3.2 Introduction to Camera-Based Profilers
Beam Attenuating Accessories

A camera-based beam profiler system consists of a camera, profiler software and a beam attenuation accessory. Spiricon o ers the
broadest range of cameras in the market to cope with wavelengths from 13nm, extreme UV, to 3000 um, in the long infrared. Both USB
and FireWire interfaces are available for most wavelength ranges providing flexibility for either laptop or desktop computers.

BeamGage Profiling Power Meter: Optional

software
Power Sensor: Optional Laser
Example of Beam Attenuator:
2 wedge beam splitter with
adjustable ND filters
Camera

BeamGage®, the profiling software, comes in three versions: Standard, Professional and Enterprise. Each builds o of the next adding
additional capability and flexibility needed for adapting to almost any configuration requirement.

Spiricon also has the most extensive array of accessories for beam profiling. There are components for attenuating, filtering, beamsplitting,
magnifying, reducing and wavelength conversion. There are components for wavelengths from the deep UV to CO2 wavelengths. Most of
the components are modular so they can be mixed and matched with each other to solve almost any beam profiling requirement needed.

Acquisition and Analysis Software

The BeamGage software is written specifically for Microsoft Windows operating systems and takes full advantage of the ribbon-base,
multi-window environment. The software performs rigorous data analyses on the same parameters, in accordance with the ISO standards,
providing quantitative measurement of numerous beam spatial characteristics. Pass/Fail limit analysis for each of these parameters can be
also applied.

ISO Standard Beam Parameters
Dslit, Denergy, D4a

Centroid and Peak location
Major and Minor axes
Ellipticity, Eccentricity

Beam Rotation

Gaussian Fit

Flat-top analysis / Uniformity
Divergence

Pointing stability

W4 Beam Profile

For data display and visualization, the user can arrange and size multiple windows as required. These may contain, for example, live

video, 2D Topographic and 3D views, calculated beam parameters and summary statistics in tabular form with Pass/Fail limit analysis, and
graphical strip chart time displays with summary statistics and overlays. Custom configured instrument screens with multiple views can be
saved as configuration files for repeated use. Data can be exported to spreadsheets, math, process/ instrumentation and statistical analysis
programs, and control programs by logging to files or COM ports, or by sharing using LabView or ActiveX Automation.

Video Dual Aperture Profiles

Beam Statistics

3D Profile View

2D Topographic View

Time Statistics Charts

Pointing / Targeting

Hide measurements and features not in use for user simplicity
Notes
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321 BeamGage
See your beam as never before

3.2.1.1 BeamGage®-Standard Version

User selectable for either best “accuracy” or “ease of use”

Extensive set of ISO quantitative measurements

Patented Ultracal™ algorithm for highest accuracy measurements in the industry
Auto-setup and Auto-exposure capabilities for fast set-up and optimized
accuracy

Statistical analysis on all calculated results displayed in real time

New BeamMaker® beam simulator for algorithm self-validation

The performance of today’s laser systems can strongly a ect the success of
demanding, modern laser applications.

The beam's size, shape, uniformity or approximation to the expected power
distribution, as well as its divergence and mode content can make or break an
application. Accurate knowledge of these parameters is essential to the success
of any laser-based endeavor. As laser applications push the boundaries of laser
performance it is becoming more critical to understand the operating criteria.

For over thirty years Ophir-Spiricon has developed instruments to accurately
measure critical laser parameters. Our LBA and BeamStar software have led the
way. Now with the introduction of BeamGage, Ophir-Spiricon o ers the first
“new from the ground up” beam profile analysis instrument the industry has
experienced in over 10 years.

BeamGage includes all of the accuracy and ISO approved quantitative results that made our LBA software so successful. BeamGage also
brings the ease-of-use that has made our BeamStar software so popular. Our patented UltraCal algorithm, guarantees the data baseline or
“zero-reference point” is accurate to 1/10 of a digital count on a pixel-by-pixel basis. ISO 11146 requires that a baseline correction algorithm
be used to improve the accuracy of beam width measurements. UltraCal has been enhanced in BeamGage to assure that accurate spatial
measurements are now more quickly available.

3.2.1.1 GEE R eilE
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See Your Beam As Never Before;

The Graphical User Interface (GUI) of BeamGage is new. Dockable and floatable windows plus concealable ribbon tool bars empowers the
BeamGage user to make the most of a small laptop display or a large, multi-monitor desktop PC.

i

Totsl Py B = | BS0esi
Puaki Phesss (50§ 867235

Drurpras Varn
Contoatd X [0 * 2 SWATe0T T
Coviraid ¥ 160 = 4500478
DdeM B0 * il
Bocwstatoiny 150 © | Bhts 17

Covmrgaras v

Dual or single monitor setup with beam displays on one and results on the other.
(Note that results can be magnified large enough to see across the room).

it Sy s < e

QD

Tatal Pwr B = L.=

Peak Pav ‘!‘;!;:‘:-DED‘:I:m' O

| —

o
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Multiple beam and results windows.
(Note quantified profile results on 3D display & quantified 2D slices).
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Measure Your Beam As Never Before;

Ultracal: Essential, or no big deal?
If you want accurate beam measurements, you want Ultracal.

What is Ultracal?

Our patented, baseline correction algorithm helped establish the ISO 11146-3 standard for beam measurement accuracy. The problems
with cameras used in beam profile measurements are: a) baseline, or zero, of the cameras drift with time temperature, and b) include
random noise. Ultracal is the only beam profiler algorithm that sets the baseline to “zero”, and, in the center of the noise. (Competitive
products use other less sophisticated algorithms that perform a baseline subtraction, but truncate the noise below the “zero” of the
baseline. This leaves only a “positive” component, which adds a net value to all beam measurements).

Try the following on any other beam profiler product to see the inherent error if you don’t use Ultracal.
1. Measure a beam with full intensity on the profiler camera.

2. Insert a ND2 filter (100X attenuation) into the beam and measure it again.

3. Compare the results.

4. The Standard Deviation below is about 3%, which is phenomenal compared to the 100% or more of any beam profiler without Ultracal.

g, = e Sgeny as

Do 2.250e+02 Mean 2.2508+02 StdDev 6.6202-02 um

3
b
| ; DdaM 2.325&+02 Mean 2.311e+02 StdDev 7.093e+00 um
=

Beam at full intensity, Width 225um, Std Dev 0.06pum Beam attenuated 100X (d|splayed here in 2D at 16X magnltude zoom), Width
231pm, Std Dev 7um

Adding the use of Automatic Aperture improves the accuracy to 1%. (The conditions of this measurement is a camera with a 50dB SNR).

5. You normally don't make measurements at such a low intensity. But occasionally you may have a drop in intensity of your beam and
don't want to have to adjust the attenuation. Or, you may occasionally have a very small beam of only a few tens of pixels. In both of
these cases, Ultracal becomes essential in obtaining accurate measurements.

3.2.1.1 GEE R eilE
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Beam Measurements and Statistics

BeamGage allows you to configure as many measurements as needed to support your work, and comes standard with over 55 separate
measurement choices. To distinguish between calculations that are based on ISO standards and those that are not, a graphical ISO logo is
displayed next to appropriate measurements. You can also choose to perform statistical calculations on any parameter in the list.

CUSNNNNNE S

tarysona  Mte - Farvmesna  Maiies -
ime125 8 125 [
esiag = Power/Energy =
Degcription Wialue Linits
i : Description Value Mean Std Dev Max Min Units
Centroid X 150 = 2499760e-02 um
v B = GAGG BN i Total Pwr 150 = 1E8Ge-02 18ETe+02 1.886e402 W
e e o Peak Fluence 150 9.5638+05 95%e+05 95256405  Wem®
Peak Loc X IS0 = 2.52000e+02 um
Efficiency 150 - 0.00% 0.00 0.00
K ¥ I50 - D00e=
vathee RN % in Aperture - 100.00% 100,00 100,00
DdoM 150 * 3BBGe+02 um
& b Spatial=
Ddom 150 = 3EB6e-02 um
Description Value Mean 5td Dev M Min Units

DkeM 10/90 = 4.1%4e-02 um
Dkem 10/90 - 4.193e.02 um
Dhe 16/84 150 2456202 um
Dkem 16/84 150 4455e-02 urm

Centrobd X 150 = 2499Te0e+02 2409016e+02 1202571e-020 23500219%¢+02 Z4D96E5e+02 um
Centrold ¥ 150 = 249018%-02 2490072e+02 L162880e-02 24002456e+02 24897ETe«02 um
Pesk Loc X 150 ~ 252000e+02 2498066+02 1.30536e-00 252000e+02 247000e+02 um L
Peak Loc ¥ IS0 = 248000e+02 245880e+02 1.32617e+00 252000e+02 246000e+02 um

D%pkM = 2.165e+02 um ]

o . 2751es02 - DdoM 150 « 3 EBGe-02 3 ERTes02 417702 1 BERe+02 3 BRGe+02 um

ENipticity IS0+ 9.998e-01 Ddem 150 * 1EBGe-02 3 EBGe+02 4.102e-02 JBETe+02 3 BESe+02 um
Dda 150 = 3.E86e-02 3BB5e+02 3.37%e-02 388Te+02 38852402 um

Eccentricity IS0 - 1.906e-02

X-Sec Ares 150 * 1186e+05 il DkeM 10/90 = 41%48e-02 4.196e+02 1543e-01 4.159e+03 4.104e+02 urm

Dkem 10/90 - 4.1932-02 4.195e+02 1527e-01 41582402 41532402 um

Divergence -
D%pk = 2767802  2768e+02  302%-01 27732+02  2760e+02  um
B * Gaussian -
Eccentricity 150 - 1.806e-02 2.049e-02 5.987e-03 31557e-02 6.527e-03
Description Walue Uinits
Divergence =
Gauss Centrobd X 2499572802 um
Gaussian =
Gauss Centroid ¥ 2490084¢-07 um
Goodness of Fit = 0010 ot
Frame [nfo =
Roughness of Fit 0.711 - »
Gl ' . E] . I
Small sample of possible measurements out of a list of 55 Sample of calculation results with statistics applied
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3.2.1.1 GEE R eilE

Multiple Charting Options

You can create strip charts for stability observations on practically any of the calculations options available. (See next page for sample
listing). Charts enable tracking of short or long term stability of your laser.
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Strip chart of beam D4sigma width. Note how changing conditions a ects the width repeatability.
Beam intensity changed over 10db, making noise a significant factor in measurement stability.

Beam Pointing Stability

Open the Pointing Stability Window to collect centroid and peak data from the core system and display it graphically.
View a chart recorder and statistical functions in one interface:

i !
Peak location scatter plot with
histogram color-coding.

"
A centroid location scatter
plot with histogram color-
coding.

.

Set a sample limit, and specify
the results items to graph on = i e i ~
the strip chart. et P

. per==rH = CR K}
e . = T . ‘

A pointing stability strip chart

. — p }J\.": it L o R U AR e e e il el e A e rapei i presents data over time for
T_he radius is r(_eference_d from — i : : —--- - — e - S e the Centroid X and Y, Peak
_eltger ar160r|g|n efstabltlihed ol i e i = = T ey X and Y and centroid radius
in BeamGage or from the = : " . x : from an origin or from the
continuously calculated =t [ e P W bt e i i i i i, mean centrgoid.

Average Centroid position.

Easy to Use and Powerful

BeamGage is the only beam profiler on the market using modern Windows Vista and Windows 7 navigation tools. The menu system of
BeamGage is easy to learn and easy to use with most controls only one mouse click away. Some ribbon toolbar examples:
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Some of the Beam Capture options.
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BeamGage Main Display Screen

File Save/Load Quick Access Toolbar Tabbed Control 2D Beam Display Tool Windows that dock User Definable Integrated Help
ApplicationButton for common tasks Access

inside or float outside App Window Layout System

Sompor Sauaen

Fowei/Ensigy = Dhrmsr e alan Loty
. e Gaust Halgha 2 * LITEEILT Mivmatiet
i ? £ [ "
Description Vakie Mean Std Dev  Unity R — T DT
binjor Govm Combeld T+ J85Y an

Total Par 150 = 1000¢-00 1000e=00 2580e-05 Watis
Peak Flusnce S0 * 9403000 9308e+03 4160e-00 Watlsfem?
Min Flusnce 150 = -2 37«00 4 75% =01 14%e-00 Watsom?
TopHat EFf Par 150 T20%-01  7.20e-01 1025e-04 Walls

lakr Gomsdmna 07
Blajr Revghre 0 Fa = 04

Spatial =

Detcripticn Value Mgan Sid Dev Units

Centreid X IS0 = 3119599 320000 0002 um

Centrold ¥ IS0 = X309.003% 23900 o002 uim

Reak Loc X 150 = 298000 RS2 200075 -

Meak Loc¥ IS0 = J6F000 241714 30850 “"f" = i f \
DaaX 141395 191403 0009 2 B .
D4ay 141408 141409 Qo0

Dda 141407 140409  0C06

D¥pkx 133,000 133308 OESS

o 134,000 133154

(€D)
Beam Results With ISO Compliant 1D Profiling Options Cursors With Power / Processing Status 3D Beam Display Bu ered Video O
Statistics Results I Energy Readouts Indicators Scrolling Controls S
L I} L I} L I} L Q
Pass / Fail with Password Protection for Production Testing %
BeamGage allows the user to configure the displayed calculations; set-up the screen layout and password protect the configuration %
from any changes. This permits secure product testing as well as data collection for Statistical Process Control (SPC), all while assuring the

validity of the data. —
—i
= b Spatisl= c\i
Decratens (] Mean Sedl D Mlxs Min Wity -
Centrodd X 150 = 1B03333e-03 15611520e-01 EBE3I230e-00 FA29ETTe=00 15EEG10e -0 m m

Centroid ¥ 150 = LE1B63Be+03 253 03 220960001 265058 1e+03 B6395=+03 wm

Peak Lox X 50 = 197560e-03 33803 2e-03 20768503 BEL120e=03 4.82000e-=01 wm

Peak Lo ¥ 150 = 1ESSDe-0a 690 2e=03 1.33801e=00 5.27560e=03 L30000e=01 am

DudaX 1500 = BOTSe+03 BO55e-03 LA15e=07 BiJA3s+03 EdlBs=08 (]

Duda¥ 150 = G1l2e=03 B0E5e-03 1920e=01 62X01e-03 S05Bs-03 [

Do 1500 = T161e-03 T1&4e-03 1965-01 7.201e-03 T10de-03 m

Failures (or successes) can be the impetus for additional actions including a TTL output signal or PC beep and the termination of further
data acquisition.
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BeamGage-Standard Unique Features

Power/Energy Calibration

Using the USB output from select Ophir power/energy meters,

the BeamGage application will display measured power/energy
values from the full range of Ophir thermopile, photodiode and
pyroelectric sensors. Pulsed lasers can be synced up to 100Hz, or
the frame rate of the triggered camera, whichever is less. This is the
first time in the industry a laser power meter has been married to
a laser beam profile system.

BeamGage is the only product to integrate profiling and power meter measurements

BeamMaker® Numerical Beam Profile Generator

BeamGage contains a utility, BeamMaker, that can synthetically generate beam profile data by modeling either Laguerre, Hermite or
donut laser beams in various modal configurations. BeamMaker permits the user to model a beam profile by specifying the mode, size,
width, height, intensity, angle, and noise content. Once generated the user can then compare the theoretically derived measurements

to measurements including experimental inaccuracies produced by the various measurement instruments and environmental test
conditions. Users can now analyze expected results and confirm if measurement algorithms will accurately measure the beam even before
the experiment is constructed. BeamMaker can help laser engineers, technicians and researchers understand a beam’s modal content

by calculating results on modeled beams for a better understanding of real laser beam profiles. BeamMaker is to laser beam analysis as a
function generator is to an oscilloscope.
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BeamMaker producing a synthetically generated Hermite TEM,, beam and displayed in both 2D and 3D
Integrated automatic Help linked into the Users Guide
Touch sensitive Tool tips are available on most all controls, and "What's This" help can provide additional details. Confused about what
something is or forgot how it works, just go to the top right corner and touch the "What's This" help icon, drag it and right click on the
control or menu item that you want more info about and you are taken to the explanation within the BeamGage Users Guide.
121
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3.2.1.2 BeamGage@-Professional
Professional is an upgrade version of BeamGage-Standard that has all of the BeamGage-Standard features plus additional functionality.

Image Partitioning

Partitioning allows the user to subdivide the camera image into separate regions, called partitions, and compute separate beam results
within each partition. When using partitioning special results items can be displayed that relate to delta values between the computed
centroids or peaks of each partition. Partitioning is useful to enable separate analysis of individual beams when multiple beams impinge
on the camera simultaneously. This feature is particularly useful when analyzing multiple fibers in a single bundle.
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Shown is an example of the results for partition P2 and its related display frame. Observe that the selected partition is highlighted in RED. The crosshair
in each partition is user controlled. The crosshair can be moved to a new position with the mouse or can be numerically positioned using the expanded
controls that appear when a partition is created.

Automation Interface

BeamGage Professional provides an automation interface via .Net components to allow customers the ability to build custom applications’
that incorporate the laser beam analysis and processing power of BeamGage. The BeamGage automation interface allows developers

to control BeamGage programmatically via a set of “puppet strings” known as the automation interface. The automation interface was
developed to provide the ability to base control decisions for a second application on results and behaviors recognized by BeamGage.
With this ability users can quickly and e ciently meet their manufacturing/analysis goals with minimum human interaction.

The automation interface was designed to achieve two main goals. First, to allow the BeamGage user to programmatically do what they
could otherwise do via the graphical user interface (GUI). Second, to expose stable interfaces to the user that will not change, causing
breaks to their dependant code. Interface examples for LabVIEW, Excel and .Net VB are included.

3.2.1.3 BeamGage®-Enterprise

Enterprise is an upgrade version of BeamGage-Professional that has all of the BeamGage-Standard and -Professional features plus
additional functionality.

3.2.1.2 GEEI R elE

Networking

BeamGage Enterprise Edition (BGE) allows cameras to be accessed and shared over an Ethernet local area network (LAN) that shares a

common domain.
Sarvar slack Switchers H_'___,_,.—'—"E_?

Metwork
Clients
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