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1 Introduction

ENLIGHTEN™ is an interactive graphical spectroscopy application designed to let users quickly and easily
view and save spectra from one or more connected Wasatch Photonics spectrometers. It is intended to
provide access to all of the most common spectroscopy functions via an intuitive interface that allows
new users to begin taking high quality data quickly.

*Caution - use of controls or adjustments or performance of procedures other than those specified
herein may result in hazardous laser radiation exposure.*

1.1 Manual Conventions

C ‘> |Advanced functions applicable to expert users or atypical (OEM, R&D) use-cases will be
/@\ called-out with this icon.

T
-

O ‘ Scientific and mathematical insights will be identified with this icon. ‘

@ ‘ Potentially hazardous operations will be identified with this icon. ‘

1.2 Quick Start

If the user is comfortable with Windows and familiar with spectroscopy and spectrometer control, feel
free to jump right in and start using the program. Without an administrative password, nothing can be
done to damage the computer or spectrometer hardware* by exploring features straight away.
ENLIGHTEN™ is designed to be as intuitive and user-focused as possible, so dive in and have fun!

*Please read the following guidance on eye safety before using a laser-equipped spectrometer!*

1.3 Laser Eye Safety

Although a full discussion of laser eye safety is out of scope for this document, note that if using a
Raman spectrometer with internal or external laser, it is of extreme importance to properly follow all
recommended safety precautions, including:

e Know the output power level and excitation wavelengths of all lasers in operation

e Ensure that everyone within multi-path (including possible paths of light bouncing off
surrounding surfaces) line-of-sight to the laser is wearing protective goggles rated for the
appropriate wavelength(s) and optical density (OD) AND/OR

e Ensure that all emitted laser energy is fully captured within an enclosed, light-tight covering,
whether via optic tubes, fibers, covers, housing, curtains etc.

For additional information see the following online resources:

e https://en.wikipedia.org/wiki/Laser safety
e https://www.lia.org/store/laser-safety-standards/ansi-z136-standards
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Please ensure you have received adequate training from the Laser Safety Officer for
your company / facility.
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2 Installation

2.1 Compatibility

2.1.1 Microsoft Windows
ENLIGHTEN™ is tested and supported on the following platforms:

e Windows 7 (32-bit and 64-bit)
e  Windows 10 (32-bit and 64-bit)

Note that under Windows, ENLIGHTEN™ is compiled and runs as a 32-bit application, regardless of
whether running on 32-bit or 64-bit hardware, and regardless of whether installed on a 32-bit or 64-bit
version of Microsoft Windows. It will therefore be found in the “Program Files (x86)” rather than
“Program Files” directory tree.

2.1.2 Linux
ENLIGHTEN™ is tested and supported on the following Linux distributions:

e Ubuntu 16.04 LTS (64-bit)

Not all features are available under Linux.

2.2 Download
The most recent released version of ENLIGHTEN™ is always available for download at the following URL:

e https://wasatchphotonics.com/product-category/software/

Archive installers for older versions are provided for fault reproduction and version-locked
environments, but may include bugs which have been identified and fixed in newer releases. Users are
always encouraged to use the latest release version.

More advanced developmental versions are posted here (click to become an unofficial beta tester):

e https://wasatchphotonics.com/binaries/apps/enlighten/

If specific software support is needed while using ENLIGHTEN™, please contact Wasatch Photonics via:

e https://wasatchphotonics.com/software-support/

2.3 Application Installation (Windows)
ENLIGHTEN™ can be installed by double-clicking the “ENLIGHTEN-Setup32-1.6.13.exe’ executable
installer:

WP

Enbghten-Sebupid: ||l ene

ENLIGHTEN™ installation requires administrator privileges. The user must have appropriate system
access to install ENLIGHTEN™. Click ‘Yes’ if presented with a user account control prompt:

Wasatch |Photonics
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& User Account Control %

77 Do you want to allow this app from an unknown
" publisher to make changes to your PC?
Program name:  Enlighten_setup.exe

Publesher: Unknown
File arigin: Hard difve on this computer

Show gt ==

Change when these notifications appear

Choose the installation folder, or click ‘Next’ to accept the default.

m Setup - Enfighten i

Select Start Menu Folder
Where should Setip place the program’s shortouts?

=]

Y | Setup will create the program's shorteuts in the Following Start Menu folder,
-

To continue, chck Mext. If you would e to select 2 different folder, dick Browse.

|-

Browse...

A desktop shortcut can be created, but is not required:

E Setup - Enfighten i

Select Additional Tasks
‘Which additional tasks should be performad?

Select the addibonal tasks you woukd ke Setup to perform whie nistaling Enlghten,
then dick Mext.

Addiionsl shoctoyts:

T e

During the installation process, make sure to click ‘Install’ when presented with the driver installation

portion of the installer. These drivers are required to communicate with physical hardware from
Wasatch Photonics.
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l m Setup - Enfighten - X
o e |

Would you like to install this device software?

HName: libush-wind2
Publisher: Wasastch Photonics, Inc.

B4 Abways trust software from “Wasatch Photonics, mm
Ine.”.

@ You should only install driver software from publishers you trust, How can | decide
device software i safe to instali?

If the installation completes successfully, the following message (or something similar) will appear, with
an ENLIGHTEN™ shortcut icon on the desktop, if the user chooses to create a desktop shortcut. Click
Finish to complete the installation:

H S-rrup . En!lgh!cn

Completing the Enlighten Setup
Wizard

Setup has finsshad instaling Enlighten on your computer, The
appication may be launched by selecting the instalied
<hortouts,

Ok Farsh b et Seftug,

The ENLIGHTEN™ installer automatically installs the libusb-win32 drivers used to communicate with the
spectrometer. If difficulties are experienced in communicating with the spectrometer, it may be worth
visiting the Windows Device Manager and confirming that the libusb-win32 drivers are installed and
working correctly. See section 6. Troubleshooting for additional information.

2.3.1 Updates

Users are recommended to uninstall earlier versions of ENLIGHTEN™ before installing new updates. See
section 2.3.2 Uninstalling ENLIGHTEN™ for details.

2.3.2 Uninstalling ENLIGHTEN™
If ENLIGHTEN™ needs to be removed from a computer for any reason, the application may be
uninstalled using the Windows Add/Remove Software control panel:
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[ Control Panel\Programs\Programs and Features - O X
41~ [@ » Control Panel > Programs » Programs and Features v & Search Programs and Features O
Control Panel H .
e reneirome Uninstall or change a program
View installed updates To uninstall a program, select it from the list and then click Uninstall, Change, or Repair.
& Turn Windows features on or
off Organize »  Uninstall S=EE 4 o
Name Publisher - Installed On  Size Version Lo
[5=FHDMISpec Wasatch Photonics 1073117 290ME  1.0.0
[85 Wasatch.NET Wasatch Photonics 1072417 856 KB 1.09
(P Enlighten version 1.1.1 Wasatch Photonics 130T 269 ME 1.1
Git version 2,14.2.3 The Git Development Community 10/15/17 437TMB 21423
ﬁDque v3.0.5 STMicroelectronics 10/24/17 420MB  3.05
{la' python Launcher Python Software Foundation 101717 110MB  3.6.6032.0 v
[N WPV - WP Y Pl e © e P i e 41718017 1448An S EnN
Wasatch Photenics Product version:  1.1.1 Support link:  http://wasatchphotonics.com
W Help link:  http:/fwasatchphoton...Update information:  http://wasatchphoetonics.com

It is recommended that the current instance of ENLIGHTEN™ is uninstalled before installing a newer
version of the software.

2.4 Application Installation (Linux)
ENLIGHTEN™ is distributed for Linux as a GNU tar archive containing the binary executable with a few
runtime configuration files. Unarchive the tarball as follows:

$ tar zxvf enlighten-x.y.z-linux.tgz
$ cd enlighten

The only installation step is to install the udev rules necessary to allow non-root users access to USB
devices with the Wasatch Photonics Vendor and Product IDs:

§$ sudo cp udev/1@-wasatch.rules /etc/udev/rules.d

Finally, run the ENLIGHTEN™ executable:

§$ ./Enlighten

Outside of this section, the majority of this manual assumes a Windows platform, with Windows
screenshots, pathnames etc. However, all described functionality should be supported under Linux with
minor differences. For instance, on Linux, spectra is stored under ~/EnlightenSpectra, where the
runtime configuration file enlighten.ini can also be found.
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3 Starting ENLIGHTEN™

3.1 Windows Start Menu
ENLIGHTEN™ may be launched using the Windows Start Menu under the ‘Wasatch Photonics’ group:

Wisual Studio 2017
Visual Studio Installer

.!,' Voice Recarder :b,;
NI LabVIEW Visual Studio
w 2017 (32-bit) 2007
I | Wasstch Photonics

w_a. Enlighten

5 Homispec “:? “:? w@

E WinFormBemo Git CMD Git Bash Enlighten

B windows Accessories
Windows Administrative Tooks
s s it P
Windows Ease of Access
Windows Kits
Windlows Media Player
Windows PowerShell

Windows System

pol ’Type here to search

3.2 Command-Line

For scripted / automated environments, ENLIGHTEN™ may also be launched from Cmd, PowerShell or
bash command line shells:

MARKZIEGT4BA:/c/Program Files (x86)/ Wasatch Photonics/Enlighten/Enlighten - O X

win3zui.
ddb. py
_ctypes.p

e e ]
e e N e )

EG74BA [ N A L i g eg 06:11 PM § ./Enlighten.exe --help
ge: Enlighten. -hl [-t] [-0 G
[-q STARTUP_TECHNIQ

acquire from specified device, display 1ine graph

optional argumen
-h, --help
-t, t r Automatically terminate the program for testing
y ——Qeometr GEOMETRY
specify a window geometr width,Height
LOG_LEVEL, --log-level L f

s STARTUP_PAGE,
tartup page to dis
STARTUP_TECHNIQUE , artup-technique STARTUP_TECHN
specify a startup technique to enable
-0 ORDER, --order
dinal connect
MAR, EG74BA [/c/Pro am = W a C Photo Cs/EN1ig

For details on supported command-line arguments, see Appendix A: Command-Line Options.

Wasatch Photonics ENLIGHTEN Manual 1.6.13 RAMAN edition




Table of Contents

3.3 Opening Screen
When first launching ENLIGHTEN™, if a spectrometer is already connected via USB, the software should
open directly to the Scope Capture screen:

B ENLIGHTEN 1.6.13: S785LC |S785LC-00072] - o ®

More explanation is given in section 4.1 Scope Capture regarding the different objects and buttons
above.
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4 Spectrometer Operation

4.1 Scope Capture

Spectrometers are data collection instruments, and a raw “scope mode”, here referred to as Scope
Capture, is one of the most fundamental ways to visualize spectra. This mode allows the user to view
and obtain “counts” directly from the spectral detector and ensure that the experimental setup is
adequate prior to selecting the appropriate spectral technique and user controls. In Scope mode, the
counts displayed are in arbitrary units.

The Capture mode is where most users will spend a majority of time, so it is worth learning what
features and controls it offers:

I ENLIGHTEN, 1.6.13: STE5LC 15785LC-0007 5

......

tight ~ Temp

Here an explanation is given in numerical order according to the labels above:

©Owindow Title: A Windows title bar at the top of the ENLIGHTEN™ window that contains two fields of
interest: the application version number (1.6.13 shown), and the model and serial number of the
spectrometer currently connected. Both points of information will be useful when troubleshooting any
issues experienced with the application.

OSpectroscopic Techniques/Operating Modes: Shown as a pull-down menu where the user can choose
the appropriate spectroscopic technique or operating mode including: Hardware (a special non-
spectroscopic mode for device configuration), Scope (shown), Raman, Reflectance/Transmission,
Absorbance, Relative Irradiance. The mechanics of each technique and mode are described in section
4.2 Spectroscopic Techniques and Operating Modes.
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eFunctionaI Tab: Shown as two or three tabs, in ENLIGHTEN™ below the window title including: Setup
(configuration) tab, Capture (data collection) tab, and sometimes Analysis tab depending on the
selected technique and/or spectrometer. The active mode is colored red (Capture in this example).

oPIay, Pause, Acquire: A trio of buttons directly above the Spectrum Chart shown as familiar media
control icons (P, | |, ¥) that allow for continuous “free-running” stream (Play: P), freeze acquisition
(Pause: | |), and save individual spectra or kick-off a Batch Data Collection (Acquire: ¥). If Batch Data
Collection has been enabled in Setup tab, note that the Acquire button will change from one down-
pointing arrow (¥) to multiple (¥).

OSpectrum Chart: The Capture tab screen is appropriately dominated by the spectral graph, discussed
in more detail in section 4.1.1.9 Chart Navigation.

Ouser Controls: The right-hand side of the screen features a scrollable palette of spectrometer and
view controls, allowing you to command common spectrometer features and configure basic post-
processing options. Individual controls are discussed in detail in section 4.1.1 User Controls.

OSystem Status: Overall system health can be seen at a glance with the three status indicators at the
bottom-right of the screen, which show a steady ‘green’ when all is well, and change to yellow or red
when problems occur.

Ostatus Bar: Shows quick metrics about the current spectrum being displayed including minimum,
maximum, mean, etc.

©Measurements Column: The left-hand side of the screen is used to track spectra that have been
saved during acquisition. The Measurements Column will fill with graphical thumbnails of each spectrum
as itis acquired. See section 4.2 Data Management for more information.

@saved Data Controls: Use these controls to Load previously-captured spectra from disk, or to Export a
series of saved collections as a single file for strip-chart creation and offline analysis. The user can also
add to the Prefix and/or Suffix fields so that this information can be added to the filename. Adding
notes to the Notes field embeds this information into the file. See section 4.3 Data Management for
more information.

@Quick-Click View Toggles: In the upper-left of the chart, find buttons to lock/unlock the Y-axis (ﬂ),
zoom in/out to full-width chart mode (), and store/clear a quick dark (-) or reference (ﬂ)
spectrum. Once a dark/reference spectrum is stored, the icon will turn red to signify it has been saved.

Dstatus Message: When ENLIGHTEN™ wishes to display a brief status message, it will be shown here.
Most messages will automatically disappear after 3 seconds.

@Copy to Clipboard: This feature shown above the upper right-hand corner of the Spectrum Chart (ﬂ)
allows the user to quickly copy the currently displayed spectra (as well as the currently-selected X-axis)
to the system clipboard for pasting into other applications like Excel.

®Graph Legend: Feature which identifies each individual spectrum on the Spectrum Chart. Note that
box itself can be dragged elsewhere on the Spectrum Chart.
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4.1.1 User Controls
The following controls are available in a vertically scrolling column along the right-hand side of all
screens.

4.1.1.1 Transmission Options

Transmission Options allows the user to adjust the scale of percent transmission when in
Reflectance/Transmission or Absorbance techniques. The user can set the scale to the maximum
transmission allowed by the experimental setup by clicking the box next to Enforce max. Otherwise, the
transmission can be adjusted by using either the up/down arrows or even clicking in the editable
numeric field shown below with the red arrow and writing in the desired value for more precise control.

Transmission Options

Enforce max

4.1.1.2 Light Source Control

This Light Source Control feature allows the user to manually turn the light source (typically an internal
laser) on or off, and control the output wattage as a percentage of maximum power using either the
vertical slider (upwards approaches maximum power), using the up/down arrows, or even clicking in the
editable numeric field shown below with the red arrow and writing in the desired value for more precise
control.

Light Source Control

milliwatts (mWW)

If the spectrometer contains a laser power calibration, this control may allow the user to switch
between setting laser power as a percentage of full, and an absolute value in milliwatts.

\ .-, | Raman Users: If Raman users have logged-in with access to Advanced Features, they
'?QL may see a ‘spinner’ control allowing them to specify the laser excitation wavelength in
g picometer precision. (Note that this does not actually change the emitted wavelength
of your laser in real-time, but rather allows the Raman user to enter a value which is
presumably generated from a high-resolution spectrometer or manufacturer’s
datasheet, so that ENLIGHTEN™’s computed X-axis in wavenumbers will be as accurate
as possible).
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4.1.1.3 Detector Control

This Detector Control feature allows the user to set integration time in milliseconds (ms) using either the
vertical slider (upwards increases the integration time), using the up/down arrows, or even clicking in
the editable numeric field shown below with the red arrow and writing the desired value for more
precise control.

Detector Control

Integration time

Longer integration times will help detect extremely faint spectroscopic phenomena such as Raman
Stokes scattering and fluorescence/luminescence emission, but can also increase noise and baseline by
allowing more time for electrical readout noise and ambient light to accumulate. Finding the optimal
integration time is dependent on the application and will most likely require preliminary experiments.

The vertical slider is deliberately capped at 5 seconds, providing a typical range for most applications. If
an integration time greater than 5 seconds is desired, the value must be selected using either the
buttons or manually editing the field described above.

- Ve | Note that each Wasatch spectrometer contains an EEPROM-configured “maximum
'2@ recommended integration time,” typically in the range of 60 seconds or thereabouts.

, However, longer integrations may be forced by entering values up to 22* milliseconds
(4.7 hours). Itis likely that electrical readout noise will saturate the detector long
before you reach this range, however.

The user can also enable the external trigger if the spectrometer supports that feature. Currently only
ARM-based spectrometers will show this checkbox. Please visit the following link for more details
concerning Spectrometer Triggering:

e https://wasatchphotonics.com/software/spectrometer-triggering/

4.1.1.4 X-Axis

The X-Axis feature allows the user to select the units of the X-axis displayed on the Spectrum Chart. The
pull-down menu displays three options: wavelength (nm), pixels, and wavenumber (cm™). Changing
spectroscopic techniques and operating modes will reset the axis to its default state for that mode (e.g.,
default for Scope, Absorbance, Reflectance/Transmission, and Relative Irradiance is wavelength, while
default for Raman is wavenumber). Furthermore, there is a cursor option checkbox that, when selected,
displays a red vertical line on the Spectrum Chart known as the cursor. The user can set the value of the
cursor by using the up/down arrows or even clicking in the editable numeric field shown below with the
red arrow and writing the desired value for more precise control.
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| Cursor

In addition, once the cursor is displayed on the Spectrum Chart, it can be selected and moved (left or
right) by clicking and dragging it to the desired position. This cursor can be used to focus on a specific
portion of the X-axis, perhaps, in order to monitor the changes in Y-axis at that particular variable.

B ENLIGHTEN 1.6.13: S785LC {S785LC-00072]

tght  Temp

4.1.1.5 Scan Averaging

One of the simplest ways to improve Signal to Noise Ratio (SNR) is by averaging over time using multiple
scans. To enable this feature in ENLIGHTEN™ user can set the number of scans to average by using the
up/down arrows or even clicking in the editable numeric field shown below with the red arrow and
writing the desired value (must be a whole number greater than or equal to 1) for more precise control.

Scan Averaging
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When Scan Averaging is enabled, a second text line appears on the control widget, stating “collecting X
of Y’ samples. This information can be used to know how soon the next fully-averaged measurement
will be complete.

Scan Averaging

Collecting: & of 10

Note that when storing dark and/or reference spectra from the Setup tab, these dark and reference
spectra will represent the current post-processed spectrum, with currently-applied scan averaging,
boxcar, etc already applied.

4.1.1.6 Boxcar Smoothing

While Scan Averaging is the most accurate way to reduce high-frequency noise in spectral data, it comes
at the cost of increased collection time. An alternative is a built-in data processing option called Boxcar
Smoothing, which slides a moving average across the spectrum, averaging over wavelengths (space)
instead of time. The user can set the number of pixels to average by using the up/down arrows or even
clicking in the editable numeric field shown below with the red arrow and writing the desired value
(must be a whole number) for more precise control. By default, smoothing is set to 0 pixels, meaning no
boxcar averaging is applied.

Boxcar Smoothing

The following example shows how a boxcar of 2 is computed across a 20-pixel spectrum. Note that the

averaged (smoothed) value for pixel 6 is computed as the average of the original (raw) values of pixels 4
through 8 (5 pixels total). If a pixel is too close to the beginning or end of the spectrum to generate the

specified average, original values are used unmodified.

mmﬂ 26 [ 100 |04 [ 2> |90 [a0 [ @ | 4 | 56 [ 5| B

904 107.6 1196m1202 120.2 1176 1134 1098 1046 96.6 76.6 61.6 49.4 32 15.4
Pixel 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

Figure 1 Computation of boxcar of 2

As seen in the following graph, the boxcar set to 2 averages-out high-frequency noise in the resulting
spectrum. Please note that if raised too high, boxcar averaging will lead to a loss of optical resolution. A
balance must be found between resolution and smoothing.
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Figure 2 Graph of raw-vs-smoothed with boxcar of 2

Note that when storing dark and/or reference spectra from the Setup tab, these dark and reference
spectra will represent the current post-processed spectrum, with currently-applied scan averaging,
boxcar, etc already applied.

4.1.1.7 Baseline Removal

Boxcar smoothing is an example of a convolution, a transformation applied to an array
or spectrum to yield a new array.

The Baseline Removal feature can be used to remove a majority of broadband baseline spectral features
so that the detailed spectral features of the desired sample measurement remains. This feature, while
not a background subtraction algorithm, is extremely useful when Raman spectra are collected for
spectral matching.

This feature employs boxcar smoothing where the half-width is calculated from the number of pixels.
The user can set the number of pixels for boxcar smoothing by using the up/down arrows or even
clicking in the editable numeric field shown below with the red arrow and writing the desired value
(must be a whole number) for more precise control.
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Baseline Removal

The calculation for Baseline Removal can be seen as follows:
BaselineCorrectedSpectrum =0 -C,

Where the resultant spectrum after Baseline Removal is BaselineCorrectedSpectrum, Cis a copy of O,
the original spectrum without baseline removal, and b is the half-width (number of pixels) used in the
boxcar smoothing calculation applied to C.

4.1.1.8 Temperature Control

The Temperature Control allows the user to configure the setpoint (desired or target temperature in °C)
of the detector’s thermoelectric cooler (TEC). Different spectrometer models support different
operating ranges with different optimal setpoints; the temperature control in ENLIGHTEN™ is
automatically range-limited to the correct temperature range for any spectrometer; TEC cannot be
overdriven in either direction.

In general, detectors thermoelectrically cooled to lower temperatures are capable of detecting fainter
signals, as they generate less thermal noise and therefore maintain a lower, steadier baseline. The user
can set the Setpoint by using the up/down arrows or even clicking in the editable numeric field shown
below with the red arrow and writing the desired value (must be a whole number) for more precise
control.

Temperature Control

(M| Enabled

-\ | For optimal operation, it is not recommended to disable the TEC, but this capability is
?QL provided via a checkbox if you wish to compare your baseline with and without
g thermoelectric cooling.

4.1.1.9 Chart Navigation

The chart display in ENLIGHTEN™ has numerous advanced features which can be accessed from a 3-
button mouse or touch pad. Some of the most useful include:

e Use mouse scroll-wheel or two-finger pinch to zoom in and out (keeping the X:Y aspect ratio
constant)
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e Drag with left (primary) mouse button or click on left side of touch pad and drag to scroll or pan
horizontally and vertically within the graph

e Drag with the right (secondary) mouse button to zoom in the X-axis, the Y-axis or both. Likewise,

click with thumb (on right side of touch pad) on the desired area of the spectrum and move
index finger up and down to zoom in on Y-axis or side to side to zoom in on X-axis.

e Right-click (on mouse or touch pad) on graph to open a contextual menu allowing you to fine-
tune the X- and Y-axis, shown below:

View All

X Aois O Manual [3625 11162
W Auis @ Auto |100%
Mouse Mode [] visible Data Only
[ Auto Pan Only
] Invert Axis
Export... Mouse Enabled
Link Axis:

.' '|!.|H'

| l‘w \'Hl ! q‘h\ilkrflq.} ﬁ”"lw ﬂ* *I H‘““‘M*‘ “ll,'wl "1’“”

Plot Options

4.1.1.10 Freezing / Unfreezing the Y-Axis
By default, the Y-axis auto-scales with each newly read spectra so this means the axis can be jumpy in

high-noise environments. The lock icon atop the graph can freeze and unfreeze the Y-axis,
essentially enabling and turning off the auto-scale function.

Alternately, the left (primary) mouse button or left side of the touch pad can be held down and dragged
a pixel or two in any direction (vertically or horizontally). This will in turn disable the auto-scale function
putting the axes into a manual mode. To re-enable the auto-scale function, right-click with the
secondary mouse button or click on the right side of the touch pad to open the contextual menu, then

set both X- and Y-axis back to Auto. Alternatively, double-click the icon as described above.

4.2 Spectroscopic Techniques and Operating Modes

With a Wasatch Photonics spectrometer, a user can perform a variety of spectroscopic measurements.
There are some models of spectrometers that are better suited to perform a specific type of
spectroscopy than others, but, here, we will describe the basic types of measurements that can be
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performed. Spectroscopic measurements that can be performed with Wasatch Photonics spectrometers
include:

e Fluorescence and luminescence (both are types of light emission phenomena)

e Raman (light scattering phenomena)

e Absorbance (light absorption phenomena)

e Reflectance and transmission (complimentary phenomena)

e Relative irradiance (measurement of light relative to a specific color temperature or relative to a
known irradiance)

In the following sections, the user will learn which spectroscopic techniques and operating modes are
necessary to perform the spectroscopic measurements described above.

4.2.1 Dark and Reference Collection Best Practices

Generally, dark measurements collected for temperature controlled detectors will not drift
significantly, therefore a single dark measurement collected after the warm up of a
spectrometer can last a long time, but exactly how long will vary. Reference measurements
need to be frequently updated, as they need to capture the drifts in the broadband light source.
If the detector is not temperature controlled, then the dark measurements will probably need
to be frequently updated, since the ambient/detector temperature will change the dark
measurement significantly.

4.2.2 Scope Mode

Scope mode is the simplest and most straightforward operating mode, showing the spectrum as a graph
of intensity (counts). Scope mode is the default technique that ENLIGHTEN™ will open upon launching
the software. The user can change the X-axis by selecting the desired unit in the X-axis User Control to
pixels, wavelength or wavenumber, but by default it is set to wavelength (nm) in Scope mode.

Fluorescence, luminescence, and any other types of emission measurements can be performed in Scope
mode. The user should always collect a dark spectrum (by clicking the & button), after blocking all
photons from reaching the spectrometer and prior to collecting fluorescence or luminescence emission
from the sample. A dark measurement is needed to subtract any offset in the sensor signal, such that
the resulting dark-corrected signal is proportional to the intensity.

4.2.3 Raman Technique

Selecting Raman technique in the pull-down menu changes the X-axis to wavenumbers (cm™ or
otherwise known as inverse centimeters, computed as Raman shifts from the configured laser excitation
wavelength), but otherwise functions very similarly to Scope mode.

4.2.3.1 Collecting Dark Spectra for Raman Measurements

In Raman technique, the user must collect a dark spectrum. To collect a dark spectrum for Raman
measurements the user must ensure that the excitation laser is disabled or a mechanical shutter s in
place to block all light from the spectrometer. Settings such as integration time, scan averaging, boxcar,
etc. must already be established because the dark spectrum and subsequent Raman measurement must
be collected under identical experimental conditions.
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After blocking all photons from reaching the detector, a dark must be collected so that dark subtraction
can be carried out. Dark subtraction helps the always-faint Raman scattering to be detected. A dark
measurement is needed to subtract any offset in the sensor signal, such that the resulting dark-
corrected signal is proportional to the intensity. The user must click either the dark icon (-) in Raman
Capture or the Store Dark button in Raman Setup to record the dark measurement:

25 ENLIGHTEN 1.6.13: S7B5LC [STB5LC 000721 - 8 X

Capture Analysis

-~

Light Temp
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Capture Analysis

M Store Dark

4.2.4 Reflectance and Transmission Techniques

Selecting Reflectance/Transmission technique in the pull-down menu changes the Y-axis to %
Reflectance/Transmission, respectively. The X-axis is displayed as wavelength (nm). Transmission and
reflectance are mathematically identical, although they represent physically different properties.
Transmission represents the amount of light which successfully passes through a material without being
absorbed, reflected, or scattered. Reflectance represents the amount of light which is reflected off a
material, being neither absorbed nor transmitted.

4.2.4.1 Collecting Reference Spectra for Reflectance and Transmission Measurements
Both techniques require a reference spectrum, and will display a blank Spectrum Chart until a reference

is stored. The user must click either the reference icon (ﬂ) in Reflectance/Transmission Capture or the
Store Reference button in Reflectance/Transmission Setup to record the reference measurement:
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For transmission measurements, the reference spectrum should be a direct measurement of the
illuminating light source, with the transmitting sample removed from the optical path. For reflectance,
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the reference spectrum could be likewise a direct measurement of the illuminant, or perhaps a diffuse
reflection thereof taken with a reflectance standard like Spectralon® or an appropriate synthetic resin
that has equal reflectivity at all wavelengths to be measured (Delrin® or Teflon™). Similarly for Raman
measurements, the dark spectrum used in both reflectance and transmission measurements must be
collected when the illuminating source is disengaged or when a mechanical shutter is used to block all
light from the spectrometer.

Resulting transmission (T) and reflectance (R) measurements are both computed using the same
equation:

sample—dark sample—dark

T =100 X R =100 X

reference—dark reference—dark

Please note that dark spectra may change slightly over time and temperature due to detector response.
It is necessary that the user make accommodations to ‘dark correct’ the raw spectrum using a dark
which was taken as close in time to the spectrum as possible, so that a similar thermal environment will
be in effect. Therefore, ENLIGHTEN™ will track the dark spectrum used with the reference
measurement separate from the dark measurement used with the sample measurement, so that the
‘best available’ (most temporally proximate) dark will be used with each component spectrum.

For example, if the following measurements are collected at the specified times:

dark (do) at timeg
reference (ry) at timey
sample (s;) at time;
sample (s3) at times
sample (s4) at time,
dark (ds) at times
sample (sg) at times

ENLIGHTEN™ will compute the transmission (or reflectance) at timeg using the spectra collected at the
following timestamps:

T —100x 5595

h—d,

This is because the dark, do, collected at timeo was the most-recent when the reference, r;, was saved at
time,, while the dark, ds, taken at times was the most-recent when the sample was recorded at ts.

4.2.5 Absorbance Technique
Selecting Absorbance technique in the pull-down menu switches the graph Y-axis to Absorbance Units
(AU), and the X-axis to wavelength (nm). Absorbance is defined as:

A=~ log(T)

This absorbance is proportional to concentration and very useful in a variety of applications. This
spectroscopic technique requires both a dark and reference spectrum to be collected before the
absorbance spectrum can be calculated. A dark measurement is needed to subtract any offset in the
sensor signal, such that the resulting dark-corrected signal is proportional to the intensity.
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4.2.5.1 Collecting Dark and Reference Spectra for Absorbance Measurements

Timing of dark and reference spectra collection can play a critical role in calculating the correct
absorption spectrum. If the user collects a dark spectrum, d;, before collecting a reference spectrum, r,
any subsequent reference measurements will be automatically dark-corrected with the most-recent
dark spectrum, d;.

However, if the user does the above and then collects a new dark spectrum, d, the resulting absorbance
spectrum, A, will be computed from (s-d;) against the already dark-corrected reference spectrum, r. That
is, two different dark spectra, d; and d>, will be used in the computation for final Absorbance, A, using
the following equation:

A= —log light.transmitted _ log sample — dark ~ log s—d,
incident.light reference —dark r—d;

Where the s spectrum output by the spectrometer is the sample spectrum, d. is the dark spectrum
taken closest in time to the collection of the sample spectrum, and d; is the dark spectrum taken closest
in time to the reference, or r, spectrum. Please keep in mind that, when reviewing the saved data in the
resulting CSV file, the Processed column will contain the final absorbance spectrum, A, from the
equation listed above, the Reference column will contain the difference between the reference
spectrum and dj, and the Dark column will contain d>. The spectrum known as d; will not be saved to the
resulting CSV file.

Alternatively, if the user collects the reference spectrum prior to collecting the dark spectrum, then r
will, naturally, not be dark-corrected.

Ao Iog[ sample —dark j
reference

If the dark spectrum, d, is collected subsequently, then the resulting absorbance spectrum, A, will be
computed from the absorbance equation listed on page 26.

4.3 Data Management
ENLIGHTEN™ has several options for saving the results of measurements and experiments.
Save options are configured from the Setup tab and triggered from the Capture tab.

4.3.1 Saving Spectra (Capture Tab)

To save a measurement to disk, simply click the Acquire button (¥) from the VCR-style
“Play/Pause/Record” button-bar centered above the Spectrum Chart. This action adds a timestamped
graphical thumbnail to the Measurement column on the left of the screen. Furthermore, each acquired
measurement, by default, will be saved into a folder dated with the current date (year-month-day): This
PC — Documents — EnlightenSpectra — (dated folder). For more information about how and where
files are saved see section 4.3.3 Saved Data Options (Scope Tab).
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4.3.2 Thumbnail Management

With each measurement that is saved, a new timestamped thumbnail will be added to the
Measurements column to the left of the Spectrum Chart. There are several options to manipulate the
saved spectra through these thumbnails.

Measurements F © x

10:21:0 LC-00072

4.3.2.1 Rename the Measurement
ENLIGHTEN™ allows the user to rename a measurement while manipulating it within the software. The

name of the measurement can be changed by clicking on the wrench icon () beneath the thumbnail,
typing the desired name, and then pressing <Return>/<Enter> (depending on your computer) to save
the new measurement name.

This will update the label shown above the thumbnail, as well as the legend in the on-screen graph (if
trace is displayed), but will not change the filename on the disk of a previously saved measurement or
the filename within the metadata of the file.

4.3.2.2 Delete Measurement from Disk
If the user wishes to delete the saved measurement both from within ENLIGHTEN™ and from the disk,

they can do so by clicking the trash canicon (ﬂ) where a prompt will be shown to confirm deletion. If
the user wishes to clear the current Measurements column, but leave files on disk, click the eraser icon (

ﬂ) at the top of the bar.

4.3.2.3 View Trace
At times, it is helpful to visualize more than one spectrum on the Spectrum Chart at the same time via

spectral overlay. In order to add a previously saved to the Spectrum Chart, click the ribbon icon (-).
Several hundred spectra can be displayed at once.

4.3.2.4 Clear List

To quickly clear all thumbnails from the Measurement column (but not erase the files from disk), click
the eraser icon (ﬂ).
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4.3.2.5 Expand/Collapse Thumbnails
The Expand/Collapse function can be applied to all thumbnails in the Measurement column by clicking
the eyeball icon (E).

4.3.2.6 Reverse Sort Order
If you want to reverse the sort order of saved spectra, so that newly saved spectra appear at the bottom

rather than top of the column, click the crossing-arrows () icon at the top of the Measurement
column.

4.3.2.7 Collapse

The Collapse function can be applied manually to each thumbnail by clicking the arrow pointing
downward at the top right-hand side of the thumbnail graph (n).
4.3.3 Saved Data Options (Setup Tab)

As described above, clicking Acquire will save spectra to disk, but choosing where the files are saved, in
what format, and with what fields can be configured in Setup tab of any of the techniques or modes.

BB ENUIGHTEN 1.6.13: STESIC 1STBSLC-00072 - o ®

Capture

Current Dark

Here an explanation is given in numerical order according to the labels above:

©saved Data Options - File Formats: These check boxes allow the user to specify which file format the
spectra will be saved when they are acquired. Format options include CSV, XLS, and JSON, although
typically JSON is only used in specific instances. See section 4.3.3.1 Saved Data Options - File Formats
for more details.
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©saved Data Options (Details): If CSV is selected, the options by row and by column are available to
allow the user to specify whether the files should be row-ordered (individual spectrum in a single row or
line) or column-ordered (individual spectrum in a single column). If row-ordered is selected, it also
provides an append option in which multiple spectra are added to a single file. If append is enabled,
then multiple rows will be saved in a single file where each subsequent row corresponds to a unique
measurement. See section 4.3.3.1 Saved Data Options - File Formats for more details.

©saved Data Options - Optional Fields: The user always has the option to select which fields are saved
to resultant data files (either CSV or XLS). The options include pixel number, wavelength, wavenumber,
raw, dark, and reference. See section 4.3.3.2 Saved Data Options - Optional Fields for more details.

Osaved Data Options - All Spectrometers: This feature can be used when multiple spectrometers are
connected and managed through ENLIGHTENTM, typically when multiple sample setups are needed for
data collection. When spectra are acquired, the software will automatically save the latest/current
measurement from each spectrometer (each in a separate file, unless the append feature has been
selected). See section 4.3.3.3 Saved Data Options - All Spectrometers for more details.

Osaved Data Options - Interpolation: This feature allows the user to automatically interpolate spectra
to a fixed / uniform X-axis when saving files. See section 4.3.3.4 Saved Data Options - Interpolation for
more details.

Osaved Data Location: This feature allows the user to specify where spectra are saved (defaults to
Documents\EnlightenSpectra on Windows, and “~/EnlightenSpectra” on Linux).

@Batch Data Collection (Details): If the user desires to enable Batch Mode, Batch Data Collection
parameters can be configured here. Options include Measurement Count, Measurement period, and
Process batch period. See section 4.3.4 Batch Data Collection (Details) for more details.

©Batch Data Collection - Laser Mode: Allows the user to configure how the laser functions during Batch
Collections. See section 4.3.4.1 Batch Collection Laser Mode for details.

OlLive Preview (unprocessed): The Live Preview window displays a live view of the raw spectrum
currently being returned by the spectrometer (i.e. no dark subtraction, boxcar smoothing or other
processing applied). A dark spectrum can be collected by clicking the Store Dark button beneath this
preview window. Clicking the Store Dark button triggers the same action as clicking the black light bulb (
-) button from Capture mode. Also, a reference spectrum can be collected by clicking the Store
Reference button beneath this preview window. Clicking the Store Reference button triggers the same
action as clicking the white light bulb (ﬂ) button from Capture mode (when available). See section 4.2
Spectroscopic Techniques for more details concerning the collection of dark and reference spectra.

@current Dark Reference: The Current Dark Reference window displays the most-current dark
spectrum and includes any scan averaging, boxcar, or other post-processing, if applied. The date and
time of collection of the dark spectrum are displayed below the window.

Current Light Reference (Reflectance/Transmission only) - not shown: The Current Light Reference
window displays the most-current reference spectrum and includes any scan averaging, boxcar, or other
post-processing, if applied (only available for techniques that require a reference comparison including
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absorbance and reflectance/transmission). The date and time of collection of the reference spectrum
are displayed below the window.

4.3.3.1 Saved Data Options - File Formats

Spectra can be saved in either Comma-Separated Value (CSV) or Excel (XLS) formats. Microsoft Excel can
open CSV files as well. The main difference is that CSV files are more useful for dynamic programming
and scripting, while the XLS files include some automated formatting and worksheet breakouts.

CSV files offer additional options over XLS files: they can be saved in either row-order or column-order
format, meaning spectra can extend horizontally in rows (one measurement per line) or vertically in
columns (one pixel per line).

If files are saved in XLS format, the data will automatically be saved in columns; no other option is
offered. Furthermore, the files created will contain two sheets: Summary and Spectrum. The Summary
sheet contains a timestamp and other important metadata from the time of sample collection. The
Spectrum sheet contains the actual spectral data selected from section 4.2.3.2 Saved Data Options -
Optional Fields.

In addition, CSV files offer a special append option (only when by row option is enabled in Saved Data
Optons), in which each new measurement saved is automatically appended to a single CSV file. This is a
convenient means to create strip-charts of temperature and other metadata, for instance.

4.3.3.2 Saved Data Options - Optional Fields

In addition to specifying the file format of the saved files, the user can also exercise choice in what fields
get written to the resultant files. Three options are included for X-axis (pixel, wavelength and
wavenumber), and one, all, or none of the three options can be selected. However, wavenumber is only
appropriate for Raman measurements and only available for spectrometers which have an excitation
wavelength defined.

Up to three columns of signal data can be selected:

1. Raw Data: A relatively pure, unadulterated copy of the spectrum ENLIGHTEN™ received from
the spectrometer driver. Because scan averaging and occurs in the device driver, those features
are already applied to the spectrum. For this reason, it is impossible to retrieve the true raw
spectrum before it is output from the device driver. However, it does not contain additional
ENLIGHTEN™ processing like dark or reference subtraction or boxcar smoothing.

2. Dark Data: The most-current dark spectrum that is recorded. This spectrum is then used to
generate the Processed spectrum. For more details about specific calculations see section 4.2.3
Reflectance and Transmission Techniques and 4.2.4. Absorbance Technique.

3. Reference Data: The most-current reference spectrum that is recorded. This spectrum is then
used to generate the Processed spectrum (if a reference spectrum is required for that
technique). For more details about specific calculations see section 4.3.3 Reflectance and
Transmission Techniques and 4.3.4. Absorbance Technique.
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4.3.3.3 Saved Data Options - Processed Data Column/Row

When data is saved in the resultant file, there is a column or row of data that is always written to
the file; the user cannot exclude it from being recorded. This data is saved to the Processed data
column. The Processed spectrum is the spectrum displayed on-screen in Capture mode. This
spectrum is calculated using all selected processing options, including boxcar smoothing, dark
subtraction, background subtraction, and any per-technique processing such as applied in
transmission, reflectance, absorbance or irradiance modes.

4.3.3.4 Saved Data Options - All Spectrometers

When acquiring spectra from more than one spectrometer, the serial number of all spectrometers, by
default, are saved into each filename. Furthermore, the serial number is embedded into the file itself.
This way, the user can confirm which data came from which spectrometer.

4.3.3.5 Saved Data Options - Interpolation

Interpolation is highly useful when comparing spectra collected from different units. The user can
overlay the graphs in Microsoft Excel for comparison, and the X-axes will be consistent.

4.3.4 Batch Data Collection (Details)

Batch Data Collection allows the user to take a series of automated, unattended spectra at scheduled
intervals. This is useful, for instance, if overnight spectral monitoring of a sample is desired, or if,
perhaps, a strip chart of the detector’s temperature over time is needed.

Batch Data Collection has four main parameters:
1. Batch Mode Enabled: Presents itself as a check box to enable or disable Batch Data Collection.

2. Measurement Count: This feature allows the user to set exactly how many total measurements
are to be collected during Batch Data Collection. The desired Measurement Count can be
selected by using the arrows on either side of the numeric field or by clicking directly into the
editable field and entering the whole number value itself. Furthermore, up to 500 of the most
recent spectra or thumbnails will be displayed in the Measurements column.

3. Measurement Period: Within a Batch Data Collection, this feature determines how often to
collect measurements, from the start of singular spectral collection to the start of another
singular spectral collection. If the user wishes to collected spectral measurements according to
the set integration time, then this value should be set to 0 msec. For example, if the integration
time for spectral collection is 50 milliseconds and Measurement Period is 0 milliseconds, then
during Batch Data Collection an individual measurement will be collected at the completion of
each integration period (essentially every 50 milliseconds). If, however, the integration time is
50 milliseconds and Measurement Period is 60000 milliseconds, or 1 minute, then during Batch
Data Collection an individual measurement will be collected every 60000 milliseconds with an
integration time of 50 milliseconds.

4. Process Batch Period: This feature is used to determine how often batches should be collected
for continuous process mode, for example, if the spectrometer is to be left running unattended
for multiple Batch Data Collections. Process Batch Period is the time between the start of one
Batch Data Collection sequence to the start of another Batch Data Collection sequence. An
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example where Process Batch Period is applicable would be as follows: a Wasatch Photonics
system is turned on and left to run for 3 weeks unattended; every 5 (or 15) minutes, the system
should ‘wake up’, collect a set of 50 measurements at a specified interval, and then ‘sleep’ until
the next set of measurements are due to be collected.

When Batch Data Collection is enabled (box next to Batch Mode Enabled is checked), the Acquire button
in Capture tab will change from one triangle pointing downward (¥) to multiple triangles pointing
downward (¥). Selecting Batch Mode Enabled by itself does not initiate batch acquisition, the user needs
to subsequently click the Acquire button (¥) in Capture tab to start the acquisition.

It is very important that the user makes sure that the Measurement period is longer than the currently
set integration time (unless the user wants to collect measurements according to the set integration
time as stated above in Measurement Period). If Batch Data Collection is defined in which a
measurement is initiated every 1 seconds, but the integration time is set to 2 seconds, it will yield the
same behavior as setting Measurement period to 0 milliseconds (at the end of each measurement event,
ENLIGHTEN™ will observe that the next measurement is already overdue and start it immediately).

As each measurement event is reached (based on Measurement period parameter), ENLIGHTEN™ will
act exactly as though you clicked the singular Acquire button (¥):

1. If All Spectrometers has been checked in Saved Data Options - All Spectrometers, then one
measurement will be saved from each currently connected spectrometer; otherwise, only the
foreground / selected spectrometer will be saved.

2. Whatever Saved Data Options are in effect at the time will determine how the measurement is
saved. If both CSV and XLS options are selected, then both files types will be generated.

3. Ifitis desired that every measurement from Batch Data Collection be appended to a single file
(in row-ordered format), ensure that append is enabled in Saved Data Options.

4.3.4.1 Laser Mode

For Raman spectrometers, it is important to decide how the laser should behave during Batch Data
Collections. Three laser operational modes are supported:

1. Manual: ENLIGHTEN™ makes no changes to the laser status. If the user has turned on the laser
before Batch Data Collection begins, then the laser will remain on. If the laser is off prior to
starting Batch Data Collection, then the laser will remain off. If the laser is toggled during Batch
Data Collection, then different measurements will have different excitation states.

2. Spectrum: The laser is automatically turned on at the start of each measurement event, and
turned off at the end of each measurement event.

3. Batch: The laser is automatically turned on at the beginning of Batch Data Collection, and
automatically turned off at the end of Batch Data Collection. For example, if the user has
determined that 1000 measurements will be collected over a three hour period, then the laser
would be on/enabled for a total of three hours. Similarly, if the user wishes to analyze a sample
every minute overnight (i.e. 8+ hours) then the laser would be on/enabled for a total of 8+
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hours. Please note this laser behavior will be cyclic if Batch Collection Process Mode is also
configured.

For Spectrum and Batch laser modes, if a laser warm-up time value is specified, that will be applied after
the laser is turned on, but before the next measurement is taken. This time should be included, along
with integration time, in deciding what Measurement Period you wish to configure. (Measurement
Period should normally be greater than Integration Time + Laser Warm-up Time.)

automatically turn the laser on for pre-configured durations and intervals of time,
including unattended/lengthy overnight data collections. It is extremely important that
the user consider laser safety precautions before configuring unattended Raman data
collections — consult with the facility Laser Safety Officer.

@ Note that the Spectrum and Batch laser modes are uniquely hazardous, as they will
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5 Hardware Configuration

Wasatch Photonics manufactures many different models of spectrometer, and, as a result, individual
units within a product line will each contain unique configuration and calibration settings. Other
settings, such as temperature, can vary during runtime. All of these different settings and device
parameters are viewable within the ENLIGHTEN™ Hardware mode in the pull-down menu.

5.1 Hardware Setup
Hardware Setup has two sub-pages: Details and Logging.

- i I e
el ENLIGHTEN 1.6.13: S785LC |S785LC-00072]

Hardware

S$785LC-00072

Light Temp

5.1.1 Details

The Details page provides a scrollable list of hardware settings or EEPROM Contents, including excitation
wavelength, wavelength calibration, TEC and gain coefficients and more. It also contains information
about the spectrometer itself including serial number, slit size, whether or not there is an embedded
laser, plus there is a graphic of the spectrometer connected at that time. All of this information is read-
only at this time, but is useful in understanding and explaining your spectrometer’s behavior and
performance.

5.1.1.1 Spectrometer EEPROM

Each Wasatch Photonics spectrometer contains an EEPROM (Electrically Erasable Programmable Read-
Only Memory) which stores information about the device. Parameters can be located in Hardware
Setup, which stores configuration information about the device. Key EEPROM fields include:

e Serial number
e Excitation wavelength (internal laser models only)
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e Wavelength calibration (3™ order polynomial)
e Detector temperature calibration (2™ order polynomial)
e Detector setpoint calibration (2" order polynomial)

For a full list of EEPROM fields, see Wasatch Photonics document ENG-0034.

5.1.1.2 Gain and Offset Correction

All spectra read from the spectrometer are automatically corrected for signal gain and baseline offset
based on values stored in the EEPROM These values are not user-changeable via the ENLIGHTEN™
application, although gain can be set temporarily via the .ini file (see Appendix C).

5.1.1.3 .INI Configuration

Settings stored within your spectrometer’s EEPROM will be temporarily overridden while using
ENLIGHTEN™ if there is a corresponding section in your .ini file which matches your spectrometer’s
serial number. See the Appendix C: .INI file format for additional information regarding .ini file location
and contents.

5.1.2 Logging

The Logging page shows a colorized scrolling event history of application state. The Logging level can be
increased by ticking the “Verbose logging” checkbox. See section 6.2 Application Logging for additional
information on using the application log for troubleshooting.

5.2 Hardware Capture
Hardware Capture displays several graphs including ones for intensity histogram, live spectrum preview,
laser temperature, and CCD TEC Temperature.

5.2.1 Intensity Histogram

(waterfall): As an experimental feature, ENLIGHTEN™ includes a visual two-dimensional “waterfall” of
recent spectra, providing a conceptual view of what monochromatic light might look like as it is
diffracted across the detector. Below the waterfall is a simple intensity spectrum over the time period
shown by the waterfall, and to the side is a histogram of binned intensity values by frequency. These
charts are provided for hardware troubleshooting and visualization, and are not intended for
spectroscopic analysis.

5.2.2 Live Spectrum View
Laser temperature is likewise graphed over time.

Wasatch Photonics ENLIGHTEN Manual 1.6.13 RAMAN edition

Wasatch Photonics




Table of Contents

Future versions of ENLIGHTEN™ will automatically disable the laser temperature graph for non-Raman
spectrometers.

5.2.3 Laser Temperature
The historical temperature of the internal laser is graphed over time. Only applicable if the spectrometer
actually has an internal laser.

Laser
33-30 C Temperature

5.2.4 CCD TEC Temperature

The historical temperature of the spectrometer detector is graphed over time. This allows the user to
visually confirm that the setpoint and TEC are functioning as expected. The user may also generate their
temperature strip-chart by using Batch Data Collection and either the CSV append utility or exporting a
series of spectra then graphing the resulting Temperature column in Excel.

CCD TEC
14'84 C Temperature
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6 Troubleshooting

6.1 Common Error Conditions

Wasatch Photonics makes every effort to test ENLIGHTEN™ and our spectrometers against a variety of
real-world hardware and operating environments, but the global breadth of our customer base means
that there are likely some architectures and operating platforms that have not been tested. This means
that the user may occasionally encounter a fault when operating our product. Should that occur,
following are some suggestions to resolve the most common issues.

6.2 Application Logging
A live, colorized, scrollable version of the ENLIGHTEN™ event log can be viewed within ENLIGHTEN™ by
navigating to Hardware Setup - Logging.

By default, the full logfile is written to the path C:\ProgramData\ENLIGHTEN™_applog.txt. Note that
C:\ProgramData is a “hidden” Windows directory; to access it, the user has to actually type the directory
name into the Windows Explorer and hit <Enter>...there is no way to simply “browse” to the path.

On the chance that a user encounters a problem using ENLIGHTEN™, Wasatch Photonics can best
support the user by providing a resolution if the full application logfile can be sent as an email
attachment. To report a problem or request a new feature, visit
https://wasatchphotonics.com/software-support/.

6.2.1 Cannot Connect to Spectrometer

If ENLIGHTEN™ does not automatically detect and connect to your spectrometer, there may be
something wrong with your driver configuration. This can be checked using the Windows Device
Manager.

The current Wasatch Spectrometer should be listed in the Device Manager under “libusb-win32”
devices, like this:

File Action View Help
e mEHE B RXE

v % MARKZIEGEDCA

i Audio inputs and outputs
3 Batteries Wasatch Photonics Spectrometer Properties x

[ Computer

s Disk drives

[ Display adapters

= DVD/CD-ROM drives
@) Human Interface Devices
=@ |DE ATA/ATAPI controllers Device type: libusb-win32 devices
Manufacturer: Wasatch Photonics
9 libusb-win32 devices

- Location Port_#0004 Hub_#0002
§ Wasatch Photonics Spectromete,

= o Device status \
Maonit
B Monitars < [This device is working propery }

Gensral  Driver Detalls Events

- Wasatch Photonics Spectrometer

P Network adapters
=l Print queues

= Printers

] Processors

[3 Sensors

B Software devices

i Seund, video and game controllers
S Storage controllers

E3 System devices

§ Universal Serial Bus controllers

Cancel
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If ENLIGHTEN™ is failing to connect to your spectrometer, something like this might be seen:

% Device Manager - m} X
File Action View Help
& W E HR P EX®

v % MARKZIEGT4BA
i Audio inputs and outputs
3 Batteries
& Computer
s Disk drives
[ Display adapters
= DVD/CD-ROM drives
) Human Interface Devices
“® IDEATA/ATAPI controllers
3% Imaging devices
Keybaards
@l Mice and other pointing devices
[ Monitors
I Network adapters
E? Other devices
B Stroker F¥?
= Print queues Update driver

<

= Printers Disable device

[ Processors Uninstall device

3 Sensors

B Software dev Scan for hardware changes
Sound, videt

i‘:‘ ’ Properties

S Storage conl

E@ System devices

§ Universal Serial Bus controllers

If your spectrometer does not appear under “libusb-win32” devices as shown in the first example,
please see the following URL for additional information and troubleshooting advice:

https://github.com/WasatchPhotonics/Wasatch.NET#post-install-step-1-libusb-drivers
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7 Appendix A: Command-Line Options

When launching ENLIGHTEN™ from a command-line or script environment, the following command-line
arguments are supported:

$ ./Enlighten --help
usage: Enlighten.py [-h] [-1 {debug,info,warning,error,critical}]
[-m {setup,capture,analysis}]
[-t
{hardware, scope, raman, transmission, absorbance,relative_irradiance}]
[-o BUS_ORDER] [-g GEOMETRY] [-x]
[--monitor-dir MONITOR_DIR] [--overrides OVERRIDES]
[--run-sec RUN_SEC]
[--max-memory-growth MAX_MEMORY_GROWTH]
[--logfile LOGFILE]

acquire from specified device, display line graph

optional arguments:

-h, --help show this help message and exit

-1 {debug,info,warning,error,critical}, --log-level {debug,info,warning,error,critical}
logging level

-m {setup,capture,analysis}, --operation-mode {setup,capture,analysis}
operation mode

-t {hardware,scope,raman,transmission,absorbance,relative_irradiance}, --technique

{hardware, scope, raman, transmission, absorbance,relative_irradiance}

technique

-0 BUS_ORDER, --bus-order BUS_ORDER
usb device ordinal to connect

-g GEOMETRY, --geometry GEOMETRY
window geometry ('X,Y,W,H', 'fullscreen' or default
‘maximized")

-x, --testing enable automated test support

--monitor-dir MONITOR_DIR
FileSpectrometer monitor directory

--overrides OVERRIDES
Overrides file for raw sensor communications

--run-sec RUN_SEC Automatically exit after this many seconds (@ for
never)

--max-memory-growth MAX_MEMORY_GROWTH
Automatically exit after this percent memory growth (@
for never, 100 = doubling)

--logfile LOGFILE Explicit path for the logfile

None of these options are required for typical usage, but this is what they are for:

--log-level Change the logging level to DEBUG, INFO, WARNING, ERROR or CRITICAL (default
is INFO). Regardless of which logging level is specified, the application will start
in DEBUG mode until the first spectrometer has successfully connected (to
capture detailed startup sequence), at which point the commanded or default
logging level will be applied.

The user can always switch the runtime logging level to DEBUG by clicking the
“Verbose Logging” checkbox in Hardware Setup - Logging subpage.
--operation-mode  What mode the application should startup in (default is Capture)
--technique What technique the application should startup in (default is Scope)
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--bus-order If multiple spectrometers are plugged-in over USB, and only one is DESIRED,
which one that should be.

This option was included to facilitate early feature testing, but may be removed
from future releases.

--geometry Whether the application should launch ‘maximized’ (default) or ‘fullscreen’ (no
menu bar) or in an ‘X,Y,W,H’ window (upper-left coordinate at pixel (x, y), of
width W pixels and height H pixels).

--testing Automated regression testing support

--monitor-dir In experimental/prototype configurations where ENLIGHTEN™ is not being used
to control a spectrometer via USB, but is remotely controlling a physical or
virtual spectrometer by means of a file gateway, this specifies the watch-folder
directory containing the ‘spectrometer.json’ file which will configure the
dataflow. (R&D only)

--overrides In experimental/prototype configurations where ENLIGHTEN™ is communicating
with a non-FID spectrometer, this parameter points to a JSON file containing
various 12C byte sequences which should be sent to the spectrometer instead of
various (setting, value) pairings. (R&D only)
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8 Appendix B: Keyboard Shortcuts

These keyboard shortcuts are provided to speed common operations while using ENLIGHTEN™:

F1 - change technique to Hardware

F2 — change technique to Scope

F3 — change technique to Raman

F4 — change technique to Reflectance/Transmission
F5 — change technique to Absorbance

F6 — change mode to Setup

F7 — change mode to Capture

F8 — use current spectrum as new dark

F9 — use current spectrum as new reference (transmission/reflection/absorbance only)
F10 - “play” (resume acquiring spectra)

F11 - “pause” (stop acquiring spectra)

F12 — “save” (capture current spectrum)
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9 Appendix C: .INI file format

Your ENLIGHTEN™ installation will contain a text file named “enlighten.ini” in the following path:
C:\Users\yourname\Documents\EnlightenSpectra\enlighten.ini
(Linux systems expect the file at ~/EnlightenSpectra/enlighten.ini)

If that file is not found upon launching ENLIGHTEN™, the program will automatically create a default
one.

This file is used to persist application settings between runs, and also to locally override various
spectrometer settings.

The following categories of application settings can be configured using the .ini file:

e Saved Data Options (“[save]”)

e Batch Data Collection settings (“[batch]”)
e Sound settings (“[sound]”)

e Graph settings (“[graphs]”)

e logging settings (“[logging]”)

In addition, the following settings can be overridden for individual spectrometers (by serial number)
using the .ini file:

e integration_time_ms (int)

e boxcar_half_width (int)

e background_subtraction_half width (int)
e detector_tec_setpoint_degC (int)
e has_laser (bool)

e adc_to_degC_coeff 0-2 (float)

e degC_to_dac_coeff_0-2 (float)

e wavelength_coeff 0-3 (float)

e detector_tec_max_degC (int)

e detector_tec_min_degC (int)

e slit_size_um (int)

e excitation_nm (float)

e ccd_gain (float)

e ccd_offset (int)

e invert_x_axis (bool)

This file follows a fairly straightforward syntax, and is used to selectively override individual settings
from the spectrometer’s EEPROM. This allows the user to customize a spectrometer’s default settings,
update the wavelength calibration, etc. without going through the trouble of reprogramming its
EEPROM.

Each spectrometer block of the file starts with the target device serial number, followed by an arbitrary
set of name-value pairs:
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[WP-00132]

integration_time _ms = 10
wavelength_coeff 0 = 399.2413
wavelength_coeff_1 = 4.3601E-01
wavelength_coeff_ 2 = -7.3314E-05
wavelength_coeff_ 3 = 2.8049E-08
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10 Appendix D: Saved Data Formats

ENLIGHTEN™ can save spectra in three data formats: CSV (row-ordered), CSV (column-ordered) and
Excel (standard .xls).

10.1 Row-ordered CSV (Dash)
Row-ordered CSV files are saved with the following field order, which is retained for compatibility with
the older Wasatch Dash spectroscopy application software:

e Line Number

e Integration Time (milliseconds)

e Timestamp

e Blank (compatibility with legacy Dash software)
e Note

e Temperature (°C)

e CCD CO (wavelength calibration)

e (CCDC1

e C(CCDC2

e C(CCDC3

e CCD Offset
e (CCD Gain

e Laser Wavelength (nm)
e Laser Enable

e Laser Power (%)

e Laser Temperature (°C)
e Pixel Count

e (spectral data)

The primary advantage of row-ordered CSV is that it works extremely well for appending / streaming
data quickly, as it is much easier for a computer to add one line to the end of a file than to add a new
column to the “right” of existing line-based data.

Therefore, this format is recommended for long-running Batch Collections taking hundreds or thousands
of measurements.

10.2 Column-ordered CSV
Column-ordered CSV files are new to ENLIGHTEN™ (Dash did not support them), and as such, the file
format has been adjusted. All columnar CSV files follow the convention:

e Metadata
0 One or more lines of (name, value) pairs
e Blank

e Spectral Data
0 A header row defining the columns for all lines to follow
0 One or more lines of spectral data (one line per pixel)
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A typical column-ordered CSV might start like this:

ENLIGHTEN Version,1.5.16

Measurement ID,20190410-160240-630000-S785LC-00073
Serial Number,S785LC-00073
Label,16:02:40 S785LC-00073
Integration Time,10
Timestamp,2019-04-10 16:02:40.630000
Note,

Temperature, 0

CCD (€0,799.3867797851562

CCD (C1,0.1435811072587967

CCD C2,-5.926637186348671e-06

CCD (C3,-8.689530872629803e-09

CCD Offset,500

CCD Gain,1.9

Laser Wavelength,785.0

Laser Enable,False

Laser Power,100

Laser Temperature,©

Pixel Count,1024

Pixel,Wavelength,Wavenumber,Processed
0,799.39,229.26,1276.00
1,799.53,231.51,1291.00
2,799.67,233.76,1291.00
3,799.82,236.00,1284.00

...(snip)...

Additional spectrum columns (after Processed) may include “Raw,” “Dark” and “Reference” (see Saved
File Fields).

10.3 Session Exports (Column-ordered)

A special case of column-ordered CSV are “session exports,” in which a number of measurements were
originally saved in one format (row or column-ordered CSV, Excel, whatever), and then “exported” to a
single large CSV for easy analysis in Excel or other numerical programs.

Session Exports are very similar to column-ordered CSV files, except that the (name, value) metadata is
repeated atop each measurement. This is necessary, as fields within the metadata (temperature,
integration time, laser enable etc) may vary from measurement to measurement, so all metadata is
explicitly re-stated for measurement.

The format of a columnar Session Export might be more easily shown by example than described:
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A B c D E F G H | 1 K L
1 Enlighten Version 1517
2 Serial Number S785LC-00073 S7E5LC-00073 5785LC-00073
3 Measurement D 20190410-192047-634000-5785LC-00073 20190410-192103-727000-5785LC-00073 20190410-192117-477000-5785LC-00073
4 Integration Time 10 100 500
5 Timestamp 20:47.6 21:03.7 21:17.5
6  Note demo-dark2 demo-dark2 demo-dark2
7 Temperature 1] 1] 0
8 CCDCO 799.3867798 7993867798 799.3867798
5 cpcl 0.143581107 0.143581107 0.143581107
10 CCDC2 -5.93E-06 -5.93E-06 -5.93E-06
11 CCDC3 -8.69E-09 -8.69E-09 -8.69E-09
12 CCD Offset 500 500 500
13 CCD Gain 19 19 19
14 Laser Wavelength 785 785 785
15 Laser Enable FALSE FALSE FALSE
16 Laser Power 74 74 74
17 Laser Temperature 33.33235694 33.33235694 33.30121692
18 Pixel Count 1024 1024 1024
19
20 §785LC-00073 19:20:47 S785LC-00073 19:21:03 S785LC-00073 19:21:17 5785LC-00073
21 pixel wavelength wavenumber processed raw dark processed raw dark processed raw dark
22 o 799.39 229.26 0 1287 1287 19 1466 1447 108 2263 2155
23 1 799.53 23151 -12 1291 1303 18 1472 1454 72 2263 2191
24 2 799.67 233.76 2 1301 1299 15 1485 1470 84 2326 2242
25 3 799.82 236 8 1293 1285 25 1489 1464 97 2318 2221
26 4 799.96 238.24 12 1303 1291 32 1490 1458 59 2318 2259
27 5 800.1 24049 -2 1291 1293 23 1483 1460 97 2318 2221

Essentially what you see there is that each spectrometer participating in the export has its x-axis
columns exported ONCE (at the left of the export), and then only processed/raw/dark/reference “data”
columns are populated thereafter. It is expected that users can select the proper x-axis for a given
spectrometer by using the “Serial Number” row at the top of the metadata.

10.4 Session Exports (Row-ordered)
You can also export a session in row-ordered (“Dash software”) format. That format (same data as
above) would look something like this:

A (] [ [} E F G M [ ] K i [ N o P a R 5 T u v
! DashOwiputv2 1 ENUGHTEN version: 15.17 Row Pl Dats  S7ESAC00073
2 Line Number  inegration Time Timestamp Blask Note Temperature CC0 €0 oo CEOE?  CCDCY  CODOMset OO0 Gain Laser Wawclergth Laser Erable Laver Power Laver Temperature Puel Court
a [} 10 20470 STENLC-OUGTS piaels 0 THRANGTTSE 0141581107 -3.95L-00 -B69L-09 w0 13 THS  FALSL ™ FTRTHN 1024 o 1 F ] ]
4 L] 10 20475 STESLC000T3 wivelendths 0 THRISGITIE 043581107 593606 B9 s 13 TS FALSE ™ 333323554 1024 THRI9 TSI TYIAT THIEZ THO%E
5 [} 10 476 STRUCO007) wavenumbers 0 1993867158 0143581107 59306 -RESE09 w0 14 S FALSE ™ 3333236654 WH 226 NLSL ATE N6 AN
L] L] 1w HAT6 STRHC-000TY demo-darkd O THANETTHE 0143581107 -5.930-06 -B.690-09 %o 18 TS FALSE ™ BEREEILL ) 10 o 2 2 L] 12
7 [] raw uE7 91 Lo UM 10
il [ dark 87 1303 1 15 1391
a 1 100 21037 STRSICO0O73 pisels 0 7993867798 0143581107 -S93F-06 A6 S0 1a MBS FAISE ™ 3333235654 1024 o 1 2 3 4
- 1 100 21.00.7 S7RSLC-00078 wavelengthn 0 THRIAETTHE Q141581107 -S.900-06 -R.6M 09 o 18 TS FASE ™ BN 1014 79939 79953 THET THAD 79906
n 1 100 21097 S785LC-00073 wavenumben 0 7953867758 0043561107 599606 -LEE-09 s 13 TS FALSE ™ 3333235454 1024 1536 3051 23ATE 136 1B
i+ 1 W00 X007 STRSICO007Y demes darkd 0 MOIBETIE 014351107 59306 BE9E.09 00 14 WS FALSE ™ 131323660 024 i it 5% a
" 1 raw MEE 147 LS MBS 1480
] 1 dark 147 54 1470 4B 48R
15 H 500, I1A75 STESLC-00073 plaels 0 7HHISETTHE O.14ISHLI0T -5.93E-06 86509 500 19 7S FALSE ™ 3330021652 1004 [} 1 1 E] 4
16 ? SO0 21075 STRSIC-00073 wavelergehs 0 7993A6TTSE 0143581107 59306 -AESE09 500 14 TS FAISE ™ 3330121652 WM TR TSI PRE] THA 796
7 1 500 21475 STRHLC-0007Y wavernumbers 0 THRISETTHE Q141581107 -S.9ME-06 6809 %o 18 TS FALSE ™ a2 104 11926 23151 ATE 236 1AM
£ i 500 21075 STESLC-00073 demi-darkd 0 7993867758 0043561107 599606 -HEE-09 s 19 TS FALSE ™ 3130121652 wM 7 s w 5
1] : o MEY 2263 MM MR 238
0 3 dark S8 e M) 3 s

Note that “Line Number” is used to indicate “a measurement” rather than just a line, as the user
selected to export 3 x-axes (pixels, wavelengths and wavenumbers) as well as 2 “component” spectra
(raw and dark).
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