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1 INTRODUCTION

BWSpec® 4 is a Spectrometer Data Acquisition and Analysis Software Program. It supports three types of
B&W Tek spectrometer interfaces: RS-232, USB 2.0, and USB 3.0.

o ——————
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2 [INSTALLATION

Refer to “BWSpec Software and Hardware Installation Guide” for fully detailed installation
instructions: You may consult IT department for support.

Operation system

Windows 10 (32 bit & 64 bit)
Windows 11 64 bit
Administrator Windows user privilege for installation

Hardware Requirements*

Meets or exceeds the System Requirements for your PC’s Operating System respectively
Processor: 1.5GHz or faster

RAM: 4GB or more

Hard disk space: 500MB available or more**

* The requirements are for normal use and do not include resource intensive features like Burst Mode
** Additional hard disk space may be required to store generated data by the application.

Prerequisites

Internet access is not required for automatic installation of .Net Framework.
.Net Framework 4.8 or higher is required.

Installation Procedure

o For computers with BWSpec already installed, it is highly recommended to uninstall the existing
one and execute the following steps.

e Locate BWSpec software installation package and copy the entire package to local computer.
Installation through network is not recommended and success is not guaranteed.

e Locate proper setup.exe from either 32bit or 64bit subfolder, double left click to begin the installation
process. User must have administrator rights for installation.

o After software installation, DO NOT open the BWSpec program.

e Connect the spectrometer to the PC via a USB Cabile.

L —
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e Install the Hardware Driver(s) for the spectrometer.
e After hardware driver installation, open/run the BWSpec program.

o ——————
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3 RUN BWSPEC

Double click the BWSpec icon on the desktop: Eﬂ
)

If the User Account Control is active, the following message will appear:

User Account Control

Do you want to allow this app to make
changes to your device?

S Setup Launcher Unicode

Verified publisher: B&W Tek
File origin: Hard drive on this computer

Click Yes to continue.

The Workspace Setup window will open, prompting the user to choose a workspace based on their unit
and application.

Workspace
* BWSpec

" Raman

If you are unsure, choose the default BWSpec workspace and click Set. This option may be changed later
within the main program; Setup - Workspace.
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4 MAIN WINDOW

Presented below is a brief visual overview of the BWSpec 4 main window. The main toolbars, panels and tabs
are highlighted; refer to the corresponding section for more detailed information.

I File View Acquisiion Spectral Function Tools Plug-ln Sewp Help About ‘

Toolbar

= Spectrum

Specium

Dark Sublracled (Frocessed)

List Panel

60000 - -

s0000 L

"Specuometer Control Panel  ®'
I Enable Cusor T Dual Chart Spectrometer

Disnlav Options
. . H [XAdisUnt

© aeanm Control Panel

%
i
H

£ a0000 : ; : : © Reman Shitinoar (cm-1)

20000 1 i i i : e

C Absoluie Inadiance

Acauisi tion Control
ngger

10000 1 . : B I Auto Time.
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R3man Shit (em-1)

Wl Spectrum In__ |+ Spectromet.
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Spectrometer Information Panel

o ——————
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5 MENU BAR

Bl ewspec - O x
‘File View Acquisition Spectral Function Tools Plug-In Setup Help About

The following sections are detailed descriptions of the dropdown menus available for each menu option in the
BWSpec 4 Menu Bar.

6 FILE

!ﬂBWSpec
HF“E View Acquisition Spectral Function Tools Plug-In Setup Help About

{ Open Spectrum... @ us @ 0 @‘

1

Save Selected Spectrum...

~a
Op
(]
Save
% Save All Spectra As... { Manually )

Ev Save All Spectra... { Automatically )

E‘ Export Data ’ :
Set Auto Save Data File..
Fomnat

_I.'!!P Timeline LDad... ...........................................
Excel Excel...

]% Print...

.

Spec File Convert...

b Exit

o ——————
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iﬂ en ectrum...
Open Spectrum...@ openspect

Load a previously saved spectral file into the main graph.
Available in the following formats:

All Files (*.%) w

TXT File (*.txt) including BWSpec TXT and simple TXT TXT File (*.txt)
TXTR File (*.txtr) KTR File (*.txtr)

— . . . C5V File (*.cav)
CSV File (*.csv) including BWTek raw CSV, LIMS CSV and simple

SPC File (*.spe)

Ccsv
SPC File (*.spc) with XY two series data which could be saved through BWSpec or from other instruments
and software

W
Save Selected Spectrum... s

Save Selected Spectrum...

Save the spectrum selected in the Spectrum List Panel.

Used to save data of selected spectrum from BWSpec in the following formats:

*TXTR - this is set as default - .TXTR files contain information about the spectrometer, acquisition
parameters, data processing, applied Ratio 1, 2, and 3, and data from all axis types. This file type includes
the most information and can be saved as all other data formats.

* TXT - .TXT files contain information about the spectrometer, acquisition parameters, and data from all axis
types.

*.CSV - .CSV files contain information about the spectrometer, acquisition parameters, data processing,
and data from all axis types. Compatible with Microsoft Excel.

* TXT(Linear) — same as .txt. However, the user may choose ‘Save only the selected X and Y axis data’
which will not contain any additional information.

*.SPC — data is encrypted. SPC files are compatible with other Raman software

*.Simple TXT — contains only one set of x-axis data in Raman Shift (cm-1) and one set of y-axis Dark

Subtracted (Processed) data. 8 Svespectm O -0 x
*.Simple CSV — same as Simple TXT :::::::E Z;L_J:evs\é&mﬁ&d\onnnvsrMsuchmI S;“ . .

i H Fietype  ['SPC - Esit © RawData  Pixel
*.Simple SPC — same as Simple TXT ol 4= ] )

favelengih (nm)

© Wavenumber (cm-1)

" CSV (Smple CSV)
* SPC (Simple SPC) avelength (nm) Linear

& Dark Subtracted (Processed)

w;
w;

 Reference € Raman Shift(cm-1)
w;

© Wavenumber (em-1) Linear

R

C wTR aman Shif (cm-1) Linear

€ Absoibance sat |161 femT)
End |27 fem)
interval [i (em)

L —
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Save All Spectra As... (Manually) Wl sove sosca . Mamaty)

Saves all spectra in the Spectrum List Panel individually. User can change save name and file type for
each spectrum. A new Save Spectrum Data window will open for each spectrum.

) n Save All Spectra... ( Automatically )
v

Save All Spectra... (Automatically,

Saves all spectra in the Spectrum List Panel at the same time. The data will be saved with the name
shown in the Spectrum List Panel. All files will be saved as the same, user-selected file type. The active
spectrum must be .txtr, .csv, or .txt formats or a measured spectrum for this feature to be enabled.

8- Save All Spectra Automatically — X

Save path

B~ Save Spectrum
------ v Declaration Information
------ W Title (Pixel.Wavelength;WavenumberRaw Data #1...)
BV Data tems
------ ¥ Pixel
------ W Wavelength
------ ¥ Wavenumber
------ ¥ Raman Shift
...... W Dark
------ ¥ Rererence
------ ¥ Raw Data
------ ¥ Dark Subtracted (Processed)
...... p %TR
------ ¥ Absorbance
------ ¥ Absolute Irradiance
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v LQJ Export All Spectra Data to One TXT File

Export Data ke oo

This requires plug-in turned on in Plug-In > Plug-In Manager:

8 Plug-in Manager - [u} x
Name [ Assembl! [ Description
[]BACIS1C Camera Plug-in BwRam Plugin CameraBACTS1C.dil BACTS1C Camera Plug-in
FpotDaaPlugn | byRen Pugn sporetedl———|EporDaslugn ]
[Jirradiance Calibration Plug-in BwRam Plugin IradianceCalibration.di Iiradiance Calibration Plug-in
[]Laser Wavelength Calibration Plug-in BwRam PluginLaserWavelengthCalibrationdil  Laser Wavelength Calibration Plug-in
[ Linearity Comection Plug-in BwRam Plugin LinearityC orrection.dil Linearity Correction Plugrin
[]Performance Plugin BwRam Plugin Performance Testdl Performance Plug-in
[] Ramanshif Calibration Plug-in BwRam Plugin RamanshifCalibration.dil Ramanshif Calibration Plug-in
[ Reference Material Correction Plug-in BwRam Plugln ReferenceMaterialCorrectiondll  Reference Material Correction Plug-in
[ Relative Intensity Correction Plug-in ~ BwRam Plugin RelativelntensityCorrectiondll  Relative Intensity Correction Plug-in
[ Spectra Math Plug-in BwRam Plugin SpectiaMath.dil Spectra Math Plug-in
[] System Response BwRam Plugin System Response Standardizafion Plug-in
[] Timeline Plug-in BwRam Plugin. TimeLine. i Timeline Plug-in
[] Wavelength Calibration Plug-in BwRam Plugin WavelengthCalibration il Wavelength Calibration Plug-in
< >

[Export Data Plug-in

oK Apply Cancel

Export Data Plug-in

The Export Data Plug-in gives the function to export all spectral data into one text file.

Location: in the Menu Bar - File, choose Export Data— Export All Spectra Data to One TXT File.
Select the data information to be exported, and click Save As.

All selected Spectra will be exported and saved to a text file. The active spectrum must be .txtr, .csv, or .txt
formats or a measured spectrum for this feature to be enabled.

s Export All Spectra Data to One Text File  — a X
e ez [ File Edit Format View Help
= FEl-Ceple S8 = |Pixel, cyclohexane@@1 DarksSub,honey15 DarksSub
I Spectral Units 2,1320.00,4154.00,32660.00,1601.00
* Pixel 1,1285.00,4223.00,47569.00,1604.00
© Wavelength (nm) € Raman Shif 12,1280.00,4201.00,61972.00,1613.00
—— 3,1282.00,4163.00,65473.00,1659.00
R 4,1303.00,4178.00,51991.00,1685.00
= bore 5,1309.00,4209.00,30122.00,1692.00
6,1303.00,4267.00,13282.00,1730.00
¥ Dark Subtracted 7,1320.00,4256.00,5892.00,1810.00
e — 8,1316.00,4329.00,3168.00,1841.00
e S 9,1334.00,4239.00,2198.00,1879.00
‘ ' 19,1276.00,4354,.00,1697.00,1985.00
" :(semicolon) + Tab . (comma) + Tab 11,1313.00,4346.00,1386.00,2092,00
[12,1355.00,4429.00,1183.00,2195.,00
——F Savess. | Cancel | 13,1347.00,4533.00,1088.00,2308.00
14,1365.00,4781.00,1034.00,2603.00
Weming Enaus o oo o pace L arlfos o some 15,1357.00,4939.00,950. 00, 3052. 00
4 116,1422.00,5217.00,940.00,4065 .00
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Set Auto Save Data File...

Set Auto Save Data File... "™

o5 Auto Save Data File — b4

[” Enable Auto Save Data File

File Mame Prefix |data_
File Name Suffix |
File type | TxTR =l

Save path IC:\USers\n‘l&'I 0042'OneDrive - Metrohm Group®\Documents® . |

Close |

This is the setting to automatically save all scanned data to a designated folder.

When this is enabled, all functions under Tools are disabled.
When this is enabled, dark scan is mandatorily required for this first scan and when integration time is
changed.

When this is enabled, Reference button is disabled.

Timeline Load...

Timeline Load... l’—

g Timeline Load... — X

Load path |C \Users\4510084\0neDrive - Metrohm Group\Documents\BwitekData

Filetype  [*TXTR | AI @ w Al

r Batch Re-Process Setup Auto Load a spectrum every (ms) 200 3

I Display Spectrum Overlay

C\Users\4510084\0neDrive - Metrohm Group\Documents\BwiekData\(SP_1) + (SP_2) txir
C:\Users\4510084\0OneDrive - Metrohm Group\Documents\BwtekData\(SP_1) + 5000.txtr
C:\Users\4510084\0OneDrive - Metrohm Group\Documents\BwtekData\1064_860_SP_1.bdr
C:\Users\4510084\0neDrive - Metrohm Group\Documents\BwtekData\43_RIC Disabled RLQ.xir
C:\Users\4510084\0OneDrive - Metrohm Group\Documents\BwtekData\43_RIC Enabled_RLO.txtr
C:\Users\4510084\0Onelrive - Metrohm Group\Documents\BwtekData\B88 txtr
CA\Users\4510084\OneDrive - Metrohm Group\Documents\BwitekData\ASfxn test data_0007.txdr
C\Users\4510084\0neDrive - Metrohm Group\Documents\BwtekData\ASfn test data_0003.txtr
C:\Users\4510084\0OneDrive - Metrohm Group\Documents\BwiekData\ASxn test data_0005.bdr
C:\Users\4510084\0OneDrive - Metrohm Group\Documents\BwtekData\ASfxn test data_0007.bdr
C:\Users\4510084\0OneDrive - Metrohm Group\Documents\BwiekData\ASfxn test data_0008.bir
C:\Users\4510084\0neDrive - Metrohm Group\Documents\BwiekData\autosave_0007 i
C\Users\4510084\0OneDrive - Metrohm Group\Documents\BwtekData\bad polystyrene i
C\Users\4510084\OneDrive - Metrohm Group\Documents\BwtekData\cyclo duo bdr
C:\Users\4510084\0OneDrive - Metrohm Group\Documents\BwtekData\cyclo_10000nm.xr
C:\Users\4510084\0neDrive - Metrohm Group\Documents\BwtekData\cyclohexane bdr
C:A\Users\4510084\0nelrive - Metrohm Group\Documents\BwtekData\cyclohexane_100000nm xir
C:\Users\4510084\0OneDrive - Metrohm Group\Documents\BwtekData\dark scan testbxir
C:\Users\4510084\0Onelrive - Metrohm Group\Documents\BwiekData\dataAS_on_01 .xtr
C\Users\4510084\OneDrive - Metrohm Group\Documents\BwtekData\dataAS_on_02 tdr
C\Users\4510084\0neDrive - Metrohm Group\Documents\BwtekData\dataAS_on_03 .tdr v
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This function allows user to re-run previously saved Timeline series with the ability to re-define data processing
and analysis. May be used with Batch Re-Process to reprocess the data as it loads into BWSpec.

Excel...

Excel [Ex1

Export the active/selected single spectrum from the Spectrum List Panel to an Excel sheet.

The active spectrum must be a Measured spectrum or BWSpec TXT or TXTR format if it is an opened
spectrum.

Only one active spectrum can be exported to Excel at one time.

Data is opened in Excel when the export is successful.

Compatible with all Excel versions.

Print... & | pont.

Show Print Preview window with the displayed data and header information for the active spectrum.
Add watermark, Save As, Print and etc.

H ile Convert...
File Convert... rle Conver

Convert all spectral files of the same format under a selected folder into another format.

Convert BWSpec4 *.txt files to BWSpec4 *.txtr file type.

All three Ratio files for the same instrument the data was collected on must be loaded for the conversion to
have the corrections applied.

Any processing done in the *.txt file is not recorded in Data Pretreat section.
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a5 File Convert

BWSpecd bt to BWSpec4 bt | BWSpecé brto BW/Specd tx

Source File Name ( BWSpec4 txt Format )

Relative Intensity Comection Ratio File ( Ratiod_***tdt ):

Reference Material Comection Ratio File ( Ratio2_"*"t«t ):

Imadiance Comection Ratio File ( Ratio1_"""txt ):

Target File Name ( BWSpec4 txr Format )

| BWSpec3to BWSpecs |
|
4

Convert BWSpec4 *.txtr files to BWSpec 4 *.txt file type.
Convert BWSpec3 data files which may contain multiple spectra (up to 3) into individual BWSpec4

compatible files.

s File Convert

BWSpec4 tdto BWSpec4 ttr  BWSpec4 biir to

BWSpecé o | BWSpac3to BWSpec |

Source File Name ( BWSpec4 tir Format )

TargetFile Name ( BWSpec4 txt Format)

|

Close

Convert BWSpec3 file format to BWSpec4

o ——————
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o File Convert — O x

BWSpecd tdto BWSpec4mr| BWSpec4 txirto BWSpec4 o« BWSpec3 to BWSpect |

File Name (BWSpec3 Format)

New File Name ( BWSpec4 Format)

Close

Exit

Closes the BWSpec program.
You will be prompted to save any unsaved or modified spectra.

o ——————
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7 VIEW

Ml BWSpec
HFiIe View | Acquisition Spectral Function Tools Plug-In Setup Help About

O?:n ﬂ Show In Overlay E us 1 E

—/ﬁ Show In Sequence

AAN

@ Clear All Spectral Data... F11
5 L -

NS

Display Scales...

<

@ Custom Setting »
'E? Spectrum List Panel
4 J e

F-,'J. Spectrum Info Panel

w Spectrometer Control Panel

Show In Overlay Show In Overlay

When viewing more than one spectrum, an overlay of each spectrum in the Spectrum List Panel will be
displayed in the main graph.

When enabled (default) a green checkmark is shown. ShowIn Qverlay

~ UNKNOWN | - X

[ Specinm | Color Cat |

g
H

5]
(4]

BWS465-7855 2_1:Dark_Subtracted
30000 T

EIEEH_ZTI

R
~

I:"‘-d’

25000 -

20000 4

15000 -

Relative Intensity

10000 ¢

5000 -

i
+ + + ¥ +

500 1000 1500 2000 2500 3000 LS

Raman Shift {cm-1) -

|48 Spectrometer... [#3 Spectrum Infor...

o ————
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Show In Sequence @ iy

When viewing multiple spectra, individual graphs will appear in the order they are listed in the Spectrum
List Panel.

# ow In >equence
When enabled, a green checkmark is shown. [”}é showlnsea

Show in Overlay and Show in Sequence are mutually exclusive options.
R 5wispe

|| File_View Acquisition _Special Function Tools Plugn Setup Help_About

/e B 3-8 0 QOO [FEMa

UNKNOWN ~ BRCT15P-U | ~ x_ Spectrum List Panel i
= v Opened Specra

SpﬂMMMI [— testoata_0001 —— testdats_0003 [—— testdata_0005

B-0--5--6-5-5-5

I |
\
\ "

“

RSP N Y |

\
|

\L__AJ_‘_/N-J\ PR}

—mmm T — A 0T —eran mn

Spectrometer Contral Panel ¥

' I™ Enable Cursor I~ Dual Chart
I | .
\, I \ ’ avelengh (n
(SIS, O ST o B ) e )
-

[— esigata G010 test dafa 0011

. , \ \
M S, N N e GO G HV\W\,. . I Y _Jm\\;."\,,_\_,uk I Extemsi Trigger

& Spectrum Info_ |+8 Spectrometer
orine o Ready Dark: OFF | |Reference: OFF | Lineanty Comection: OFF

Clear All Spectral Data... Clear All Specral Data... 11

Remove all spectra from the Spectrum List Panel and display area.

o ——————

290020235-P |  (9/10/24) Page 17 Copyright 2024 B&W TEK



313 Enterprise Dr, Plainsboro, NJ 08536, USA

www.bwtek.com

BV 1EK

+1.855.MY.BWTEK A Metrohm Group Company .

Display Scales...

E! Display Scales...

The Display Scales Setting window shows the graphing window’s X-axis and Y-axis settings.

X-axis scale settings are based on the default calibration settings for the spectrometer.

Using Automatic Scales will auto-adjust the graph and axis to fit the current displayed data.

While using Manual Scales, the X-axis may be changed by typing in a Minimum and Maximum into the
boxes, or by moving the slider for the Left Position and Right Position.

Check the X-axis Apply for All Spectra to apply changed settings to all spectra in the Spectrum List

Panel.

Click the Set button to apply the selections to the graph. In the X-axis, the selection will be applied to the

nearest pixel.

a. Display Scales Setting

s Display Scales Setting

K-axis | Y-axis I

Scales |

X-axis Y-axis |

Scales | Irradiance Umtl

‘(" Automatic & Manual ‘ ‘(" Automatic & Manual
 Pixel
& Wavelength (nm) Minimum |789.40 (nm) Minimum -45
o u
[E=erintencrg) Maximum [1066.21 (nm)
 Raman Shift (cm-1) .
Maximum 65535
Left Position - )I
™ Logarithmic
Right Position J
v X-axis Apply for All Spectra

Cancel

Cancel
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Custom Setting (/\S‘ Custom Setting » ¢ Spectra Color Setting...

@ Spectra Graph Setting...

Display settings for the main graph window.

Spectra Color Setting...
Opens a Spectra Color Settings window where the spectrum color order for overlays can be set/ adjusted.
The sequence is based on spectra listed in the spectrum list panel.

a-' Spectra Color Setting *
Spectrum #1 #2 #3 #4 #5 #6 #7 #5 #3 #10
Spectrum #11 #12 #13 #14 #15 #16 #17 #18 #19 #20
Reset | Set | Apply | Close |
4
Spectra Graph Setting...
. . . o' Graph Setting — O x
Opens a Graph Setting window where the variables
. . .  Spectra Name

relating to the graph window display can be set and e cosiion [madeTonFig =

adjusted to create a customized graph.

™ Fill Background Background Color |

— Graph Background Color

Chart Background Color | Graph Background Color

—Gnd

¥ Display Vertical Grid ¥ Display Horizontal Grid

I” Display Zero Line

. Font

I Bold Font Size 12 3:
Line
™ AntiAlias Line Width 1 =|
Reset Set | Apply | Cancel |
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Spectrum List Panel

S= Spectrum List Panel
There are two types of spectra: Measured spectra and Opened spectra. Measured spectra are data files
just collected from online instrument. Opened spectra are loaded offline data.
Toggles On/Off display of the Spectrum List Panel on the right side of the display.
Spectrum with the flag symbol before the name is the “active” spectrum. ®-v »SP_3
The most recent active measured spectrum will be overwritten if a new single scan is taken (Acquire One
Spectrum)
A new measured spectrum will be added to the list if an Overlay scan is taken (Acquire Overlay)
Dark and Reference scans will be updated to active Measured spectrum.
Expanding the + will give information on the spectrometer and settings used to collect the spectrum.
When enabled (default) a green checkmark is shown.
Refer to Spectrum Information Panel for more details.

-

= .
© Spectrum List Panel

Teasured Spectra
SP_1
SP_2
SP_3
Opened Spectra
B *polystyrene
.. DataSource = Load File

- TimeStamp = 2022-03-23 14:32.55
... Model = BTCB65N
- G_Code=08G
- Pixel Number = 2048
- Average =1
o It Time =1

Int Time Unit= (sec)

Rename Selected Spectrum

o Time Multiply =1
Total Int Time =1 Remove Selected Spectrum
-.. Laser Wavelength = 785.03
Laser Level =100 Remove All Checked Spectra

- Sample Run Name = Remave All Unchecked Spectra
- Sample Product Name =
.. Sample Batch_No = Enable / Disable Spectrum Thick LineWidth
-. Sample Lot No =
Sample Supplier=
-. Sample Notes =

Change Laser Excitation Wavelength

Right-click menu:

Select a spectrum name and then right click. Menu appears with the options:

Rename Selected Spectrum (rename the selected spectrum without saving it), Remove Selected Spectrum
(deletes the selected spectrum from the Spectrum List Panel) , Remove All Checked Spectra (deleted all
spectra from the Spectrum List Panel that have a checkmark next to them), Remove All Unchecked Spectra
(deletes all spectra from the Spectrum List Panel without a checkmark next to them), Enable / Disable
Spectrum Thick LineWidth (changes the line thickness of the spectrum trace), Change Laser Excitation
Wavelength (user can manually adjust the laser wavelength from what it was set to at the time of acquisition).
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Spectrum Information Panel Spectrum Info Panel & spectruminfoPane

Toggles On/Off display of the Spectrum Information Panel.

Displays spectrum details including spectrometer and laser information.
Any processing steps used are listed in the Pretreat_# section

When enabled (default) a green checkmark is shown.

Spectrum Information Panel r
Name polystyrene001 ixtr &
DataSource Load File I
TimeStamp 2022-07-13 09:54:34

Model BTC665N-7855-SYS
CCode ZTDP

PixelNumber 2048

Average 1

IntegrationTime 1
IntegrationTimelJ ( sec )
TimeMultiply 1
LaserWavelengtt 785.19
LaserLevel 100
ProbeName Probel
HadTakeRaw  True
HadTakeDark False
HadTakeReferer False
HadDarkComper False
Sample_Run_Na
Sample_Product,
Sample_Batch_M
Sample_Lot No
Sample_Suppler
Sample_Notes
Pretreat_0

Pretreat_1

Pretreat_2

Pretreat_3
Pratraat 4 LI
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” Spectrometer Control Panel w Spectrometer Control Panel

Toggles On/Off viewing of the Spectrometer Control Panel.
The availability of the listed options depends on the Workspace selected.
When enabled (default) a green checkmark is shown.

Spectrometer Control Panel

BWSpec Workspace Raman Workspace

Spectrometer Control Panel
[ Enable Cursor [ Dual Chart

X Axis Unit
* Pixel
 Wavelength (nm)
 Wavenumber (cm-1)

" Raman Shift (cm-1)

" Wavelength linear (nm)
 Wavenumber linear (cm-1)
" Raman Shiftlinear (cm-1)

Y Axis Type
* RawData
Dark

Reference

Dark Subtracted (Processed)
Transmission/Reflection
Absorbance

Absolute [rradiance

pes
-
-
s
-
-

¥ External Trigger
¥ Auto Time

¥ Qutput1

V¥ Output 2

™ Output3

[~ OQutput4

Spectrometer Control Panel
[T Enable Cursor [T Dual Chart

X Axis Unit
" Pixel
& Raman Shift (cm-1)

° Raman Shift linear (cm-1)

Y Axis Type
" RawData

" Dark

% Dark Subtracted (Processed)

[T External Trigger
I Auto Time

o ——————
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8 ACQUISITION

ﬂ BWSpec

l File View | Acquisition | Spectral Function Tools Plug-In Setup Help About

Open o cquire One Spectrum us i El
UNKNOW U Acquire Overlay F10

Spectrum |

(

Q Acquire Continuously Fé

| O Stop F7 :

60000 + ....................................
O Acquire Dark F8 :

0 Acquire Reference F9

Acquire One Spectrum o Acquire One Spectrum F5

Acquires a single spectrum from the spectrometer and displays it on the graph.
The data is viewable on the Raw Data Y Axis Type.

Acquire Overlay U Acquire Overlay F10

Acquires a single spectrum and displays it over top of the previously displayed spectra.
Note that the previously taken spectra can no longer be edited.
The data is viewable on the Raw Data Y Axis Type.

0 Acquire Continuously F&

Acquire Continuously

Data is continuously displayed in the graph from the spectrometer with no delay between scans. The data
is viewable on the Raw Data Y Axis Type.

Stop O Stop F7

Stops acquisition while using Acquire Continuously.
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Acquire Dark @ Acquire Dark F8

Acquires a single spectrum which is stored as the Dark array.
The Dark array is viewable in the Dark Y Axis Type.

Acquire Reference @ Acquire Reference F9

Acquires a single spectrum which is stored as the Reference array.
The Reference array is viewable in the Reference Y Axis Type.

Acquisition Tips

A Dark Spectrum is used to subtract the contribution (dark noise) of the sensor itself or noise from
environment. This is carried over until a new dark spectrum is acquired. Every time when integration time
and/or average are changed, dark spectrum must be collected again.

A measured spectrum is unfinished when it is just acquired. It becomes Finished after it is saved or after a
new spectrum is measured.

To ensure data integrity, BWSpec prevents the measurement of a new spectrum when the last measured
spectrum is unfinished, for example, when in Raman Workspace, the integration time of the signal and the
dark spectrum are not the same. If you are unsure if the raw and dark integration times same, attempt an
Acquire Overlay. If they have different integration times, BWSpec will alert the user that the integration
time of the raw and dark do not match.

Use the Auto Dark feature in Hardware Setup - Common to take a Dark scan after each Acquisition.

If the last Measured Spectrum is unfinished and is selected, it can be overwritten by a new measurement.
No other spectrum can be overwritten by a new measurement except a new spectrum.
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9 SPECTRAL FUNCTION

!ﬂ BW5Spec

| File View Acquisition @ Spectral Function | Tools Plug-In Setup Help About
= || { { Enable / Disable Linearity Correction d &3
Open| | Save ‘%« é / Yy u
lAE
UNKNOWN /VBRC1 15 Enable / Disable Irradiance Calibration... r
Spectrum | | ey
R i . .
Enable / Disable Reference Material Correction...
R i i . .
Enable / Disable Relative Intensity Correction...
GOOOD 4 ... —1
{_& Baseline Removal...
{ﬂ»\ Smoothing...
50000 4 ... ... @ Derivative.. b
l BF | Batch Process...
+==
il *  Spectra Math 4
40000 4ot x- ............
= l_hk Peak Analysis...

Items under Menu -> Spectral Function are:

e Enable / Disable Linearity Correction

o Enable / Disable Irradiance Calibration...

) Enable / Disable Reference Material Correction...

e Enable / Disable Relative Intensity Correction...

. Baseline Removal...

¢  Smoothing...

. Derivative...

. Batch Process...

. Spectra Math

e Peak Analysis...
Since the Raw Data, Dark, and Reference data are protected, functions that alter the data are
disabled if the active Y Axis Type is set to one of these types. Such functions include Baseline
Removal, Smoothing, Derivative, Batch Process and Spectra Math. Peak Analysis does not alter
the data and is enabled on these Y Axis Types.

Please note that the ability to use certain functions may be superseded if Experiment is enabled.
Check the loaded Experiment configuration file for details if it is enabled.
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Linearity Correction

Linearity Correction will compensate for the detector array’s nonlinear intensity response by following a
fitted response curve against received detector photons.

Atypical detector array may exhibit a nonlinear response with respect to incident photons at low light levels
as well as when close to saturation. In these regions, doubling photons or doubling detector exposure time
will no longer result in two times the detector’s output, deviating from a desired linear response range.
Linearity Correction must be conducted by the factory in order for the Linearity Correction Coefficients to be
saved into device EEPROM. Refer to section under Menu->Tools for details if interested. “Linearity
Correction” is a service option to be ordered when purchasing the spectrometer or through a service request.
Linearity correction can be configured in Menu->Spectral Function->Enable/Disable Linearity
Correction...or in Experiment Setup.

In the menu, Linearity correction is off by default and can be enabled when instrument is online:

{ % Enable / Disable Linearity Correction 4 Enable / Disable Linearity Correction

Linearity coefficients are read from spectrometer EEPROM.
When it is enabled, status on the bottom will show Linearity Correction is ON.

Online 0 1 Ready Dark : OFF Reference: OFF Linearity Correction: ON

Irradiance Calibration Enable / Disable Irradiance Calibration...

This calibration is to convert the spectrum response from relative intensity to absolute photometric response

for measurement of photometry and colorimetry for a light | et iedene caorton- - *
™ Enable Iradiance Calibration

source.

i |
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Irradiance Calibration can be configured in Menu->Spectral Function->Enable/Disable Irradiance
Calibration...or in Experiment Setup. To enable this calibration, user has to load file ratio1 xxx.txt where
xxx is cCode of spectrometer.

When Irradiance Calibration is enabled, after a scan has been taken, click “Absolute Irradiance” on the
Spectrometer Control Panel. The Absolute Irradiance curve will show on the display.

You may need to adjust the X-axis and Y-axis scales in order to get a suitable display scale.

.."u_'om(_'] « % | Spectrurn List Panel 1 x
i ICnthhml] =¥ Measure Spectra
H-¥ *SP_0
ZAOL  Absolute Iradiance (miyicm*2inm)

0.0z0

0025 L —_ Spectrometer Contral Panel rx

’ I Enable Curser

X s Unt
. . : : . " Pueel
2 & Wa o)

" Waverumber gm-1)
" Faman Shit (cm-T)
 Wiawelengih inear rm)

Y Bxes Type

" Faw Dats

i Dark

" Referenca

1 Dark Subtracted

1~ Trenamission/Faflection
" Abscrhance

& Apsclue radiance

Absolute Iradiance (mom®2im)

T e S I Eemd Trgger

0.000

\ : I y I :
t t + t + t
400 500 600 T00 a0l oo 1000
Wavelength (nm)

lull Spectrometer .. [ull Soectrum Infor...
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Reference Materia’ Correction Enable / Disable Reference Material Correction...

In applications such as diffuse reflectance measurements, a certified reflectance standard is often used to
serve as a reference. The %R values throughout the measurement range are then calculated by using ratios
with respect to the reference in a relative sense. With the available certified %R values, the BWSpec
software can calculate the “absolute reflectance” against the reference.

The following is a table of typical %R values obtained using a certified white PTFE type material spectral
reflectance standard (B&W Tek model number SRR-1.25-99 or SRR-2.0-99).

Wavelength (nm) Certified %R value _ | Wavelength (nm) Certified %R value
360 98.5 600 98.9
370 98.7 610 98.9
380 98.7 620 98.9
390 98.7 630 98.9
400 98.8 640 98.9
410 98.8 650 98.9
420 98.8 660 98.9
430 98.8 670 98.9
440 98.8 680 98.9
450 98.8 690 98.9
460 98.8 700 99.0
470 98.8 710 98.9
480 98.9 720 99.0
490 98.9 730 98.9
500 98.9 740 98.9
510 98.9 750 99.0
520 98.9 760 98.8
530 98.9 770 98.9
540 98.9 780 98.9
550 98.9 790 98.9
560 98.9 800 99.0
570 98.9 810 98.9
580 98.9 820 99.0
590 98.9 830 98.9

If we define %Rs (non-correction) as the sample percent reflectance at a given wavelength:
%Rs (non-correction) = (Sample intensity/Reference intensity)*100.

After reference material correction:

%Rs (absolute) = %Rs (non-correction) * Certified %R value/100 where all values are calculated at given
wavelengths across the calibration wavelength range.

L —

290020235-P | (9/10/24) Page 28 Copyright 2024 B&W TEK



313 Enterprise Dr, Plainsboro, NJ 08536, USA
www.bwtek.com
+1.855.MY.BWTEK A Metrohm Group Company .

Reference Material Correction can be configured in Menu->Spectral Function->Enable/Disable Reference
Material Correction ...or in Experiment Setup. To enable this correction, user has to load file ratio2 xxx.txt
where xxx is cCode of spectrometer.

85 Enable Reference Material Correction... - X

I Enable Reference Material Correction

| [ -]

Set Cancel

Enable / Disable Relative Intensity Correction...

Relative Intensity Correction

Relative Intensity Correction is specific for Raman spectrometer users. Its purpose is to correct unique
relative spectral responses against a traceable standard for individual spectrometers. The corrected spectral
response of a Raman spectrometer makes meaningful comparisons between data obtained from different
instruments possible.

The Relative Intensity Correction involves the use of Standard Reference Material 2241 (SRM 2241) for
Raman spectrometers when a 785nm excitation laser source is used, SRM2242(the latest is SRM2242a)
when a 532nm excitation laser source is used and SRM2244 when a 1064nm excitation laser source is
used. Refer to website for more details: SRM Definitions | NIST

Relative Intensity Correction can be configured in Menu->Spectral Function->Enable/Disable Relative
Intensity Correction ...or in Experiment Setup. To enable this correction, user must choose probe to load
file ratio3_xxx.txt where xxx is cCode of spectrometer.

290020235-P | (9/10/24) Page 29 Copyright 2024 B&W TEK



https://www.nist.gov/srm/srm-definitions

313 Enterprise Dr, Plainsboro, NJ 08536, USA
www.bwtek.com
+1.855.MY.BWTEK A Metrohm Group Company ‘

o) Enable Relative Intensity Correction ... — *

T Enable Relative Intensity Correction

Select Probe I |

ER=]

Set Cancel

To change the Relative Intensity Correction setting of saved spectra, use the Batch Re-Process function.

BWS415-7855-FRB  Dark_Subtracted

60000 oo ST b b PRSP e e
50000
40000

30000 -

Relative Intensity

20000

10000

500 1000 1500 2000 2500 3000
Raman Shift (cm-1)

o ——————
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Baseline Removal...

Baseline Removal E

The Baseline Removal function is used to perform baseline correction. This helps remove spectrum
background to correct for fluorescence, baseline curvature, noise, or ambient light.
This function is disabled when the Y Axis Type is set to Raw Data, Dark, or Reference.

A display window with three spectra will be displayed: raw spectrum (red), automatically fitted background
curve (black), and the spectrum after background removal (blue). The color of the raw spectra reflects its
color in the Spectrum List Panel.

The lambda factor can be adjusted by moving the slider bar at the top, or by typing in the Lambda box. This
manipulates the auto fitted background to achieve the desired baseline removal result. Click Do to apply
changes to the main graph.

#A Bwspec - [m} X
‘ File View Acquisition Spectral Function Tools Plug-In Setup Help About
=W & =Y V @ & [ [ .ﬁ%. Irv ﬂ
BB~ §- F FOQOOOOB [ Flv
UNKNOWN  BRC115P-U ~ % | Spectrum List Panel e
Spectrum | £ Opened Spectra
v »honeyl5s
BWS475-1064-ST  honey15 - Dark Subtracted (Processed)
60000 |
50000 +
40000
= |
s |
z Baseline Removal Control Panel al
% 30000 - .- Sefting |
4
Lambda (1-1000000)[331 =] ‘
—
20000 4
10000
o + /\ + + + Do Undo
500 1000 1500 2000 2500
Raman Shift (cm-1) _ _ 7
%8 Spectr.. |“8 Spectr.. |*8 Baselin..
Online 0 [ 1/Ready Dark : OFF Reference: OFF Linearity Correction: OFF
Raman Shift {linear) (cm-1) = 1409.00, Relative Intensity = 3318.46166992188
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Smoothing... =

Opens a Smoothing window for applying smoothing processing to all Checked spectra.
This function is disabled when the Y Axis Type is set to Raw Data, Dark, or Reference.
When clicked, a Smoothing Panel will appear on right panel:

Smoothing Control Panel h
Smoathing Type

* FFT (Fast Fourier Transform)
FFT Smoothing Degree

(1-e9%) [10 =]

" Savitzky-Golay Smoothing

5 EI

" Boxcar Smoothing

1

Do | Undo |

43 Spe.. |¥5 Spe.. [“3 Bas.. [“3 Sm..

FFT (Fast Fourier Transform)
FFT Smoothing can be applied to the original spectrum using a smoothing factor of 1-99%.
The smoothing factor needs to be carefully selected so as not to cause a distorted spectrum.

Savitzky-Golay Smoothing

Savitzky-Golay Smoothing can be applied to the original spectrum with a window size setting from 2-5.
This is a commonly used smoothing method with less chance to cause distortion and degradation to the
spectral resolution. A higher window size causes a greater degradation to resolution.

Boxcar Smoothing

Boxcar Smoothing can be applied to the original spectrum using a “window size” setting from 1-1023.
The smoothing function will apply the forward moving smoothing by taking the average of the specified
number of pixels plus one pixel to the left of the group and one pixel to the right of the group.

This is an effective smoothing operation that comes at the expense of degraded spectral resolution; hence,
do not use a larger than necessary window size setting to preserve the needed spectral information.
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Derivative... AA Derivative..

Opens the Derivative Control Panel for applying derivatives to all displayed spectra.

This function is disabled when the Y Axis Type is set to Raw Data, Dark, or Reference.
When clicked, the Derivative Panel will appear on right panel:

Derivative Control Panel &
i Derivative Type
' Point Diff

" Savitzky-Golay

Derivative st
Degree 2 -
Points. 5 3:

" Differential

Points Interval |16 33

-

Do Unda

“3 Spe.. [“3 Spe.. [ Bas.. |*d Der..

Point Diff: This computes the first derivative of the spectrum by the difference in the y response
between two points on the x-axis.

Savitzky-Golay: the user can choose the derivative order, the degree (of the polynomial fit), and the
number of points over which to compute the derivative.

Differential: the user can set the point interval to use from 5 to 20.

L —
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| e

= Load Corfig Save Corfig New Corfig

Cument Config File: |

Spectral Processing |

[ Enable Linearity Comection

Select Comection |Rela1ive Intensity Comection j

[T Enable Relative Intensity Comection

r Addtional Processing
Analytics
r Peak Monitor

Save Processed Spectra
= Save Processed Spectra

Path: |C “Users'4510084%0neDrive - Metrohm Group'Documents®

Add Prefix: Processed
Close
Y.

Batch Process works like Experiment Setup but used to process or re-process loaded spectra in the
Spectrum List Panel. Check to ensure only loaded spectra of the same file format are loaded for the best
experience.

This function starts with the Raw Data (Raw and Dark in the file) of each spectrum. Each checked spectrum
is processed according to the steps specified and the results are saved in the corresponding Processed
Data block (called Dark Subtracted in the file). All other Spectral Functions start with the Processed Data
block of each spectrum, performs the chosen function, and saves the results.

For example, if a Spectrum has previously been intensity corrected and smoothed, performing Spectral
Function/Derivative on it will produce Processed Data that is intensity corrected, smoothed and then
differentiated. Performing Batch Re-Process with “Enable Relative Intensity Correction” unchecked and a
derivative step defined in Spectral Processing/Additional will produce a Processed Data that is differentiated
on the Raw Data. These are reflected in the Pretreat sequence viewable in the Spectrum Information
Panel.

Because different file types contain different data, it is impossible to apply one set of Re-Process steps to a
set of Checked Spectra of mixed formats. So, if different file formats are selected, upon clicking “Batch Re-
Process”, a warning message will display: “Selected Spectra are of different file formats. Please select
spectra of the same format.”

Spectral Processing includes both Instrumental Correction (found in Tools menu) and other spectral math
functions. Some or all instrumental correction may be disabled due to file format.

290020235-P | (9/10/24) Page 34 Copyright 2024 B&W TEK




313 Enterprise Dr, Plainsboro, NJ 08536, USA
www.bwtek.com
+1.855.MY.BWTEK A Metrohm Group Company .

If Checked Spectra are Measured spectra; when an Instrumental Correction requiring a ratio file is selected,
the user must choose a Ratio file from disc.

If Checked Spectra are Opened Spectra of TXTR format, then all Instrumental Corrections are allowed, and
if an Instrumental Correction requiring a ratio file is selected, the ratio data stored in each spectrum will be
used to process the corresponding spectrum.

If Checked Spectra are Opened Spectra of TXT format, which does not have the ratio spectrum within, then
all Instrumental Corrections are allowed, and if an Instrumental Correction requiring a ratio file is selected,
the user must choose a Ratio file from disc.

If Checked Spectra are Opened Spectra of SPC (*.spc) format, which does not have the raw data, then all
Instrumental Corrections are disabled. Processed data will overwrite existing data.

Analytics Settings may be imported from a currently loaded Experiment Setup configuration file using the
Copy From Experiment button.

The Re-Processed data may be automatically saved if Save Processed Spectra is checked.

Click “Do” to execute the Batch Re-process, “Undo” to restore the original data. In case the Save Processed
Spectra is checked, “undo” will also delete the files saved from the disc.

Any configuration created between the Batch Re-Process function in Timeline Load and this function may
not be cross compatible. It is recommended to create a new configuration file for each mode if both modes
are to be used

Refer to Experiment Setup section for details on processing features and a walk-through.

Peak Analysis... ==

Information on peaks in the spectrum can be shown live in the software’s display window.

Automatic Peak Identification: Peak position is accurately determined by curve fitting, instead of using
the position of the highest pixel.

In the top left-hand corner of the menu, input the value at Minimum Absolute Peak Height (threshold) and
the Minimum Peak Width. All identified peaks are listed in the table.

This table provides detailed information on the identified peaks.

When Baseline Removal is checked, analysis results are based on the baseline subtracted spectrum. The
Baseline corrected spectrum does not display or get applied.

Check the box for Display Peak In Graph and the identified peaks will be marked on the spectrum. Select
the information to display in graph by checking the desired items.

Peaks may be added by checking Add a peak manually. Then go to the main graph and click and drag a
box over the peak of interest.

Peak can be removed by right clicking this peak line then selecting Delete This Peak.

Select the Report Export button to export table to an Excel sheet.

and table.
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Select the Peak Field Setup in Print Report button
fields available in the Print Table.

to change the field and to adjust the number of

Spectra Math

=

Spectra Math

8 Peak Analysis - O x
—Find Peak Options ¥ Display Peak In Graph ™ Add a peak manually
Dark Subtracted (Processed) | I Display Peak X Value . )
Display Peak Area Fill
Minimum Absolute Peak Height 10000 33 ‘ " Display Peak Y Value I™ Display Peak Startand End
™ Display Peak Resolution (cm-1)
Minimum Peak Width { Point) 7 3 I Display Peak Resolution (nm)
[” Baseline Removal  Lambda:  |1000000 3 I Display Peak Resoluion (pixe])
I Display More Peak Infomation
Peak Pixel Top | Raman Shift Absolute Height FWHM Width Wavelength FWHM ‘ FWHM
Index (int) Top (cm-1) Height (cm-1) (cm-1) Top (nm) (nm} (pixel)
0 0 |30750.8550 |6 6 0 0 0 0
2 84 4215987 576112350 |18408.0715 |25.7934 675519 1114.3000 3.2000 3.8263
3 98 518.1061 55066.9398 248656007 282150 984979 1126.4131 3.5804 4.2895
4 115 625.8081 507382251 206132302 243999 766103 1140.2464 31738 38112
5 127 7051531 244869205 80494556 | 24.0832 627278 1150.6563 3.1888 3.8362
6 139 7780716 172387717 15651147 | 19.7607 494672 1160.3928 26595 3.2051
7 146 8200322 33078.3515 |12048.3555 | 18.2498 488424 1166.0705 24806 29929
8 154 8666712 31978.8202 96754098 | 19.3498 482271 11724467 26598 32133
9 162 915.1612 24038.3295 |7100.8538 | 20.9064 65.3250 1179.1504 29087 35192
10 172 977.1497 167986705 39475418 233291 40,9851 1187.8326 3.2895 39868
1 183 1066.1083 381250430 146450064 458537 1033470 12005183 6.6031 8.0258
12 198 11233851 314989221 83645585 |35.7706 783962 1208.8305 52348 6.3776
13 223 1264.2725 26708.0801 |11781.7946 | 29.2742 86.7221 1229.7744 44248 5.4180
14 238 1343.9402 202612164 4243892 | 254529 531228 1241.9422 39143 4.8069
15 242 1364.8351 216459407 |2929.8932 |37.7505 833146 12451735 5.8704 72232
16 260 1457.1099 257855217 146405270 234531 81.2964 12596467 37234 4.5990

This function provides the ability to perform math functions on one, or multiple spectra.
Spectra math contains the following options:

o One Spectrum Math

e  Two Spectra Math

. Spectra Normalize to Constant Value

. Spectra Normalize by Total Integration Time
. Spectra Normalize by Unit Vector

o ——————
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One Spectrum Math...

ol One Spectrum Math — O X

Spectrum A  All Spectra
Al Checked Spectra
* One Spectrum

[sP_1 |

Value b |1

New Spectrum= & A+p T A-b " Axb © A+b

Do | Close

Two Spectra Math...

s:! Two Spectra Math — | hd
Spectrum A ISP—I LI
Spectrum B: ISP_Z LI

New Spectrum = * A+B © A-B © AxB © A+B

Do | Close |

Spectra Normalize to Constant Value...

8 Spectra Normalize to constant value — O >

Spectrum A: Al Spectra
Al Checked Spectra

% One Spectrum

|sp1

L L]

Max Value to |50000
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Spectra Normalize by Total Integration Time...

85 Spectra Normalize by Integration Time — — O X

Spectrum A: " All Spectra
" All Checked Spectra

& One Spectrum

SP_1 |

Mew Spectrum = Spectrum A

+  Integration Time

x |1 33
Do | Close |

Spectra Normalize by Unit Vector

8 Spectra Normalize by Unit Vector - O =

Spectrum A: " All Spectra
Al Checked Spectra

' One Spectrum

SP_1 ~|

New Spectrum = Spectrum A

= | Spectrum A |

o ——————
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10 TOOLS

ﬂ BWSpec

¢ File View Acquisition Spectral Function | Tools | Plug-In  Setup Help About Language

>
F Laser Wavelength Calibration... - E D 1 D
0 ‘ Performance ... L |¢ ﬂ

Raman Shift Calibration...

)

7

" BRC1 M)

Relative Intensity Correction... fracted (Processed)

6001 Wavelength Calibration.. R R ................

Irradiance Calibration...
5001

Linearity Correction ...

400¢

Reference Material Correction...

FRNREER

300¢ System Response Standardization ...

Relative Intensity

—+

This menu provides a set of functions for instrument calibration and correction.
Irradiance Calibration

Laser Wavelength Calibration

Linearity Correction

Performance

Raman Shift Calibration

Reference Material Correction

Relative Intensity Correction

System Response Standardization

Wavelength Calibration

Il'radiance Calibration @ Irradiance Calibration...

This option is available only in the BWSpec Workspace. A NIST-Traceable Irradiance Standard light source
is required. Follow instructions on screen to create irradiance calibration file ratio1.
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Irradiance calibration can be configured in Menu->Spectral Function->Enable/Disable Irradiance
Calibration... by loading proper ratio1 file or configured in Experiment Setup.

WARNING: This function is for advanced users only.

o To conduct an Irradiance Calibration, you must first have a NIST Traceable Lamp Source with
certified values which cover the spectral range you will be calibrating your spectrometer to and
the .DAT file that accompanies your lamp.

o ltis also necessary to have the correct input optics for your spectrometer to collect the light, such
as a fiber and an integrating sphere.

o The spectral irradiance calibration will allow a spectrometer to convert spectral measurements to
absolute spectral irradiance measurements in units of light power in W/ [cm?*nm], mW / [cm?*nm]
or W / [cm®*nm]. Alternatively, a spectral irradiance calibration can be used to calibrate the
spectrometer for emissive photometric measurements, such as for the color of an emissive source
(for example, LED).

o Your setup conditions, distance from source, and lamp current must be as close as possible to what
your NIST Certificate states to conduct a successful calibration. Ideally, the light source should not
fill the spectrometer’s entire angular aperture. The light source should illuminate the spectrometer
at a distance specified in the lamp source’s calibration data.

o Given a correct experimental setup, the spectral irradiance calibration proceeds as follows with the
assumption that the spectrometer is equipped with a suitable input optic (linearity correction is highly
recommended):

Step 1: Adjust the integration time so that the maximum spectral response is just below the spectrometer’s
saturation level against the certified lamp at a specified distance. Stop the acquisition and freeze all physical
setup with minimal disturbance.

Step 2: Cover your light input aperture so that no light is gathered by your setup and take a Dark scan first.
Then uncover the aperture and take a Raw scan. Select Dark Subtracted (Processed) Y-Axis Type to see
the final data.

L —
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File View Acquie Tools Opion Plugin Setup Help Language

B[~ [ ~E - 000o®dE

“ECONIC | - x | TSpEeRi Lt panel
I ¥ Measure Specira
Specium | Color Chart | E == o
2ABL  Absolute Iradiznce (miiem2inm)
0030 .
025 — Specrrometer Contral Panel %
i ™ Enable Cursor

X ez Unt
O Pl
& Vizweleogih i)
H - © Viaverumber m-1)
: H . £ Raman Stit fom-1)
P : : . © Vizwelangih iresr ()
0015 B ’ H * 8 Y Bues Type
: € RawDat
H B . H " Dak

Absolute Imadiance (miom'Zinm)

/ : : : . © Pafersnce
/ D Sustractsd
o010 - H P H B : : " Trenamssion Rafieoton
/' H : : : © Aosorbance
H H N & Aoschde madiance
i
L v H B ™ Exema Trgger

0000

400 500 800 700 800 200 1000

|« spectrometer... [l Spectrum Infor...

Step 3: go to Tools > Irradiance Calibration, click the Browse button and locate the lamp data file for the
light source you are using for irradiance calibration. Your lamp data file must be configured in a way BWSpec
can read it.

4l Create Iradiance Correction Ratio File =] = =

Step 1: Tum off light, take a dark scan, then tum on light, take 3 single rew data scan.
Step 2: Please Select the Location of the Lamp File.

Browse

Lamp Data Info:  Start WL Wavelength {nm) | Absolute Imadiance
End WL
Inc WL

Step 3: Input Distance and unit of Lamp Data .

Distance I5ﬂ fem)  Unit IuW/cm"Z/'nm vl |

Step 4: Select Curve Fit Method. ‘ & R ! " Interpolation | Order |7 v[
Step 5: Select Data. ‘ @ Use Cument Spectrum |
Step 6: Input Distance between the lamp and the spectrometer. |5D {cm)

Step 7: Input Transmittance of Neutral Density Fiters |1CC % { MNeutral Density Filters INO Metral Density Fiter + )

Step 8: Set ratio file name IHatio'I_
Set ratio fille path |C:\BWTEK\BWSpac\Ratio Browse |

Step 9: Create ratio file Create |

Step 4: Input the distance at which your Calibrated Light Source was originally calibrated. This information
can be found on your Certificate or the .DAT file. Be careful to select correct units to match the certified data
provided in the reference certified lamp data file.

Step 5: Choose either Regression or Interpolation to calculate Irradiance Ratio file.

Step 6: Select Use Current Spectrum to use Dark Subtracted (Processed) data for calculation.

Step 7: Select the distance between your input optics and your certified light source in your current setup.
Also, make sure to enter all calibration related information, such as additional optics used, into the dialog
box.
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Step 8: Input transmittance of neutral density filters.

Step 9: Indicate the name of the ratio file and where you would like the data to be saved. We suggest that

you keep the default naming scheme of the spectrometer (Ratio1_C-code). Set the ratio file path which is
the Location where the ratio file will be saved.

Step 10: Click Create to generate the Irradiance Ratio File.

F*‘ aser Wavelen alibration...
Laser Wavelength Calibration Laser Wavelength Calibrat

Laser Wavelength Calibration uses the peaks of cyclohexane to calculate the exact wavelength of the laser.
Laser wavelength can be entered manually in the Laser Wavelength Calibration panel or in Hardware Setup >
Laser Setup tab.

Press Calibration to open the Calibration screen. Place cyclohexane in front of the probe and press Calibration
to begin. User can then Update Setting to the new wavelength value or Reject the change.

Laser Wavelength Calibration 1 x Laser Wavelength Calibration R x

Laser#1
Please place standard reference

Laser#1: I (nm) material atthe probe
Apply | Ref. Materia ICycIohexane vI
Calibration | Write EEPROM |

‘ Calibration |
(TTT{ILI]]

Old Laser Wavelength:
785.03

New Laser Wavelength:
784.652549902367

Update Setting |

Reject |
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e Linearity correction will compensate for the detector array’s nonlinear response by following a fitted
response curve against received detector photons.

o A typical detector array may exhibit a nonlinear response with respect to incident photons at low light
levels as well as when close to saturation. In these regions, doubling photons or doubling detector
exposure time will no longer result in two times the detector’s output, deviating from a desired linear
response range.

e Location: Menu Bar > Tools

e Linearity Correction must be conducted by the factory for the Linearity Correction Coefficients to be saved
into device memory. “Linearity Correction” is an upgrade option to be ordered when purchasing the
spectrometer or through a service request.

Activate Linearity Correction
e To activate linearity correction, go Setup > Experiment Setup and enable the checkbox. Linearity
Correction only applies to Dark Subtracted (Processed) Y-Axis Type.

How to Conduct Linearity Correction

o For Advanced users, the linearity correction may be conducted at the customer site.

e From the Menu Bar, select Tools — Linearity Correction... The linearity correction window will appear.
Follow Step 1 through Step 9 instructions in the window to proceed.

6 Linearity Correction

0 Q O Integration Time (ms) |1 1 A A
Linearity Correction Process.
Step 1: Set the spectrometer to its Start Integration time.
Step 2 Tumn on the Tungsten Light Source and acquire data continuously -
Step 3: Enable Average and Smoothing. [~ Enable Average I Enable Smooth
[s ] [savizky-Golay. Window Size 2w+l w2 ~|
Step 4: Adjust Tungsten until Peak Intensity is around 2000 counts.
Step 5: Set the Data X-Axis and Y-Axis Range.
X Left Position 93 =] Pxel Y Min 2000 = Gounts
X Right Position 1841 3 Pixel Y Max J 65207 =
Coefs_d0: 0 Coefs_d4: 0
Coefs_d1: 1 Coefs_d5: 0
Coefs_d2: 0 Coefs_ds" 0
Coefs_d3: 0 Coefs_d7: 0
Step 6 : Select Pixels. & Automatically  Manually
Step 7 Run Scan to acquire / set the Peak Intensity, Take a Data Scan — o
Step 8 Turn OFF the Tungsten Light Source or Shutter Take a Dark Scan — @
Step 9:SelectOrder |7 —| thenCalculate the LR Correction — = | &) fa] B

Spectum |Fit | Normalized | Linearized Ouput| Resicuals | Check (Correction) | Gheck ( No Gorrection ) |

Spectum

60000

50000

0 500 1000 1500 2000
Fixel
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Spectum |Fit I Nu:urmalizedl Linearized Dutputl Flesidualsl Eheck[l:u:urrectiu:un]l Check [ Ho D:urreu:tion]l
Spectrum
] T T T T
a0oo :
7ooo
G000

5000
4000
3000
2000
1000 3

Relative Intensity

Spectrum

e Displays the current spectrum based on the integration time at the top of the window.

e The graph may be zoomed in or panned just like the main window.

e Displayed is a Tungsten spectrum that has been attenuated to a Relative Intensity of ~2000 counts.

Spectrum  Fit INDrmaIizedI Linearized Dutputl Hesidualsl Eheck[l:anection]l Check [ Mo I:Dnecticnn]l

Ratio (Redline=Real, Green line=Fit, Blue line=After Fit)

Ratio

Fit

T
1a0a0

T
20000

T
20000
Counts

T
40000

T
50000

o Displays the fitting curve of the correction based on the Order (Step 9).
o Redis the Original, Green is the Fit curve, and Blue is the Corrected
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Spectruml Fit Mormalized ILinearized Dutputl Hesidualsl Check [ Corection ]I Check [ Mo Correction ]I
Mormalized Qutput
1.08 + T T T T T T
I W 5 | :
E 1.00 T R ......... X%XN&XM xmx.m %mmxm&m &x)‘ﬁ_
& r : : : :
= I : : : : : ]
Hooas Fooo L L L L S L _
m N . . . . . .
£ L : : : : : :
g 0.90 _:_ .......... R I, AT, .......... ........... T, ]
oes I I o I — I j I L I 1
1] 10000 20000 20000 40000 50000 go0ooao Too0o
Counts

Normalized

Spectium | Fit

Displays the output before correction

| Mommalized Linearized Cutput I Hesidualsl Check [ Comection ]I Check [ Mo Correchion ]|

Linearized Output

1.020 — T T T — T ——

1|:|15___ ..................................................... _
@ : ]
o T e R FE PR TR PR PRTE PRRPPRPeS 3
= r ]
B o008 e S 3
£ ; 5 : I R T
=z 1.0a0 _f_ w0 x%% x:ﬁﬁx;%@x.i&;}% RO - 1 xx%x:

DG o o Ko e 3

0.990 e ] e ]

0 10000 20000 30000 40000 50000 G0000 70000
Counts

Linearized

Displays the output after correction.

290020235-P | (9/10/24)

Page 45

Copyright 2024 B&W TEK



313 Enterprise Dr, Plainsboro, NJ 08536, USA
www.bwtek.com
+1.855.MY.BWTEK A Metrohm Group Company .

Spectruml Fit I Normalizedl Linearized Output  Fesiduals | Check [ Carrection ]I Check [ Mo Carrection ]|

Residuals

T A

0.0z __ .......... ........... ........... ........... ........... .......... ......... 3
o 00 Eo L L SO S T L 3
Z 3 . g % ow o : R ]
S 000 e e e B B KT
[ak) . . . . ]
o oot 4 E S S D L .......... R EEREREEE 4

0.0z __ .......... ........... ........... ........... ........... .......... ......... E

1] 10000 20000 30000 40000 40000 GO000 Foooa
Counts

Residuals
o Displays the percent difference between the corrected value and the real value of intensity.

Spectluml Fit I Nalmalizedl Linearized Output | Fesiduals  Check [ Corection | | Check [ No Earrectian]l

Spectrum §IntegrationTime {Correction)

Spectrum !/ IntegrationTime

Check (Correction)
o Displays the corrected Spectrum/Integration vs Time graph
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Spectruml Fit I Normalizedl Linearzed Dulputl Hesidualsl Check [ Corection | - Check [ Mo Correction | I

Spectrum §IntegrationTime (Mo Correction)
T T T T T T T T T T T

Spectrum § IntearationTime

T + T + T
1] 500 1000 1400 2000

Check (No Correction)
o Displays the uncorrected Spectrum/Integration vs Time graph.

Note: Once the Flash is re-read, the current active Linearity Coefficients will be lost. Linearity Correction
conducted by the factory will have the coefficients saved in Flash.

Note: The key for a successful linearity correction calibration setup is to provide a light input (Tungsten light
source is suggested here) with adjustable intensity for the spectrometer to be calibrated so that the
spectrometer shows a light response 500-1000 counts above its dark levels at its shortest integration time.
This will provide the calibration with maximum useable dynamic ranges.
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Performance... o petomance

Performance is a function for all Raman instruments including laboratory Raman models. It is also applicable
to DIY Raman setups but needs customized parameter settings.

Performance function is used to create a PVR (performance validation reference) file which is the reference
for the performance validation test. Each instrument should have its own PVR file. We recommend user to
recreate the PVR file after hardware or calibration changes such as the replacement of sampling
accessories, spectrometer and laser modules, new Wavelength Calibration, Raman Shift Calibration or
Laser Wavelength Calibration.

Performance validation implemented in BWTek software products is compliant with regulations from
EP2.2.48, USP 858 and other related guidelines, and even more specifications are checked to have a higher
control of system performance.

Even if the product is not used in a regulated environment, performing a regular performance validation is
still strongly encouraged to guarantee the performance and also the reliability of output results.
Performance module is not available when status is offline.

o < | Create Reference File

| Pesfommance Vabdation Create Reference Fie | Pedfomance Valdation Record |
|

To create a PVR file, an instrument must be online.
1. Instrument Type Laboratoey - 2 Instrument Model [i-Raman Plus BAYS455-532H = . .
3 Refownce e [Fomre =] & LasecPower(%) [0 =] The connected model will be automatically
Ssamene S e i b T > identified and selected by the Instrument Model
| | ¥ Performance Precheck et : :
Lo 3 field. Instrument type will be Laboratory. Select the
[/ Spectel Range B W & o . i
|| P Bocronc Bosoutsy 8 000 Reference Material used for the Reference file:
|| o o o B Polystyrene, Acetaminophen, or Cyclohexane.
Peak 21 Peak 12 Pesk #1  Pesk 84  Peask 15
| ey SR e e Average and Laser Power can be set. Select the
B e e | | 15 | 1 Probe to be used. Probe SN is not required.
¥ Raman Pesk Widh  Low Limt om-1) F
' Hh Lt fom-) C— All parameters are set to default values but can be
Photometric: Precision F I Enatie F ™ Ensble
Vabdation Vs, Reference Urt (1) [10 [i [0 [io [ Changed.
Validation V. Last Limkt (%) @ [ [ [0 [ .
TR B When the Performance Precheck box is checked,
([P = Dark1, Dark2, and Dark(60s) scans will be taken.
= i SR S S S S If unchecked, these dark scans will be skipped to
Sweio ... ... j|| shorten the time to complete PVR file creation.
= AN B o R N i S W B RO W e e S g .......
0 } b i } i 4
500 1000 1500 2000 2500 3000
| Raman Shift (cm-1)

! Ready

290020235-P | (9/10/24) Page 48 Copyright 2024 B&W TEK



313 Enterprise Dr, Plainsboro, NJ 08536, USA
www.bwtek.com
+1.855.MY.BWTEK A Metrohm Group Company ‘

Performance Validation i Performance . S

Performance Validation | Create Reference File | Peformance Validation Record

After a PVR file has been created, Performance @ sereerenceric

’7 Reference Name:  [PR_220404304_20220809090226 ~1
Validation can be run. Under Reference Name, | i
. . . Instrument Model. BWS465-7855 Instrument SN: 220404304 Instrument CCode: ZTDP
select the PVR file to validate against. Select the - Reforance Fls:  PR_220404304_20220805030226 1
Integration Time: 450113 (us) Laser Power 100 Average: 3
connected probe from the Select Probe menu, ST GEEE) Probe SN DatofTime: 2022008080225

[~ Procedure

then ensure the reference material is the same as Sept:  SectPrbe [Pubeziors =]
What Was used to Create the PVR file. Press the 7R:SL:;:2 Put standard material under the probe then click scan button to proceed with the test. Done

. Validation Date: 2022-08-09 09:03:48 Validation Result Pass Print Report
blue play bUtton to begln the Performance Validation File:  C\BW TEK\BWSpeclLogData\ValidationFile\ZTDP\PV_220404304_20220809090348 pvr
Validation. When complete, Pass/Fail results will

ResultFile: C\BWTEK\BWSpec\LogData\ValidationFile\ZTDP\PV_220404304_20220809090348.result

Valigation Result | Graph |

appear in the Result section. tems Do |t | Measures Resut
Validation Result Pass
The Performance Validation report can be printed. | |sesseseeny N £ T
Detector Electronics:
Electrionic Bias (counts) 500 2000 1459.0005 Pass
Readout Noise (counts) 5 30 1393 Pass
Dark Cu 0.5 20 10.3856 Pass
Hal 95 100 9976 Pass
Raman Peak Width:
1001.40 cm-1 5.00 9.00 7.2538 Pass
Intensity Variation
1001.40 cm-1 9800 29400 19517.14 Pass
Photometric Precision: —
620.90 em-1 Validation Vs. Ref (%) -10.00 +10.00 0.1247 Vs. 0.1250 Pass
62090 cm-1 Validation Vs. Last (%) -10.00 +10.00 0.1247Vs.0.1250 Pass
1602 30 cm-1Validation Vs. Ref(%) -10.00 +10.00 0.2355Vs. 02294 Pass
160230 cm-1 Validation Vs. Last (%) -10.00 +10.00 0.2355 Vs. 0.2294 Pass
Raman Shift Accuracy: LI

Scan Completed

! performance .. - m] X

Performance Validation Record

Previously completed Performance Validation
sanoae oo | Eopae Rowms | .
Py 170517301 2022050513174 et records are saved and viewable here. Records are
displayed according to the Date range selected. To
view the results, click the name of the *.result file
to be viewed. The report can be printed or
exported as a .txt file, or the data can be exported
as a .txt file.

Performance Validation | Create Reference File  Peformance Validation Record

[~Record Infomation

Validation Date 2022-09-06 13:17:46 Validation Result: ~ Pass Print Report

InstrumentModel:  BWS475-785HHT InstumentSN: 170517301 CCode KB

Export Report
Reference Material: ~ Polystyrene Reference File:  PR_170517301_20220830114821 pur
Integration Time: 5856703 (us) Laser Power: 100 Average: 3 Epmiles
SpectalRange:  150-2800 (em-1) Probe SN: Reference Dale:  202208:30 114823

Validation Result | Graph |

tems tﬁ;’"’n CEQ Measured Result =
Validation Result Pass
Spectral Range (cm-1) 150 2800 |-44667-2811.8154 |Pass
Detector Electronics:
Electrionic Bias (counts) 100 500 342.9687 Pass
Readout Noise (counts) 2 7 380 Pass
Dark Current (counts/sec) 05 10 1.0396 Pass
Hal 95 100 9999 Pass
Raman Peak Widih
1001.40 cm-1 750 1000 88995 Pass
Intensity Variation: B

Scan Completed
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i 1 H P amanshift Calibration...
Raman Shift Calibration Ramanshift Calibrat

Raman shift calibration is performed when a performance test fails due to one or more peak positions are out

When this calibration is done successfully, user can choose to save or reject. User can then click Update Setting
to update local A-coefficient settings, Reject to reject the calibration result or Write EEPROM to update A-
coefficient in the device EEPROM.

Ramanshift Calibration 1 x

Ramanshift Calibration +x

Ramanshift Calibration =

Please place standard reference

material at the probe

Please place standard reference

material at the probe

Please place standard reference

material atthe probe

Polystyrene - Polystyrene - Polystyrene -
Do Calibration | Do Calibration Do Calibration
[ NENEENENENENNNNENENEN AINENEEEEENEENEEEEEER
ACoefficients A Coeficients ACoeficients
ACoefs. | Old New ACoefs. | Old New ACoefs. | OId New
78203E+02 78203E+02 | 7.8202E+02 7.8203E+02
Al 15181E-01 Al 15181E-01 | 1.5183E-01 Al 15181E-01
A2 4.1035E-06 A2 -4.1035E-06 | -4.0989E-06 A2 ~41035E-06
A3 7.8400E-10 A3 78400E-10 | -7.8458E-10 A3 ~7.8400E-10
Calibration Result oK Calibration Result Fail

Update Satting |

|

Write EEPROM |

Reference Material Correction @ Reference Material Correction...

Click _l and browse to locate the “Reference Material ratio.txt” file. The default path is: C:\Program

Files\BWTEK\BWSpec4\ratio\. This file contains the certified values of spectral reflectance over the

wavelength range of interest.
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8 Create Reference Material Correction Ratio File — X
Step 1: Please Selectthe Location ofthe Standard Ratio File
I\\451fsrvfbwﬁl1\G‘ ups\Software\BWSp! ield_backup\Lixin_Install\Bwspec4_B4bit\Sa E
Standard Data Info WaveLength o 3
nm
StantWL 250 Lw) 96,946
EndWL 2500 252 97233
InewL |2 254 97.269
256 97.334
258 97511
260 97.04 |
PRl e ‘ * Regressions " Interpolations ‘
Step 3 Select Coefficient Order 6 -
Step 4: Set ratio file name [Ratio2_ZTDP
Set ratio file path |C.\EWTEK\EWSpe:\Raﬁo .
Step 5: Create ratio file Create |

Follow the steps stated to fill out the parameters for the correction. The default ratio file name is Ratio2 C-
code.

Click Create to generate a Ratio2 file.

{RE : . :
¢| Relative Intensity Correction...

Relative Intensity Correction

This calibration comes standard with B&W Tek’s Raman systems.

Determine the appropriate integration time: use the standard reference material SRM2241 (for 785nm),
SRM2242a (for 532nm) or SRM 2244 (for 1064nm) to run a scan. The integration time of the scan should
be adjusted to a value such that the highest intensity level is just below saturation level (65000 counts).
Run a dark scan with the same integration time. For B&W Tek Raman systems, the laser turns off
automatically when the dark scan is being collected. For modular Raman spectrometers, make sure the
laser is off when a dark scan is being collected.

Run a reference scan using the same standard reference material with the same integration time with laser

turned on. T ,«.\\ T - :
£ | z \ z

poooniilies et

/
T LU

30000 ==

Relative Intensity

20000 +

10000 +

0

+ y + + + +
500 1000 1500 2000 2500 3000

. Raman Shift (cm-1)
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From the Menu Bar, select Tools > Relative Intensity Correction. The Relative Intensity Correction window
will appear.

4l Create Relative Intensity Correction Ratio File - X
Standard Material: ISRM 2241 R2 (Raman) LI
Step 1: Tum offlighttake a dark scanthen turn on lighttake a reference scan.

Step 2: Select Coefficients of the Certified Polynomial.
ICemﬁed Value Polynomial Coefficient (20-25 Celsius scale) LI

I_SRM(v) = AD+ AT*v+ A2*v"2 + A3*v"3+ Ad*v 4 + ABYV"5

ap |D.0971937 A3 [216023E-10

a1 |228325E-04 na [07TITIE14

A2 |5.86762E-08 A5 |1.15596E-17
Step 3: Select Reference Data " Use Current Reference Data * Use Current Spectrum
Step 4: Setratio file name IRaUUS_ZTDP_L

Setratio file path IC:‘\BWTEK\BWSpec‘.Ratio
Step 5: Create ratio file Create |
Write EEPROM |

Select the appropriate standard material (for example, SRM2241).

Select Use Current Reference Data.

Set the ratio file name and the path where the ratio file will be stored.

Click the Create button. The Relative Intensity Correction file is created and the Ratio3 file is saved in
the designated path.

o ——————
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System Response Standardization

Previously named “Laser Power Calibration” in BWSpec4.03. This Plug-In is not intended to be
used by end users. System Response Standardization must be conducted by B&W Tek, certified
Service Center, or Distributor equipped with specialized calibration setups. B&W Tek will not be
responsible for any loss of your work and for any consequence if factory configuration is
accidentally changed or corrupted.

8 System Response Standardization ... - m] X

System Response Standardization Process: [~ Enable
600 ms
o 1 ~
“a <
90Ol )

Spectrum

L I L I
0 500 1000 1500 2000
Pixel

290020235-P | (9/10/24) Page 53 Copyright 2024 B&W TEK



313 Enterprise Dr, Plainsboro, NJ 08536, USA
www.bwtek.com
+1.855.MY.BWTEK A Metrohm Group Company ‘

Wavelength Calibration

This function is not intended to be used by end users. If your wayelength Calibration n x
spectrometer needs calibration, please contact B&W Tek at

www.bwtek.com. Wavelength Calibration must be conducted by . . [200400 GRCTIZEUY) <]
B&W Tek, Distributors, or OEM customers equipped with
certified and traceable Light Standards and specialized %' FTH _ caseea |
calibration setups. Add | Delete | ciear | son |

Load | Save | Cale |

[T GetPeak Jpdate Setting |

Wavelength Pixel
184.95
253.65
296.73
31316
33415
365.02
404.66

11 PLUG-IN

i BwWSpec
l File View Acquisition Spectral Function Tools Plug-In @ Setup Help About

= E'II I% m% 100000 @ [‘\B Plug-in Manager...

Open| | Save | |+ - Excel| | Avto

Opens the Plug-In window, listing all the available software Plug-Ins.

Check the box next to a given Plug-In to activate it. Click Apply and then OK to activate the Plug-In in the
BWSpec Menu Bar. The Plug-Ins will be added to the appropriate menu on the BWSpec Menu Bar. The
available Plug-ins depend on which workspace the user has selected.
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BWSpeC o) Plug-in Manager — O X

Name | Assembly | Description

AC151C Camera Plug-in BwRam.Plugin.CameraBAC151C.dll BAC151C Camera Plug-in

Export Data Plug-in BwRam.Plugin.ExportData.dll Export Data Plug-in

radiance Calibration Plug-in BwRam.Plugin.IradianceCalibration.dll Iradiance Calibration Plug-in

aser Wavelength Calibration Plug-in - BwRam.Plugln.LaserWavelengthCalibration.dll  LaserWavelength Calibration Plug-in
inearity Correction Plug-in BwRam.Plugin.LinearityCorrection.dll Linearity Correction Plug-in

erformance Plug-in BwRam.Plugln.PerformanceTestdll Performance Plug-in

amanshift Calibration Plug-in BwRam.Plugln.RamanshiftCalibration.dll Ramanshift Calibration Plug-in

eference Material Correction Plug-in  BwRam.Plugln.ReferenceMaterialCorrection.dll  Reference Material Correction Plug-in
elative Intensity Correction Plug-in -~ BwRam.Plugln.RelativelntensityCorrection.dll Relative Intensity Correction Plug-in

pectra Math Plug-in BwRam.Plugin.SpectraMath.dll Spectra Math Plug-in

ystem Response Standardization ...  BwRam.Plugin.SystemResponseStandardizati..  System Response Standardization Plug-in
imeline Plug-in BwRam.Plugin. TimeLine.dll Timeline Plug-in

Wavelength Calibration Plug-in BwRam.PluginWavelengthCalibration.dll Wavelength Calibration Plug-in

¥ Select All oK | Apply | Cancel

4
8 Plug-in Manager — ] X
Raman:
Name Assembly Description
BAC151C Camera Plug-in BwRam.Plugln.CameraBACT151C.dll BAC151C Camera Plug-in
Export Data Plug-in BwRam.Plugln.ExportData.dll Export Data Plug-in
Laser Wavelength Calibration Plug-in  BwRam.Plugln.LaserWavelengthCalibration.dll  Laser Wavelength Calibration Plug-in
Performance Plug-in BwRam.Plugln.PerformanceTestdll Performance Plug-in
Ramanshift Calibration Plug-in BwRam.Plugln.RamanshiftCalibration.dll Ramanshift Calibration Plug-in
Relative Intensity Correction Plug-in -~ BwRam.Plugln.RelativelntensityCorrection.dll Relative Intensity Correction Plug-in
Spectra Math Plug-in BwRam.Plugln.SpectraMath.dll Spectra Math Plug-in
Timeline Plug-in BwRam.Plugln. TimeLine.dIl Timeline Plug-in
Wavelength Calibration Plug-in BwRam.Plugln.WavelengthCalibration.dll Wavelength Calibration Plug-in
< >
v |
¥ Select All 0K | Apply Cancel
4

290020235-P |  (9/10/24) Page 55 Copyright 2024 B&W TEK



313 Enterprise Dr, Plainsboro, NJ 08536, USA
www.bwtek.com

+1.855.MY.BWTEK A Metrohm Group Company .

Timeline Plug-in

The Timeline function provides automated, timed recording of acquired spectra and analysis results within
the scheduled time interval parameters set by the user. These spectra are then saved into individual files
and are displayed individually in the main graph. The data acquisition parameters such as laser power and
integration time must be set in the main BWSpec window before entering the timeline dialog.

If Dark and Reference spectra are taken before beginning timeline, they will be added to all additional
timeline created spectra.

Location: Menu Bar - Setup > Experiment Setup

" Enable Experiment Load Config } Save Config | Clear Config
Current Config File: J
[~ Acquisition 1
Probe |Pf0bE,SFPJ L] imeline Setup = X
|
Integration Time 10000 us -
] ] _‘l [~ Display Spectrum Overlay
Average Number |1
Save path IC\Users\4510084\0neDrive - Metrohm Group\Documents\BwiekData| .
LaserPower (%) |0
m Enable Input Sample Notes Before Data Scan Delay time between spectra (ms) 100 File Name Prefix |data_
Spectral Processing - Total # of spectra to collect 10 E: File Name Suffix
I Enable Linearity Correction B
& I” Extemal Trigger Filetype |*TXTR hd
Select Correction ]Relawe Intensity Correction :_J
StartMode & Immediate " On Timer
[ Enable Relative Intensity Correction :
[ Additional Processing J ScanMode: | & Normal Mode : (Scan. Save. Wait) Repeat N
)
Analytics
Iyti o
r Peak Monitor ‘
- |
[ Timeline
[ Timeline J <ok Closs
Close

4

Enter settings, including interval time (the delay time between each spectral acquisition), number of scans,
file name suffix and/or file name prefix, data format for saved files and save path.

The spectra collected will be saved in the designated path. If no specific suffix is assigned, a default of 1,
_2, 3 and so on will be assigned to each spectrum.
When using Timeline, the regular Acquisition and Continuous Acquisition buttons are greyed out and
replaced with the Timeline Acquisition button.
The Main Graph will split into a Dual chart. The top graph will display the current Raw data and any overlay
data. The bottom Chart will display Peak Monitoring as a function of time.

0080

290020235-P | (9/10/24) Page 56 Copyright 2024 B&W TEK



313 Enterprise Dr, Plainsboro, NJ 08536, USA
www.bwtek.com
+1.855.MY.BWTEK A Metrohm Group Company ‘

Note:

Burst Mode is currently available on Exemplar series spectrometer models with USB3 connection.
Connection of Exemplar models via USB2 can still be used for operation in Burst Mode but may result in a
loss of performance such as limited Frames of spectra.

o ——————
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Timeline Load
This function allows user to re-run previously saved Timeline series with the ability to re-define data
processing and analysis.
To automatically load the files that were saved previously, click File and select Timeline Load. Click Load
path to select the folder location for the timeline data when the corresponding files are displayed on the
Spectrum display panel.
May be used with Batch Re-Process to reprocess the data as you load it into BWSpec.
Note: Any configuration file created in Batch Process may not be cross compatible with this function. It
is recommended to create a new configuration file for each mode if both modes are to be used
To perform analysis and display results in lower chart, check Batch Process Setup and define the data
processing steps and analytics as in Experiment Setup. For convenience, some settings can be copied from
the current Experiment Setup and then edited.
Location: Menu Bar - File

Click the !j button to automatically load each data file from the folder into the Spectrum List panel

sequentially. If Batch Re-Process Setup is checked, each loaded spectrum will have the Batch Re-Process
applied

Click the 01 button to manually load the spectrum file forward, one at a time.

Click the \ad button to manually load the spectrum file backwards, one at a time.

Click the gj button to resize the Timeline Load window.

Click File type to select a saved file format.
Display Spectrum Overlay shows each loaded spectrum in the chart together instead of one at a time.

g5 Timeline Load — X
Load path |C:\Users\4510&84\0neDrive - Metrohm Group\Documents\BwtekData\Good Data J
Filetype  [~TXTR -] ‘ 0 T ‘ “' @‘ 9
- Batch Re-Process Setup ‘ Auto Load a spectrum every (ms) lm

I Display Spectrum Overlay

C:A\Users\4510084\0OneDrive - Metrohm Group\Documents\BwitekData\Good Data\cyclohexane001 bdr
C:\Users'4510084\0neDrive - Metrohm Group\Documents\BwtekData\Good Datalhoney15.txtr
C:\Users\4510084\OneDrive - Metrohm Group\Documents\BwiekData\Good Data\polystyrene_iramanprime 785.txtr
C:\Users\4510084\OneDrive - Metrohm Group\Documents\BwiekData\Good Data\polystyrene0071.txtr
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12 SETUP

!ﬂ BWSpec
‘ File View Acquisition Spectral Function Tools Plug-In | Setup | Help About
> (‘Q
O?.:n 500 ms ‘;\J! Workspace..
BW5465-7855,BTC665... | @ Flash Access...
Spectrum |
@ Hardware Setup...
12 . |
: ﬂ BAC151C Camera ,
10 L |
I s'\ Color Setup...
08 L ... e
= ___T| Experiment Setup..
% 11 5 T vse | . ke
z Reset, JUSB3 Spectrometer Reset
v

Workspace

The Workspace Setup window allows switching between the BWSpec and Raman workspaces.
The Raman Workspace has configurations and rules tailored for Raman applications in the Spectrometer
Control Panel.

o Workspace.. — ] x
Workspace
* BWSpec

© Raman
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Flash Access...

BV 1EK

The Flash Access window provides unique information pertaining to the defaults and settings of the

spectrometer.

Clicking the Read Flash button reads the spectrometer's EEPROM (device memory) and resets the
BWSpec variables back to their default factory values which include wavelength calibration, display scales,
and linearity correction.

290020235-P |

o' Flash Access — ] x
16a3-2edd el

Title BWS465-7855 Date 05/2022

Model BTCE65N-7855-SYS System Model BWS465-785S8

C_Code ZTDP System Code 220404304

BWSpec Version 411_1 Hardware Code MBEENT11

Number Of Pixel 2048 Mininum Integrate Time (u... | 100000

Start Pixel 45 Timing Mode 1

End Pixel 2020 Input Mode 2

X-axis Reverse 1 ‘Y-axis Reverse 0

Coefficient_A[0] 782.029441837436 Coefficient_B[0] -6286.15944186349

Coefficient_A[1] 0.151809766280592 Coefficient_B[1] 11.5649428210421

Coefficient_A[2] -4.10349653434676E-06 | Coefficient_B[2] -0.0071917664831257

Coefficient_A[3] -7.84001804347402E-10 | Coefficient_B[3] 3429057775294 38E-06

TE Cool Yes AD Frequency 400 kHz

Pixel Mode 0

Slit Size 20 Filter Type Long Pass

Grating Lines And Blaze Wavele... | 1000/900 Cylindrical Lens Nao |

DAQ Reference Voltage 228 ADO Reference Vaoltage 228

DA1 Reference Voltage 228 AD1 Reference Voltage 228

Linearity Correction 0

Linearity Correction Order 7

Coefs_d0 0

Coefs_d1 1

Coefs_d2 0

Coefs_d3 0 ~|

Read Flash

(9/10/24)

Page 60

Download All Data | Close |
V]

%

o ——————
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Hardware Setup Horduare Setup..

This menu is active only when status is online.
Not all features in this manual are applicable to any spectrometer. Check product’s user manual for details.

e Spectrometer info:
This is to display spectrometer info of the online instrument. Values can be revised and saved to
EEPROM with password.

& Hardware Setup - a X

Spectrometer Info | Common Sefing | Laser Setup | Probe Sewp | BTCEESN | BTCE65M (Cantnuous) | BTCE65N PulseOut|

Graph Title [wsses7ess
Operator I
System Model [wsees78s
Serial Number [220404%00
UnitModel [pTesesnTess-sys
UnitCCode [

Hardware Code MEESNT 11
System Hardware Code

Write EEPROM

e Common Setting:

o ——————
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o Hardware Setup - O X

Spechiometerinfo Common Seting | Laser Setup | Probe Setup | BTCB65N | BTC665N (Confinuous) | BTC665N PulseOut |

Extemal Trigger Timeout [0 5= fo (ms) o
W Close Laseron Dark Scan
Extemal Trigger Work Mode
¥ Close Laser After Data Scan
& Extemal Trigger Mode ( One Trigger. N Scan. N=Average )
W Open Laser Before Data Scan
© Extemal Pacing Mode ( One Trigger. One Scan )
™ Automaticaly Take Dark After Data Scan

™ Monitor Spectrometer Temperature

Laser Timeout: |30 (minute )
I~ Enable System Response Standardization Result
™ Enable FFT Filter

I” Enable Gain | Offset Adjust

I” Enable Factory Access
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e Laser Setup:

o8 Hardware Setup - m] X ‘
|
Spectrometst Info | Common Seting  Laser Setup | Probe Setup | BTCE65N | BTCE65N (Continuous) | BTCEESN PulseOut|

¥ Laserts | LaserType [ Laser o
* BWTEK2C Wavelength (nm) 78503 Set
© BWTEKUSB
© IPSUSB/RS232
© Psic

I Laserzs [ LaserType [ Laser 9
* BWTEKI2C Wavelength (nm) [0 Set
© BWTEKUSB
© IPSUSB/RS232
© Psic

I Laserae [ LaserType [ Laser 9
 BWTEKI2C Wavelength (nm) [0 Set
© BWTEKUSB
© IPSUSB/RS232
© psic

I Lasersg  [LaserType Laser o
& BWTEKI2C Wavelength (nm) [0 Set
© BWTEKUSB
© IPSUSBRS232
€ Psic

Re-Order Concatenated Raman Shitat [0 (cm1)

| Close

o Probe Setup:

The Probe Setup Tab is to pre-configure probes for the system and defines which Raman Probe is available
in the Experiment Setup.

Select the Relative Intensity Correction ratio file provided on the BWSpec Installation flash drive. If you are
missing your Ratio3 file, you may request a copy by contacting us at www.bwtek.com

The Ratio3 information will now be displayed, Click Done to accept.

You may use the Ratio3 created at the factory or you can create your own. Experienced customers can
refer to the Relative Intensity Correction section for more details. The appropriate Standard Reference
Material is required to create a good Ratio3 correction file.

EEPROM Slot Setup: Do not use this feature.

8 Hardware Setup - m] X

Spectrometer Info | Common Seting | Laser Sewp Probe Setup | BTC665N | BTCA55N (Continuous) | BTCEESN PulseOut |

Probe Selup | EEPROM Slot Setup |
Probe Setup

Probe Namea Inde»
Name: [Probe_zTDP_0

Relative Intensity Correction Ratio File ( Ratio3_"""txt )

© SelectRatio at EEPROM [Ratio3_EEPROMSIo ~]

@ Select Ratio atHardDrive C\BWTEK\BWSpec\atio\Ratod ZTDF
Ratio3:  [ccode=ZTDP =

0.0

1.0

2,0

3.0

4.0 v

E

Update Delete
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e Aux Port:

o Hardware Setup - O X
Specirometerinfo | Common Seting | Laser Setup | Probe Setup AuxPort |
Digtal Input
[ Pin Staws: [High Get Status
Analog Input
AD Value: Voltage(V) GetAnalog
(0 4095) 0—25v)
Digital Output
cHouto
Name: [Pulse Output
™ Inverse
¥ Setta 0 on DarkScan
¥ setta High
Close
i

Spectrometer configuration:

Optional configurations for different hardware types. Check product user manuals for operation
details.

8 s e -or o 8 Harduare senp -8 F o Hardware Setup noox
Spoctometor I | Common Sesing| Laser Sexs | Probo Sewp STCESN | BTCEESN (Coninuous) | BTCSEN PulseOu] Spectometer i | Comman Seting | Laser Sewp | Probe Sewp| STC685N . BTCEEN Conlinuoce) | BTCS68M Puisent| ‘sosurometer o | Common senna | Leserseup| Piove Seup | BTcEEN | E10ssN Commens) BTOBEEN PulssOut
Bigeatrput
il D Sansar ~ Exemal T
Oigminisians [ Getsishs Puse B
~Biam|0u 5 Temperuee(G): [ _GaTemp | Tempemane{ey [ _ceTemp
T MontarlQ Pin fier Son Date I e Sansor ~ Enamal Tamparanna in
™ Satio g widminlow [0 (i) bwerse:  [OpuNomsl 2]
Ansdog egut Ao Oulpt No-ofPulses. 10
ADCVakE wanage(y Getvalue oaGvaws: [0 Vetasatry Satvaba
0102 w—220% 0 —205) )
Digeal Ovput
DighalOnt 1 ai el Ot &
Name: [TarrafenlED Neme: [T Name: [BuraT Nams: et
F vacsn I ivarss. I Invra T invarsa (38— B2E08ERA3 1)
r r r r s
T Setotigh % Siobigs ™ Setia High T Seii Hgh
Closa Cinse [
4 4 4
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BAC151C Camera ﬂ BAC151C Camera y|  Tumon |

| 2
Turns on the BAC151C camera
Refer to the BAC151C User Manual for details on installation and use.

2l BwSpec
{ File View Acguisition Spectral Function Tools Plug-In Setup Help About

] LI el - Yol i@ L 2
Camera View WX BWS475.785H-HT,BTC. . + x Spectrum List Panel 7
&7 Measured Spectra

Al »SP_1

&% SP_2

Spectrum ‘

*SP_1:Dark

60000

50000 -

Spectrometer Control Panel @
re 4

™ DualChart

i X Asis Unit

20000 . TP [N NP . AP AN - ~ Pixal
 Wavelength (nm)

© Wavenumber (cm-1)

& Raman Shift (cm-1)

© Wavelength linear (nm)

: :  Wavenumber linear (cm-1)
30000 - e & T - - - © Raman Shift linear (cm-1)
Y Asis Type

Relatiee Intensity

€ RawData
€ Dark
" Reference

 Dark Subtractad (Procassad)
 Transmission/Reflection
 Absorbance

& e i

20000 {1}
10000 : - ﬂ J\jf

:
500 1000 1500 2000 2500
Raman Shift (cm-1)

I Extenal Trigger
I Auta Time

¥ lumination LED
I Owput2

I Ouiput3

I Ouiputd

T Ouputs

@ Spectrum In.. |8 Spectromet...

Oniine n- [l | Ready Dark: OFF | |Reference: OFF | Linearity Correction: OFF

7%

Camera View
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Experiment Setup

Experiment Setup can be viewed from the Raman Workspace:

a5 Experiment Setup - O *

[~ Enable Experiment Load Config SaveCorfg |  CearConfig |

Current Config File: |
Acquisition
Probe [Probe_ZTLY_0 -l
Integration Time ~ [1500 [ms =]
Average Number [T
LaserPower(%) [100

u Enable Input Sample Notes Before Data Scan
Spectral Processing
r Enable Linearity Comection
Select Comection [F!elatwe Intensity Comection El
I Enable Relative Intensity Comection
r Additional Processing |
Analytics
r Peak Monitor |
Timeline
r Timeine |

)

Allows the user to create and save a set of parameters to define how data is collected and saved. This
includes Acquisition, Spectral Processing, Analytics, and Timeline.

Load Config loads a previously saved Experiment Setup.

Save Config saves the current Experiment Setup. Changes made to the current setup are lost unless they
are saved.

Clear Config deselects the Enable Experiment box and resets any selections in the Experiment window.
Current Config. File is highlighted yellow if any change is made and has not been saved.

Changes made to the parameters are applied when the new configuration is saved; the acquisition
parameters shown in other places will change accordingly.

These Spectral Processing and Analytics are applied to Dark Subtracted (Processed) Data.

There is checkbox to enable/disable Experiment. When it is checked, all setting parameters defined
in Spectral Function will be overwritten by those from loaded Experiment config file unless not
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defined there.

Acquisition:

Define the settings the instrument will use in each acquisition; including integration time, number of
averages used for all instruments, laser power and probe used for Raman.

A probe can be easily selected from a list of probes pre-configured in Setup=> Hardware Setup=> Probe
Setup.

For Raman instruments, a Probe must first be enabled/selected to enable Spectral Processing. Refer to
the Hardware Setup section for more information on Probe Setup.

Spectral Processing:

This section is used to define which data processing should be performed.

Options for intensity correction include: Linearity Correction, Irradiance Calibration, Reference Material
Correction, and Relative Intensity Correction.

Relative Intensity Correction is the only option available in the Raman workspace.

When Dark Subtraction is enabled, it is performed prior to any Spectral Professing listed here.

Irradiance Calibration and Reference Material Correction require a ratio file created by the factory. Relative
Intensity Correction also requires a ratio file, but it is defined in Hardware Setup/ Probe Setup.

Dark Subtraction should be used with Raman instruments; Relative Intensity Correction cannot be applied
unless Dark Subtraction is done first.

Additional Processing allows for multiple post processing steps to be applied after the intensity correction.
This includes Baseline Removal, Smoothing, and Derivative. These functions are also available in
Spectral Functions for post-measurement processing; refer to Section 9 for more details.

Analytics

This menu provides spectral analysis functions to be performed on the Processed Data block.

The results are displayed in the Analytics tab which appears on the main form.

The Peak Monitor allows the user to perform peak analysis on automatically defined peaks, and do
arithmetic on the analysis results

To define Measurements variables, select Basic Measurements or Derived Measurements.

L —
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Basic Measurements...
Define the peaks property values
Press the New button to add a new Measurement variable.

w5 Peak Monitor Setup - ] X

Measurements Select = Basic Measurement
Basic Measurements Index

Name Name: ‘Basm M_1

" Derived Measurements Type ‘COHSI ﬂ
Const E
‘DarkSublracted|Processed| J
[Ramanshit |
Update Delete

Close

The Name is to distinguish this measurement; this will be the title in Analytics.

The Index will start at 0 and automatically increase for each additional measurement.

The Type defines which peak parameter is being measured; Refer to Appendix C for a description and
visual representation of Peak Property Values. Note BWSpec workspace shows all types available, while
Raman only focuses on Raman specific types.

The Source is always Dark Subtracted (Processed Data) in Raman workspace. You can also select %T/R,
Absorbance, or Absolute Irradiance in BWSpec workspace

Select Position specifies the x-axis unit used to select the peak: Pixel, Wavelength, or Raman Shift.

Start and End - the highest peak found within the range defined by these two values will be taken as the
peak.

Delete: press this to delete the selected variable. A variable cannot be deleted if it is used to define one or
more Derived Measurements. All such Derived Measurement variables must be deleted first.

After the Experiment Setup is saved, the Analytics tab will appear in the top left of the main graph, where

the measurements are displayed in a table. BWS465.7855,BTC665.. |
Spectrum Aﬂa')ﬂ'ml

Data . . . Derived
. Paint Time (sec) Basic M_1 Basic M_2 M1

Derived Measurements...
Define measurement variables that are derived from the Basic Measurements. Press the New button to add
a new Measurement.

The Name to identify this measurement; this name will be the title in Analytics.
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The Index will start at 0 and automatically increase for each additional measurement.

The Operation defines the type of math operation to be applied using Measurement A and/or B.

The Measurement Type is chosen between Constant, Basic Measurement and Derived Measurement.
For example, to measure the peak height ratio of peak A and Peak B, first define two Basic Measurement
variables representing heights of peak A and B, then define a Derived Measurement variable as A/B.

Timeline

To perform kinetic measurements and analysis.
Enable this function in the Plug-In Manager.
The Timeline function provides automated, timed recording of acquired spectra within the scheduled time
interval parameters set by the user.

These spectra are then saved into individual files and are displayed individually in the main graph.

If Dark and Reference spectra are taken before beginning timeline, they will be added to all additional
timeline created spectra.

Enter settings, including interval time (the delay
time between each spectral acquisition), number

Timeline Setup - X

I Display Spectrum Overlay

Save path ‘C'\Users\45‘| 0084\0neDrive - Metrohm Group\Documents\BwtekData I:l
of scans, file name suffix and/or file name prefix,
. Delay time between spectra (ms) 100 Eli File Name Prefix |data_
data format for saved files and save path.
. . Total # of spectra to collect ’m File Name Suffix ’7
The spectra collected will be saved in the
. . .. . [~ External Trigger Filetype |*TXTR hd
designated path. If no specific suffix is assigned,
a default of _1, 2, 3, etc. will be assigned to : :
- - - Start Mode & Immediate " On Timer

each spectrum.
Refer to Section Timeline Plug-in for more EEEMEEEE || Mmmaels - (S, e (e Repeaiil.
details. £

o

Set Close
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Raman Instrument Experiment setup example:

Find and measure multiple peaks using a Probe, Relative Intensity Correction and Additional Processing.
First, we are going to open Hardware Setup and setup the Probe information with the Relative Intensity
Correction Ratio file. Then, we use that information in Experiment Setup and create an experiment to
measure a Tylenol Tablet, apply baseline correction and smoothing, and find and measure a specific peak
over time.

Probe Setup

Navigate to Setup => Hardware Setup and select the Probe Setup tab.

Click the New button, and Probe Setup will appear.

Enter an unique name for the probe, we recommend Probe [Serial number of probe]_[Ccode of unit]; for
example: Probe_160216952_RJX. This allows for a simple way to pair probes to instruments, especially if
you have multiple probes.

Select the radio button Select Ratio at Hard Drive and click the ... button.

Locate the Ratio3_[Ccode of unit].txt file, provided for you on the B&W Tek flash drive; for example;
Ratio3_RJX.txt.

The Ratio3 information will now be displayed, Click Done.

Experiment Setup: Acquisition

Navigate to Setup => Experiment Setup

Under the Acquisition Section, in Probe, select the newly created Probe Profile; Probe_160216952_RJX.
Select an Integration Time and unit suitable for your substance. You can determine optimal integration
times by collecting data in the main window that gives the best spectrum for your sample; where the peaks
of interest are at about 50,000 counts.

Select an Average Number, 1 is typical, but more may be needed if you have longer integration times or
low Signal to Noise Ratio (too much noise).

Select a Laser Power % to use; 100% is good for white or light colored samples. Colored samples may
use 60% and Dark colored samples may use 10-20% or lower. If you burn the sample, use a lower laser
power and a longer integration time.

Experiment Setup: Spectral Processing

Under the Spectral Processing Section, Select the Correction Relative Intensity Correction.

Check the box next to Enable Relative Intensity Correction.

Check the box next to Additional Processing, and then click the button to open the Post Processing Setup
window.

Click New to add a Data Process. In our example we are going to do smoothing,

Under Name we type in Smoothing, in Type we select Smooth, and under Smoothing Type we select
Savitzky-Golay Smoothing with a window size of 2. Then click the Done button to add this Data
Processing. Click Close to exit the window.

Experiment Setup: Analytics

Check the box next to Peak Monitor, and then click the button to open the Peak Monitor Setup window.

L —
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Click New to add a Basic Measurement. In our example we are going to measure the Tylenol peak height
above the baseline at ~1324 Raman shift

Under Name we type in Peak 1324, in Type we select Peak Height, and under Select Position we select
RamansShift with a Start and End of 1314 and 1334 respectively. Then click the Done button to add this to
Basic Measurements. Click Close to exit the window.

Experiment Setup: Timeline

Check the box next to Timeline, and then click the button to open the Timeline Setup window.

Check the box Display Spectrum Overlay to have all the timeline acquisitions display in the main graph.
Click the ... to select a save location for the new data.

Select the Delay time between spectra (ms), in this example we select 0.

Select the Total # of spectra to collect, in this example we select 12.

Click Set to accept the Timeline settings.

Experiment Setup

Click the Save Config button and save the experiment setup configuration to a .cfg file.

Click the Close button at the bottom to close the Experiment Setup window. The main graph will adjust and
display a dual chart for timeline, along with the Timeline Acquisition button and Analytics tab.

Using the Experiment

Click the Timeline Acquisition button & to begin taking data. Peak Monitor Panel B x
The top graph will display each spectrum as an overlay. Select Monitoring Measurements

The bottom graph will display the Peak Monitoring (Peak Height in this ¥ MeasuremeniBasic M_1 :|'

case) as a function of time. To toggle different peaks, go to the Peak L
Monitor Panel at the bottom right and select the peak from the dropdown :
menu to activate the Measurement. -
At the top of the main graph the Analytics tab will record the Peak Height ::

for each scan.
To exit Timeline mode, go back to Experiment Setup and uncheck the
Timeline box. Alternatively, you can go to Setup > Flash Access > Read Flash.

USB3 Spectrometer Reset RS Spectrometer st

This button is only available for USB 3.0 units such as the Exemplar series, i-Raman Plus, and i-Raman
Pro.

Performs a “Hardware reset” of the USB connection. This is functionally the same as unplugging and
plugging back in the USB cable.

L —
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13 HELP

Helgi

Opens the BWSpec User Manual as a .PDF document, | HePPOF |

This .PDF is also available in the BWSpec installation folder location (C:\BWTEK\BWSpec).

14 ABOUT

The About window provides B&W Tek contact information
BWSpec software version number.

& About... .

313 Enterprise Drive
Plainsboro, NJ 08536 U5 A
Phone: +1.855.MY BWTEK

AMetrohm Group Company Yebste: sambweseom
ervice:  WWWw. .GC)I"I"I{SL.IQQO[||_I

BWSpec
4.15_8

Copyright (C) 2023 BAW Tek

QK |

o ——————
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15 TOOLBAR

£][8]jle]El@= E-0@ Bl 5 HOOOO@®O/EHMA

Open ~

%

Refer to function in menu File->Open Spectrum...

]

Save

i

Refer to function in menu File->Save Selected Spectrum...

Print

[

Refer to function in menu File->Print...

fa

Excel

Refer to function in menu File->Excel

Auto Save ¥ |£HZ'

This is to enable/disable auto saving on scanned data
Integration Time Control = Bl [ms [ ‘o) o |3 o

Total Integration Time = Integration Time * Multiplier

For Set Integration Time: Maximum Value is based on the Time Unit while minimum Value is based on the
capability of the detector. Refer to product user manual for details.

Unit

Time unit for spectrometer acquisition time.

Set to minutes (min), seconds (sec), milliseconds (ms), or microseconds (Js). Some units are not available
in Raman workspace.

Time Average

Range 1 — 65535.
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Average value will take the time average multiplied by the number of scans at the given total
exposure time and display a single spectrum, which is the average of the x number of scans. This
can be used to provide a spectrum with better S/N ratio.

Acquire Control Q) W) O U 0 o

Refer to Section 8 Acquire for more information.

Reset Graph

Reset the graph to the default X-axis range for the spectrum and the Y-axis to the set scale.
The set scale may be changed in
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Display Scales.

Clear Display =~ &

Remove all spectra from the Spectrum List Panel and display area.
The same function as menu File->View->Clear All Spectral Data...

Display Scales ’v

........

Opens the Display Scales Settings window.
The same function as menu File->View->Display Scales...

BAC151C Control m

Turns on the BAC151C Camera and opens a new View Window.
The BAC151C Plug-in must be enabled in Plug-In Manager.
Refer to the BAC151x User Manual for further details.
Enables manual control of LED lllumination through checkbox under Acquire Control.
Enables automatic control of LED Illlumination during scans.
If LED is on before any scan, the LED will turn off automatically during the scan, then back on when
completed.
If LED is off before any scan, the LED will stay off until manually turned back on.
Enables the BAC151x button in Toolbar.

Location: in the Menu Bar - Setup
Refer to the BAC151x User Manual for details.

Note: Disable this Plug-in to properly use spectrometers with built-in shutters.

16 SPECTRUM LIST PANEL

The Spectrum List Panel is located on the top-right side of the main screen after being activated.
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Spectrum List Panel 7
=7 Measured Spectra

- Opened Spectra
----I— cyclohexane001
[~ honeylb
- polystyrene001

Spectra listed are classified into two categories. The Measured Spectra refer to those acquired from an
instrument, and Opened Spectra are those loaded from a folder. Measured spectra are numbered
sequentially with a prefix “SP_".

Spectra with checkmark v are “Checked” spectra and are displayed in the graph. Spectra without the
check marks are hidden from the current graph display.

The spectrum highlighted with B arrow (color may vary) next to its name indicates the spectrum
currently selected. There can only be one Selected spectrum at a time.

The “active” spectrum will have the current data overwritten if additional spectra are taken.

A dark spectrum is used to subtract the contribution of the sensor itself. This is carried over until a new dark
spectrum is acquired.

To ensure data integrity, BWSpec prevents the measurement of a new spectrum when the last measured
spectrum is unfinished, such as, when in Raman Workspace, the integration time of the signal and the dark
spectrum are not the same. If the last Measured Spectrum has a raw and dark with different integration
times, and an overlay is attempted, BWSpec will alert the user that the integration time of the raw and dark
do not match.

If the last Measured Spectrum is unfinished and is selected, it can be overwritten by a new measurement.
No other spectrum can be overwritten by a new measurement. Rename Selected Spectrum

Right Click on individual spectrum from the list will bring up the following Remove oelected Spectiim

menu on the right—»: Remove All Checked Spectra

Remove All Unchecked Spectra

Toggle the + sign to expand the information for a spectrum like below | : Enable / Disable Spectrum Thick LineWidth
Spectrum List Panel 7 Change Laser Excitation Wavelength
El-7 Measured Spectra Change Concatenated Raman Shift
Bl *SP_1

.. DataSource = Spectrometer
TimeStamp = 2022-08-10 10:21:56
Model = BTC665N-7855-8YS
C_Code=ZTDP

Pixel Number = 2048

Average=1

ntTime =1

Int Tima | Init = fear

L —
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17 SPECTRUM INFORMATION PANEL

Every spectrum from the list panel will have data displayed in the Spectrum Information Panel, including
details of the selected spectrum’s acquisition parameters.
Below is a short description of each entry:

) ) Spectrum Information Panel
Name: Name of the spectrum in the Spectrum List Panel.

Mame SP_7 4
DataSource Spectrometer N

DataSource: Spectrometer or Load File TimeStamp 2022-08-22 16:01:43
Maodel BTC667MN-785H-HT
CCode SKB

Model: Model Number. PixelNumber 2048
Average 1

CCode: Configuration Code, related to Serial Number. Integration Time 3691
IntegrationTimelnit (ms)
TimeMultiply 1

PixeINumber: Number of pixels in detector. LaserWavelength 784 94
LaserLevel 100

A . . . . " . FProbeMame Probel

verage, Integration Time, Integration Time Unit; Details

HadTakeRaw True

from the Toolbar. HadTakeDark False
HadTakeReference False

Laser Wavelength: For Raman only, otherwise set to default ~ HadDarkCompensate  False
785 Sample_Run_MName

Sample_Product_Name
Sample_Batch_Mo

Laser Level: Laser Percentage from the Toolbar. Sample_Lot_No -
Sample_Suppler

Sample_Motes
Probe Name: For Raman only, from Hardware Setup. Pretreat 0

Pretreat_1
HadTakeRaw, HadTakeDark, HadTakeReference: True or  Frefreat 2
. . C Pretreat_3

False depending on if the acquisitions are taken.

Pretreat_X: Data processing (smoothing, baseline removal, derivative, spectral math) steps for the
Processed Data block are saved here.
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18 SPECTROMETER CONTROL PANEL

The following sections are detailed descriptions of each item in the Spectrometer Control Panel.
Each Workspace has default options in the Spectrometer Control Panel. Below is shown for the BWSpec
Workspace.

Snectrometer Control Panel a
[” Enable Cursor [~ Dual Chart Additional display options

— X Aoas Unit
" Pixel
" Wavelength (nm)

" Wavenumber (cm-1)
* Raman Shift (cm-1) Select desired X-axis spectrum display mode.

" Wavelength linear (nm)
" Wavenumber linear (cm-1)
" Raman Shiftlinear {crm-1)

Reference
Dark Subtracted (Processed) Select desired Y-axis spectrum display mode.

Transmission/Reflection
Absorbance

|
8 T T TS T T

External Trigger Additional control options

Auto Time **Available options may vary depending on your
lllumination LED

Output 2 spectrometer or system**
Output 3
Output 4
Open Shutter

[ A
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Enable Cursor

This provides a vertical line on the graph which follows the mouse cursor. Information relating to the cursor
location on the graph will be displayed at the bottom of the window in the status bar.

This feature can only be used on a spectrum that is displayed on the graph while the instrument is not
acquiring data.

SP_4:Dark

25000

20000 -

15000 +

Relative Intensity

10000 | E : E | \F

| . | I )'\) ,‘ 4 }\ _
] A \f . / \/x\\\ . \\_//\\J\ / \\‘ y K

/
\
R N .

I I : :
+ + + + + + +
600 800 1000 1200 1100 1600 1500

Raman Shift {em-1)

Pixel = 369, Wavelength (nm) = 837.45 , Wavenumber (cm-1) = 11941.02 , Raman Shift (cm-1) = 794.7 , Relative Intensity = 7947

o ——————
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Dual Chart

Select to simultaneously display Raw Data - dark (top) and a spectrum of your choice (bottom).

BU/5465-7655 - SP_1 - Raw Data - Dark

T

BWE15-7855 - 5F_1 - Raw Dala

Ralate Intersity

& Axis Unit
. .  Pixel
XAX’S Unlt  Wavelength (nm)
Wavenumber (cm-1)
Raman Shift (cm-T)
Wavelength linear (nm)
Wavenumber linear (cm-1)
Raman Shift linear (cm-1)
Y Axis Type
* RawData
Dark

Reference

Dark Subtracted (Processed)
Transmission/Reflection
Absorbance

Changes the X-axis display mode.

T WD

Y Axis Type

Changes the Y-axis display mode.

Raw Data: Shows raw form of the spectrum.
Dark: Shows the Dark Array spectrum.
Reference: Shows the Reference Array spectrum.
Dark Subtracted (Processed): Starts as (Raw — Dark) without any spectral processing. All additional
spectral processing applies to this Y-Axis instead of Raw, Dark or Reference.

Transmission / Reflection (%): [(Raw— Dark) / (Reference— Dark)] * 100

Absorbance: -log (Transmission (%) / 100)

Absolute Irradiance: Shows the corrected spectrum when Irradiance Calibration is enabled.

The spectrometer must have a valid Irradiance Calibration file.

Refer to the Irradiance Calibration section for additional details.

i T T T T T B
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Acquisition Control

[ Extemal Trigger
[ Auto Time
[ lNlumination LED

External Trigger

When enabled, the external trigger will have the following two behaviors depending on the setting in
Hardware Setup:

External Trigger Mode(default): 1 trigger pulse triggers all averages (a scan with 20 averages will need only
1 trigger pulse);

External Pacing Mode: 1 trigger pulse only triggers one average (a scan with 20 averages will need 20
trigger pulses);

Refer to the Hardware Setup section and the product user manual for additional details.

lllumination LED

This option appears when any BAC151x Plug-In is enabled.

Manual control for LED illumination is available using the checkbox to toggle On/Off. LED Illumination will
always automatically turn off during all Spectral Acquisition, including dark scan.

Auto Time

When enabled, the software will automatically scan and increase the integration time in increments until the
response is close to saturation.

Once the scan is complete, Auto Time will be enabled until it is disabled manually.

This feature is meant to automatically find a suitable integration time for the given sample.

Note: Additional control options may also appear depending on your spectrometer or system. Refer to your
Spectrometer’s User Manual for more details.
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19 STATUS BAR

Online 2 [ Ready Dark : OFF Reference: OFF Linearity Correction: OFF

Pixel = 568 , Wavelength (nm) = 866.79 , Wavenumber (cm-1) = 11536.82 , Raman Shift (cm-1) = 1198.9, Relative Intensity = 1382 | Sensor T=-1.14 °C, External T=27.99 °C Interlock: Plugin

The Status Bar is located at the bottom of the main window.

Online / Offline | onine | | NGEIN

Shows status of spectrometer.
Online — Spectrometer connected
Offline — Spectrometer not connected, check USB cable and Device Manager.

Scan count 2
Increases in number with each scan.
The box color will change red to pink with each scan: — .

Acquisition status bar

Increases as the scan progresses
Useful for long integration times or multiple averages.

Dark Array Status Dark : OFF
Gives status if a Dark Scan has been taken and saved into the Dark Array for the “active” spectrum.

Reference Array Status Reference: OFF

Gives status if a Reference Scan has been taken and saved into the Reference Array for the “active”
spectrum.

Linearity Correction Linearity Correction: OFF

Gives status of the Linear Correction function

Temperature Sensor T=-1.14 °C, External T=27.99 °C

Interlock Interlock: Plugin

Trigger Waiting for trigger signal to start a
“Waiting for trigger signal to start acquisition” message (may be cut off).

e
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Appendix A: Declaration of TXTR File

The TXTR (TXT Raman) text file has two block areas: flag block and data block. The flag block contains
acquisition parameters and settings. The data block contains the acquired spectra data (highlighted by yellow).
The flag block length may vary and an example of text file is shown below.

1. TXTR has extra data blocks to store the intensity correction ratio spectra (including Relative intensity
correction ratio, Reference Material Correction Ratio, and Absolute Irradiance Correction Ratio). This
ensures the integrity of spectral files and makes it easy to transport and reprocess them without loss of
critical information.

2. TXTR added data processing audit trails to spectral file header to record the treatment steps for the
Dark Subtracted (Processed Data) block starting from the Raw Data block. These are the numbered
Pretreat lines and can be viewed in Spectrum List Panel.

3. Users are recommended to use this new file format.

4. File conversion utility can convert format between TXT and TXTR.

File Format;TXTR //File Format

File Description;TXT(Raman) file //File Description

File Version;BWRam4.11 //File Version

Run Name; //Custom defined Run Name

Product Name; //Custom defined Product Name

Batch No; //Custom defined Batch Number

Lot No; //Custom defined Lot Number

Sample Supplier; //Custom defined Sample Supplier

Sample Notes; //Custom defined Sample Notes

Date;2017-05-24 01:22:41 //Date of File Creation

title;NNN //Spectrometer title name that saved data

model;BRC112-FIT11 //Spectrometer model

c code;NNN //Spectrometer serial number

operator; //Operator that saved file

pixel start;o //Sensor start pixel

pixel_end;2047 //Sensor end pixel

units;3 //X-axis unit (©=Pixel, 1=wavelength, 2=wavenumber,
3=Raman shift)

show_mode;3 //Y-axis option (©=Raw,l=Dark,2=Reference,3=Dark Subtracted,
4=%TR, 5=Absorbance,6=Absolute Irradiance)

data_mode;0 //Transmit data mode, ©=Binary, 1=ASCII (obsolete)

pixel_mode;®0 //Display Chart Mode .@=normal, 1=Pixel Monitoring (obsolete)
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integration times(ms);1 //Spectrometer integration time of saved data

integration times unit;1 //Spectrometer integration time unit setting (©=us, 1=ms,
2=sec, 3=min)

time_multiply;1 //Spectrometer Integration time multiplier

average number;1 //Number of spectral averages

spectrometer_type;17 //Spectrometer model ID number

//Display Chart Y-axis Setting (@=Auto, 1=Manual)

//Display Chart Y-axis Minimum, if Y-axis setting is Manual

yaxis;1
yaxis_min;®
//Display Chart Y-axis Maximum, if Y-axis setting is Manual
Setting (©=Auto, 1=Manual)

Minimum, if X-axis setting is Manual

yaxis_max; 65535

xaxis;1 //Display Chart X-axis

xaxis_min;@ //Display Chart X-axis

xaxis_max; 2047 //Display Chart X-axis Maximum, if X-axis setting is Manual

pixel num;2048 //Sensor Pixel number

coefs_a0;372.651160422713 //The coefficients (A@) of Pixel convert to Wavelength
coefs_al;0.273948279117576 //The coefficients (A1) of Pixel convert to Wavelength
coefs_a2;-3.32083876761757E-05 //The coefficients (A2) of Pixel convert to Wavelength
coefs_a3;-1.81673008524375E-09 //The coefficients (A3) of Pixel convert to Wavelength
coefs_bO;-2649.51440443471 //The coefficients (B@) of Wavelength convert to Pixel
coefs_b1;11.5617187502648 //The coefficients (B1) of Wavelength convert to Pixel
coefs_b2;-0.0166223418721358 //The coefficients (B2) of Wavelength convert to Pixel
coefs_b3;1.21997080526348E-05 //The coefficients (B3) of Wavelength convert to Pixel
coefs_ro;1 //The coefficients (RO) of Pixel convert to Raman shift
coefs_ri1;0 //The coefficients (R1) of Pixel convert to Raman shift
coefs_r2;0 //The coefficients (R2) of Pixel convert to Raman shift
coefs_r3;0 //The coefficients (R3) of Pixel convert to Raman shift
coefs_jo;1 //The coefficients (JO@) of Raman shift convert to Pixel
coefs_j1;@ //The coefficients (J1) of Raman shift convert to Pixel
coefs_j2;0 //The coefficients (J2) of Raman shift convert to Pixel
coefs_j3;0 //The coefficients (J3) of Raman shift convert to Pixel
enable_coefs_r;® //Use coefficient R@..R3 Enable. (©=Disable, 1=Enable)

laser_wavelength;o //Raman excitation wavelength (nm)

laser_powerlevel;® //Laser power level (percent)

probe_index;@
probe_name;
dark_compensate;®0
numcoeff_d;7
coefs_do;o
coefs_dl;1

290020235-P | (9/10/24)

//Probe index
//Probe name
//Dark compensate Enable.

(0=Disable, 1=Enable)

//The order number of linearity correction

//The coefficients (D@) of linearity correction

//The coefficients (D1) of linearity correction
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coefs_d2;0 //The coefficients (D2) of linearity correction
coefs_d3;0 //The coefficients (D3) of linearity correction
coefs_d4;0 //The coefficients (D4) of linearity correction
coefs_d5;0 //The coefficients (D5) of linearity correction
coefs_d6;0 //The coefficients (D6) of linearity correction
coefs_d7;0 //The coefficients (D7) of linearity correction

irradiance_lamp_inttime;1 //int time used when creating irradiance correction ratio
irradiance_lamp_unitindex;®@
Color_Data_Flag;®o
Color_StartWL;400
Color_EndWL ;700
Color_IncWL;10

power_unit_index;1

//lamp unit that used to crate irradiance correction ratio
//data source for calculation color (0=%TR, l=absorbance)
//Start wavelength of calculation color

//End wavelength of calculation color

//Step wavelength of calculation color

//Color Unit[@=(W/nm), 1=(mW/nm), 2=(Uw/nm), 3=(uW/cm2/nm),
4=(uW/cm2/sr/nm), 5=(uW/sr/nm)]

//Photometric Conversion (@=Photopic, 1=Scotopic)
//Illuminant of color, (@=A, 1=B, 2=C, 3=D65, 4=E)
//Observer of color, (©=2 degree, 1=10 degree)

photometric_index;@
Illuminant_index;3

observer_index;®

lab_1;e0 //Reference Color setting, 1 of Lab
lab_a;0 //Reference Color setting, a of Lab
lab_b;e0 //Reference Color setting, b of Lab

radiometric_flag;o //Photometric or Photopic or Scotopic flag (©=Photometric,
1=Photopic, 2=Scotopic)

Data Pretreat_0;
Data Pretreat_1;
Data Pretreat_2;
Data Pretreat_3;
Data Pretreat_4;
Data Pretreat_5;
Data Pretreat_6;
Data Pretreat_7;
Data Pretreat_8;
Data Pretreat_9;
Data Pretreat_10;
Data Pretreat_11;
Data Pretreat_12;
Data Pretreat_13;
Data Pretreat_14;
Data Pretreat_15;

//Data pretreat process step
//Data pretreat process step
//Data pretreat process step
//Data pretreat process step
//Data pretreat process step
//Data pretreat process step
//Data pretreat process step
//Data pretreat process step
//Data pretreat process step

O 0 N O VL1 A W N R O

//Data pretreat process step

=
[\

//Data pretreat process step

=
=

//Data pretreat process step

[any
N

//Data pretreat process step

=
w

//Data pretreat process step

[
i

//Data pretreat process step

[
Ui

//Data pretreat process step
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Data Pretreat_16; //Data pretreat process step 16
Data Pretreat_17; //Data pretreat process step 17
Data Pretreat_18; //Data pretreat process step 18
Data Pretreat_19; //Data pretreat process step 19
Data Pretreat_20; //Data pretreat process step 20
Data Pretreat_21; //Data pretreat process step 21
Data Pretreat_22; //Data pretreat process step 22
Data Pretreat_23; //Data pretreat process step 23
Data Pretreat_24; //Data pretreat process step 24
Data Pretreat_25; //Data pretreat process step 25
Data Pretreat_26; //Data pretreat process step 26
Data Pretreat_27; //Data pretreat process step 27
Data Pretreat_28; //Data pretreat process step 28
Data Pretreat_29; //Data pretreat process step 29

Pixel;Wavelength;Wavenumber;Raman Shift;Dark;Reference;Raw data #1;Dark Subtracted #1;%TR
#1;Absorbance #1;Irradiance (lumen) #1;RelativeIntensityCorrection_Ratio #1;
ReferenceMaterialCorrection_Ratio #1;AbsoluteIrradianceCorrection_Ratio #1;

//Header of data

0;372.65;26834.75; -

26834.75;1227.0000;65535.0000;1339.0000;112.0000;0.0000;0.0000,0.0000;1.0000;1.0000;1.0000;
//pixel © data
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Appendix B: Declaration of TXT File
The TXT text file has two block areas: flag block and data block. The flag block contains acquisition parameters
and settings. The data block contains the acquired spectra data (highlighted by yellow). The flag block length
may vary and an example of text file is shown below.

To read all data, the user should
1. Find line “Pixel; Wavelength; Wavenumber; Raman Shift; Dark; Reference; Raw data #1;Dark
Subtracted #1;%TR #1;Absorbance #1;Irradiance (lumen) #17;
2. Read from next line, it is the data of pixel 0
3. Continue to read the next [pixelnumber-1] line

File Version;BWSpec4.03 20 C //BWSpec4 version that saved file

Date;2015-07-16 19:56:56 //saved file date

title;BRC112 //spectrometer title name that saved data
model;BRC112 //spectrometer model

c code;ABC //spectrometer c code

operator; //operator that saved file

portl;e //port number if spectrometer is RS232 interface
baudil;3 //baudrate index if spectrometer is RS232 interface
pixel_start;o //start pixel

pixel_end;2047 //end pixel

step;1 //the data index step

units;e //Spectrometer x-axis unit (©=Pixel, 1=wavelength,

2=wavenumber, 3=Raman shift)

bkcolor;16777215 //Display Chart background color RGB value

show_mode ;0 //Spectrometer display option @=RawData, 1=Dark, 2=Reference,
3=Dark Subtracted, 4=%TR, 5=Absorbance, 6=Absolute

Irradiance

data_mode;0 //Transmit data mode, ©=Binary, 1=ASCII (obsolete)
pixel_mode;0 //Display Chart Mode @=normal, 1=Pixel Monitoring (obsolete)
intigration times(ms);1 //Spectrometer integration time of saved data

average number;1 //Spectrometer average number of saved data
time_multiply;1 //Integration time multiplier

spectrometer_type ;17 //Spectrometer model id number

yaxis;1 //Display Chart Y-axis Setting (@=Auto, 1=Manual)
yaxis_min;0 //Display Chart Y-axis Minimum, if Y-axis setting is Manual
yaxis_max; 65535 //Display Chart Y-axis Maximum, if Y-axis setting is Manual
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xaxis;1 //Display Chart X-axis Setting (©=Auto, 1=Manual)
xaxis_min;71 //Display Chart X-axis Minimum, if X-axis setting is Manual
xaxis_max;1949 //Display Chart X-axis Maximum, if X-axis setting is Manual
irrands_DispWLMin;100 //Display Chart X-axis Minimum, if X-axis setting is Manual and

show_mode=6

irrands_DispWLMax; 1000 //Display Chart X-axis Maximum, if X-axis setting is Manual and
show_mode=6

yaxis_min_6;0 //Display Chart Y-axis Minimum, if Y-axis setting is Manual and
show_mode=6

yaxis_max_6;0 //Display Chart Y-axis Maximum, if Y-axis setting is Manual and

show_mode=6

irradiance_unit;e //absolute irradiance data unit (@=W/cm”2/nm, 1=mW/cm~2/nm,
2=ulW/cm”2/nm)

Color_Data_Flag;® //data source for color calculation (@=%TR, 1l=irradiance)

Color_StartWL; 400 //Start wavelength of color calculation

Color_EndWL ;700 //End wavelength of color calculation

Color_IncWL;10 //Step wavelength of color calculation in nm

power_unit_index;1 //Photometry Power Unit [@=(W/nm), 1=(mW/nm), 2=(Uw/nm),
3=(uW/cm2/nm), 4=(uW/cm2/sr/nm), S5=(uW/sr/nm)]

photometric_index;0 //Photometric Conversion (@=Photopic, 1=Scotopic)

Illuminant_index;3 //Illuminant of color, (©0=A, 1=B, 2=C, 3=D65, 4=E)

observer_index;®@ //Observer of color, (©=2 degree, 1=10 degree)

lab_1;0 //Reference Color setting, 1 of Lab

lab_a;0 //Reference Color setting, a of Lab

lab_b;0 //Reference Color setting, b of Lab

radiometric_flag;o //Photometric or Photopic or Scotopic flag (@=Photometric,

1=Photopic, 2=Scotopic)

coefs_a0;732.046000000089 //The coefficients (A@) of Pixel convert to Wavelength

coefs_al;0.256049999999959 //The coefficients (A1) of Pixel convert to Wavelength

coefs_a2;-4.90450000000253E-05 //The coefficients (A2) of Pixel convert to Wavelength

coefs_a3;8.18407999999919E-10 //The coefficients (A3) of Pixel convert to Wavelength

coefs_b0;-29079.7965557277 //The coefficients (BO@) of Wavelength convert to Pixel

coefs_b1;97.1304303120123 //The coefficients (B1l) of Wavelength convert to Pixel

coefs_b2;-0.111241614377263 //The coefficients (B2) of Wavelength convert to Pixel

coefs_b3;4.46263025785099E-05 //The coefficients (B3) of Wavelength convert to Pixel

coefs_r0;325.634643285781 //The coefficients (RO) of Pixel convert to Raman shift

(obsolete)
coefs_rl;-0.371893845826952 //The coefficients (R1) of Pixel convert to Raman shift
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(obsolete)

coefs_r2;0.000853220967122155 //The coefficients (R2) of Pixel convert to Raman shift
(obsolete)

coefs_r3;3.37498265875635E-08 //The coefficients (R3) of Pixel convert to Raman shift
(obsolete)

coefs_j0;-112.640169933252 //The coefficients (J@) of Raman shift convert to Pixel
(obsolete)

coefs_j1;1.91244080985067 //The coefficients (J1) of Raman shift convert to Pixel
(obsolete)

coefs_j2;-0.000774766051834558 //The coefficients (J2) of Raman shift convert to Pixel
(obsolete)

coefs_j3;1.20204126521674E-07 //The coefficients (33) of Raman shift convert to Pixel
(obsolete)

//Use coefficient R@..R3 Enable (©=Disable, 1=Enable)
//all pixel data saved (@=No, 1=Yes)

//(obsolete)

//(obsolete)

//total pixel number

//start pixel for calculate RMS (obsolete)

//end pixel for calculate RMS (obsolete)

//interval pixel for calculate RMS (obsolete)
(0=Disable, 1=Enable)

enable_coefs _r;0
all _data_save;1
select_option;-1
interval_time;1
pixel_num;2048

sel pixel start;31
sel pixel_end;2047
sel pixel_delta;1

dark_compensate;0 //Dark compensate Enable.

dark_compensate_value_1;0 //(obsolete)
dark_compensate_value_2;0 //(obsolete)
dark_compensate_value_3;0 //(obsolete)
monitor pixel_0;0 //(obsolete)
monitor pixel_1;0 //(obsolete)
monitor pixel_2;0 //(obsolete)
monitor pixel_3;0 //(obsolete)
monitor pixel_4;0 //(obsolete)
monitor pixel_5;0 //(obsolete)
vertical_select_flag;0o //(obsolete)
vertical_line3;0 //(obsolete)
vertical_line4;o //(obsolete)
vertical line3 wv;349.60 //(obsolete)
vertical line4 wv;349.60 //(obsolete)
vertical_line flag;o //(obsolete)
vertical_line_ratio;® //(obsolete)
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laser_wavelength;784.5 //Raman excitation wavelength, not used if enable_coefs_r=1
laser_powerlevel ;o //laser power setting
overlay js;@ //(obsolete)

Relative Intensity Correction Flag;0 //(obsolete/not defined)

Pixel;Wavelength;Wavenumber;Raman Shift;Dark;Reference;Raw data #1;Dark Subtracted #1;%TR
#1;Absorbance #1;Irradiance (lumen) #1;
0;;;;1439.0000;65535.0000;1793.0000;354.0000;0.0000;0.0000;0.0000; //pixel 0°s data
1;;;3;1439.0000;65535.0000;1793.0000;354.0000;0.0000;0.0000;0.0000; //pixel 1¢s data
2;3331234.0000;65535.0000;1307.0000;73.0000;0.0000;0.0000;0.0000; //pixel 2 ‘s data

3;etc.
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Appendix C: Peak Property Values

This is an overview of Peak Position and Properties, used in Peak Analysis and Peak Monitor Setup (Basic
Measurement Type). Peak position is determined by curve fitting, instead of using the position of the highest
pixel. This allows for a more accurate representation of the actual peak, and becomes more obvious when a
peak lands in-between adjacent pixels - with one pixel usually being slightly higher than the other — and the
peak calculated accordingly.

In Peak Analysis, the peak is determined by the Minimum Absolute Height and Minimum Peak Width criteria.
In Peak Monitor Setup, the highest point found within the Start and End Position will be taken as the peak.

The following examples use a practical example of the 1236 cm’" peak of a standard Acetaminophen (Tylenol)
sample. The curve fitted peak position is 1236.374 cm', while the highest pixel is 1236.3 cm™, refer to the close
up of the peak. This peak was chosen because of its closeness to its neighboring 1257 cm™ peak, giving an
uneven looking peak to better visualize the peak picking algorithms. The 1257 cm’! peak also gives a perfect
example of a peak in-between two pixels.

1236.374

Y Axis | | | -

BO000 b+t

40000 - b N AR

I | |
N 1235 1236 1237
\|

Raman Shit -t

Relative Intensity

1256.569

1187863

| |, ; ; | ;
1180 1200 1220 1240 I 1260 X Axis

Raman Shift (cm-1)
Peak Top Peak End

290020235-P | (9/10/24) Page 91 Copyright 2024 B&W TEK

Peak Start



313 Enterprise Dr, Plainsboro, NJ 08536, USA
www.bwtek.com
+1.855.MY.BWTEK A Metrohm Group Company .

Y Axis

1238.374

@
2
i}
@
g
&

1187.863

I | | | ‘
™ | T | X Axis

Peak Start Peak Top  Peak End

e Wi ——>

Peak Monitor Setup’s Basic Measurement Type provides options for determining where on the peak to
measure and what units are being measured. The Start and End of a peak is determined by the beginning rise
of the peak compared to the baseline (left side), or the sudden rise of the next peak (right side). The Top of the
peak is determined by curve fitting. Here is a simplified breakdown of the options; for example the Ramanshift
Start gives the x-axis Raman Shift value of the beginning of the peak, and is found to be 1197 cm-".

Peak Start: The x-axis value of the beginning of the peak (left side).
Peak Top: The x-axis value of the curve fitted peak position.

Peak End: The x-axis value of the end of the peak (right side).
Width: Subtraction of Peak Start from Peak End.

Peak (Ramanshift): Gives the Raman Shift value (X Axis)

Peak (Wavelength): Gives the Wavelength value (X Axis)

Peak (Wavenumber): Gives the Wavenumber value (X Axis)

Peak (Pixel): Gives the Pixel value (X Axis)
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Y Axis
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™ | ] | X Axis

Peak FWHM: Full Width of the peak’s Half Maximum. Calculated beginning from half the peak’s height on each
side, then the width of those half height values.

Height: Y-axis value of Peak Top measured from the calculated baseline.

Absolute Height: Y-axis value of Peak Top measured from zero.

Height %: Peak height divided by the sum of all peaks height

Absolute Height %: Absolute height divided by the sum of all peaks absolute height.

L —
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Y Axis
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Area: Area is defined by the Height (above baseline) and Width; blue shaded area.

Absolute Area: Area is defined by the Absolute Height and Width; yellow shaded area.

Area %: Area divided by the sum of all peaks Areas.

Absolute Area %: Absolute Area divided by the sum of all peaks Absolute Areas.

Fitted Curve X: Performs a fitted curve splining between the 2 set points and reports the center X value.
Fitted Curve Y: Performs a fitted curve splining between the 2 set points and reports the center Y value.
Manual Peak Area: Manually select the baseline removal points and calculated area start end end.
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Appendix D: Definition of Irradiance Data File Format
Certified Standard Lamp data file example:

Start WL=250 - starting wavelength (nm)

End WL=2500 @ - - ending wavelength (nm)

Distance=50 @ = -—————v distance at which lamp data is generated

units=mW/cmA2/Nm = —mmmmemmmeeemeeeeeee lamp data unit, choice of: W/cm”2/nm; mW/cm”2/nm; uW/cm”2/nm
S-1169 000 ——— designation of the standard lamp (name, serial number ...etc.)

5 e starting flag

250 e flag for starting wavelength (nm)

2500 00000 e flag for ending wavelength (nm)
e increment of wavelength per data point

0.760E-05 @ e standard lamp irradiance data at wavelength =250 nm (250+0*10)
1.788E-05 - standard lamp irradiance data at wavelength =260nm (250+1%10)
3.156E-05 = - standard lamp irradiance data at wavelength =270nm (250+2*10)
3.795E-03 00 o standard lamp irradiance data at wavelength =2500nm (250+225*10)
5 e ending flag
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Appendix E: Irradiance Ratio File Data Definition
Ratiol ccode.txt File details and explanation of data:

RATIO1_ccode.TXT INFORMATION

EXPLANATION

BWSpec Version=BWSpec 4.04

Software Version used when the ratio file is created

Irradiance Ratio File Version=1.0

Ratio File Version

CCode=XXX or XXXX

C-code of Unit

Int.Time=1100

Integration Time used when the ratio file was created

Distance=75

Distance used for the ratio file creation from the calibration light source to the light input optics aperture

Lamp Name=350-780.DAT

Name of Lamp Data File Used

Lamp StartWL=350

Starting WL of Lamp Data File Used

Lamp EndWL=780

Ending WL of Lamp Data File Used

Lamp IncWL=10

Increments of WL interval from Start WL to End WL

Lamp Measure Distance=75

Distance for which Lamp Data file was created

Lamp Unit Index=2

Index 0 =W/cm”2/nm; Index 1 = mW/cm*2/nm; Index 2 = uW/cm*2/nm;  Units will match the Lamp Data file and the units of the irradiance data

Lamp Coefs Order=7

Order of curve fit for Regression when creating the ratio file

Coefs_C0=-102.802359649056

Curve Fit Values

Coefs_C1=1.38796702045458

Curve Fit Values

Coefs_C2=-0.00789398471358277

Curve Fit Values

Coefs_C3=2.45424259313939E-5

Curve Fit Values

Coefs_C4=-4.51571710685247E-8

Curve Fit Values

Coefs_C5=4.93405335866037E-11

Curve Fit Values

Coefs_C6=-2.9685358194907E-14

Curve Fit Values

Coefs_C7=7.588143959E-18

Curve Fit Values

irrands_yaxis_min=0

Y-axis minimum Display Scales Settings value

irrands_yaxis_max=4.38087481104945

Y-axis maximum Display Scales Settings value

irrands_DispWLMin=350

X-axis minimum wavelength Display Scales Settings

irrands_DispWLMax=780

X-axis maximum wavelength Display Scales Settings

start_wv_irrands=350

Start WL for Irradiance Calibration (should match Lamp StartWL)

end_wv_irrands=780

End WL for Irradiance Calibration (should match Lamp EndWL)

interval_wv_irrands=10

Increments of WL interval from Start WL to End WL (should match Lamp IncWL)

Pixel ; Ratio ; Ratio

Pixel number H Ratio (Linearity Correction disabled) ; Ratio (Linearity Correction enabled)

BV 1EK

A Metrohm Group Company

272;5.88055754188743E5;4.87368884634631E-5

273,6.81553361643328E-5;5.60679388523222E-5

274,7.19969136787624E-5;5.9194063207757E-5
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