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1.3. SPECIFICATIONS 

 

M² System Beamage-M² 

Wavelength Range 350-1100 nm 

Attenuation Range ND0 - ND0.5 - ND1 - ND2 - ND1.5 - ND2.5 - ND3 - ND3.5 

Beam Diameter Range 55 µm to 11.3 mm (at Beamage) 

Damage Threshold See specifications for Beamage-4M  

Translation Stage   

Travel Range 200 mm 

Effective Optical Path 180 �t 587 mm 

Lens Focal Length 

200 mm 
250 mm 
300 mm 
400 mm 
500 mm 

Optical Axis Height 86 mm 

Typical Estimated M² Accuracy (depending 
on the beam quality and optical 
configuration) 

5%  
2% repeatability 

Applicable Light Sources CW and pulsed 

Typical Measurement Time 45 sec 

  



Beamage-M² User Manual Revision 6 2 

Camera Specifications  See Beamage-4M manual 

Sensor Technology CMOS without cover glass 

Pixel Dimension 5.5 µm 

Pixel Count 4.2 MPixels 

ADC 12 bits 

Frame Rate See Beamage-4M Manual 

Minimum and Maximum Exposure Time 0.06 ms - 200 ms 

USB Port USB 3.0 ports for optimal performance  
USB 2.0 

General Specifications   

Size 602 mm (L) x 193 mm (W) x 172 mm (H) 

Weight 6.8 kg (15 lb)  

Power Supply 48V DC, 1.25A out  

Environmental   

Storage Temperature 10 °C to 60 °C  

Storage Humidity  RH < 90% 

Operating Temperature  15 °C to 28 °C  

Operating Humidity  RH < 80% (without condensation) 

Measurements   

M-Square  �/ �ë
�6, �/ �ì

�6 

Beam Parameter Product �$�2�2�ë, �$�2�2�ì  

Width at Waist �S�ë, �S�ì   

Divergence angle �à�ë, �à�ì   

Waists Location and Offset �<�ë, �<�ì , �¿�<  

Rayleigh Length �<�Ë�ë, �<�Ë�ì   

Astigmatism  

 
 

  Tip 
 

This guide contains the software information needed to operate the 
Beamage-M² automation. More information about the PC-Beamage 
software and interface can be found in the Beamage User Manual. 
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1.4. MECHANICAL DESCRIPTION 

1.4.1. Mechanical properties 

The overall appearance of the fully assembled Beamage-M² is shown below. A casing covers the moving 
parts to protect them from dust and to prevent accidental misalignment of the factory-adjusted mirror (M4). 

 

 
Figure 1-1: Assembled Automated M2 Measurement System 

 
Figure 1-2: Complete mechanics top view 

Automated M2 Measurement System with the casing removed.  
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o. In the Advanced tab, click on the M² button. Two (2) new tabs open and the translation 
stage automatically connects to the computer. 

p. Click on the right arrow in the Manual Settings, this moves the stage to the farthest 
possible position. 

 

q. Observe the beam in the Display screen and use mirror M2 (see Figure 2-3: Alignment 
tube) to center the beam on the sensor. 

r. Click on the left arrow in Manual Settings, this moves the stage to the closest possible 
position, then center the beam using mirror M1. 

s. Repeat steps q. to s. if needed. 

 

  

Figure 2-3: Alignment tube  
On the left, the alignment tube mounted with its 2 fluorescent pinholes. On the right, schematics of the 

alignment tube with mirrors M1 and M2 aligning a laser beam. 

M1 

M2 
P1 P2 

Alignment Tube 
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2.3. SOFTWARE AND DRIVERS SETUP 

Always use the latest version of the PC-Beamage software to ensure an optimal operation of the Beamage-
M² system and the most up-to-date automation features. The automatic control of the M2 module requires 
at least the 1.04.00 version of PC-Beamage. Here, we will guide you through the software 
update/installation procedure. Note that the following software and firmware can also be found on the 
USB key provided. 

1. If PC-Beamage is already installed on your computer, the version is automatically verified at 
every software boot, provided you have an internet connection. The update begins automatically. 
 

2. Download the latest Beamage Installer at the following address: 

https://www.gentec-eo.com/resources/download-center. 

3. Click on the Install All button and follow the installation instructions. 

   

Figure 2-4: Beamage Installer 
 

  Tip 
 

By pressing the Install All button, you will install the latest version of the 
PC-Beamage software, the Beamage driver and the driver for the 

translation stage. 
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3. QUICK M2 MEASUREMENT 

1. Start-up the PC-Beamage software. 

 

Figure 3-1: PC-Beamage logo 

2. Select the serial number of the camera recognized on the Beamage Selector pop-up; click OK. 

 
 

Figure 3-2: Beamage camera selector pop-up 

3. Turn on the laser you want to measure and make sure it is aligned according to section 2.2. 

4. In the software, under the Advanced tab, click the M2 button to activate the M² measurement 
functions and the tabs M2 Results and M2 Setup. 

 

Figure 3-3: Software setup: step 4 
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5. Under M² Setup, fill in the Laser Wavelength and Focal Length fields.  

 

Figure 3-4: Software setup: step 5. 

6. Click RUN M² SETUP. 

7. Click Yes to automatically start an M² measurement once the SETUP phase is completed. 

 

Figure 3-5: Select the action following the setup phase 

8. Execute the tasks required to obtain good measurement conditions during the setup phase. The 
software might show pop-up windows when one of the following actions is required:  

a. Change lens 

b. Add attenuation 

c. Remove attenuation 
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9. Block the laser beam when the following pop-up appears: 

 

Figure 3-6: Software requires the laser beam to be blocked to execute the background noise subtraction 

10. Release the laser blocking once the Please block your laser pop-up disappears to let the Beamage-
M² device execute an automatic measurement. 

11. Once the measurement is done, a window pops up. Press OK to reach the results tab. 

 

Figure 3-7: M2 routine done prompt 
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4. THEORY 

4.1. UNDERSTANDING THE M2 FACTOR 

The M2 factor, which is unit-less, can be considered a quantitative indicator of a laser beam quality. It 
indicates the deviation of the measured beam from a theoretical Gaussian beam of the same wavelength. 
It can be mathematically defined as the ratio between the Beam Parameter Product (beam waist radius 
w0 multiplied by divergence half-���v�P�o�����}�•���}�(���š�Z�����u�����•�µ�Œ�������������u���Á�]�š�Z���š�Z�����š�Z���}�Œ���š�]�����o���'���µ�•�•�]���v���������u�X���d�Z�µ�•�U��
for a single mode ideal TEM00 theoretical Gaussian beam, the M2 factor is exactly one. Since an ideal 
Gaussian beam diverges more slowly than any other beam, the M2 value is always greater than one. An 
M2 value very close to 1 indicates an excellent beam quality. This is associated with a low divergence and 
a good ability to focus. Multimode lasers have higher M2 factors. 
 

4.1.1. Propagation Parameters 

�,�Q���W�K�H���I�R�O�O�R�Z�L�Q�J���H�T�X�D�W�L�R�Q�V�����³�W�K�´���U�H�I�H�U�V���W�R���W�K�H�R�U�H�W�L�F�D�O���Y�D�O�X�H�V���D�Q�G���³�H�[�S�´���W�R���H�[�S�H�U�L�P�H�Q�W�D�O���R�U���U�H�D�O���Y�D�O�X�H�V�� 

The beam waist is defined as the location along the beam propagation axis where the beam radius reaches 
its minimum value (see Figure 4-1). For a theoretical Gaussian beam, the beam radius �S�P�D�:�V�; at any 
position z along the beam axis is given by the following equation1: 

 

�S�ç�Û�:�V�; 
L �S�4
¨ �s
E�F
�ã�V

�è�S�4
�6�G

�6

 

 
where �ã is the laser wavelength and �S�4�ç�Û, the theoretical beam waist radius. 
 
As depicted in Figure 4-1, the theoretical Rayleigh Length �V�Ë�ç�Û is the distance (along the propagation axis) 
between the beam waist and the position where the beam radius is �¾�t times larger than the beam waist 
(doubled cross-section). 

 

 
Figure 4-1: Gaussian beam parameters  

 
1 Siegman, A. E., 1993. Defining, measuring, and optimizing laser beam quality. Proceedings of SPIE, 
Volume 1868, pp. 2-12. 
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Mathematically, it is given by the following equation: 

�V�Ë�ç�Û 
L
�è
k�S�r�P�D
o

�t

�ã
 

 
Far from the beam waist, the beam expansion becomes linear and the theoretical divergence half-angle 
�à�ç�Û (half of the angle shown in Figure 4-1) can be obtained by e�À���o�µ���š�]�v�P���š�Z�����o�]�u�]�š���}�(���š�Z�����������u���Œ�����]�µ�•�[s 
first derivative as the position tends towards infinity: 
 

�à�ç�Û 
L �H�E�I
�í�\ �¿

�@�S�ç�Û�:�V�;

�@�V

L �H�E�I

�í�\ �¿

�@
�@�V

�S�4�ß�Ó
©�s
E
m
�ã�V

�è
k�S�4�ß�Ó
o
�6
q

�6


L
�ã

�è�S�4�ß�Ó
 

 
For a laser beam that passes through a focusing lens of focal length f, the theoretical radius of the beam 
�S�Ù�ç�Û at the focal spot of the lens can be obtained by multiplying the beam divergence half-angle with the 
focal length f: 

�S�Ù�ß�Ó

L �B�à�ç�Û 
L

�B�ã

�è�S�4�ß�Ó
 

 
As mentioned, all of the equations above describe theoretical ideal Gaussian beams. However, they can 
describe the propagation of real laser beams if we modify them slightly using the M2 factor, which can be 
mathematically defined by the following equations: 
 

�/ �6 
L
�è�à�Ø�ë�ã�S�4�Ð�ã�Û

�ã

L

�à�Ø�ë�ã�S�4�Ð�ã�Û

�Æ�ç�Û���S�4�ß�Ó

P �s���������>�A�?�=�Q�O�A���������à�Ø�ë�ã�S�4�Ð�ã�Û


P
�ã
�è


L �Æ�ç�Û���S�4�ß�Ó 

 
With mathematics, it is easy to understand why small M2 values correspond to low experimental 
divergences and small experimental beam waist radiuses. 
 
The experimental beam waist radius �S�Ø�ë�ã�:�V�;, the experimental half-angle divergence �à�Ø�ë�ã, and the 
experimental beam radius at the focal spot of the lens �S�Ù�Ø�ë�ã

 are therefore given by the following 

equations: 

�S�Ø�ë�ã�:�V�; 
L �S�4�ß�Ó
©�/ �6 
E�/ �6
m
�ã�V

�è
k�S�4�ß�Ó
o
�6
q

�6

 

 

�à�Ø�ë�ã
L
�/ �6�ã

�è�S�r�A�T�L

 

 

�S�Ù�Ø�ë�ã

L �B�à�Ø�ë�ã
L

�B�/�6�ã
�è�S�4�Ð�ã�Û
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4.1.2. Practical Measurement 

In order to measure the M2 factor, multiple slices of the beam within and beyond one Rayleigh Length 
along the propagation axis must be considered (see Figure 4-2). For each one, the second order spatial 
moment beam radius �S�:�V�; is measured. A hyperbola, which recalls the beam radius equation, is then 
fitted with the results. The M2 value is derived from that fit.  
 

 
 
Since the distance range within which the measurements must be taken is too large (could be several 
meters), the use of a focusing lens is mandatory. It is also mandatory to comply with ISO standard. It helps 
to compress the slices of interest around the focal spot of the lens. 
 
Please refer to ISO-11146 for more information. 
 

 

Figure 4-2: Positioning of the beam diameters when measuring a M2 
 

Left: Five (5) beam diameters are taken in the focal region and three (3) beam diameters are taken 
at the far field on each side of the caustic. Right: Five (5) beam diameters are taken in the focal 

region and five (5) more beyond �t�V�Ë on one side only. The grey zone is the focal region, between 

F�V�Ë and 
E�V�Ë, the blue zones are for far field measurements and the white regions are the non-

essential measurement zones. Blue dots represent the position along the Z axis where beam 
diameters are measured. 
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5. M2 MEASUREMENT CONTROLS 

The controls allowing an M2 measurement are toggled by clicking on the M2 button, under the Advanced 
tab. It also adds an M2 display button. 
 

 
 

 
 

 
 

Figure  5-1: M2 main control buttons 
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5.1.2.  M2 Advanced  button  

The M2 Advanced button, under the M2 Open button, activates the advanced M2 mode. This mode can be 
used to measure the M2 factor of nearly Gaussian laser beams. It must be used carefully as it can return 
erroneous values if the beam undergoes many modifications along its path. As most of the measured 
beams emerge from laser systems in which beams are transformed in many ways, ones most likely 
measures the M2 factor of laser systems rather than laser beams. For this reason, by default, the M2 
Advanced button is inactive.  

 

Figure 5-4: M2 Advanced button 

  

5.1.3.  Image index 

The Image Index edit box displays the current image index in reference to the beam data list (see 
Figure 5-29: Data Box). When the Beamage is not streaming, it is possible to access different frames by 
typing the desired image index. 

 

 

Figure 5-5: Image Index 

 

5.1.4.  Previous Image  and Next Image  buttons 

The Next Image and Previous Image buttons access the next and previous images of the list containing M2 
measurements. 
 

 

Figure 5-6: Previous Image and Next Image buttons 
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5.1.5. Clear M² Buffer  button 

The Clear M² Buffer erases all the beam slices currently stored into the Data box. It will also delete the 
current M² calculations executed from the data being erased. 

 

Figure 5-7: Clear M² Buffer 

5.1.6.  M2 Buffer Size  

The M2 Buffer Size displays the number of images stored on the list containing M2 measurements. By 
default, the M2 buffer size is 1. The M2 buffer size dynamically increases every time a new beam 
measurement is added to the list regrouping M2 beam data. 

 

Figure 5-8: M² Buffer Size 

5.2. M² FILE CONTROLS 
 

 

Figure 5-9: M² File Controls 

M² File controls allow the user to save a current measurement for further use, load a previously saved set 
of data or generate a print report of a measurement. 
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5.2.1.  Open M² File 

Load an *.m2geo file containing the complete information of a saved M2 measurement: the beams and the 
images that correspond to these measurements will be loaded. This process can take several seconds.  

The PC-Beamage Software uses hard drive space to load the *.m2geo files that contain M² measurement 
information; if your hard drive has less than 20% of its total capacity available, a pop-up window will appear, 
notifying this information. Press OK to keep on using the PC-Beamage software (see Figure 5-11). 

 

Figure 5-10: Open M² File 

 

Figure 5-11: Less than 20% of available space on the hard disk 

If your hard drive has less than 10% of its total capacity available, a pop-up window will appear, 
notifying this information. Press OK to keep on using the PC-Beamage software (see Figure 5-12). 

 

 

Figure 5-12: Less than 10% of available space on the hard disk 

 

But, if your hard drive has less than 255 Mb of available space, a pop-up window will appear, 
notifying this information. You should free some space on your hard drive to continue to save or 
load a file. This includes * .m2geo files, * .m2man files and * .bmg files (see Figure 5-13). 
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Figure 5-13: Less than 255 Mb of available space on the hard disk  

  Warning 
 

�x You will be notified when you start the PC-Beamage software and you 
will have a notification when you press on the load button as well as 
each time that you restart the PC-Beamage software. If you receive this 
message, please free up some hard drive space to avoid errors during 
recording. 

�x After loading a file, the Load button becomes unavailable. To load 
another * .m2geo or * .m2man file, press the Clear All button and then 
the Load button. 

 

 
  



Beamage-M² User Manual Revision 6 22 

5.2.2.  Export M ² Data Only  button 

Exports all the calculated and measured M² data as a *.txt file that can be used in an Excel spreadsheet. 
The file contains the following information: 

�x Measurement parameters: 

o Wavelength of the laser beam 

o Focal length of the lens 

o Diameter definition mode 

o Diameter orientation mode 

�x Interpolated values in X and Y axis: 

o z0 

o d0 

o ZR 

o Divergence 

o Delta Z 

o Astigmatism 

o BPP 

o M² 

�x Beam slices data: 

o Beam number 

o Distance along Z axis (propagation) 

o X diameter 

o Y diameter 

o Exposure time 

o Beam orientation (degrees) 

 

 

Figure 5-14: Export M² Data Only button 

5.2.3.  Save All M ² Images and Data  button 

Creates an *.m2geo file containing a complete set of beam slices and their data. Such a file allows the 
reconstruction of a complete measurement. This process can take several seconds. 

 

Figure 5-15: Save All M² Images and Data button 
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5.2.4.  Print M ² Report  button 

A customized print report has been created for the M2 mode.  

 

Figure 5-16: Print M² Report button 
 

 

Figure 5-17: M2 print report 

  Tip 
You can print the M² report even without a connected Beamage camera. 

Just load a * .m2geo file and press the Print M² Report button. 
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5.3. M² SETUP TAB 

The M² Setup tab allows you to control the beam path length for every spot size you need to measure. 

 

Figure 5-18: M² Setup tab 

�x  : Input fields required for identifying the laser and lens used in order to obtain 
correct calculations.  

�x  : Simplified automatic data acquisition. These buttons trigger the automatic 
data acquisition algorithms for rapid M² measurement or ISO measurement from existing data. 

�x  : Section allowing a user to manually define several data points and their 
measurement domain along the propagation axis. 

�x  : Allows manual data collection and/or provides you with a method for adding 
points that were not included in the automatic scan. 

�x  : Section used to manage the data. You can delete some or all of the current data, sort 
them and calculate the M² value of a modified/new data set. 
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5.3.1.  M2 Fixed Values 

As seen in Section 4 (Theory), the wavelength of the laser plays a crucial role in the calculation of the waist 
position and minimal beam radius (�S�4). Note that if you change the laser and/or the lens, it is necessary to 
update these values manually. 

To do so, just click the on the corresponding field and change the required values, keeping in mind that the 
wavelength is expressed in nanometers (10-9 m) and the focal length in millimeters (10-3 m). 

By default, the wavelength value is 1064 nm and the focal length value is 300 mm. 

 

Figure 5-19: Fixed parameters 

5.3.2.  Automatic Settings 

RUN M² SETUP: Triggers a fast measurement with 10 data points to estimate values such as the beam 
waist width and location. This automation will also check whether the lens and/or the attenuation values 
need to be modified in order to execute the proper background subtraction and will pop messages 
accordingly. The user is prompted to block the laser beam before the M² measurement starts. 

 

START ISO SCAN: Becomes clickable once a first M² value is calculated. This function erases all the data 
from the Data section and begins a new 30 points measurement on the calculated 
F�u�ä�w�V�4 to 
E�u�ä�w�V�4 domain 
along the propagation axis, using the background subtraction pattern determined from the RUN M² SETUP 
routine. The START ISO SCAN function is useful for data points captured far beyond 
G�u�V�4 OR when fewer 
than 5 data points are found between �� �V�4 and �V�4. 

CANCEL BACKGROUND: Is shown instead of RUN M² SETUP if any background subtraction is currently 
applied. Using CANCEL BACKGROUND cancels the actual noise subtractions and allows the capture of a 
new background noise pattern. 

STOP: Stops a running algorithm. It becomes active when an algorithm is running. 
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5.3.3.  User-Defined Scan 

User-Defined Scan is employed to set the optical path lengths at which beam slices are to be measured by 
the Beamage-M2 measurement system. Note that a background subtraction must be executed before the 
User-Defined Scan buttons can be used. 

 

Figure 5-20: Translation stage user-defined scan controls  

Settings button  

Displays the Stage Settings window which allows the setting of the Specified Distance, which possesses a 
default value of 14.0  mm, or Specified Step, which presents a default value of 30 steps. Also allows setting 
the Start Position, which has as default value 180.23 mm, and Stop Position, with a default value 
586.63 mm. All data points acquired via the Stage Settings window are added to the existing data set. 

 

Figure 5-21: Stage Settings window 

�x The Automatic Settings checkbox, when activated, uses 
F�u�ä�w�V�4 and 
E�u�ä�w�V�4 values calculated 
from the last data set as the Start Position and Stop Position inputs for a next measurement. 
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If the quadratic fit curve passes under zero, the PC-Beamage software will try to solve the problem by 
deleting the measurements farthest from �<�r and by automatically recalculating the value of M². The PC-
Beamage software will also offer a recommended travel distance between 
F�u�ä�w�V�4 and �u�ä�w�V�4 to correct the 
problem (see Figure 5-25). 

 

 

Figure 5-25: Curve Fit Passes Under Zero. 

 

A minimum of 5 beams must be detected to calculate M2. 

 

Upon clicking the START ISO SCAN button, click Yes if you want to save previous data or No to ignore 
them. The data erase themselves and then a new M² measurement begins automatically. 

 

Figure 5-26: Save previous data 

Once the new measurement is completed, click the Calculate M² button to display the M² Results tab. 
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Figure 5-27: Calculate M² button 

5.3.4.  Manual Frames 

In case you wish to add points at specific beam path lengths, write the distance (in millimeters) at which the 
data must be taken and click the Add button. This can be done several times if needed. The arrow buttons 
allow you to go quickly at one end or the other of the moving stage. These are useful when aligning the 
laser. 

You can find more details about manual measurements in section 6. M² Manual method . 

 

Figure 5-28: Manual distance setting 

5.3.5. Data 

The Data box allows visualization and manipulation of the data. 
 

 

Figure 5-29: Data Box 
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Click on any data on the list to select it. When the camera is not streaming, the corresponding beam 
measurement will be shown on the Display panel. 
 

  Tip 

�x The values X diameters and Y diameters are calculated according to the 
chosen definition 4 sigma (ISO) or 1/e2 along crosshairs (13.5%). You can 
change the definition from 4 sigma (ISO) to 1/e² along crosshairs (13.5%) or 
vice versa, at any time, but when the measurement is in progress. These 
diameters will be recalculated automatically and updated on the list. 

�x If the Beamage is not streaming, you can select a row in the list using the mouse 
and the image corresponding to this measurement will be shown in all displays. 
The row index corresponds to the image index (see Figure 5-5: Image Index). 

 

 
 

Figure 5-30: Data section  
When the camera is not streaming, click any data row in the list and the corresponding beam image will 

show in the Display panel. 
 
Calculate M²  button 

Clicking this button forces the calculation of the beam parameters based on the acquired data and makes 
PC-Beamage switch to M² Results  tab and M2 display.  

 

Figure 5-31: Calculate M² button 
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