergence Asymmetry 0,97 .97
91.56 =1
Number a Position 150.00 mm Delete ] [Sv-ntch Xy l [Mave stage to position
Calculation Results of the Selected Point
Parameter Value Unit
Position 150.00 mm
Azimuth Angle 0.00 :
Ellipticity 9. %
x Y
1 Beam Diameter  462.70 26481 um
FIAS Centroid Position  4173.82 334822 pm
—+
I 100%  Data Points: 27 Diameter Clip Level 13.5% Delay Line: 100 mm Wavelength: 635 nm

Reference Diagram Legend:

i Beam Diameter Reference X'
Beam Diameter Reference Y'
Hyperbolic Fit Reference X'
Hyperbolic Fit Reference Y'

Clicking to the Clear __x icon deletes the reference data.

Please refer to section Saving M? Test Results|e]for details about how to save the results of the beam
quality measurement.
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5.6.6.7 M? Troubleshooting

Below are examples of typical problems that may occur and appropriate recommendations for
resolving them.

U The beam does not hit the sensor at all positions of the stage.

Perform a proper Beam Alignmentm.

O A timeout error occurs during a measurement.

A timeout always occurs when the Beam Profiler camera does not get a valid image. This may be caused
by:

e Saturation of the camera. Since the beam is focused the intensity is the higher the smaller the
beam width. This may lead to a saturation of the camera. To resolve, attenuate the laser beam
with additional ND filters or decrease the laser output power. Alternatively use a lens with larger
focal length if possible; this will increase the diameter of the focal spot and in this way lower the
focal power density.

e A Normal Scanis applied and the Fine Scan shall add data points. The exposure time has then to
change from long exposure times to small values. This can take more time than the timeout
allows. Set the timeout to a greater value to solve this problem (IM? Settingsm).

e The beam power is too low for the sensor. Remove ND filters or increase output power of the
laser.

e The beam size is too small and no ellipse could be calculated (if Clip Level Ellipse is selected as
beam width). Use a lens with a longer focal length to increase focal beam size.

o The beam does not hit the CMOS sensor. Align the beam, see section Beam Alignmentm.

U Parasitic reflections walk over the CMOS sensor during the measurement.

This may happen, if the beam is not perfectly aligned and/or the filters are not parallel to the
CMOS chip. The laser beam is reflected from the CMOS surface back to a filter and again back
to the CMOS sensor. The position of such a double reflection changes with stage movement.

The detection of these reflections can be improved by using the logarithmic color scale that
accentuates smallerintensities.

The scale can be switched from linear to logarithmic by clicking on the color scale.

Then perform a proper Beam Alignment[o1).

U The M2 value differs substantially from the expected value.
For example, the beam has a nearly Gaussian intensity distribution and M? values are larger than 1.1:

e Check set wavelength (see M? Settingsm)
e Check Clip Level of the Calculation Area:

» If the selected Clip Level is too high, the beam might be cut off and the measured beam area
might be smaller than the actual beam extend. This results in a too small beam waist and a too
small M?(even below 1).

» If the selected Clip Level is too low, the Calculation Area and the measurement captures the
beam plus noise around the beam. The measured beam width is then larger than the actual
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beam width. This leads to an increased M2

O M2 is smaller than 1.0
M? values < 1.0 are non-physical but may be due to

e A Calculation Area that is too small (Clip Level too high - see M2 Settingsm)
e The accuracy of the measured result. A error of 5% should be considered.

e The wavelength setting was not made properly. Set the wavelength to the correct value; M?
results will be corrected without running a new measurement.

U The beam profile looks distorted (particularly, at the end positions of the stage).

Evenif alaseris expected to produce a Gaussian beam with M? = 1.0, the beam still can be influenced
by every optical element between laser and Beam Profiler. For instance, a focusing lens could be

mounted with a tilt or could produce a height distortion which results in optical aberrations and
reduced beam quality.

Filters and mirrors may impact on the beam profile as well in the case that surfaces are contaminated.
Clean surfaces according to manufacturer's instructions.

U Error message

¥ M2 Measurement Error 3

The M2 Measurement has been aborted: Insufficient beam diameter variation

over the selected scan range.
& @
@OK @ o Help

"The M2 Measurement has been aborted: Insufficient beam diameter variation over the selected scan
range."

The software could not locate sufficient measurement points within the doubled Rayleigh Length.
e Extend the Measurement Range 114
e Select afocusing lens with a shorter focal length.

e Rule of the thumb: the beam diameter variation within the scan range should not run below a
ratio of 1:2.5 at least at one side of the beam waist - see the example below.

M2 | Divergence Measurement

| + Beam Diameherx‘| | Beam DiameherY‘| |—HyperboﬁcF|tX‘| | HyperboﬁcFltY‘|
160 (a4 I |
= 1403 |1
g_ E \\
= 1204 ]
2 1003 P
£ 3
] 80 4
o 3
E 607 5 L
4 40 e =]
20 d[=
4 3
T T T
94 96 93 100 102

Pasition [mm)]

Mz2X:1.11, M?Y:1.09

Z [mm] 1] 200

®

100,58 | el

Rev: 8.2, 14-Aug-2023 © 2023 Thorlabs Page 126



BC207 and BC210C Series Camera Beam Profiler Chapter 5 Operation Instructions

UError message

W M2 Measurement Error @

The measurement is not IS0 compliant, because there are not enough data
points inside the Rayleigh Length X (18.14 mm) or beyond twice the Rayleigh

Length.

"The measurement is not ISO compliant, because there are not enough data points inside the Rayleigh
Length X (Y)(xx mm) or beyond twice the Rayleigh Length"

e The software could not measure with the required resolution.
e Increase the minimum number of data points (see M? Settingsm).
o If the error message persists, increase the scan range as well.

U Error message

M?* M2 Measurement Error @

I.'e_'.l The M2 Measurement has been aborted because the fit can not be calculated.

"The M2 measurement has been aborted because fit cannot be calculated."

e The calculation of the hyperbolic fit from the measured data points is impossible. Possible
reasons are, for example, that the beam waist is far away from the scan range, or that no focal
lens was used.

e Reset the M? Settings to default - that sets the scan range to its maximum.
e Check your setup to make sure the beam waist is within the scan range.
e If no focal lens was used, only a divergence measurement is possible!

U Error message

M? M2 Measurement Error @

I.'e_'.l Waist position outside the set scan range. Extend the scan range or switch to

divergence measurement.

"Waist position outside the scan range. Extend the scan range or switch to divergence measurement."

e The calculation of the hyperbolic fit from the measured data points resulted in a beam waist
position outside the scan range. Usually this happens if the beam waist is close to one of the scan
end positions. Extend the scan range.

e Reset the M? Settings to default - that sets the scan range to its maximum
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5.6.6.8 Live Adjustment

Open the Live Adjustment panel and click "start" to move the M2 stage to the lense focus plane as
calculated from the inserted parameters. Now, the laser system can be adjusted and, for example,
collimation can be optimized until the beam width in the focus plane is minimized.

As the stage moves to the focal plane, the Z-slider on the bottom right moves under the lens focus (LF)
icon.

m? Beam Quality N [=1(E3
Alignment | M2 Measurement | Live Adjustment
7
W Beam Width Clip 13.5% X Beam Width Clip 13.5% Y
@ oAU Ty K ’,
N oo 7. O 0 o0 7.
~ - -
~ ~ 2200 - ~ -200 -
x ~ 400 ~ 400
153 [m) 150 [pm)
Centroid Position X Centroid Position Y
\\‘Ili!: \.‘llr;,f
o s/ - NUN\200 g s
- - 2 -400 EDD,‘
S 1000 - ~
658 [um] -296 [um]
Z [mm] 0 (LF) 200
86.89 | —

The right panel shows the Beam Width and Centroid Positionin X and Y.

Beam Width: The displayed beam width is calculated based on the settings chosen in the Settings Panel
of this window opened through the icon on the left.

M
Beam Width Method

Gaussian Diameter
@ Beam Width Clip (1/e%)

Approx. Elipse (Clip Level at 1/e2)

Centroid Position: The Centroid position is displayed to maintain knowledge of the beam position
during adjustment.

Adjustmentin Zis facilitated by the slider on the bottom right.
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5.6.7 Divergence Measurement

The Divergence Measurement calculates the divergence angle of an unfocused convergent or divergent
beam by measuring the beam diameter at different points along the beam propagation axis. A linear fit
is applied to the measured data.

The measurement technique is very similar to the Beam Quality (M?) measurement, thus the same
hardware can be used with exception of the focusing lens.

The Divergence Measurement is part of the Beam Quality@ measurement tool and uses the M2MS
extension as well.

Please open the M2 measurement panel via the M? icon to arrive at the alignment and divergence
measurement GUL.

To prepare for and perform a divergence measurement, please deselect the M?icon on the left side of
the window. This will switch the interface to the divergence measurement window.

W oz Uikllisy BEE

Alignment | Divergence Measurement | Live Adjustment

E?f,, + BeamDiameter X' | | Beam Diameter ¥'| | — Divergence FitX'| | Divergence FitY'| =

1400 7 Ja| i | Divergence Results
El Full e X' 0.704
1300 L Rl a% 0.707
= Full gleMean 0705
b 12003 Divergence Asymmetry 1.00
[VE E wmi
z /
£ 1000
) § s
— % 900 3 7/
= 2
3 - 800 3 [=| /
E 700 o 57/
600 3|7
- [« [ |
T T T T T T 1
140 150 160 170 180 190 200
Position [mm]
(W) Divergence X: 0.704 , Y: 0.707 [°]

Z[mm] 0 200
140,00 (=

Number | 20 |, | Position 140.00 mm Delete Switch X' Y' | | Move stage to position
Calculation Results of the Selected Point

Parameter Value Unit
Position 140.00 mm
Azimuth Angle 6639 :
Ellipticity 95.09

X ¥
Beam Diameter 608.26 639.69 pm
Centroid Position  386.14 356.38 pm

I 100% Data Points: 21 4-Sigma X'80Y' (150) Delay Line: 60 mm Wavelength: 635 nm

5.6.7.1 Beam Alignment
Why Beam Alignment?

The Beam Profiler has a defined input aperture, so when moving the translation stage it must be
ensured that the laser beam remains within the aperture. Ideally, the beam centroid remains centered

within the aperture during movement of the stage - this is a precondition for correct beam quality
measurements.

The M2MS Measurement System is factory aligned. A beam that enters the M2MS exactly parallel to the
stage movement direction will remain centered to the Beam Profiler aperture during stage movement.
In other words, the beam alignment is dependent only on the position of the light source. In most cases
the light source is a device with open beam output. In order to direct the beam under test into the
M2MS, a combination of two adjustable mirrors is required, Thorlabs offers a variety of such items.

The beam alignment is executed in 2 steps, guided by a software wizard:
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1. Coarse alignment|wol Determine the correct location of the Laser Under Test output aperture by
means of an auxiliary laser (included).

2. Fine AIignmentEcﬁ of the Laser Under Test for minimum beam displacement and pointing angle.
5.6.7.1.1 Coarse Alignment

For a coarse alignment, Thorlabs provides an alignment laser that is included with the accessory box.
For this step, the alignment laser is mounted on the M2MS in place of the Beam Profiler as described
below. It is mounted and aligned in such way that its output beam enters the M2MS exactly centered in
the Beam Profiler's aperture and is parallel to the stage movement direction. The alignment beam is
reverse directed - it virtually exits the Beam Profiler and is redirected by the two mirrors of the stage
into the center of the laser source aperture (see the drawing in section M2MS Operating Principlem).

m Be careful when using the Alignment Laser!

ATTENTION

Laser Radiation

Class 1 Laser Product
according to

EN 60825-1: 2008-05

A=635nm P = 0.4dmW

e Remove the Beam Profiler together with its mounting adapter from the M2MS base.

e Install the adjustment laserin place of the Beam Profiler and connect its 3.5 mm plug to the
Alignment Laser output (2)[es 1.

o Make sure the M2MS is switched on and connected to the control PC, the Beam Software is
started and the stage has been initialized.

e Remove the focal lens from the magnetic holder.

e Switch on the alignment laser.

e Align your optical system so that the spot of the alighment laser hits the center of your light
source.

5.6.7.1.2 Fine Alignment

After coarse alignment, the beam under test needs to be fine-adjusted using the Alignment feature of
the M? measurement panel. This is executed in two steps.

Preparation

e Switch off the alighnment laser and replace it with your Beam Profiler.

e Make sure the BC207 or BC210C beam profiler is connected to the PC via the USB3.0 port. When
using an older BC106N beam profiler, connect the beam profiler to one of the M2MS USB output
ports (9, Connection to the PCloo section).

e Remove the focusing lens (see & in the drawing in the M2MS Operating Principlemsection).

o Make sure the BC207 or BC210C Series beam profiler is recognized by the Beam Software

(Toolbar @ Device Selectionm). Ifitis not recognized automatically, press the Refresh Device
ﬂ@ button.

e Make sure the stage is recognized and initialized. If not, press the Refresh Stage List button /o]
and after the stage was recognized, double click to the DDS100 button. The stage initializes and
moves to the 200 mm position.
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e Enable the Laser Under Test.

e Open M? child window either from the menu "Windows" -

> "M? Quality Measurement" or by
clicking the M* button, and switch to the Alignment tab.
m: Beam Quality

=/ 0][x
Alignment I/ Divergence Measurement

O Manual Alignment

Zmm] &) (20 Position 1 [mm] |0.00 | @
L 200.00 | B N
Position 2 [mm] 20000 || >

Dwell Time [s] 0 = | %

Beam Displacement Y [mm]

Pointing Angle Y [degree]

Beam Displacement X [mm] @

AD Saturation [3]

7017 O

Fointing Angle X [degree] @
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Explanation of indicators and icons

O

Start the Alighnment Wizard|os]

13

Start the Focusing Lens Alignment Wizard [00]

Z[mm]

This box shows the actual stage position; after initialization = 200 mm.

Position 1(2) [mm]

The left and right positions for the stage movement can be entered
numerically.

r&ﬁ 73—2\? Markers for left and right positions. Instead of numerical entry of the marker
Yy positions, the markers can be moved by drag-and-drop.
When clicking these capture buttons, the stage moves to the related position,
™ if not there yet, and captures the beam centroid position (amber crosshair).

This snapshot will remain until the stage returns to the appropriate position.

This button starts the stage loop movement mode and the stage moves
continuously between positions 1 and 2. A dwell time at the end positions can
be entered. During the loop mode, the software automatically captures the
beam centroids (yellow cross hair) at the left and right stop.

Dwell Time

Enter the desired time [sec]. Disable the dwelling by clicking to the [ icon.

Centroid crosshair of the actual beam position.

Crosshair of the sensor center

Beam Displacement

Centroid shiftin X (Y) direction between position 2and 1 [mm]. The box is
initially filled after the 2nd capture.

Pointing Angle

The angle [°] in X (Y) direction between the beam axis and the stage
movement direction. The box is initially filled after the 2nd capture.

Q

Alignment Success
Indicator

@ Alignment not successful

Alignment sufficient for correct Beam Quality Measurement
(displacement <0.65 mm, angle <0.35°)

O Good alignment (displacement < 0.35 mm, angle <0.15°)

AD Saturation

Displays the current saturation of the Beam Profiler's AD converter. For proper
beam alignment function the value must be 50 to 95 %. The green bulb to the
right of the numericfield indicates the "GOOD" range.
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5.6.7.1.3 Divergence Beam Alignment Wizard

Press the Start Wizard button | @ . You will be requested to select whether you want to adjust for M? or
Divergence Measurement. Make your choice:

& Wizard Selection @

M1 M2 Wizard

ﬂ) Divergence Wizard

The wizard starts:

M ey Clrilii g =E=

Alignment | M*/ Divergence Measurement

F 1 Manual Alignment

Z[mm] i)

@0 Position 1 [mm] | 0.00 @)

200.00 = —
Position 2 [mm] | 200.00 |, | o

D Dwell Time [s] | 0 = [x]

Beam Displacement Y [mm]

Pointing Angle Y [degree]

Beam Displacement X [mm] @ AD Saturation [%]

Painting Angle X [degree] @ 62 66 o

Prior to start this wizard, please make sure that the coarse alignment of your laser source was executed. Replace the alignment laser with the
Beam Profiler; do not install the lens yet. This wizard allows to move the stage between two positions by dicking the icons i@l or by using the

z loop mode { *). Observe the beam shift and minimize Beam Displacement and Pointing Angleparameters in arder to achieve green or at least
yellow condition. I’\\>

[ ree ) v ) ool |

e Forasuccessful alignment, the optical power level must be adjusted in such way that the AD
Saturation is between 50to 95 %. The green bulb to the right of the numericfield indicates the
"GOOD" range. During alignment this condition must not change!

e Afterinitialization, the stage is at Position 2 (200 mm). Click the capture button ‘@ | of Position 2 - the
centroid is captured, and its crosshair color changes to amber. As the actual beam centroid that is
marked by a blue crosshair, is located at the same position, the resulting color is white:
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fTd

BEE

Alignment | M=/ Divergence Measurement

Manual Alignment
Z[mm] (@) @p| Position 1 [mm] |0.00 [* (o)
| 200.00 I E]

Position 2 [mm] | 200.00

D Dwell Time [s] 0

Beam Displacement ¥ [mm]

Pointing Angle Y [degree]

Beam Displacement X [mm] @ AD Saturation [%]

Painting Angle X [degree] @ 62.73 o

Prior to start this wizard, please make sure that the coarse alignment of your laser source was executed. Replace the alignment laser with the
Beam Profiler; do not install the lens yet. This wizard allows to move the stage between two positions by dicking the icons 19 or by using the

loop mode ( i’). Observe the beam shift and minimize Beam Displacement and Pointing Angleparameters in order to achieve green or at least
yellow condition.

[ e J[ et || concel

Centroid captured at Position 2

e Click to the Position 1 capture button (0 mm). The stage moves to Position 1 and captures the second

centroid position:

M

BEE

Alignment | M*/ Divergence Measurement

Manual Alignment
Z[mm] | @y (20 Position 1 [mm] | 0.00

| 0.00 kil

Position 2 [mm] | 200.00 |, | o

D Dwell Time [s] 0 =1k

Beam Displacement Y [mm]

-0.9
Pointing Angle Y [degree]
-0.1
Beam Displacement X [mm] 1.7 @ AD Saturation [%]
Pointing Angle X [degree] (.2 63.91 o

Prior to start this wizard, please make sure that the coarse alignment of your laser source was executed. Replace the alignment laser with the
Beam Profiler; do not install the lens yet. This wizard allows to move the stage between two positions by dicking the icons i@l or by using the

loop mode { *). Observe the beam shift and minimize Beam Displacement and Pointing Angleparameters in arder to achieve green or at least
yellow condition.

[ e J[ mext ][ cance

Centroid captured at Position 1
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e Now, the beam displacement and the pointing angle are displayed numerically.

e Align the beam position using the controls of your laser source. Subsequently click the capture
button of Position 1 and 2, observe the alignment, and improve it until all four alignment criteria are
fulfilled (bulbs must be at least yellow):

M EEAm AT, DDD
Alignment M / Divergence Measurement
F.1- \I Manual Alignment
Z[mml G @0 Position 1 [mm] [000 | [
000 | (] ! - — —
Position 2 [mm] | 20000 |, ‘&
Dwell Time[s] |2 (3 [%]

Beam Displacement Y [mm]

»

0.0
Painting Angle Y [degree]
-0.0
Beam Displacement X [mm] -0 .0 O AD Saturation [%]
Pointing Angle X [degree]  -(0.1 O 86.60 O

Prior to start this wizard, please make sure that the coarse alignment of your laser source was executed. Replace the alignment aser with the
Beam Profiler; do not instal the lens yet. This wizard allows to move the stage between two positions by dicking the icons 188 or by using the

z loop mode { *). Observe the beam shift and minimize Beam Displacement and Pointing Angleparameters in order to achieve green or at least
yellow condition.

Help ] l Next ] l Cancel

Well aligned beam position

e Totoggle between the two positions, the movement of the stage between the two stop
positions can be controlled automatically by the software. Just push the loop button | and enter
a convenient dwell time value. The stage starts aloop move, dwelling at the stop position for the
given time. During the dwelling a realignment can be made. Please keep in mind, that the
numeric alignment indicators are being updated only after the next move.
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M Sz Ll iy [EEE]

Alignment | M f Divergence Measurement

N Manual Alignment
A\ ) p—
Z[mm] @) (@0 Position 1 [mm] 000 @&
6556 | = =1 : o Biry
Position 2 [mm] 20000 [ ‘&
Dwell Tme [s] |2 =l x|

Beam Displacement Y [mm]

Q
-

0.0
Pointing Angle Y [degree]
-0.0
Beam Displacement X [mm] -0 O AD Saturation [%]
Pointing Angle X [degree]  -().1 (»] 6666 o

Pricr to start this wizard, please make sure that the coarse slignment of your leser source was executed. Replace the alignment laser with the
Beam Profier; do nat instal the lens yet, This wizard allows to move the stage between o positions by dicking the icons '@l or by using the

1 loop mode ( }*). Observe the beam shift and minimize Beam Displacement and Pointing Angleparameters in order to achieve green or at least

yelow conditon,

Alignment Move Loop

e To terminate the loop, click the (J button.
o Afterfinishing, click Next to continue.
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5.6.7.2 Divergence Measurement Panel

The Divergence Measurement Panel is derived from the M?> Measurement window:

1200

m* Hea iy DEE
Alignment | Divergence Measurement ‘ Live Adjustment ‘
ik + Beam Diameter X' ‘Beam Diameter Y'| | — Divergence Fit X' Divergence Fit Y’
| | | o I - | (1] Parameter Value Unit
ELD Divergence Results
n Full Divergence Angle X' 0.704
1300 | Full Divergence Angle ¥* 0.707
Full Divergence Angle Mean  0.705
Divergence Asymmetry 1.00

1100

r i

1000

2

Beamn Diameter [um]

/

s

& melsv

\'\ ®

700 |=|| — EA
600 ’/ @

[ n »]

o

Z [mm] 0

T T T T T 1
150 160 170 180 190 200
Position [mm]

Divergence X: 0.704, Y: 0.707 [°] @

200

Number Position 140.00 mm

@ Ellipticity 95.00 %

o Lo
Beamn Diameter 60826 63969 pm
Centroid Position  386.14 35638 pm

[ Delete l [Swwtch X Y‘l [Muve stage to pus\tiunl

Calculation Results of the Selected Point

Parameter Value Unit
Position 140.00 mm

Azimuth Angle 66.39

100% Data Points: 21 4-Sigma X'&Y" (150) Delay Line: 60 mm Wavelength: 635 nm

The Divergence Measurement panel is divided into 6 sub panels:

1. Toolbar
{u.,"}r; Divergence
" Settings

-
>
M?

6)

=
G

1.

Auto Save Data
Start / Stop

MZ

Divergence
Save Data

Grid

PDF Test Protocol

2. Divergence Diagram

Opens the settings for the Divergence measurement]/s]

Save Beam Profile Data during M? Measurement|17]

Starts / stops a Divergence measurement
Switches to M? measurement

Switches to Divergence measurement

After a successful Divergence measurement this button is enabled and
plot data can be saved.

Disables/Enables the grid in the diagram

Saves the results of a Divergence measurement into a PDF file

The measured data are plotted in the diagram. The 4 buttons above the diagram configure the display:
The buttons Beam Diameter X' (Y') enable / disable the display of the measured data at the individual
positions. The buttons Divergence Fit X' (Y') enable / disable the curve fit to the measured data points.
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After the measurementis finished, below the diagram the Divergence results for the X and Y axes are
displayed. The indicator to the left shows if the measurement was successful.

The red marked button |‘| between the toolbar and the diagram expands the diagram over the entire
Divergence window.

3. Numeric Results

In this area, the beam quality measurement results are displayed in detail. Please see section
Divergence Measurement Results| ] for more details.

4. Position Bar

The Position Bar below the Divergence Diagram shows the actual position of the translation stage as
seen before in the Alignment@tab.

5. Individual Data Points

Select the Number of the desired measured data point in the header of this sub-panel. For this
selected point, the position of stage and the the 2D projection of the beam is displayed. The table
Calculation Results of the Selected Point to the right contains the following information:

Parameter Explanation
Position [mm)] The actual Z position of the translation stage for the selected data point.
Azimuth Angle [deg] For 4c beam widths the azimuth angle is the absolute azimuth angle,

calculated in accordance with 1ISO11146-1 using the 4o beam widths. Note
that the rotation range is not identical to the Orientation[ s 1used for the

ellipse. Rotation angle range:
_45"'+45o

In case of ellipse clip level beam width the azimuthal angle shows a
difference angle to a reference angle. The latter is calculated from ten
frames at the beginning of each beam quality measurement.

Ellipticity The ellipticity of the fitted to an ellipse beam (see Application Notemﬂ).

Beam Diameter X' [um]  For 4c beam widths these are the 15011146 compliant 4c beam diameters
Beam DiameterY' [um]  inthe transformed coordinate system (not lab system) at the actual Z
position.

In case of ellipse clip level beam widths the shown values are the minor
and major ellipse axes.

Centroid Position X' The positions of the beam centroids.
Centroid Position Y'

6. Status Bar

e Measurement progress bar
e Total number of measured data points
e Beam width setting for divergence measurement
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e Delay Line: Measurement range (difference between Start and Stop positions)

\(elen th setting (not relevant for divergence calculation
567§N |verg nce %éurement ettmgs & )

For a successful and reliable measurement, the appropriate measurement settings are essential. Click

to {:}'i; to enter the Divergence Measurement Settings.

Beam Width
& Divergence Measurement Settings @
Yt SN G The Beam Width calculation is based on an ellipse-based
N approximation with two possible clip levels. At the beginning
® Beam width Cip (1/e?) of a measurement a reference angle is determined by
Approx, Elipse (Clip Level at 1/e7) averaging over 10 frames. This angle is then used to evaluate
Approx. Elipse (Clip Level at 50%) all following frames and ellipses.

| Correct Beam Width
Measurement Parameters

Measurement Parameter

The wavelength is not relevant for divergence measurement.

Wavelength [nm] 635.00 :

Measurement Range Measure me nt Range

Start [mm] . = . . . .
e 8.0 determines the distance from the starting to the stopping

Stop [mm] 200,00

point over which the sleigh is driven during the

Vin. DataPaints | 20 measurement. Start has to be at least 5 mm smaller than Stop

AR (4K 4

Timeout [sec] | 15 and 20 mm. Valid values for Stop are
Uit for Angle 5 mm < Stop < stage length.
@ Degree (deg)
Milliradian (mrad) m
— Itis advisable to set up a scan range >40 mm to ensure higher

accuracy. A scan over the entire translation length is often
the best choice.

Timeout is the max. waiting time for a valid camera image. This is to allow the Auto exposure function
to obtain a valid camera image

Stage Position After Scan
is not relevant for divergence measurement.
Angle Unit

Degree or milliradian can be selected.

Reset
Restores the default settings for divergence settings:
Parameter Default Setting
Beam Width 4s Diameter (1SO Standard)
Start Omm
Stop 200 mm
Min. Data Points 10
Timeout 15sec

Calculation Area
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The settings for the Calculation Area can be made in the Beam Settings Panell s During a Beam Quality
Measurement (M? or Divergence) the Automatic Calculation Area is enabled by default for effective
noise reduction. Reflections and artifacts from filters, lenses or other optical elements can be
suppressed as well using the automatic Calculation Area which is close to the beam profile.

This setting can be changed to manual, but this may affect the measurement.

By default the Clip Level of the Calculation Area is set to 1%. This is a reasonable value for most
applications and measurements. Lowering the clip level leads to increased calculation area and noise
level, this way increasing the measured the beam width.

Setting the Clip Level of the Calculation Area for divergence measurements is not as critical as for M?
measurements. Increasing the Clip Level will give smaller beam widths but might cut the beam profile.

Initial Settings

Independently from the user-defined settings, the following options are set automatically for every
divergence measurement.

Setting Parameter
Calculation Area Automatic
Auto Exposure On

Ambient Light Correction remains as set

Itis strongly recommended to run an ambient light correction/'] prior to any measurement, and then
enable Ambient Light Correction.

Please be aware of the fact that ambient light correction is disabled any time the Beam Software is
started and/or the settings for attenuation| =] (filter wheel) are changed in the software.

5.6.7.4 Saving the Divergence Measurement Results

Besides the standard function "Save Divergence Measurement Results" the Thorlabs Beam Software
offers an automatic saving of beam profile data when a Divergence measurement is executed.

For details, please see section Saving the M? Measurement Results[us).

The Divergence measurement results cannot be saved as PDF Test Protocol, only as CSV, TXT or XLS
files.

5.6.7.5 Running the Divergence Measurement

The divergence measurement is designed to measure low divergent or convergent beam propagation.
Therefore, the measurement requires removing any focusing elements which produce a beam waist
within the scan range.

Prior to starting the measurement, make sure that:

e The beam s aligned properly - it should ideally remain centered with respect to the sensor
center over the entire scan range. See chapter Beam Alignmentlizsl for aligning the beam.
e The ambient light is turned off or dimmed as far as possible. Ambient light may disturb the
measurement and should be avoided.
o Reflections and interferences are avoided as far as possible.
e Thel . | up-d i his mi I q
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e The laser output is spatially and temporally stable.

Start the measurement by clicking the Start button ).

While running the measurement, most of the buttons and options are disabled, e.g. the Divergence
measurement settings and the toolbar. This prevents the modification of settings during a
measurement.

If necessary, the measurement can interrupted by clicking the Stop button 0.

After starting the measurement the X axis of the graph is adapted to the user-defined scan range, for
example from 0to 120 mm. The Y axis scales automatically to the recorded beam widths.

5.6.7.6 Divergence Measurement Results

M B fiilicg UUU

Alignment Divergence Measurement

{ﬁ?{; | + Beam Diameher!'| | Beam DiameherY'| | = Divergence Ht!“ | Divergence Fit Y

\_>
5600 [~ Active :
. _ E IR e Parar|_1eter Value Unit
t" E T3 Full Divergence DT
= 5200 3 . —SEEY Angle Mean o
o} E Divergence Asymmetr 1685
— 2 5000 3 g 9 Y — Y
E 4800 3 Full Divergence Angle -0112 -0.185 *©
(a] 3
£ 4600 3
2 o] E
M & 4400 3 e
— 4200 3~ |
[5) [ »

— 77—
0 50 100 150 200
Position [mm)]

=
=n Divergence X: -0.112, Y: -0.185 []
EH
(Pri ]
.

Z [mm] a 200

200.00 | ¢

Mumber | 10 : Position  200.00 mm Delete Switch X' ' Move stage to position

Calculation Results of the Selected Point

Parameter Value Unit

Position 200,00 mm

Azimuth Angle -0.18 -

Ellipticity 085 %
X ¥

Beam Diameter 5085.07 432072 pm

Centroid Position  738.77 73295 pm

mlﬂﬂ% Data Points: 11 4 Sigma Diameter Delay Line: 200 mm Wavelength: 635 nm

The green bulb indicates that the measurement was successful.
(O Divergence X: -0.112, Y: -0.185 [°]

These values can also be found in the listing of the complete Results.

Parameter Value Unit
Full Divergence
Angle Mean ki
Divergence Asymmetry  1.65
'S ¥
Full Divergence Angle -0.112 -0185 ©

Negative values indicate a converging beam, while positive values indicate a diverging beam.

All results are calculated from the applied linear fit!

Full Divergence Angle X' (Y') is explained in chapter M? Theorym.
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Divergence Asymmetry Asymmetry is the quotient of divergence anglesin Y and X scan directions.
Values differing from 1.0 indicate that the beam ellipticity is changing with z position, for instance an
elliptical beam is focused to a round spot.

&

divergence agyemmeiry = e
X
Reference Measurement

The actual measurement results can be saved and used as reference afterwards, same as for M?

Measurement Results|1_zh.
5.6.7.7 Live Adjustment

As for the M? Measurement, the Divergence Measurement Panel also offers the option for a Live
Adjustment of the laser system.

Open the Live Adjustment panel and click "start" to move the M2 stage to the lens focus plane as
calculated from the inserted parameters. Now, the laser system can be adjusted and, for example,
collimation can be optimized until the beam width in the focus plane is minimized.

As the stage moves to the focal plane, the Z-slider on the bottom right moves under the lens focus (LF)
icon.

m? Beam Quality N [=1(E3
Alignment | M2 Measurement | Live Adjustment
L 3
= Beam Width Clip 13.5% X Beam Width Clip 13.5% Y
@ oAU Ty \\‘uufh
oo o 7. \\\ o oo,
~ - -
X ~ 200 e ~ 2200 00”
5 -
153 [m) 150 [pm)
Centroid Position X Centroid Position Y
\\,llf’: \.‘llr,,‘
o s/ - NUN\200 g s
~ P 400 s
S 1000 - ~
658 [um -296 [um]
Z[mm] o (iF) 200
86.89 | —

The right panel shows the Beam Width and Centroid Positionin X and Y.

Beam Width: The displayed beam width is calculated based on the settings chosen in the Settings Panel
of this window opened through the icon on the left.
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M:
Beam Width Method

Gaussian Diameter
@ Beam Width Clip (1/e%)

Approx. Elipse (Clip Level at 1/e2)

Centroid Position: The Centroid position is displayed to maintain knowledge of the beam position
during adjustment.

Adjustmentin Zis facilitated by the slider on the bottom right.

5.6.8 M?Theory

The diameter d(z) of a focused laser beam increases with distance z from its waist position and can be
calculated as follows:

z 2
d(z) =d, |1+ (—)
N R
with
dO Waist Diameter
Zp Rayleigh Length
/ Wavelength

In this equation it was assumed that the waist location is at zero. Otherwise z has to be replaced with

(z-zo)

dl] . ﬁ Fy dﬂ d{z}

Y
Y

il T
- L

Zp

L J

Rayleigh length

Focusing lens
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The Rayleigh Length szetermines the distance from the beam waist to the position where the beam
diameter has increased by a factor of v2 = 1.41 compared to the minimum diameter at the waist.

From the equation for d(z) it can be seen that the beam diameter increases linearly with z in the far
field (z >>7p ). The full divergence angle O can be calculated by

E}xd[z;z}bzx:]zﬁ
=z Zg
For laser beams with fundamental mode TEM00 (Gaussian Beam shape) it can be theoretically shown
that the Rayleigh Length is given by
e, = migﬂ
41

Thus the product of the minimum diameter of a Gaussian beam (at waist) and the divergence angle
dy, * O (AKA 'Beam Parameter Product', BPP) is constant for a given wavelength:

44
0.9 = -

d

For mode mixture (MM) beams, i.e. beams which feature higher order modes than just the
fundamental mode TEMOO’ the product of beam diameter and divergence increases by a factor of M2,

—_ 2 —_ 2 4'{1
oy Oaene = M do B = M>—

Finally, the times-diffraction-limit factor va is calculated by

m

M= = a dl}ﬂ_ﬂ_f E};'-’L'-’f
The Rayleigh Length is now given by
- — Hdanm
Bamm MZA
The reciprocal of the times-diffraction-limit factor M2 is called the beam propagation factor or beam
quality K.
1
K =—
M;

The following table illustrates the differences between a perfect Gaussian beam and non-perfect
beam.

Parameter Gaussian Beam Mode Mixture Beam
Times-diffraction-limit factor M2 1 >1
Beam propagation factor = Beam quality K 1 <1
Beam waist for given lens minimal larger
Divergence angle q at given beam waist d0 narrow wider

2

Reasons for Non-ldeal Gaussian Beam with M~ >1
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Using a Gaussian beam is preferred because of its minimum divergence angle and the ability to achieve
the minimal focus diameter. Differences to Gaussian shape can be due to

e existence of higher order modes
e amplitude and phase distortions due to inhomogeneous gain medium in lasers
e presence of extraordinary beams

These distortions lead to a larger beam waist compared to Gaussian beams when the same focal lens is
used. This results in a lower maximum achievable power density in the focal point.

Comparison of Propagation Between Fundamental Mode TEM00 (Ideal Gaussian beam)and Mode

Mixture Beams

With a given divergence angle (i.e. knowing the focal length of the lens), the fundamental mode alone
produces the theoretically smallest possible beam waist (green curve). If beam quality worsens (red

curve), the beam waist increases. If divergence is fixed, beam waist increases linearly by the factor M2

compared to the underlying Gaussian.

-

dDMM (Oyp = Og) = M= du,g

M =1 M > 1

Gaussian beam Mode mixture

Z,
__.-'"//
___/ F Y
do.-\f.-‘lf Aoy V2 R
Ll
L 4 z
A4 P 4
g I \ 2
il el |-
el Ll i
ZRg ZRym

Rayleigh length

Focusing lens

The appropriate power density at Z, is reduced by a factor (M?)2. Also the Rayleigh Length increases by

a factor of M2,

wd] nd;
— — MM _ g2 06 _ a2
Zayyy Oy = 0g) = 0L = MP——€ = M? -z,

Page 145 MTNO026962-D02



BC207 and BC210C Series Camera Beam Profiler Chapter 6 Write Your Own Application

Chapter 6 Write Your Own Application

In order to write your own application, you need a specific instrument driver and some tools for use in
different programming environments. The driver and tools are being installed to your computer during
software installation and cannot be found in the installation package.

In this section the location of drivers and files, required for programming in different environments,
are given for installation under Windows® 8.1 (32 and 64 bit), Windows® 10 (32 and 64 bit) and
Windows® 11.

In order to fully support 64 bit LabView version, the installation package provides two installer
components, the 32 bit and the 64 bit component:

e for Windows® 8.1(32/64 bit), Windows® 10 (32/64 bit) and Windows® 11: Install "Thorlabs Beam
VXlpnp Instrument Driver (32bit)"

o for Windows® 8.1 (64 bit), Windows® 10 (64 bit) and Windows® 11 : Install "Thorlabs Beam
VXlpnp Instrument Driver (64 bit)"

In other words, the 32 bit VXlpnp driver works with both 32 and 64 bit operating systems, while the 64
bit driver requires a 64 bit operating system.

The Beam Software and drivers contains 32 bit and 64 bit applications.

In 32 bit systems, only the 32 bit components are installed to
C:\Program Files\...

In 64 bit systems the 64 bit components are being installed to
C:\Program Files\...

while 32 bit components can be found at
C:\Program Files (x86)\...

In the table below you will find a summary of what files you need for particular programming
environments.

Programming environment Necessary files
C, C++, CVI * h (headerfile)
* lib (static library)
CH .net wrapperdll
Visual Studio * h (headerfile)

* lib (static library)

or.net wrapperdll

LabView * fp (function panel) and VXlpnp Instrument Driver.

Beside that, LabVIEW driver vi's are provided with the *.llb
container file.

m LabVIEW drivers and components are installed only, if a
LabVIEW installation was recognized.

Python *.py wrapper

All above environments require also the VXlpnp Instrument Driver dll !

During NI-VISA Runtime installation, a system environment variable VXIPNPPATH for including files is
created. It contains the information where the drivers are installed to, usually to
C:\Program Files\IVI Foundation\VISA\WinNT\.
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This is the reason, why after installation of a NI-VISA Runtime a system reboot is required: This
environment variable is necessary for installation of the instrument driver software components.

In the next sections the locations of above files are described in detail.

6.1 32 bit Operating System
Note|

According to the VPP6 (Rev6.1) Standard the installation of the 32 bit VXIpnp driver includes both the
WINNT and GWINNT frameworks.

VXipnp Instrument driver:

C:\Program Files\IVI Foundation\VISA\WinNT\Bin\TLBC2 32.dl1l

This instrument driver is required for all development environments!

Header file

C:\Program Files\IVI Foundation\VISA\WinNT\include\TLBC2.h

Static Library

C:\Program Files\IVI Foundation\VISA\WinNT\lib\msc\TLBC2 32.1ib
Function Panel

C:\Program Files\IVI Foundation\VISA\WinNT\TLBC2\TLBC2.fp

Online Help for VXIpnp Instrument driver:

C:\Program Files\IVI Foundation\VISA\WinNT\TLBC2\Manual\TLBC2.html
NI LabVIEW driver

The LabVIEW Driver is a 32 bit driver and compatible with 32bit NI-LabVIEW 2018 and higher only.

C:\Program Files\National Instruments\LabVIEW xxxx\Instr.lib\TLBC2..
.A\TLBC2.11b

(LabVIEW container file with driver vi's and an example. "LabVIEW xxxx" stands for actual LabVIEW
installation folder.)

.net wrapper dil

C:\Program Files\Microsoft.NET\Primary Interop Assemblies..
..\ Thorlabs.TLBC2 32.Interop.dll

C:\Program Files\IVI Foundation\VISA\VisaCom\..
..\Primary Interop Assemblies\ Thorlabs.TLBC2 32.Interop.dll
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Python wrapper
C:\Program Files\IVI
Foundation\VISA\WinNT\TLBC2\Examples\Python\TLBC2.py

Example for C

Project file:

C:\Program Files\IVI Foundation\VISA\WinNT\ TLBC2\Examples\..
..CVI C Sample\ TLTSI CSample.pr]j

Source file:

C:\Program Files\IVI Foundation\VISA\WinNT\TLBC2\Examples\..
. CVI C Sample\sample.c

Example for C#
Solution file:

C:\Program Files\IVI Foundation\VISA\WinNT\TLBC2\Examples..
~\MS VS 2012 CSharp Demo\ BC2 CSharpDemo.sln

Project file:

C:\Program Files\IVI Foundation\VISA\WinNT\TLBC2\Examples ..
.\MS VS 2012 CSharp Demo\ BC2 CSharpDemo\ BC2 CSharpDemo.csproj

Example for LabView

C:\Program Files\National Instruments\LabVIEW xxxx\Instr.lib\TLBC2..
A\TLBC2.11b

(LabVIEW container file with driver vi's and an example. "LabVIEW xxxx" stands for actual LabVIEW
installation folder.)

Example for Python

Solution File:

Python wrapper

C:\Program Files\IVI
Foundation\VISA\WinNT\TLBC2\Examples\Python\TLBC2 Sample.py
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6.2 64 bit Operating System

According to the VPP6 (Rev6.1) Standard the installation of the 64 bit VXlpnp driver includes the
WINNT, WIN64, GWINNT and GWIN64 frameworks. That means, that the 64 bit driver includes the 32 bit
driver as well.

In case of a 64 bit operating system, 64bit drivers and applications are installed to
“C:\Program Files”

while the 32 bit files - to
“C:\Program Files (x86)”

Below are listed both installation locations, so far applicable.
VXlpnp Instrument driver:

C:\Program Files (x86)\IVI Foundation\VISA\WinNT\Bin\ TLBC2 32.d1l1l
C:\Program Files\IVI Foundation\VISA\Win64\Bin\ TLBC2 32.d1l1l
C:\Program Files\IVI Foundation\VISA\Win64\Bin\ TLBC2 64.dl1l

This instrument driver is required for all development environments!

Header file

C:\Program Files (x86)\IVI Foundation\VISA\WinNT\include\TLBC2.h
C:\Program Files\IVI Foundation\VISA\Win64\include\TLBC2.h

Static Library

C:\Program Files (x86)\IVI Foundation\VISA\WinNT\lib\msc...
...\TLBC2 32.1lib

C:\Program Files\IVI Foundation\VISA\Win64\lib\msc\TLBC2 32.1lib
C:\Program Files\IVI Foundation\VISA\Win64\Lib x64\msc\TLBC2 64.1lib
Function Panel

C:\Program Files (x86)\IVI Foundation\VISA\WinNT\TLBC2\TLBC2.fp

Online Help for VXIpnp Instrument driver:

C:\Program Files (x86)\IVI Foundation\VISA\WinNT\TLBC2\..
.Manual\TLBC2.html
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NI LabVIEW driver
The LabVIEW Driver supports 32bit and 64bit NI-LabVIEW2018 and higher.

C:\Program Files\National Instruments\LabVIEW xxxx\Instr.lib\TLBC2..

.\TLBC2.11b

(LabVIEW container file with driver vi's and an example. "LabVIEW xxxx" stands for actual
installation folder.)

.net wrapperdll

C:\Program Files (x86)\Microsoft.NET\Primary Interop Assemblies..
..\ Thorlabs.TLBC2 32.Interop.dll

C:\Program Files (x86)\IVI Foundation\VISA\VisaCom\..
.\Primary Interop Assemblies\ Thorlabs.TLBC2 32.Interop.dll

C:\Program Files\IVI Foundation\VISA\VisaCom64\..
.\Primary Interop Assemblies\ Thorlabs.TLBC2 64.Interop.dll

Python wrapper
C:\Program Files (x86)\IVI
Foundation\VISA\WinNT\TLBC2\Examples\Python\TLBC2.py

Example for C

Project file:

LabVIEW

C:\Program Files (x86)\IVI Foundation\VISA\WinNT\ TLBC2\Examples\..

..CVI C Sample\ TLBC2 CSample.pr]j

Source file:

C:\Program Files (x86)\IVI Foundation\VISA\WinNT\TLBC2\Examples\..

. CVI C Sample\sample.c

Example for C#
Solution file:

C:\Program Files (x86)\IVI Foundation\VISA\WinNT\TLBC2\Examples..
~\MS VS 2012 CSharp Demo\ BCl CSharpDemo.sln

Project file:

C:\Program Files (x86)\IVI Foundation\VISA\WinNT\TLBC2\Examples ..

~\MS VS 2012 CSharp Demo\ BCl CSharpDemo\ BC1l CSharpDemo.csproj
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Example for LabView

C:\Program Files\National Instruments\LabVIEW xxxx\Instr.lib\TLBC2..
.A\TLBC2.11b

(LabVIEW container file with driver vi's and an example. "LabVIEW xxxx" stands for actual LabVIEW
installation folder.)

Example for Python

Solution File:

Python wrapper

C:\Program Files (x86)\IVI
Foundation\VISA\WinNT\TLBC2\Examples\Python\TLBC2 Sample.py
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Chapter 7 Specifications BC207x and BC210Cx
Item # BC207UV(/M) BC207VIS(/M) BC210CU(/M) BC210CV(/M)
Camera Beam Profiler Specifications
Wavelength Range 245 - 400 nm 1) 350- 1100 nm 245 - 400 nm 1) 350- 1100 nm
Power Range 20fw-1w23) | somw-1w34 | 20fw-1w23 | somw-1w34
Beam Diameter 20um-7.0mm 20um - 10.0 mm
Compatible Light 5) 5)
Sources CW, Pulsed CW, Pulsed
@25 mm @25 mm
NG3 absorptive NG3 absorptive
ND filter, ND filter,
Protection Glass WG41010-UV WG41010-UV
t=1mm, t=1mm,
nominal Optical nominal Optical
Density: 1.0 Density: 1.0
Absorptive Neutral Density Filters
Nominal Attenuation ZOdB, 30dB, ZOdB, 40dB, ZOdB, 30dB, ZOdB, 40dB,
Values 4048 °®) 60 dB, Two Sets /) 4048 °) 60 dB, Two Sets /)
350- 700 nm 350- 700 nm
AR Coating No AR Coating (Three Filters) No AR Coating (Three Filters)
Wavelength Range Available 650- 1050 nm Available 650- 1050 nm
(Three Filters) (Three Filters)
Reflective Neutral Density Filters
Nominal 20dB, 30dB, NA 20dB, 30dB, NA
Attenuation Values 40dB 40 dB
Sensor
Chi Sony IMX264LLR, Windowless Sony IMX304LLR, Windowless
P 11.1 mm Diagonal, 5.0 MP 17.5 mm Diagonal, 12.3 MP
Aperture Size (Max) 8.45 mm x 7.07 mm 14.13 mm x 10.32 mm
Pixel Size 3.45um x 3.45 um 3.45um x 3.45 um
Resolution, max. 2448 x 2048 pixel, ROl Selectable 4096 x 2992 pixel, ROl Selectable
Camera
Shutter Global Global
Binning 1x1;2x2;4x4,8x8;16x 16 1x1;2x2;4x4,8x8;16x 16
Frame Rate (Max) 8) 8)
@ Full Resolution 4fps 1.5fps ™ (Max)
Frame Rate 8) 8)
@ 1224 x 1024 pix >8 fps >8 fps
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Item #

BC207UV(/M) BC207VIS(/M)

BC210CU(/M) BC210CV(/M)

Frame Rate
@ 612 x 512 pix

>12 fps 8)

>12 fps 8)

Pulse Frequency

up to 37 kHz (Single Pulse Detection)
Unlimited (Multi Pulse Detection)g)

up to 37 kHz (Single Pulse Detection)
Unlimited (Multi Pulse Detection)g)

Image Digitization 12 bit 12 bit
Signal-to-Noise Ratio <71dB <71dB
Exposure Range 27 us—1s 25 us —500 ms
Gain Range 0-12dB 0-12dB

Image Capture Modes

Single Frame, Continuous, Hardware
Triggered

Single Frame, Continuous, Hardware
Triggered

Sensor Distance to
Front (Filter Holder
Surface)

20.7 mm (0.82")

20.3 mm (0.80")

Interfaces

Trigger Input

TTL Level, LVTTL compatible, BNC
Jack,
Low:0to +0.4V
High: 2.4V to 5.5.V,

TTL Level, LVTTL compatible, SMA
Jack,
Low:0to +0.4V
High: 2.4V t05.5.V,

BNC Jack 10) SMA Jack 10)
Trigger Delay 0.27 us 0.27 ps
Pulse Width (Min) 100 ps 100 ps

PC Interface

USB 3.0 (Micro B)

USB 3.0 (Micro B)

Item # BC207UV(/M), BC207VIS(/M) BC210CU(/M) and BC210CV(/M)
General

Operating Temperature 10°Cto 35°C 10°Cto 35°C

Storage Temperature 0°Cto55°C 0°Cto55°C

Size (Hx Wx D)
Including Filter Wheel

94.3 mm x 84.8 mm x 85.7 mm
(3.71" x 3.34" x 3.37")

95.8 mm x 88.4 mm x 34.7 mm
(3.77" x 3.48" x 1.37")

Weight

420g

300g

Mounting Holes,
Imperial Version

1/4"-20

Mounting Holes, Metric
Version

M6x 1 mm

Power Supply

3.6 W, USB Bus Powered

3.9 W, USB Bus Powered
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1) The wavelength range of the supplied UV ND filters starts at 200 nm, see chapters Filter Wheel[ o]
2) @ 400 nm depending on beam diameter and ND filter.

3) The neutral density filter will begin to heat up and can be damaged if exposed to incident powers
above 1 W for more than a few seconds.

4) @ 700 nm depending on beam diameter and ND filter.

5) Damage threshold data is currently not available for the BC207 and BC210C beam profilers. For
applications with pulsed lasers, we recommend the following procedure as a guideline for
determining a safe upper limit: Set the beam profiler to the maximum integration time (i.e., set the
exposure to 1 s). Slowly increase the power until your signal reaches approximately 50% of the
intensity as shown in the profile window of the Beam Software package. Multiply this power by a
factor of 10. This is the safe upper limit of the mean pulse power for the beam profiler.

6) These filters are provided for use near the 400 nm upper wavelength range of the BC207UV(/M) and
BC210CU(/M). See the chapter Filter Wheellis71for more information.

7) One set of filters is AR coated for the 350 nm to 700 nm range while the otheris AR coated for the 650
nm to the 1050 nm range. See the chapter Filter Wheel[:s71for more information.

8) Highly dependent on PC processor, graphic adapter performance, and size of calculation area.

9) In Multi Pulse Detection, single pulses are not distinguished.
10) See chapter Trigger Ingutmfor detailed data.
All technical data are valid at 23 £ 5°C and 45 + 15% rel. humidity.
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7.1 Dimensions BC207UV(/M) and BC207VIS(/M)

The outer dimensions of all BC207 Series models are identical. They only differ by the protection glass
(UV or VIS) and the filters in the filter wheel. Imperial version have 1/4"-20 tapped mounting holes
while metric devices have M6 x 1.0 tapped mounting holes.

4x 4-40 Threads
for 30 mm
Cage System

Selected
Filter
Display

Slot Width 2.4 mm (0.09")
Open with Flathead Screwdriver

SM1 (1.035"-40) Series 371"
Internal Thread :
4.0 mm (0.157") Depth

©
S
w
3
3

-

P

30.0 mm ;
(1.18") 23.7 nlllm 47.8 nlllm
(0.94") Optical (1.88")
30.0 mm Measurement
(1.18") Plane
20.7 mm
|<—84.8 mm — (0.82")
(3.34")
5.0 mm ———»
(0.20") ~ BNC Connector
5.0 mm o [ Trigger IN (TTL) Selected
(0.20") . Filter
3.1 mm — 1/4"-20 (M6 x 1.0) Tapped Hole Display
(0.12") 6.3 mm (0.25") Depth
21.9 mm — for Post Mounting USB3 Micro
(0.86") . Type B Plug
| —Optical Power and Data
I ﬁ 14 Measurement Stat
Y Plane LE?)us
85.7 mm A
(3.37") § \— Holes for 2.0 mm (0.08") T 15.8 mm
L Dowel Pins Ao
\4.5 mm (0.17") Depth vy 2]
30.1 mm - < \—1/4"-20 (M6 x 1.0) Tapped Hole (0.76")
(1.19%) 8.9 mm (0.35") Depth
60.2 mm —| < for Post Mounting ~<30.2 mm
(2.37") (1.19")
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7.2 Dimensions BC210CU(/M) and BC210CV(/M)

The outer dimensions of all BC210C Series models are identical. They only differ by the protection glass
(UV or VIS) and the filters in the filter wheel. Imperial version have 1/4"-20 tapped mounting holes
while metric devices have M6 x 1.0 tapped mounting holes.

SM1(1.035-40)
Internal Thread Selected Filter Display

0.157" (4.0 mm) Depth

C

Optical
Measurement
4x 4-40 Threads Plane
for 30 mm
Cage System
Slot Width 0.09" (2.4 mm)
1.18" (S)pen v(\jli@h Flathead
y crewdriver 0.20"
(30.0 mm) 3.73" (5.0 mm) 377"
) (94.8 mm) (95.8 mm)
\ \ + 2.00"
U/ V¥ (50.8 mm)
* o o

—Holes for 0.08" (2.0 mm)
Dowel Pins

1.00" 0.17" (4.5 mm) Depth
25.4
1.18" =] (254 mm) 0.80"
(30.0 mm) (20.3 mm)

1/4"-20 (M6 x 1.0 mm) Tapped Hole
0.25" (6.3 mm) Depth
for Post Mounting

1/4"-20 (M6 x 1.0 mm) Tapped Hole
0.25" (6.3 mm) Depth

for Post Mounting Selected Filter
Display

Holes for 0.08" (2.0 mm)
Dowel Pins
0.17" (4.5 mm) Depth

1/4"-20 (M6 x 1.0 mm) Tapped Hole
0.25" (6.3 mm) Depth
for Post Mounting Status LED

Optical Measurement
Plane

0.80" 4
20.3 mm y
( ) 020" | [ e B i
(5.0 mm) (14.4 mm)
—| 0.20" 1.00" 0.25"
(5.0 mm) (25.4 mm) e mm)
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7.3 Specifications Filter Wheel

This chapter lists the optical density filters mounted in the filter wheel, and their characteristics.

BC207UV(/M) and BC210CU(/M)

Name on Filter Wheel Filter Type

NDUV20B 20 dB UV Fused Silica Reflective ND Filter, 200 nm - 1200 nm
NDUV30B 30 dB UV Fused Silica Reflective ND Filter, 200 nm-1200 nm
NDUV40B 40 dB UV Fused Silica Reflective ND Filter, 200 nm - 1200 nm
NE20B 20 dB UV Absorptive ND Filter, 400nm - 650 nm !
NE30B 30 dB UV Absorptive ND Filter, 400nm - 650 nm !
NE40B 40 dB UV Absorptive ND Filter, 400nm - 650 nm?

1These filters are provided for use near the 400 nm upper wavelength range of the BC207UV(/M) and
BC210CV(/M).

BC207UV(/M) and BC210CU(/M)

Name on Filter Wheel Filter Type

NE20B-A 20 dB Absorptive ND Filter, AR-Coated: 350-700 nm

NE40B-A 40 dB Absorptive ND Filter, AR-Coated: 350-700 nm

NE60B-A 60 dB Absorptive ND Filter, AR-Coated: 350-700 nm

NE20B-B 20 dB Absorptive ND Filter, AR-Coated: 650-1050 nm
NE40B-B 40 dB Absorptive ND Filter, AR-Coated: 650-1050 nm
NE60B-B 60 dB Absorptive ND Filter, AR-Coated: 650-1050 nm
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7.4 Wavelength Response

1. Wavelength Dependent Sensitivity of BC207 and BC210C Models

The following diagrams show the typical relative wavelength response of both BC207 and BC210C series
models.
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Both responsivity diagrams are measured without any ND Filter.
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7.5 Power Ranges

The model BC207VIS and BC210CV has a maximum responsivity at 550 nm, BC207UV and BC210CU at 200
nm. The diagram below refers to the wavelength 400 nm for BC207UV(/M) or BC210CU(/M) and 700 nm
for BC207VIS(/M) or BC210CV(/M).

BC207 Series Power Operating Range
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The range within the unbroken boundary lines indicate the BC207 and BC210C power range without any
filter. The operating power range is shifted towards higher values when a filter is used. The range
within the dashed boundary lines stands for the highest attenuation that is available from the filter
wheel (40 dB for BC207UV or BC210CU; 60 dB for BC207VIS or BC210CV). With other filter settings, the
power range is located between unbroken and dashed lines.

Page 159 MTNO026962-D02



BC207 and BC210C Series Camera Beam Profiler Chapter 7 Specifications BC207x and BC210Cx

The max. and min. applicable power strongly depends on the actual beam diameter. As for this reason,
first find the beam diameter on the horizontal axis of the corresponding beam profiler diagram. Then,
read out the operating power range and filter setting.

Please note that the above diagram represents the operating power range at the specified wavelength.
For different wavelengths the power range shifts towards higher values and thus, needs to be adopted
according to the wavelength depending response curve of the sensor|ss).
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Chapter 8 Specifications M2MS Extension Sets

Item # M2MS M2MS-AL
M2MS Extension Set General Specifications

Wavelength Range 400-2700 nm 1) 250-600nm )

Beam Profiler

BC207 series, BP209 series and BC210C series

Compatibility

Translation Stage DDS100/M
Travel Range 100mm
Velocity (Max) 500 mm/s

Effective Translation Range

200 mm, -100 mm to +100 mm from Focal Point

Lens Focal Length

250 mm

Optical Axis Height

70 mm (without additional feet)

M2 Measurement Range

1.0 - No Upper Limit

Typical M? Accuracy

15 %, Depending on Optics and Alignment

Minimum Detectable <0.1 mrad

Divergence Angle

Applicable Light Sources CW, Pulsed

Size 300 mm x 175 mm x 109mm (without Beam Profiler)

Typical Measurement Time

15-30 s, Depending on Beam Shape and Settings

1) Depending on the Beam Profiler Type
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Chapter 9

Initial Software Settings

When the BC207 or BC210C is used first time with the Beam software, the following initial settings are

applied:

Parameter Default value
Region Of Interest Full Size
Tab Beam Profiler Parameter

Wavelength 635nm

Filter Wheel Selection [dB]

No Filter (0 dB)

Auto Exposure Control

ON

Gain

1.0 (minimum)

Tab Corrections

Hot Pixel Correction

ON

Power Correction

OFF, factory calibration active

Ambient Light Correction OFF
Tab Trigger
No Trigger (selected)

Software Trigger

OFF, 50% min AD saturation

Hardware Trigger

OFF, Rising Edge

Single Pulse

100ms Target Delay

Repetitive Pulses

1.000kHz Rep. Rate

Chapter 10

Maintenance and Service

Protect the Beam Profiler from adverse environmental conditions. The Beam Profiler is not water

resistant.

To avoid damage to the instrument, do not expose it to spray, liquids or solvents!

The unit does not need a regular maintenance by the user.

The BC207 and BC210C Series does not contain any modules that could be repaired by the user himself.
If a malfunction occurs, please contact Thorlabs[i7 first. If necessary, you will be provided with the

required return information.

Do not remove covers!
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10.1 Version

The menu entry Help = About Thorlabs displays relevant Beam Software data.

& Thorlabs Beam - About *

D= N
g

Thorlabs Beam
Copyright@ 2023, Thorlabs GmbH
i _ Application  9.0.5612.508

Ot by Nokia ~ 4.8.6
NI-VISA Engine 17.0

Beamn Profiler BC1Sourcedll 9.0.508
BC2Sourcedll  9.0.508
BP15ourcedll  9.0.508
BP2Sourcedll  9.0.508

Stage: DDSMStage.dll 9.0.508
VTB0Stage.dll  9.0.508

In case of a support request, please submit the software version of the application. This will help to
locate the error.

10.2 Cleaning

Please clean the glass window which protects the sensor with compressed air or ethanol and cleaning
tissues, only.

ND Filters

ND filters (see Filter Wheelm)can be cleaned by conventional methods using pure ethanol and/or
cleaning tissue. You may clean the front surface of the ND filters without unscrewing the appropriate
filter holder. After tissue cleaning, it is recommended to remove remaining lint using compressed air.

In case dust is still visible within the camera image, unscrew the filter holder and clean the ND filter's
rear surface. In addition, remove dust from the sensor itself (compressed air only!).

The outer surfaces of the instrument may be cleaned using a wet lint-free cloth.
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10.3 Troubleshooting

O Software Installation failed

In order to install the Beam Software on your PC, you need administrator privileges. Otherwise, an

installation is impossible. If you have trouble with software installation, please contact your system
administrator.

O No Beam Profiler recognized

If after starting of Beam Software no instrument was recognized, the Device Settings button in the
Menu bar is crossed out ( n).

e Check if you have connected a BC207 or BC210C Series instrument.

o Check the USB cable. Make sure you are using the supplied with instrument cable.

e Check proper driver installation

e Check if the green LED lights up - LED off indicates that the Beam Profiler's firmware was not
loaded.

See section Connection to the Pcmfor details.

You may unplug and reconnect the Beam Profiler to a different USB port or use a different USB cable.
Wait a few seconds, until the green LED lights up. Then click "Refresh Device List" within the Device
Selection panel. See chapter Start the Application for a detailed description.

O Fixed sample image instead of live camera image
The Beam Software selects a stored camera image automatically if no camerais found during
program start. This is indicated by the image name in the status bar.

e Connect a BC207 or BC210C Beam Profiler to the PC and wait a few seconds until its LED lights up
green.

o Click 'Refresh Device List' in the Device Selection panel.
e Select the instrument and click 'Close’

See chapter Start the Application for a detailed description.

U Erroneous or no measurement results

Remove the protection cap from the used ND filter.

Verify that the beam under test enters the aperture of the Beam Profiler.

Check if the power level is within the measurable Power Range [150.

Check Exposure Time and Gain settings. Choose 'Auto Exposure Control' in Device Settings.

Observe error messages in the status bar. Ambient light power may be too high or beam power
too low or high. See Warnings and Errors]iss)

U Results and graphs are not being updated

e The device is in the pause mode. Resume the device by clicking the Start D button in the Menu
bar.

e Max Hold - was activated - switch off Max Hold mode by clicking the - icon.

e The "Average over frame" rate might be high, check its value in the Beam Settings panel[sz).

¢ You may have activated the 'Software Trigger' mode but the 'Min. Image Saturation' limit is not
reached. Increase Exposure Time or even Gain to achieve a sufficiently high pulse intensity.

e The 'Hardware Trigger' mode may be activated but no TTL trigger pulse is launched into the BNC
or SMA input jack. Provide a trigger signal [15)
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O Menu, toolbar and setting controls react slowly
e The performance of your PC's graphics adapter may be too poor. Particularly, the 3D Profile
window is resource-consuming at high resolution, which can decrease its update rate
significantly. See System Requirements| s .
e The AD converter was set to Precision mode (12 bit data).

10.3.1 Warnings and Errors

Warnings and error messages will appear in the status bar as soon as improper measurement
conditions are detected. For this reason, please keep always an eye on the status bar in order to
prevent measurement errors. Below some examples are shown:

i Power too high, camera saturated! Attenuation: 40 dB | Exposure Time: 9.93 ms | Gain: 1.20 x | Auto Exposure: OFF | 817 fps

U Power too high, camera saturated!

Explanation: Some pixels within the selected ROI or Calculation Area are saturated because
they reach the maximum digit value 4095 in Precision Mode (12 bit data).
Therefore, the local beam intensity may be even higher than displayed. Beam
parameters cannot be calculated correctly!

Resolving: Decrease Exposure Time and Gain settings or reduce the beam intensity using a
higher attenuation ND filter of the Filter Wheell 5. You may also cascade two
filters. If Exposure Control is set to Auto, a short appearance of this error is
harmless as Exposure Time and Gain will be adjusted automatically.

Power too low!

Explanation The brightest pixel values fall below 10% of the available saturation range. This
means that 90% of the available dynamic range remains unused. This causes a
digitizing noise that increases the measurement noise.

Resolving Increase Exposure Time and Gain settings or increase the beam intensity using a
lower attenuation ND filter of the Filter Wheell sl You may also remove the
filter.

U High ambient power level!

Explanation The lowest pixel intensity within the selected camera ROl or Calculation Area is
too high. Therefore, the beam edges cannot be detected or distinguished from a
constant ambient light level. The reasons are either the laser beam diameter is
wider than the chosen ROI or the ambient light is too high. Beam parameters
cannot be calculated correctly!

Resolving Select the ROl so that its height and width is at least twice the beam diameter.
Reduce the influence of ambient light by proper shielding, alternatively select a
higher attenuation out of the Filter Wheell s 1and increase the beam power.

As soon as an error or warning is displayed in the status bar, the calculated beam parameters
are not reliable!
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Chapter 11 Compatibility with Older Hardware

The Beam Software is downwards compatible with the following discontinued hardware components:
e BC106N-UV, BC106N-VIS (Camera Beam Profiler)

Electrical connections and mechanical setup should be carried out as described in the appropriate
documentation to this hardware, while operation is described in the manual on hand.

Older documentation can be downloaded from the Thorlabs Manual Archive at
www.thorlabs.com/manuals.cfm. Open this page and enter the desired item number; be careful about
correct spelling.
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Chapter 12 List of Acronyms

The following acronyms and abbreviations are used in this manual:

2D 2 Dimensional

3D 3 Dimensional

ADC  Analogto Digital Converter

AL Aluminum

AR Anti Reflection

BC Beam Profiler Camera

CA Calculation Area

cwW Continuous Wave (constant power source)

GUI Graphical User Interface
ND Neutral Density

PC Personal Computer

FPS Frames Per Second

ROI Region Of Interest

usB
uv

Universal Serial Bus
Ultra Violet (wavelength range)

VIS VISible (wavelength range)
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Chapter 13 Application Note

This chapter contains some background information about the measurement methods of beam
profiles.

Beam profiles can be characterized by a number of different parameters. We aim to offer a software
that allows to measure all usual beam parameters based on 1ISO011146-1 standard.

In the following sections detailed explanations are given to the measured parameters.

13.1 Ambient Light Correction

Thorlabs Beam Software implements a unique Ambient Light Correction (ALC) method. The procedure
can be started from the Beam Settings panel, topic "Optical Setugm".

After the laser beam has been blocked and only ambient light enters the sensor, the ALC records a
number of images at different exposure times and averages them. Intermediate values are
interpolated. This allows a precise calculation of the camera's baseline with ambient light valid at
different exposure times.

An outstanding property of the ALC is that the original baseline of the camera (black level) is corrected
for the average intensity of the ambient light "noise". This turns out to be a significant advantage,

particularly for M?> measurements - the 4G values can be determined with a higher accuracy, as in this
case the interference caused by ambient light is nearly eliminated.

13.2 Coordinate Systems

Lab System

The lab system (AKA reference system) of coordinates is based on the true X and Y coordinate
orientation of the CMOS camera chip (X =lines, Y = columns).

Transformed System

The transformed system of coordinates is based on the calculated beam axes (minor and major axes for
elliptical fit or for 4c beam diameter).
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13.3 Raw Data Measurements

Lab (or Reference or Sensor) Coordinate System

4s Beam Width is the width of a beam in Xand Y axes (centroids), derived from the second moment
calculation:

X

d, = 40, d, = 4=0,

where o, and cy are the standard deviation of the horizontal or vertical marginal distribution,

[( X L.:;Hrr,lr:.'} ::p(x’}r)]
Sum_Intensity

[(}:_.}; L-cn.'i"m.f.' p{ Xy ) ]

Sum_Intensity

respectively:

and

[ (I_I ceniro r'._r.") * (};_.}; L-cmi"r,lr'.-:.") *p (I: .}) ]

Sum_Intensity

The 406 Beam Width measurement is not in conformity with 1S011146! In accordance with 1S011146-3,
beam diameters shall be defined at a 1/e2 clip level for Slit Beam Profilers, while for Camera Beam
Profilers the 40X' and 40Y' beam widths apply.

Transformed Coordinate system

According to 1SO11146-1, the second moment beam widths are calculated in the transformed
coordinate system that follows the elliptical fit (4oX' and 4cY' beam width). Here, the following
formulas are used:

dp = 242 %[ (62407) +74 (02-07) +4(02)’
d, = 232 %/ (GP+0) -1y (62-02) +4(c2)’

where the coefficient

y = sgn(o:-07)

The azimuthal angle is calculated by the formula

I 203,
p = ?arc'ran —

2

0.-0,
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According to 1ISO11146-1, if the elligticitymis larger than 0.87, the beam profile may be considered to
be of circular symmetry at that measuring location. In this case, 1S011146-1 allows the calculation of
only one common 40 beam width (4o simplified).

Beam Diameter (4o simplified) is the diameter derived from the second moment calculation on radial
distance (pixel-centroid):

2\/_ ;+r}

Effective Beam Diameter is the diameter of an equivalent circular beam area, within which the pixel
intensities are above alevel X (in per cent of the peak intensity =clip level):

e W
p, = | N
¥ | T
with
N number of pixels with intensities above clip level
Apix pixel size (for BC207 and BC210C = 3.45*3.45 um?)

Peak Position

X, Y: position of the pixel with highest intensity (AD value) which is found first with respect to

reference position.
f 2 72
R f— X_ },_

is the dial distance of peak position's pixel from the reference position (= sensor center).
Centroid Position

X, Y and R position (first moment), calculated over all pixels with respect to the above reference
position.

X=SUM [x *p(x,y)] /1 Y=SUM [y *p(x,y)] /1

where:

p(x,y) intensity at location (x,y);

I total intensity;

SUM of pixels taken over the entire area

AD Saturation

Saturation level of the instrument's AD converter. For a good SNR (signal-to-noise ratio) the saturation
level should be not below 40% and not be above 95%.

Total Power

Total power within the Calculation Areal ).

Peak Density

Power on peak pixel divided by its area (in pm?)
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13.4 Ellipse (Fitted)

The beam shape is fit to an ellipse using the set clip level.

Centroid

Major Axis

 Theta (9)

Minor Axis Fitted Ellipse

Diameter (clip level) is given for the minor axis (min), major axis (max) and their arithmetic mean
value.
Ellipticity and Eccentricity of the beam are defined in ISO 11146-1 as

d: —d,

o d_.
Ellipticity = n'ﬂ Eccentricitv = %

nax nax

withd_. =minoraxisandd__ =majoraxes of the approximated beam ellipse.

Orientation denotes the angle 0 between the major ellipse axis and the horizontal X axis. Range: -90° <
0 <90°.

13.5 X-Y-Profile Measurement

Beam Width at Clip Level (xx%)

Beam width is the distance between the two points where the opposite edges of a captured beam
profile are bisected by the X or Y axis and the intensity falls to a certain percentage of the peak power.
This percentage is called clip level.

Preferred clip levels are for instance 50 % (Full Width at Half Maximum) and 13.53% (exactly 1/e?). Since
the Beam Software supports a variable clip level, the beam width is always displayed with its clip level
in brackets.

Please note that "Beam Width" is always the diameter, not the radius of the beam.
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13.6 Gaussian Fit Measurement

The beam profiles of coherent light sources, such as lasers and the output of fibers, show a distribution
more or less close to Gaussian. If focusing a Gaussian beam, it converges into a waist, after which it
diverges.

The Gaussian fit uses the method of least squares in order to fit the X and Y cross section profile of a
beam to a Gaussian shape. In other words, the Gaussian fit represents an approximation of captured
measurement data to a Gaussian distribution.

Data Points ()

Gaussian Curve (G)

Intensity

0 i N
Gaussian Intensity is the intensity distribution of the Gaussian fitted beam profile.

Gaussian Diameter is the width of the Gaussian fitted profile at a 1/e? intensity clip level.

13.7 Bessel Fit

On of the most important properties of a Bessel beam is that it is non-diffractive. This means, apart
from Gaussian beams, their shape does not change during propagation, and they do not have a focus in
terms of a location with highest intensity along the propagation direction. Its distribution can be
described by a Bessel function of the first kind.

Ideal Bessel beams do not exist, but a good approximation - a Bessel-Gauss beam - can be achieved by
focusing a Gaussian beam using an axicon lens, a narrow annular aperture, or a axisymmetric diffraction
grating. The output of some step index fibers can also have a profile close to a Bessel beam.

The Bessel fit approximates a given beam profile to a Bessel function distribution.
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Chapter 14 Certifications and Compliances

FU Declaration of Conformity
in accordance with EN IS0 17050-1:2010
We: Thorlabs GmbH
of: Minchner Weg 1, 85232 Bergkirchen, Deutschland
in accordance with the following Directive(s):
2014/30/EU Electromagnetic Compatibility (EMC) Directive
2011/65/EU Restriction of Use of Certain Hazardous Substances [RoHS)

hereby declare that:
Model:  pe2o7uv(/M){-M2MS), BC207VIS(/M){-M2MS)

Equipment:  cpMOS Camera Beam Profiler Family

is/are in conformity with the applicable requirements of the following documents:

EN 61326-1 Electrical Equipment for Measurement, Control and Laboratory Use - EMC 2013
Requirements

EN 61010-1 Safety Requirements for Electrical Equipment for Measurement, Control and 2010
Laboratory Use

and which, issued under the sole responsibility of Thorlabs, is/are in conformity with Directive 2011/65/EU of the
European Parliament and of the Council of 8th June 2011 on the restriction of the use of certain hazardous
substances in electrical and electronic equipment, for the reason stated below:

contains no substances in excess of the maximum concentration values tolerated by weight in homogenous
materials as listed in Annax |l of the Directive

I hereby declare that the equipment named has been designed to comply with the relevant sections of the
above referenced specifications, and complies with all applicable Essential Requirements of the Directives.

Signed: _ On: 04 August 2021

T (= "¢ T

Name:  Dr. Bruno Gross ( €
EDC - BC207UVT/M)(-M2MS), BC20...

Position:  General Manager
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FU Declaration of Conformity
in occordance with EN .ISC; 17050-1:2010 )

We: Thorlabs GmbH

of: Miinchner Weg 1, 85232 Bergkirchen, Deutschland

in accordance with the following Directive(s):

Electromagnetic Compatibility (EMC) Directive
2014/30/EV £ patibility { )

RoHS, including 2015/863
2011/65/EU £ 2015/

hereby declare that:
Model:  geai1ocvi/M), BC210CU(/M)

Equipment:  cpMOS Comera Beam Profiler Family

is/are in conformity with the applicable requirements of the following documents:

EM 61326-1 Electrical Equipment for Measurement, Control and Laboratory Use - EMC 2021
Requiremeants
EM IEC 63000 Technical documentation for the assessment of electrical and electronic products 2018

with respect to the restriction of hazardous substances

EM 61010-1 safety Requirement for Electrical Equipment for Measurement, 019
control and Laboratory Use

and which, issued under the sole responsibility of Thorlabs, isfare in conformity with Directive 2011/65/EU of the
European Pariioment and of the Council of 8th June 2011 on the restriction of the use of certain hazardous

substances in electrical and electronic equipment, for the reason stated below:

! hereby declare that the equipment named has been designed to comply with the relevant sections of the
above referenced specifications, and compilies with all applicable Essential Requirements of the Directives.
Signed: on: 25 May 2023

W e

MName:  Julien Vigroux
Paosition:  General Manager EDC - BC2A0CW/ M), BC2100U( ...
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Chapter 15 Warranty and RMA Information

Thorlabs warrants material and production of the BC207 and BC210C Series for a period of 24 months
starting with the date of shipment in accordance with and subject to the terms and conditions set forth
in Thorlabs” General Terms and Conditions of Sale which can be found at:

General Terms and Conditions:

https://www.thorlabs.com/Images/PDF/LG-PO-001 Thorlabs terms and %20agreements.pdf

and

https://www.thorlabs.com/images/PDF/Terms%20and%20Conditions%200f%20Sales Thorlabs-
GmbH English.pdf

15.1 Return of Devices

This precision device is only serviceable if returned and properly packed into the complete original
packaging including the complete shipment plus the cardboard insert that holds the enclosed devices.
If necessary, ask for replacement packaging. Refer servicing to qualified personnel.

15.2 WEEE Policy

Thorlabs 'End of Life' Policy (WEEE)

Thorlabs verifies our compliance with the WEEE (Waste Electrical and Electronic Equipment)

directive of the European Community and the corresponding national laws. Accordingly, all end

users in the EC may return “end of life” Annex | category electrical and electronic equipment sold

after August 13, 2005 to Thorlabs, without incurring disposal charges. Eligible units are marked

with the crossed out “wheelie bin” logo (see right), were sold to and are currently owned by a

company or institute within the EC, and are not dissembled or contaminated. Contact Thorlabs for

more information. Waste treatment is your own responsibility. “End of life” units must be returned

to Thorlabs or handed to a company specializing in waste recovery. Do not dispose of the unitin a _
litter bin or ata public waste disposal site. It is the user's responsibility to delete all private data

stored on the device prior to disposal.

Chapter 16 Manufacturer Address

Manufacturer Address Europe  EU-Importer Address UK-Importer Address

Thorlabs GmbH Thorlabs GmbH Thorlabs, LTD.

Miinchner Weg 1 Miinchner Weg 1 204 Lancaster Way Business Park
D-85232 Bergkirchen D-85232 Bergkirchen Ely, CB6 3NX

Germany Germany UK

Tel: +49-8131-5956-0 Tel: +49-8131-5956-0 Tel: +44-1353-654440

Fax: +49-8131-5956-99 Fax: +49-8131-5956-99 Fax: +44 (0)1353-654444
www.thorlabs.de www.thorlabs.de www.thorlabs.com

Email: europe @thorlabs.com  Email: europe @thorlabs.com Email:

techsupport.uk@thorlabs.com
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Chapter 17 Copyright and Exclusion of Liability

Thorlabs has taken every possible care in preparing this document. We however assume no liability for
the content, completeness or quality of the information contained therein. The content of this
documentis regularly updated and adapted to reflect the current status of the product.

All rights reserved. This document may not be reproduced, transmitted or translated to another

language, either as a whole or in parts, without the prior written permission of Thorlabs. Copyright ©
Thorlabs 2023. All rights reserved.

Please refer to the general terms and conditions linked under Warranty@.
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Chapter 18 Thorlabs Worldwide Contacts

For technical support or sales inquiries, please visit us at www.thorlabs.com/contact for our most up-
to-date contact information.

USA, Canada, and South America UK and Ireland

Thorlabs, Inc. Thorlabs Ltd.
sales@thorlabs.com sales.uk@thorlabs.com
techsupport@thorlabs.com techsupport.uk@thorlabs.com
Europe Scandinavia

Thorlabs GmbH Thorlabs Sweden AB
europe@thorlabs.commvhl scandinavia@thorlabs.com
France Brazil

Thorlabs SAS Thorlabs Vendas de Fotbnicos Ltda.
sales.fr@thorlabs.comm brasil@thorlabs.com

Japan China

Thorlabs Japan, Inc. Thorlabs China
sales@thorlabs.jp chinasales@thorlabs.com
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