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1 INTRODUCTION

BWSpec™ 4 is a Spectrometer Data Acquisition Software Program. It supports two types of B&W Tek, Inc.
spectrometer interface: USB2.0 and USB 3.0.

2 INSTALLATION

2.1 Supported Operating Systems

Windows XP (32 bit)

Windows Vista (32 bit & 64 bit)
Windows 7 (32 bit & 64 bit)
Windows 8/ 8.1 (32 bit & 64 bit)

*Note although the above operating systems are supported, Windows 7 and 8/ 8.1 are preferred.

2.2 Minimum System Requirements

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

RAM: 1GB or more

Hard disk space: 250MB available or more*

* Excluding additional hard disk space required to store generated data by the application.

2.3 Software & Hardware Installation

e Insert the BWSpec 4 CD into the computer’'s CD/DVD Dirive; if it's in a USB flash drive, copy the
installation file to local computer.
o Referto “BWSpec Software and Hardware Installation Guide”:
0 General Installation Guidelines

= Install the software;
= After software installation, do not run/open the BWSpec program;
= Connect the spectrometer to the PC via an USB Cable;
» Install the Hardware Driver(s) for the spectrometer;
= After hardware driver installation, open/run the BW Spec program.
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3 RUN BWSPEC

Double click the BWSpec icon on the desktop: Eﬂ
(et

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

Click Yes to continue.
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4 MAIN WINDOW
Menu Bar Toolbar
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5 MENU BAR

File View Acquire Tools Option  Plug-in @ Setup  Help Language

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

File | View Acquire Tools Option Plug

'}

Open Spectrum...

Cpen

he
& | Save Selected Spectrum...

Save

' “ Save All Spectra As... { Manually )

n Save All Spectra... ( Automatically )
v

EE Save All Spectra Into A BIM File...

Eﬂ Export Data 3
Set Save Data Format...
Format

%. Email Transfer

Ernail

Excel Excel...

Print...

File Convert...

fpecd

e Open Spectrum...
0 Open awindow to load a spectrum file.
e Save Selected Spectrum...
0 Open a window to save the spectrum selected in the Spectrum List Panel.

Spectrum List Panel 1 x
E-lv Measure Spectra

@ SP_D

B RSP_1

e Save All Spectra As...(Manually)
o0 Open a window to save one after another, all the spectra listed in the Spectrum List Panel.
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e Save All Spectra...(Automatically)
0 Open awindow to save all the spectra in the Spectrum List Panel all at once.
e Save All Spectra into a BIN File...
0 Open a window to save all the spectra in the Spectrum List Panel all at once with .BwRams
file extensions, which can then be loaded in BW Spec.
e Export Data
0 Export selected data into one text file, setting the type of data to be exported for each spectrum.
This function needs to be enabled through Plug-in Manager.

atl Export All Spectra Data to One Te.... = | = % |

-

— Title (Head line)
¥ Picel ... Sample-1 Sample-2 ..

— Spectral Units
¥ Pixel [ Wavenumber {cm-1)
I Wavelength {nm) I Raman Shift
— Spectral Data
I Raw Data ™ %R
™ Dark ™ Mbsorbance
™ Reference [T Absolute Imadiance

V¥ Dark Subtracted

— Data Spacing
" Tab " {semicolon) & | |comma)
" : [semicolon) + Tab | jcomma) + Tab
Saveas .. Cancel

V.

e Set Save Data Format...
o0 Open a window to configure the preferred preset setting when saving spectra, i.e. for file
type .TXT (Even) and .SPC:
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r— Export Option
Save path IC:\Users\PhiIip\Dommerrts\EMekD; | [ Save ardy e selected X i ¥ e ok
e - Y Aos XA
¥ Raw Data " Pixel
oy
 Dark

S—eil " Reference " Raman Shift {cm-1

" Wavelength {nm) Everly

" Dark Subtracted
" Wavenumber {cm-1) Evenly

TR % Raman Shift {cm-1) Evenly
" Absorbance Start |1E{I {em-1)
End |32m {em-1)

" Ahsolte Imadiance

Interval |1 {em-1)

e Email Transfer
o For importing and exporting spectral signatures. This feature is only for use with handheld
Raman units such as TacticlD Client.
e Excel
0 Export the active/selected single spectrum from the Spectrum List Panel to Excel. The file will
open in Excel when the export is complete.
= **Do NOT click on the Excel File during export. This will interrupt the exporting
process.**

e Print...
o0 Open a Print Preview window from which the user can then select to save or export the plot as
an image file or select a printer to print a hard copy.

e File Convert...
o0 Convert BWSpec 3 saved data file which contains multiple spectra (up to 3) into individual
BW Spec 4 compatible files.

o Exit
0 Close BWSpec
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5.2 View

Uim| Acquire  Tools Option  Plug-

E Show In Overlay

WA Show In Sequence

—% Clear All Spectral Data... F11

™| Display Scales...

@ Custom Setting 3
' |

\ﬁ Spectrum List Panel

E Spectrum Info Panel
g Spectrometer Control Panel

e Show In Overlay
o0 When viewing more than one spectrum, an overlay of spectra will be displayed on the graph.

BWSpecd PR

06 oEER
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fl
I

File View Acquie Tools Option Plugln Setup Help Language
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e Show In Sequence
0 When viewing more than one spectrum, individual boxes will appear in the order in which they
are listed in the Spectrum List panel.

| Fie View Acguse Tock Option Fugin Seup Help Limguage

GO | Q@ &R

| | hall o

eall —33 — 3 Eé?’:%fm
-
w29

7
/
(
5
=z

M
e, o A

. ] Dark ; O Refererce: ON | Dark Corpensate: OFF | Linearity Carrection: OFF
Pinel = T12. Wavelength (mm) = BT1.2T, Wavenumber (cm-1) = 1120854 . Raman Thift (cm-1) = 13250 . Relative Intensity = 25125

e Clear All Spectral Data...

0 Clear all spectra shown in the screen from the display.
e Display Scales......

0 ADisplay Scales Setting window will appear:

2 - e e e ——— 52
ot Display Scales Setting [ =N =N J

Heads IY—Emis I Raman Excitation Laser Wavelength |

Scales |
" Upper Chart | " Automatic & Manual |
" Pixel
" Wavelength fam) Mirimum |1?5.D5 {em-1)
€ Wavenumber fom-1) Masdmum [3201.80 {em-1)
* Raman Shift {cm-1)
% Lower Chart
Left Posttion —_— )'
Right Position J'

[T Xaxis Apply for All Spectrum

{ Set | Cancel |
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s 3 L

otl Display Scales Setting : | = T ) |

Yads Y-ds I Raman Excitation Laser Wavelength I

Scales | Imadiance Unit I

" Upper Chart |(‘ A tomatic &+ Manual ‘
Minimum ID
Mazdmum |65535

% Lower Chart
™ Logarithmic

Set | Cancel |

o0 This window will show the X-axis and Y-axis settings for the software for the spectrometer.
= X-axis scale settings are based on the calibration settings for the spectrometer.

e Custom Setting
0 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 spectrums listed in the spectrum list

panel.
i ™
gkl Spectra Color Setting ﬁ
Spectrum H10
Spectrum HI1 #12 #1300 #1400 #15 H1e6 HI7 O #18 #19
Reset | Set | Apply | Close |
A
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0 Spectra Graph Setting...
= Opens a Graph Setting window where the variables relating to the graph window

display can be set / adjusted to create a customized graph.

i ™
o) Graph Setting Elﬂu

— Spectra Name
[ wisible Position Inside Top Right ;I
™ Fill Background Background Color |

— Graph Background Color

Chart Background Calor | Graph Background Calar |

— Grid
¥ Display Vertical Grid ¥ Display Horizontal Grid
r Display Zero Line

— Fort

™ Bold Font Size |12 =
— Line

I~ Anifiias Line Width |1 =

Reset Set | Apphy | Cancel |

A
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0 Spectrometer Info...
= Opens a Spectrometer Info window which displays details of the spectrometer for the
selected spectrum:

i "

- Spectrometer Info E
Graph Title |BW5485-10645-05
Operator I

System Model |BTC264P_512

Serial Number I

Unit Mode! |BTC264P_512

Unit CCode [OKM]

Set Cancel

» Additional information can be input by the user for tracking purposes when
printing/saving data.
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e Spectrum List Panel
0 Toggle On/Off viewing of the Spectrum List Panel on the right side of the display.

Spectrum List Panel =

=
=Sl Measure Spectra

- SP_D
v SP_3
H-v HSP_4

e Spectrum Info Panel
o0 Toggle On/Off viewing of the Spectrum Information Panel.

Spectrurn Information Panel q x
MName SP_1
Model BTCGGAN
CCode 0s5G
PocelMumber 2048
Average 1

Imtegration Time 3000
Imtegration Timel ( ms )
TimeMultiphy 1
LaserWavelena 785155
LazerLevel 0
Comection_1
Comection_2
Comection_3
Comection_4
Comection_&
Comection_7
Comection_8

W3 Spectrometer ... l'i Spectrum Infor...
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e Spectrometer Control Panel
0 Toggle On/Off viewing of the Spectrometer Control Panel.

 5pectrometer Control Panel B X
[” Enable Cusor [ Dual Chart i

Display Options
— X Pods Unit
Pieel
Wavelength {nm)
Wavenumber {cm-1)
Raman Shift {cm-1)
Wavelength linear (nm)
Raman 5hift linear (cm-1)
Fuis Type
Raw Data
Dark
Reference
Dare Subtracted
Transmission/Reflection
Absorbance

Abzolute Imadiance

SIS TS TS T B

m

—

o e e e e T WO

Acguire Control
T Btemal Trigger
[T Auto Time

-

llli Spectrometer Control Pa... Illi Spectrum Information P...
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5.3 Acquire

Acquire | Tools Option  Plug-In - Setup
0 Acquire One Spectrum FS

Acquire Overlay F10
Acquire Continuously F&
Stop F7

Acquire Dark F&
Acquire Reference F9

Dark Compensate Enable/Disable

Timeline 3

e Acquire One Spectrum
0 Acquires a single spectrum from the spectrometer and displays it on the graph.
e Acquire Overlay
0 Acquires a single spectrum from the spectrometer and displays it as an overlay on top of the
previously displayed spectra on the graph.
e Acquire Continuously
0 Acquires continuous data from the spectrometer while continuously updating the active
spectrum displayed on the graph.
e Stop
0 Stops acquisition while using Acquire Continuously.
e Acquire Dark
0 Acquires a single spectrum which is stored as the Dark Array.
e Acquire Reference
0 Acquires a single spectrum which is stored as the Reference Array.
e Dark Compensate Enable/Disable
0 Enable/Disable the Dark Compensate feature.
o Provides an electronic dark reference that is available with some spectrometers which
automatically subtracts out this dark reference array from acquired spectra.
e Timeline
See section 11.9
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5.4 Tools

The default items in the Tools menu are Smoothing, Derivative and Peak Analysis. Additional tools will
become visible in the menu after being selected as Plug-ins.

Tools | Option  Plug-In  Setup  He

Background Remaovwal...

Smocthing...

Derrvative...

Peak Analysis...

Laser Power Calibration ...

Ramanshift Calibration...

Spectra Math 3

IO EFREE

Wavelength Calibration...

¢ Background Removal...
0 See section 11.1
e Smoothing...
0 Open a Smoothing window:
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05 Smoothing

(=M= =]

r Apphy Smoothing to

Raw/Dar/Reference After Scan

™

r Apply Smoothing After Scan

Apply smoothing to Raw, Dark, and Reference
spectrum after each scan

Apply smoothing to selected spectrum from the

Dark Subtracted

-]

— Smoaothing T'_rpe

(1-99%)

" Boxcar Smoothing

(1-1023)

% FFT (Fast Fourier Transform)

FFT Smoothing Degree

i Savitzly-Golay Smoothing

Sav-Golay Window 5

Boxcar Window Size(Zw

o =

drop-down menu after each scan.

Configure desired Smoothing method.

r Operate all spectra

{include unchecked spectra)

Check to apply smoothing to all
spectra in Spectrum List Panel

Apply manual smoothing to currently

Do

Tel: (302) 368-7824 Fax: (302) 368-7830

displayed spectrum

Web: www.bwtek.com
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0 FFT (Fast Fourier Transform)
= 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.

0 Savitzky-Golay Smoothing
= Savitzky-Golay (Savitzky-Golay Filters): smoothing can be applied to the original
spectrum with a “window size” setting from 2-5. This is a very commonly used
smoothing method with less chance to cause distortion and degradation to the spectral
resolution.

0 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 in order to preserve the needed spectral
information.

0 Operate all spectra (include unchecked spectra)
= This will apply smoothing to all the currently open spectra, including all unchecked
spectra.
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e Derivative...
0 Opens a Derivative window for applying derivatives to the active spectrum.

i o=l Derivative = L=
™ Apply Dervative
— Dervative Type
" Point Diff
" Savitzly-Golay
Derivative m
Dearee I"2 3:
& Differential
Points Interval Iﬁ

o Three derivatives are provided for data analysis:
* Point Diff;
* Savitzky-Golay: With this option, a user can choose the derivative order, the degree (of
the polynomial fit), and the number of points over which to compute the derivative;
« Differential: With the differential derivative, the user can set the point interval to use from
5 to 20.

o Select the desired derivative method and check the Apply Derivative box to apply the
derivative calculation to the currently active spectrum.
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e Peak Analysis...
o Information on peaks in the spectrum can be shown live in the software’s display window.

| Find Peak Options '™ Display Peak In Graph

Minimum Absolute Peak Height |31}DD Eﬁ

Mini Peak Width(Picel) 3 = Display Peak X Value ™ Display Peak Area Fill
inimum Peak Wi I 3 r
Display Peak Y Value ™ Display Peak Start and End

Data So | =]
B Seuhlet I~ Display Peak Resolution (om-1)

¥ Baseline Remove
™ Display More Peak Infomation
[ Add or modify a peak manually

I Display Peak Resalution {nm)
I Display Peak Resolution {piel)

Peak Index | Peak Pixel | Relative Intensty | Raman Shiftiem-1) | PWHM{zm-1) | Wavelengthinm) | FWHM{nm) | PWHMipisel) -

46016.00

1
2 127 65535.00 88.25 4347 790.22 3.04 20,010

3 179 21455.00 21315 18.50 798.10 1.18 7.750

4 228 16047.00 328.32 19.39 805.50 1.26 B.344

5 255 22039.00 3%0.71 10.66 809.57 0.70 4639

] 287 11541.00 463.70 12.30 814.38 0.82 5.430

7 305 12021.00 504.32 8m 817.09 0.53 3.565

8 350 5529.00 604 .48 953 823.83 0.67 4504

] 360 11503.00 626.47 1047 825.32 0.71 4770

10 3N 24183.00 650.56 853 826.97 0.61 4089

i 399 12654.00 711.35 9.09 831.15 0.63 4213

12 420 2RRAN M Tak a4 an7 277 10 nra A RRA ﬂ

0 Automatic Peak Identification
In the top left hand corner of the menu, input the value at Minimum Absolute Peak Height
(threshold). All identified peaks are listed in a table in the window. This table provides detailed
information on the identified peaks. Check the box for Display Peak In Graph and the
identified peaks will be marked on the spectrum. Select the information to display by checking
the desired items.

Note: Peak Analysis Tool currently does not support Y-axis Mode in Absorbance or Absolute Irradiance.

e Spectra Math
0 See section 11.8
o Wavelength Calibration...
0 See section 11.10
e Raman Shift Calibration
0 See section 11.11
e System Response Standardization
0 See section 11.13
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5.5 Option

Option | Plug-In  Setup Help Language

Enable / Disable Linearity Correction

>

N\

Linearity Correction ...

Enable / Disable Relative Intensity Correction...

Relative Intensity Correction...

Enable / Disable Reference Material Correction...

Reference Material Correction...

Enable / Dizable Irradiance Correction...

SREREE

Irradiance Correction...

¢ Enable/Disable Linearity Correction
0 Enable/Disable linearity correction in Dark Subtracted spectrum for spectrometers with
linearity correction coefficients available.
= **|_inearity correction coefficients can be created using the Linearity Correction
Plug-in found under Plug-in on the Menu Bar.
See section 11.5

e Enable/Disable Relative Intensity Correction...

0 Enable/Disable relative intensity correction. Corrects the unit's spectral response against a
known reference. A unique intensity correction file must be used for the correction to be
accurate.

= **A Relative Intensity Correction File can be created using the Relative Intensity
Correction Plug-in found under Plug-in on the Menu Bar.
See section 11.7

¢ Enable/Disable Reference Material Correction...
0 Enable/Disable the reference material correction function. This function is useful for accurate
measurements in applications such as percent reflectance. A unique reference material
correction file must be used for the correction to be accurate.
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= **A Reference Material Correction File can be created using the Reference Material
Correction Plug-in found under Plug-in on the Menu Bar.
See section 11.6

¢ Enable/Disable Irradiance Correction...
0 Enable/Disable irradiance correction. A unique irradiance correction file must be used for the
correction to be accurate.
= **An |rradiance Correction File can be created using the Irradiance Correction
Plug-in found under Plug-in on the Menu Bar.
See sectionl11.4
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5.6 Plug-in
il Bwspect T

e Plug-in Manager...
0 Opens a Plug-in Manager window which lists all the available Plug-ins to the software.

@ Plug-in Manager...

File View Acquire Tools Option | Plug-in | Setup Help Langu

-

ot Plug-in Manager

=l@] % |

|'\

MName

| Assembly

| Descriptioin

[] Backaground Removal Plugin

[] BAC-151B Camera Plugdn

[] BAC-151A Camera Plugdn

[] Export Data Plug-in

[ Iradiance Comection Flug-in

[] Laser Power Calibration Plug+n

[] Linearity Comection Plugin

[] Pefformance Test

[] Ramanshift Calibration Plug-n

[[] Reference Materal Comection Plug-n
[ Relative Intensity Comection Plug-n
[ Spectra Math Plugn

[ Timeline Plugn

[[] Wavelength Calibration Plug-in

BwRam.Plugln.BackgroundRemove dll
BwRam.Plugln CameraBAC151B.dll

BwRam Plugln CameraBAC 15 dl
BwRam.Plugln.Export Data dil

BwRam.Plugln ImadianceComection dil
BwRam Plugln LaserPowerCalibration dil
BwRam Flugin LineartyComection dll

BwRam Flugin Peformance Test dll

BwRam Flugin RamanshiftCalibration dil
BwRam Flugin Reference MateralComrection dil
BwRam Flugin RelativeIntensityComection.dll
BwRam.Flugin.SpectraMath.dll
BwRam.Flugin. TimeLine.dl

BwRam.Flugin WavelengthCalibration dll

Background Removal Plug-in
BAC-151B Camera Plug4n
BAC-151A Camera Plug4n

Export Data Plug-in

Imadiance Comection Plugdn

Laser Power Calibration Flug-n
Linearity Comection Flug-in
Peformance Test

Ramanshift Calibration Plug4n
Reference Materal Comection Plug-n
Relative Intensity Comection Plug-n
Spectra Math Plug4n

Timeline Plug-n

Wavelength Calibration Plug-n

oK

Apply

Cancel

4

0 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.

= See section 11: Plug-In Manager for additional information about these Plug-ins.

19 Shea Way, Newark, DE 19713 Tel: (302) 368-7824 Fax: (302) 368-7830 Web: www.bwtek.com

290020235-G (09/16/2015) Page 22 of 91 Copyright 2015 B&W Tek, Inc.



fY— v vy v
BN 1B L I

Your Spectroscopy Forstner . .

5.7 Setup

Help Language

Flash Access...

| Hardware Setup

BACLIS1A Camera 3

Jak

BACLIS1E Camera 3

Color Setup...

744

Performance Test ..

e Flash Access...
0 Opens a Flash Access window.
0 Unique information pertaining to the defaults of the spectrometer will be displayed in this
window.
o0 Clicking the Read Flash button will read the EEPROM of the spectrometer and reset the
BW Spec variables back to their default values.
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[ o5 Flash Access —_— El&u
e Menoctre Do pate
Model KHXANNX C_Code C-code of unit
Hardware Code HiH Firmware Number
SysFile Version 4420 Dil Wersion 4650
Bw5pec Version 326 CCD Type 0
Mumber Of Pixel 2048 Mininum Integrate Time 1
Timing Mode: 1 Input Mode 1
Pixel Mode: 0 AD Frequency S00KHZ
Start Pixel 121 End Pixel 1909
Coefficient _A[D] 525.754588549994 Coefficient_A[1] 0.284656958399864
Coefficient _A[2] -3.03832285582464E-05 Coefficient _A[3] 2.33288332033753E-10
Coefficient_B[D] -2224 33395485126 Coefficient_B[1] 5.68337553091988
Coefficient_B[2] D.004387086717351 Coefficient_B[3] 3.0743241502193E-06
TE Cool No Slit Size 10
Grating Lines And Blaze Waveleng... | 500550 Filter Type Hp
Cylindrical Lens No Batch Number
Patch Number Security Code
Application Code
Mumber Of Calibration Points 8
Povel 72 Wavelength 46074
Poxel 183 Wavelength 5769.6
Poxel 644 Wavelength 6965431
Pixel 218 Wavelength 738358
Pixel 965 Wavelength Tr24.207
Pixel 1211 Wavelength 8264.522
Pixel 1642 Wavelength 9122 967
Pixel 1942 Wavelenagth 9657.786
Flash Access Successfully Read Flash Close )
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e Hardware Setup
o0 This menu is active only when the BW Spec software is communicating with an instrument.
0 Opens a Hardware Setup window which displays additional settings; the Aux Port control is
available.
0 Common Setting
= Not all features listed will work with specific spectrometers. Check your product’'s User
Manual/Sales Order for details relating to additional controls.

o5 Hardware Setup | =RACL |
Common Setting IETCBG&N | BTCSESN (Continuous) | BTCEESN PulseOut |
Exdemal Trigger Timeout: ID *15= IE {ms) Set |
I¥ Close LED llumination on Data Scan
¥ Close Laser on Dark Scan Extemal Trigger Work Mode
™ Close Laser After Data Scan *" BExtemal Trigger Mode { One Trigger, M Scan. N=Average )

™ Open Laser Before Data Scan, Close Lassr Ater Data Scan " Bxemal Pacing Mode { One Trigger, One Scan )
¥ Enable Sound when Laseris On
r Maonitoring Spectrometer Temperature

r Maonitoring Laser Temperature

[ Enable System Response Standardization Result
[ Enable Factory Access

Write EEFROM

Close | y
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o AuxPort
= Not all features listed will work with specific spectrometers. Check the product's User
Manual/Sales Order for details relating to additional controls.

[ a5l Hardware Setup E@g1
Common Setting __________ |
Digital Input
’7 Pin Status: [Figh  Get Status | ¥ Monitor I0) Pin After Scan Data ‘
— Analog Input

AD Value: I Voltage(V): I Get Analog |

— Mutti Purpose Pin

Pin As: ILaserContmI vl ON | OFF | Fin Name: ILaserControI

Close |

» This page varies upon different models. See instrument user manual for more
information.

¢ BAC151A Camera
o0 Turn onthe BAC151A camera

e BAC151B Camera
o Turn onthe BAC151B camera

e Color Setup...
0 Opens a Color Measure Setup window.
» This feature is to be used with color measuring systems.
= Check the Color Measurement section of this User Manual for additional details.
= Check the User Manual of your color measurement system for additional details.

19 Shea Way, Newark, DE 19713 Tel: (302) 368-7824 Fax: (302) 368-7830 Web: www.bwtek.com

290020235-G (09/16/2015) Page 26 of 91 Copyright 2015 B&W Tek, Inc.



fY— v vy v
BN 1B L I

Your Spectroscopy Forstner . .
r ™
ot Color Measure Setup ==
Reference Color Setting ————— 1 Color Standard
L a b

IE Iﬂ ID [llurminant ID'EE - I
- Obzerver I2 degree j"
Set Lab Value as Setting |

— Wavelength for Color Calculation — Calor Calculation Source

Radiant Unit |mW/nm | Color Calculation Source [%T/R -]

Ditance:  [l0 (em)
Start WL |525— fnm}
EndWL ez (m)
nterval WL [1p {m)

Set Cancel Apphy

e Performance Test
o0 This feature is designed to be used when the software is communicating with a Raman
instrument. The Performance Test provides a procedure for testing the accuracy and
repeatability of the instrument readings.
0 See section 11.12 for details.

5.8 Help
.Help Language
About...
Help.POF
Help. CHM
e About...

0 Opens the About window providing B&W Tek, Inc. contact information and the version number
of the BW Spec software.
e Help.PDF

0 Opens the BWSpec User Manual found in the folder location where BW Spec was installed.
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e Help.CHM
0 Opens an XML version of the BWSpec User Manual.

5.9 Language

Language

+"  English
Chinese
lapanese

Import License File

e English
0 Changes the BWSpec GUI to English.
» A Restart of BWSpec is required for this change to take place.
e Chinese
0 Changes the BWSpec GUI to Chinese.
= A Restart of BWSpec is required for this change to take place.
e Japanese
0 Changes the BWSpec GUI to Japanese.
= This is an option that is sold separately. A password is required to enable this feature.
e To purchase this feature, contact us at http://bwtek.com/support/
» A Restart of BWSpec is required for this change to take place.
e Import License File
0 This is needed to change the BWSpec GUI to Japanese.
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6 TOOLBAR
caslacsImEE> X XX =Y - X - J I 2%
Toolbar
6.1 Open
=
Open
Open
o0 For opening files, saved in BWSpec, in the following formats:
= txt
= .spcC
= .Sig
= .BWRam
= .BWRamSs
TXT File (* bt -
SPC File (*.spc)
Spectral Signature File (*.sig)
BWSpec Data File (*.BwRam)
BWSpec Data BIM File (*.BwRam5)
Data from other instruments and software saved in SPC format can also be opened in the
BW Spec software.
6.2 Save
il
Save

Save
0 Used to save data of selected spectrum from BWSpec in the following formats:
= txt

= CSV
= .txt(even)
= .spcC
=  _BwRam
*CSY
* TKT {Even)
*SPC
*.BwRam
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6.3 Print

==| Print

0 Opens a Print Preview window with the displayed data and header information from where the
user can make changes to the displayed graph and select what printer to use.

6.4 Excel

Excel

Excel
0 Exports the active/selected single spectrum from the Spectrum List Panel to Excel.

= **Do NOT click on the Excel File during export. This will interrupt the exporting
process**

6.5 Integration Time Control

Total Integration Time Multiplier

500 ms EDDE ms IE IE‘

Integration Time Unit Time Average

e Total Integration time
0 Integration Time * Multiplier
e Integration Time
0 Exposure time setting for spectrometer (Maximum Value 65,535 ms)

e Unit
o0 Time unit for spectrometer acquisition time (us or ms)
e Multiplier

0 Multiplies the integration time by whole units to give longer exposure. This is used when an
exposure time greater than 65,535 ms is needed
e Time Average
0 Range1-65535
o0 Average value will take the time average multiplied by the number of scans at the given total
integration 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.
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6.6 Acquire Control

VULUeD

e Refer to section 5.3 Acquire under Menu Bar.

6.7 Reset Graph

e Resets the graph to the default X-axis range for the spectrum and the Y-axis to its set scale.

6.8 Clear Display

<

e Removes all spectra on the graph.

6.9 Display Scales

A%

e Opens the Display Scales window.
o Refer to section 5.2 Display Scales.
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7 SPECTRUM LIST PANEL

Spectrum List Panel is located on the top-right side of the main screen after being activated.

Spectrurn List Panel o x
- v Open Spectra

- *SP_0

W SP_1

e Spectra with checkmark [« signs indicate that the spectra are selected on the current graph display,

while spectra without the check marks are hidden from the current graph display. Spectrum highlighted
with arrow = (color may vary) next to its name indicates the active spectrum currently selected.

¢ Right Click on individual spectrum from the list will bring up the following menu:

Renarne Selected Spectrum

Save Selected Spectrum

Delete Selected Spectrum

Delete All Checked Spectra

Delete All Unchecked Spectra

Enable / Disable Spectrum Thick LineWidth

e Toggle the Plus sign to expand the information for a spectrum.

Spectrurn List Panel
El- v Open Spectra

B- Hylenol tablet 6 sec 20%power
Model = BETCEE5-7B5H-5YS
C_Code =00E
............. Picel Mumber = 2048

............. Int. Time Unit = {ms)

............. Time Muttiphy = 1

............. Total Int. Time = 6000
Laser Wavelength = 785 2
Laser Level = 20

- . 4
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8 SPECTROMETER CONTROL PANEL

The following sections are detailed descriptions of each iem in the BWSpec 4 Spectrometer Control Panel.

Spectrometer Control Panel a4 X

— K Peds Uit
Pixel
Wavelength {nm)
Sl sie Select desired X-axis spectrum display mode.
Raman Shift {cm-1)
Wavelength linear {nm)

Raman Shift linear !cn'l-'l!
Puds Type
Faw Data
Dark
Reference Select desired Y-axis spectrum display mode.
Dark Subtracted
Transmission./Reflection
Absorbance

i T TS T T

m

=

e TS TS T T O

Additional control options
[ Bdtemal Trigger **Available options may vary depending on your
[__Auto Time i spectrometer or system**

IH; Spectrometer Control Pa... |68 Spectrum Information P...
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8.1 Enable Cursor

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

OHA tylenol : Dark_Subtracted
T T T | T T
SOOOD ki ................... R ................... R R ................... N ]
50000 i SRR e T S ................... ................... ................... .................... ................... ....... 4
5 5 : | |
= 40000 e s Fe R R R A ER ]
£l
=
g 1 : 3 : ; 5 :
£ 30000 4 R RS e e s e i S R EEE TR Sl i
@ . i E ot 3 k
(i
20000 B
10000 4 b
0 ) I } I ) I ) I } I T } f
500 1000 1500 2000 2500 3000
Raman Shift (cm-1}

Pixel = 467 , Wavelength (nm) = 841.26 , Wavenumber (cm-1) = 1188692 , Raman Shift (crn-1) = 856.0 , Relative Intensity = 36338 |
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8.2 Dual Chart

e Select to simultaneously display Raw data (top) and a spectrum of your choice (bottom).

ABC SP_3 Raw Data

60000 +

ity
o
=
=1
=
=1

40000 +
30000 +

Relative Intensi

20000 +

10000 1

0 f t t f =
400 500 600 700
‘Wavelength (nm)

ABC SP_3: Dark

60000 +
50000 +
40000 +

30000 +

Relative Intensity

20000 +

10000 1

‘Wavelength (nm)

8.3 X Axis Unit

e Changes the X-axis display mode.
X Auds Unit
Pixel
Wavelength {nm)
Wavenumber {cm-1)
Raman Shift {cm-1)
Wavelength linear (nm)
Raman Shift linear {cm-1)

b e TS Tie O B |
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8.4 Y Axis Type

e Changes the Y-axis display mode.
— Y fuis Type
{* Raw Data

" Dark

" Reference

" Dark Subtracted

" Transmission/Reflection
" Absorbance

" Absolute Imadiance

......

¢ Raw Data — Shows raw form of the spectrum.
e Dark — Shows spectrum of what is saved into the Dark Array.
o Reference — Shows spectrum of what is saved into the Reference Array.
e Dark Substracted = Raw Array — Dark Array
e Transmission / Reflection (%) = [(Raw Array — Dark Array) / (Reference Array — Dark Array)] * 100
e Absorbance = -log (Transmission (%) / 100)
e Absolute Irradiance — Shows the response of the spectrometer when the Irradiance Calibration File is
enabled.
0 The spectrometer must have a valid Irradiance Calibration file.
0 See Irradiance Correction Plug-in for additional details.
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8.5 Acquire Control

[T Edemal Trigger
™ Auto Time

-

@3 Spectrometer Contr... |88 Spectrum Informati...

e External Trigger
When enabled, the external trigger will have the following two behaviors depending on hardware setup:
o0 External Trigger Mode(default): 1 trigger pulse triggers all averages (a scan with 20 averages
will need only 1 trigger pulse);
o0 External Pacing Mode: 1 trigger pulse only triggers one average (a scan with 20 averages will
need 20 trigger pulses);
0 Refer to section 5.7 and the product user manual for additional details.
e Auto Time
0 When enabled, the software will automatically scan and increase the integration time in
increments until the response is close to saturation.

Note:
Additional control options may also appear depending on your spectrometer or system. Eg: illumination
LED, laser control, etc.
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9 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.

Spectrum Information Panel o x
Mame SP_1
Model BTCGEG5N
CCode 005G
PielMumber 2048
Average 1

Imtegration Time 3000
Integration Timel { ms )
TimeMuttiphy 1
LaserWavelena 785155
LaserLevel 0
Comection_1
Comection_Z#
Comection_3
Comection_4
Comection_&
Comection_7
Comection_8&

W3 Spectrometer ... Illi Spectrum Infor...

19 Shea Way, Newark, DE 19713 Tel: (302) 368-7824 Fax: (302) 368-7830 Web: www.bwtek.com

290020235-G (09/16/2015) Page 38 of 91 Copyright 2015 B&W Tek, Inc.



fY— v vy v
BN 1B L I

Your Spectroscopy Forstner ..

10 STATUS BAR

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

Online 8234 ... | Reference acquisition completed Dark : ON Reference: ON Dark Compensate : OM Linearity Correction: OFF

Pixel = 270, Wavelength (nm) = 600.44 , Wavenumber (cm-1) = 16654.41 , Raman Shift (cm-1) = -16654.4 , Relative Intensity = 5584

e Shows status of spectrometer.

Online
0 — Spectrometer connected
0 ] I Spectrometer not connected
e 3233 | _gcancount

P [— - Acquisition status bar

. B - Dark Array Status

0 Gives status if a Dark Scan was taken and saved into the Dark Array.

o (ReferEnc=iON | poference Array Status

0 Gives status if a Reference Scan was taken and saved into the Reference Array.

Dark Compensate : ON - Dark Compensate

0 Gives status of the Dark Compensate function

Linearity Correction: OFF - Linearity Correction

o0 Gives status of the Linear Correction function
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11 PLUG-IN MANAGER

An explanation for each Plug-in function and its location on the Menu Bar once enabled is given below.

-~

o) Plug-in Manager

(=@ =

Mame

| Pssembly

| Descriptioin

[[] Background Removal PlugHn

[[] BAC-151E Camera Plug4n

[[] BAC-151A Camera Plugdn

] BWIQ Plug-n

[[] Export Data Plugdn

[ Imadiance Comection Flug-n

[] Laser Power Calibration Plug-n

[[] Linearity Comection Plug-in

[] Linearity Comection2 Plugin

[[] Peformance Test

[[] Ramanshift Calibration Plug4n

[[] Reference Material Comection PlugHn
[[] Relative Intensity Comection Plug4n
[] Spectra Math Plugin

] Timeline Plug-n

[[] Wavelength Calibration Plug-n

BwRam.Flugln.Backaround Remave. dll
BwRam.Plugln.CameraBAC151B.dll
BwRam.Plugln CameraBAC 15X dl

BwRam Flugln Connect2BwIQ dil
BwRam.Plugln.ExportData.dll

BwRam.Plualn ImadianceComection dll
BwRam Plugln LaserPowerCalibration dil
BwHRam.Plugln . LineartyComection dll
BwRam.Plugln. LineartyComection2 dil
BwRam.Plugln PedformanceTest dl

BwRam _Plugln RamanshiftCalibration dll
BwRam.Plugln. ReferenceMateralComection dl
BwRam.Plugln.Relative IntensityComection dll
BwRam_Plugln SpectraMath dll
BwHRam.Plugln. TimeLine dl

BwRam.Plugln WavelengthCalibration.dll

4 L

Backaround Removal Plug-in
BAC-151B Camera Flug-in
BAC-151A Camera Flug-in

BWIQ Plug-in

Export Data Flug-in

Iradiance Comection Flug4n

Laser Power Calibration Flug-n
Linearity Comection Plug-in

Linearity ComectionZ Plug+n
Performance Test

Ramanshift Calibration Plug-n
Reference Materal Comection Plug-in
Relative Intensity Comection Plug-4n
Spectra Math Flug-in

Timeline Plug4n

Wavelength Calibration Flug-in

oK

Apply |

Cancel |

i
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11.1 Background Removal Plug-in

About Background Removal
The Background Removal function is used to remove spectrum background (or to perform baseline
correction).

Location
Menu Bar = Tools

A display window with three spectra will be displayed: raw spectrum, automatically fitted background
curve, and the spectrum after background removal. The lambda factor can be adjusted for manipulating
the auto fitted background so as to achieve the desired background removal result. Click Do to apply
changes.

Do ¥ Display Dynamic

Lambda (1-2000) |226115 3:

N

I~ Operate all specira (inclued unchecked specira)
BWS5415-532 Dark_Subftracted

60000_-_. ....... - .. ................
Raw spectrum

50000 v e T

Fitted background curve

Relative Intensity

Raman Shift (cm-1)

19 Shea Way, Newark, DE 19713 Tel: (302) 368-7824 Fax: (302) 368-7830 Web: www.bwtek.com

290020235-G (09/16/2015) Page 41 of 91 Copyright 2015 B&W Tek, Inc.



fY— v vy v
BN 1B L T I

Your Spectroscapy Foutner . .

11.2 BAC-151x Camera Plug-in

About the BAC-151x Camera
This Plug-in is to be used with the accessory BAC151x.

Location
Menu Bar = Tools

Refer to the BAC151x User Manual for details.
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11.3 Export Data Plug-in

About Export Data
Click Tools from the menu. Choose Export Data— Export All Spectra Data, and a dialog box will show
up. Select the data information to be exported, and click Save As. All Spectra will be exported and saved
to a text file.

Location
Menu Bar = File

[ Export All Spectra Data to One TextFilE =10] x|
~ Title (Head line)
[v' Pixel .. Sample-1 Sample-2 ...
 Spectral Units
¥ Picel I Wavenumber (cm-1)
I Wavelength [nm)
- Spectral Data
" RawData " %R P AllSpectraData_2011-10-31_11-38-15.txt - Notepad
I— Dark I— Ahsort Fil.e Edit Format Wiew Help
FPixel,400F HG 365_parksub
I” Reference I™ Absolute radiance 35:1653.00
v 38,1725.00
v D 39,1751, 00
40,1801, 00
= pacing » [41,1847.00
e 7o l4z2,1867.00
C T O fsemicoon) @ fconms) 141507 00
45,1849, 00
O :[semicolon] + Tab " [comma) + Tab 451851 00
48,1750.00
43.1710.90
Save az Cancel
4
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11.4 Irradiance Correction Plug-in

About Irradiance Correction
Irradiance Calibration can be conducted by B&W Tek, Inc. using NIST Traceable Irradiance
Standards and calibration setups, if so desired. Irradiance Calibration is an option that can be
ordered upon placing a spectrometer order, or through a service request.

Location
Menu Bar - Option

How to Conduct Irradiance Correction
This section is for advanced users only.

In order 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.

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

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 pW / [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).

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

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

e 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.
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spectnm | Color Chart | W Measure Specra
@ »SP_0

ZAOL Dark_Subtracted
70000 T -

60000 - Spectrometer Control Panel ax

I™ Enable Cursor

X Axes Unt

" Pixel

& Wavelength (nm)

€ Wavenumber {cm-1T)
' Raman Shit fom-1)
" Wavelength inesr fm)

[ Y Aoxes Type

" Raw Data

€ Dak

" Reference

@ Dark Subtracted

" Transmission/Reflection
 Absorbance

" Absolue Imradiance

50000 -

T T S o L B & PP

Relative Infensity

20000 oo i i

10000 + - ™ Extemal Trigger

i i i ;
f t } } + +
400 500 600 700 800 900 1000
Wavelength (nm)

“5 Spectrometer ... |ug Spectrum Infor.,

e Step 1: Cover your light input aperture so that no light is gathered by your setup. Take a Dark scan first.
Uncover the aperture, then take a Raw scan.

e Creation of the Irradiance Ratio File:
From the Menu Bar, select Option — Irradiance Correction.

[ create Irradiance Correction Ratio File o ] |

Step 1: Tun off light, take a dark scan, then turn on light, take a single raw data scan.

Step 2: Please Select the Location of the Lamp File.

Lamp Data Info: StartWLl ‘wizvelength [fim) | Absolute |radiance

End ‘WL I
I il I

Step 3: Input Diztance and unit of Lamp Data .

Distance IED [em]  Unit IuW.n’cmAZu’nm vl ‘

Step 4: Select Curve Fit Method. ‘ * Regessions " |nterpolations Order I? vl
Step 5: Select Data. ‘ * Use Current Spectum ‘
Step B: Input Diztance between the lamp and the spectrometer. IED [zm]

Step 7: Input Transmittance of Neutral Density Filters: |1DD % [ Meutral Density Filters |NO Metral Density Filter = | )

Step 8: Set ratio file name  |[EEHgMPECIN]N

Set ratia file path |E: WProgram FileshBWwWTEKNEWS pecdiRatio |

Step 9 Create ratio file Create |

e Step 2: Click the _| 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 manner in which BWSpec can read it.
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Please refer to the Appendix “ Definition of Irradiance Data File Format” for information on
formatting. You can also view the file “S-1169N0.DAT”, which can be found in the folder where BW Spec
is installed, for an example of format.

[ create Irradiance Correction Ratio File =151 %]

Step 1: Turh off light, take a dark scan, ther turn on light, take & single raw data scam.
Step 2: Pleaze Select the Location of the Lamp File.
|C:\F‘rogram FileshB\WTEEABWS pecdiratio\Files\nadiance’S ource\Lamp DatabDZ433-062107-VI5-FIM | I

Lamp Data Info; - Start WL |300 ‘waveLength [nm] | Absolute lradisnce "_‘J
End'wL |1100 0.01143004
Ine Wl |5 305 0.01336169 ﬂ
Step 3: Input Distance and unit of Lamp Data . ‘ Digtance |25 [em)  Unit Iu\n\-"a’cm"2a’nm vl ‘
Step 4: Select Curve Fit Method. ‘ * Regressions ™ Interpolations Order I? 'l
Step 5: Select Data. ‘ & Ise Curent Spectrum ‘
Step B: Input Distance between the lamp and the spectrometer. IED [cm)

Step 7: Input Transmittance of Meutral Density Filkers: |1DD % [Meutral Denszity Filters INU Metral Density Filter 'I 1

Step 8: Set ratio file name IF!atio'I_ZADL
Set ratio file path IE:\F‘rogram Fileg"B'wWTERABWS pecd\Ratio |

Step 5 Create ratio file Create |

e Step 3: Input the distance at which your Calibrated Light Source was originally calibrated. This
information will be contained 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.
e Step 4: Choose either Regression or Interpolation to calculate Irradiance Ratio file.
e Step 5: Select Use Current Spectrum to use Dark Subtracted data for calculation.

e Step 6: 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. Step 7: Input transmittance of neutral density filters.

e Step 8: 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 (Ratiol_C-code). Set the ratio file path
which is the Location where the ratio file will be saved.

e Step 9: Click Create to generate the Irradiance Ratio File.
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Apply the Irradiance Ratio File
e Select Option— Enable /Disable Irradiance Correction.
e Check the box for Enable Irradiance Correction.

e Click _l to locate the irradiance correction “Ratiol_C-code.txt” file.

o Click Set.
e Click “Absolute Irradiance” on the Spectrometer Control Panel. The Absolute Irradiance curve will
show on the display.

I Enable Cursor

Display Options

¥ Anes Unit

" Pxel

& Wavelength (nm)

" Waverumber [ern-1)

" Raman Shilt [cm-1)

" Wavelength inear [nm)

¥ Axes Type

" RawData

O Dak

" Reference

¢ Dark Subliacted

€ Transmission/Reflection
" Absorbance

¢ Absohste Imadi

Acquire Control
I™ Extemal Trigger

w3 Specrometer C... |ws Spectrum Infor...

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

File View Acquie Tools Option Plug-in Setwp Help Languzge

BB~ [~E B-£0000@OEEFN

_coic | Spectiim List Panel i

| spectum | colr Chan | 5% Messure Speciea
&% *SP_0
ZADL  Absolute Imadiance (mWiem?2inm)
0.030 ' '
: : : -

0.025 : : T R

0020 + i /

0.005 / : : H r Eﬂ‘smal’Tnggef 7

tmiom" 2inm)

Absolute hradiance

0.000 + i + + + +
400 500 600 00 800 500 1000
Wiavelzngth (nm}

v <. [ ¥ Spectum Infor...
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11.5 Linearity Correction Plug-in

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

Location
Menu Bar = Option

A typical detector array will likely 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.

Note: “Linearity Correction” must be conducted by the factory in order 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.
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How to Conduct Linearity Correction

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

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

Linearity Correction ...

Adjust starting integration

OO R cent megaion Tinemsi 2| 5 = = = .
00@ it e i e] ! = =l S time, multiplier, and average

Linearity Correction Process :
Step 1: Set the spectiometer to its Start Integration time.

Step 2 Turn on the Tungzten Light Source and acquire data continuauszly | Enable Boxcar Smoothing
Step 3: Enable Awsrags and Smoothing. [ Enable Average (36) ¥ Enable Smooth [Boszar w=2"2+1]

during correction process

Step 4 : Adjust Tungsten until Peak Intensity is around |2DDD counts.
Step 5 Set the Data »-Axis and r-duiz Flange.

# Left Pozition ID 3: Pirel T Min J— |2DIJEI 3: Caurts
# Right Pasitian [2047 =] Pirel v Maw ) [es207 =]

Coefs_dl: 0 Coefs_d4: 0 Display current active
Coefs_dl: 1 Coefs_di: 0 Linearity Correction
Coefs_dd: 0 Coefs_da: 0 Coefficients
Coefs d3: 0 Coefs df: 0O

Step 6: Select Pirels. * Automatically = Manually

Select from 4-7 order fitting
Step ¥ : Run Scan to acquire / zet the Peak Intensity, Take a Data Scan— ﬁ . .
curves and calculate Linearity

—
Step 8: Turn OFF the Tungsten Light Source or Shutter . Take a Dark Scan — !g _— Correction Coefficients
Step 3: Select Order I?‘ 3: then Calculate the LK. Comrection — I' \

Spectum | Fit I Nolmalizedl Linzarized Output Hesidualsl Check [ Corechion ]I Check [ Mo Conection ]I \ Print Linearity Correction Report

Spectrum

8000

Tooo 4
BO00 3
5000
4000 3
3000 3
2000
1000 3

Relative Intensity

Stop acquired
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S pectum | Fit I Nl:urmalizedl Linzarized I:Iutputl Hesidualsl Eheck[l:-:urrectiun]l Check [ Mo Comrection ]I

Spectrum

2000
7000
BOO0 3
5000
4000
3000
2000
1000

Felative Intensity
[ PR EETR A Y

=
!

e Spectrum
o Displays the current spectrum based on the integration time at the top of the window.
0 The graph may be zoomed in or panned just like the main window.
o Displayed is a Tungsten spectrum that has been attenuated to a Relative Intensity of ~2000
counts.

Spectrum  Fit |N|:urmalizeu:|| Linearized Output Hesidualsl Eheck[Enrrectinn]I Check [ Mo Enrrectinn]l

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

1.10 T T T T T T ]
1.05

=

= 1.00

i
T T P A S ]
ooo Lo RESEREFISES R EERERIIeS ST L S ENET SETEN I EERET SICENIFTEREI SRCEIE

10000 20000 30000 40000 50000 G0000
Counts
o Fit

o Displays the fitting curve of the correction based on the Order (Step 9)
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Spectruml Fit Mormalized I Linearized Dutputl Hesidualsl Check [ Camrection ]I Check [ Mo Comrection ]I

Mormalized Qutput

108 +—+—"—"7——— I : T —
E 1.00 TR A xﬁﬁx%&xm w0 mx.m %mmxm&m &x ...... _
O [ . : : : E
= f : : : | | : ;
Hopgs Lo L . L L S L ]
m r . . . . . . 1
Z o0 F RITTRTER e SERERRRRRE SERERERIEE ETEREREE M .

0.85 ———t I ——— I ——+—t I ———t I ——+— I ——+—+ I ———
0 10000 20000 30000 40000 50000 g000o roaaa
Counts

¢ Normalized
o Displays the output before correction

Spectruml Fit I Momalized Linearized Output |Hesiduals| Eheck[EnrrectiDn]I Check [Ma Eu:urreu:ti-:un]l

Linearized Qutput

1.020 f————————————— , , : _
1_|:|15_E_ ......... e i . R e e _
o : ; ; ; ; f : ]
& 1.010 4 :
= I ;
2 1.005 ¢ :
E b .
'5 .
4 :
0.995
0000 F e e e e
n 10000 20000 20000 40000 50000 GO0O00 roooo
Counts

e Linearized
o Displays the output after correction.
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5pectrum| Fit I Nu:urmalizedl Linearized Output ~ Residuals Eheck[Enrrectinn]I Check [ Mo Eu:urreu:tiu:un]l

Fesiduals
I:|-|:|3"''I"''I""I""I""|""|

0.02
0.01
0.00

Residuals

-0.m

-0.02

-0.03 ——t+—+ I ——t+—+ I ——+—+ I ——+—+ I ——+—+ I ———+ I ———+
10000 20000 30000 40000 0000 EO000 rooon
Counts

[}

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

Spectruml Fit I Nn:-rmalizedl Linearized Elutputl Fesidualz: Check [ Carnection ] | Check [ Ma En:nrrec:tin:nn]l

Spectrum ! IntegrationTime (Carrection
T T i i i I T i i i I T i i i I

Spectrum [ IntegrationTime

e Check (Correction)
o Displays the corrected Spectrum/Integration vs Time graph
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Spechm I Fit I MHormalized I Linearized Output | Residualz I Check [ Corection | Check [ Mo Carrection | |

Spectrurm ! IntegrationTime (Ma Correction)
T i i i i I T i i i I T i i i I

Spectrum f IntegrationTime

gt} F—————t——t ———t ' ———t —
n a00 1000 14500 2000

e 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.

Activate Linearity Correction
To activate linearity correction, go to the Menu Bar and select Option — Enable /Disable Linearity
Correction.
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11.6 Reference Material Correction Plug-in

About 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.

Location
Menu Bar - Option

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
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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.

Generate Reference Material Correction Ratio File
This section is for advanced users only.
e Collect a spectrum using reference materials.
e Select Option— Reference Material Collection.

e Click _l and browse to locate the “Reference Material ratio.txt” file. You will be directed to the

default path where this file is stored: C:\Program Files\BWTEK\BW Spec4\ratio\. This file contains the
certified values of spectral reflectance over the wavelength range of interest. After the file is loaded,
the standard data will be populated.

[® Create Reference Material Correction Ratio File ] 1}
Step 1: Please Select the Location of the Standard R atio File
|C:\Program Files'B'w/ TEKABW S pecdtratioh SR 5 -99-07 0kt I:I
Standard D ata Info: ST " Data iI
Start WL |3BU 985
End WL |83El -
WL [T0 30 387
350 987
400 388
- - El
Step 2: Select Curve Fit Method | O g e i
Step 3: Select Coefficient Order IB VI
Step 4: Set ratio file name |F|ali02_ZADL
Set ratio file path IC:\Program Files'B'wTEK\BWS pecd'Ratio I
Step 5: Create ratio file Create |

e Follow the steps stated to fill out the parameters for the correction. The default ratio file name is
Ratio2_C-code.
o Click Create to generate a Ratio2 file.

Enable Reference Material Correction Files.
e Select Option— Enable Reference Material Correction.
e Check the box for Enable Reference Material Correction.
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e Click _l and locate the “Reference Material correction ratio2.txt” file.
e Click Set.

11.7 Relative Intensity Correction Plug-in

About 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 calibrated spectral response also reveals quantitative vibrational intensity information between
different Raman features within a given Raman spectrum.

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 when a 532nm excitation laser source
is used and SRM2244 when a 1064nm excitation laser source is used.

Location
Menu Bar - Option

How to conduct arelative intensity correction

This calibration comes standard with B&W Tek’s applicable portable Raman systems. For advanced users, this
may be conducted at a customer site with appropriate equipment. A probe must be connected to a Raman
system or a laser and a spectrometer in order to get proper results.

e Ensure that the wavelength of the excitation laser you are using is entered into the Raman Excitation
Laser Wavelength page on the Display Scales (for example, 785nm). You will need to determine the
laser wavelength and put in the appropriate measured value.
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F Bl

okl Display Scales Setting ==

K-ads | Y-axig Raman Excitation Laser Wavelength |

Raman Excitation Lazer Wavelength

~
Upper Chart 785,155 im)

¥ Raman Data Saturation Check
& Lower Chart

Set | Cancel |

e Determine the appropriate integration time: use the standard reference material SRM2241 (for 785nm),
SRM2242 (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).

e Run a dark scan with the same integration time. For B&W Tek, Inc. 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.

e Run areference scan using the same standard reference material with the same integration time with
laser turned on.

60000

50000 <

e

=

=

=

=
|

30000

Relative Infensity

20000

10000 <

0 I I | | | |
500 1000 1500 2000 2500 3000
Raman Shift (cm-1)
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e From the Menu Bar, select Option — Relative Intensity Correction. The Relative Intensity
Correction window will appear.

o= Create Relative Intensity Correction Ratio File =] @[3
Standard Material: SREM 2241 R2 ( Raman) 7
Step 1: Tum off light take a dark scan then tum on light take a reference scan
Step 2: Select Coefficients of the Certified Polynomial
ICert'rfied Value Polymomial Coefficient (20 - 25 Celsius scale) LI
I_SRM{v) = A0+ Al"v + AZV 2 + A3v"3 = Adv"4 = ADVTD
A0 |0.0971937 A3 |2.16023E-10
A1 |2.28325E-04 A4 [9.TTITIE-14
A2 |5.B6762E-08 A5 |1.15596E-17
Step 3: Select Reference Data {* |Jse Cument Reference Data " Use Cument Spectrum
Step 4: Select Comection Range Left ,_J— 54
- I -1
Position o
Right —} [ om-1
Position
Step 5: Set ratio file name |Ratio3_OMD
Set ratio file path IC:\EWTEK\EWSpec-I\Haﬂn |
Step 6: Create ratio file Create |

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

e Select Use Current Reference Data.

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

e Click the Create button. The Relative Intensity Correction file is created and the Ratio3 file is saved
in the designated path.
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Apply Relative Intensity Correction
To activate the relative intensity correction feature, go to the Menu Bar and select Option — Enable /Disable

Relative Intensity Correction. Check the box for Enable Relative Intensity Correction, and click on _l to

locate the Ratio3 file specific to the system that was calibrated. Click Set to apply.

g Enable Relative Intensity Correction ... El;u
¥ Enable Relative Intensity Comection
Relative Intensity Comection Ratio File { Ratio3_~"bd ):
JC *\Program Files\BWTEK\BWSpec4'\ratio‘\Ratio3_NYB td
[ 31 | =
E Pixel Range
End Pixel 1945
Start Pieel 136
E Public
C Code NYB
Coefs Double[] Aray
Fil= Name C:\Program Files\BWTEK\BW Specd'ratio’]
Int Time: 5000
Order 5
Pixel Number 2048
Ratio Double[] Amay
Standard SRM 2241 R1 { Raman)
= Wave Number Range
End Wave Number {nm) 32m
Start Wave Numberfnm) 175
Set I Cancel
Zi|

BWS415-7855-PRE  Dark_Subtracted

60000 Lo ovri S SR S e, S S
50000 -

40000

Relative Intensity

30000
20000

10000

0 . . — L — .
500 1000 1500 2000 2500 3000
Raman Shift (cm-1)
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11.8 Spectra Math Plug-in

About Spectra Math
This function provides the ability to perform math functions on a single or multiple spectra.

Location
Menu Bar = Tools

Fh% Rarnanshift Calibration...

]
-iﬁ- Spectra Math 5 One Spectrurn Math...
: E Twe Spectra Math...
& System Response Standardization ... Spectra Mormalize to Constant Value...
~ Spectra Mormalize by Total Integration Time...
F Wawvelength Calibration... ] ]
Spectra Mormalize by Unit Vector...

o One Spectrum Math...
0} rnE‘ One Spectra Math E@g1

Spectrum A: Al Spectra
" All Checked Spectra
& One Spectrum
|sp_1 |

Value b |1

New Spectum =~ As+p  A-b % Axb  A=b

OK I Cancel
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e Two Spectra Math...
0 Perform a math function on two spectra.

F B
ol Two Spectra Math E@g
Spectrum A: ISF'_'I LI
Spectum B: [sp_2 |

Mew Spectum = (~ A+B (% A-B " AxB " A=B

oK | Cancel I

e Spectra Normalize to Constant Value...
O Normalize spectra to a constant.

~
a5l Spectra Normalize to constant value E@g

Spectrum A: " Al Spectra
" Al Checked Spectra
* One Spectrum
|sP_1

k] 1<l

Max Value to: IH)DDD

QK I Cancel |

e Spectra Normalize by Total Integration Time...
O Normalize spectra by integration time.

r ™
g Spectra Normalize by Integrati... E@g

Spectrum A: " Al Spectra
" Al Checked Spectra
* One Spectrum

SP_1 |

Mew Spectrum = Spectrum A

= Integration Time

e Spectra Normalize by Unit Vector
O Normalize spectra by Unit vector
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r

gt Spectra Normalize by Unit ‘l.l’ect...lﬂ.l

Spectrum A: Al Spectra
Al Checked Spectra
* One Spectrum

5P 4 -

MNew Spectrum = Spectrum A

= | Spectrum A|

11.9 Timeline Plug-in

About Timeline
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. The data
acquisition parameters such as laser power and integration time must be set before entering the timeline
dialog.

Location

Menu Bar = Acquire

Timeline (Equal Integration Time)
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Timeline {(Equal Integration Time) | = |E s |

B[V Save Spectrum

Acquire spectrum interval time {ms) I'H] 3: File Mame Prefic IdEI’fEI_ |7 Declaration Information

IV Title (Pixel;Wavelenagth;Wavenumber,Raw Data #1;..}
Total Acquire Spectra Number |1m = File Name: Suffic | BV Data tems
I—_I' ..... v Picel
Fletype | TXT A s W Wavelength
I Bgemal TAagger e ¥ Wavenumber
----- ¥ Raman Shift
Start Mode ¢ |mmediate  On Timer | ----- W Dark
----- ¥ Rererence
SeenMode: m 7 0/ ///—/———— 1 | b~ W Raw Data
& MNomnal Mode : (Scan, Save, Wait )Repeat N. | | e ¥ Dark Subtracted
----- W LTR
" Fast Mode : (Scan, Wait) Repeat N, SaveM. | | i W Absorbance
----- ¥ Absolute Imadiance
¢ BustMode: (Scarn) Repeat N, SaveN. | | v Relative Intensity Comection Ratio
----- W Reference Material Comection Ratio
Save path !C:\Users‘\applications\Documerrts\EMekData | ,,,,, W Imadiznce Comection Ratio

Status:

[ Qutput Timeline Data to Spreadsheet
C Qutput Timeline Data to Spreadsheet (Include Sum Ave, STDEV, RMS)

Cloze I

Click Acquire—Timeline—Timeline (Equal Integration Time), and a dialogue box will appear. Before
starting a timeline scan, you need to enter settings, including interval time, number of scans, file name suffix

and file name prefix, select save data format and save path. Click the ﬁ button to start timeline scan. 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.
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Timeline (Equal Integration Time) Enable External Trigger
_ _ ) . function in Timeline mode
Acquire spectrum interval time (ms) |10 3 File Name Prefix |data_ -

Total Acquire Spectra Number |100 32

Start Timeline acquisition with
immediate effect, or on a timer

™ Bxtemal Trigger

Start Mode @ Immediate " On Timer

countdown
Scan Mode: |
¢ Nomal Mode : {Scan. Save. Wat ) Repeat N .
" Fast Mode : (Scan, Wait) Repeat N, Save N . Spectra acquisition modes
¢ Burst Mode : (Scan) Repeat N, Save N. available depending on your
spectrometer or system
Save path IC:\Users\appications\Doctmems\Bmd{Data |
Status:

Output all spectra data into a

™ Output Timeline Data to Spreadsheet
[~ Output Timeline Data to Spreadsheet (include Sum Ave. STDEV, RMS) spreadsheet after acquisition is

Closo. | completed

Note:
Burst Mode is currently available on Exemplar series spectrometer models with USB3 connectivity. USB2
connections can still be used for operation in Burst Mode but may result in a loss of performance such as

limited Frames of spectra.
Timeline (Gradient Integration Time)

Click Acquire and select Timeline. Next click Timeline (Gradient Integration Time), and a dialogue box will
appear.
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Timeline (Gradient Integration Time) EI
El-M Save Spectum
Start Integration Time |1DDU fus) File Name Prefix data_ [ Declaration Information
L (o] A =T .
Step Integration Time |1— (i) File Name Suffic ll— v Title (PixelWavelength;Wavenumber,Raw Data #1....)
B Data ttems
End Integration Time 2100000000 {us) File type I‘_TXT vl ----- W Poeel
----- v Wavelength
----- [+ Wavenumber
----- [+ Raman Shift
Sevepaih |C'\Users'\carte\Documerts' BitekData | """ 5 s
----- [+ Rererence
----- W Raw Data
----- W Dark Subtracted
..... W %TR
Status: e B s
----- ¥ Absolute Imadiance

With gradient integration time, the integration time will change automatically according to the setting. When you
finish one time acquisition, the integration time will automatically add a step time to your last integration time,
which will then be your next acquisition integration time. You can input step time in the dialogue box labeled
Step Integration Time. After each scan, the integration time will add this step time as the next acquisition
integration time to be used.
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Timeline Load

To automatically load the files that were saved previously, click Acquire and select Timeline — 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.

e Click the ﬁ button to automatically load each data file individually.
e Click the ij button to manually load the spectrum file forward, one at a time.

e Click the g button to manually load the spectrum file backwards, one at a time.

e Click the ﬂ button to resize the Timeline Load window.

o Click File type to select a saved file format and Load file data to Excel button to load all the data
in the selected folder location into a Microsoft Excel spread sheet. Please do not try to access the
Excel sheet until the data finished loading.

o5l Timeline Load... Q |

Load path  |C:\Users‘bwiek\Desktop |

oot 53 QUG Cl
Load file data to Excel | File type I‘_TxT vI

CAUsers'bwtekDesktop™C1 Potassium Carbonate bt
C:iUsers'bwiekDesktopinoe_ps b

ClUsers'bwtek\Desktop  SAMGML_20141029170633C5T_1750¢
Clsers'bwtek\Desktop  SAMGML_20141029172906C5T_177 bt
CiUsers"bwiekDesktop  SFFDD b

C:iUsers'bwiek Desktopitest 1bd

C:iUsers'bwiek\Desktop  TEST 2 bd

CAlUsers'bwtek\Desktop ZJMD-5TD Lamp-359ms_nodark even bd
CiUsers"bwtekDesktop  ZJMD-5TDLamp-39ms_nodark bd
Cilsers'bwiekDesktop " ZKIL-B0SLIT-LP280-FOCUSING-5TDLamp-5ms_nodark even bd
C:iUsers'bwtekDesktop  ZKIM-505LIT-LP280-5TDLamp-17ms_nodark even bd
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11.10 Wavelength Calibration Plug-in

This Plug-in is not intended to be used by end users. If your spectrometer is in need of calibration,
please contact B&W Tek, Inc. at http://bwtek.com/support/. Wavelength Calibration must be
conducted by B&W Tek, Inc. or OEM customers equipped with certified and traceable Light
Standards and specialized calibration setups.

11.11 Raman Shift Calibration Plug-in

This Plug-in is not intended to be used by end users. Raman Shift Calibration must be conducted
by B&W Tek, Inc., certified Service Center, or Distributor equipped with specialized calibration
setups. B&W Tek, Inc. will not be responsible for any loss of your work and for any consequence if
factory configuration is accidentally changed or corrupted.

11.12 Performance Test Plug-in

About Performance Test

The Performance Test is a procedure that evaluates a Raman instrument’s performance with regards to
accuracy and repeatability of instrument readings. This feature designed to be used when the software is
communicating with a Raman instrument.

The performance test will validate a single peak of a reference standard spectrum. It will check if the
peak is within acceptable limits: the peak’s signal must be within 30% of the factory settings and the
peak’s shift must be no more than one pixel off of the factory settings, where the factory setting is a
predefined reference standard spectrum.

It is recommended that a reference file be created as soon as possible with the new unit. Reference files
are user created and do not come pre-loaded with the software. The performance test should be
performed on a regular basis to ensure consistency in the performance and operation of the instrument.

Location
Menu Bar - Setup

Create Reference File

A new reference file may be created in this tab. The user is responsible for providing a Raman-active
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sample with distinguished peaks. Use the Acquire Spectrum buttons and the Integration Time at the top
of the window to determine the correct values for the Reference Data Scan. Make sure the peaks are
visible and distinguishable. By selecting Optimum Integration Time, the system will determine the best
integration time to use.

F = e e = - — Bl
ol Performance Test ... E‘Elg

Ee—— | — e—

0@@]1 Current Irltegmtionﬂme{rns) IEDD[H ﬁ I‘l ::”'l j

Peformance Test Create Reference File | Pedfomance Canfig I TestResult Record I
— Referene Standard List “

Ref. Standard File Name: CABWTEK\BW Specd\System FQCWDSG \palystyrene cap ini

Reference Data Scan | Reference File Save I

— Reference Scan

| St 1- it ktegraion Tme Step 5: Put standard sample under the probe then click i/E i

scan button to proceed with the test.
Step 2: Set Integration Time IEPDDﬂ (us) P _

Step 6: Reposttion the sample for scan 2 of 3 and then ﬂ II
E |1

Rt L click scan button to proceed. |
Step 4: Enable Smooth I Boxear Smooth Step 7: Repostion the sample for scan 3 of 3 and then ﬂ

click scan button to proceed. I:

gogoo ..o ] .......................... R PR ...................... ]

50000 3 E ....................... E .......................... E ........................

40000 3 é ....................... é .......................... L]

20000 i A .......................... .....................

Relative Intensity

20000 3 E ........... E .......................... E ..........

10000 : é by é .......................... % ......................

T
1500

Acquire Completed

e Reference Data Scan
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o Follow the steps and select the appropriate integration time (ms), average number, and the
option of smoothing for the scan

o Take three scans of the Reference Sample in different positions.

0 There is no overlay of each scan

Reference Data Scan  Reference File Save I

Reference File Save
Reference Standard Mame: ID_.fdchne ini

Save File
Reference Standard File Name: |Cyduhne_2ﬂ14ﬂ?ﬂﬂ apc

o Reference File Save
0 After all three scans are taken, go to the Reference File Save to create a standard File Name

o0 The file will automatically be stored in C:\BWTEK\BWSpec4
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Performance Test

Click Setup then Performance Test and a dialogue box will appear. The Performance Test tab allows
the user to select a pre-configured reference standard. A reference standard may be created in the Create
Reference File tab.

o) Performance Test ... EI

E@@@ Curmrent Irrteglation'l"lme{n'ls} |1|}D j |‘| ﬁh ﬁ

Performance Test | Create Reference File | Performance Corfig I TestResult Record |

e Select a pre-configured
Referenec Standard Name: ICydohne_DB LI reference standard
r— Test Parameters
Test Date:
Instrument : RBA BTCBE5N-7855-5Y5

Reference Standard Name: Cyclohexane_DB  Integration Time: 5000 {ms)
Ref. Standard File Name: CABWTEKNBW SpecdSystem FAC\RBA\Cyclohexane_DE_20140729 spc
r— Test Procedure

Step 1: Put standard sample under the probe then click scan button to proceed with the test. Scan the reference Sample with

the probe three different times
at different positions on the
sample

Step 2: Reposition the sample for scan 2 of 3 and then click scan button to proceed.

Step 3: Reposttion the sample for scan 3 of 3 and then click scan button to procesd.

v v} v}

r— Test Result

Instrument Performance Test Result Status:

Peak Position Signal Intensity Test  Graph

Reference Spectrum

50000

ty
L8]
L]
L]
L]
L)

40000 3
30000 3
20000 3
10000 3

Relative Intensi

T
500 1000 1500
Pixel

Ready
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e Select Reference Standard

0 Use the same reference standard that is going to be used as a sample in the performance test.

The default is polystyrene.
e Test Parameters

o Test Date: will be filled in at the conclusion of the test.

o0 Instrument: Is the Raman unit that is currently being used for testing and is automatically filled.

o Reference Standard name: Is the name of the reference standard selected; this will also show
the integration time when the Reference Standard was made.

0 Ref. Standard File Name: The file name and location of the reference file.

e Test Procedure
o Follow each of the steps to take three scans of the Reference Standard at different positions.
0 The integration time is pre-selected based on the Reference Standard.

e Test Result

0 After the three sample scans are taken the software will compare the scans to the reference
sample.

0 The shift between the measured peak and predefined reference peak is no more than one pixel
and the measured peak’s signal is within 30% of the predefined reference peak's intensity
(factory settings).

0 The performance test will fail if the peak position, signal intensity test or HQI fails. In such cases,
the instrument should not be used for measurements since it cannot provide consistent
readings.

0 Once the test is completed, the collected spectrum and test results are saved in the files. The
spectrum is stored in a Grams SPC data file format (*.spc), while the test results are saved in a
BWTek proprietary binary file format (*.ptf). These can be viewed in the Test Result Record
tab.
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Peak Position |Signal Intensity Test | Graph |
Peak Poistion Test Status: Passed
Reference Peak Position (Pocel): 447
Measure Peak Position (Piel): 446 HQI: 96.11
Peak Shift (Poxel): 1.0
Test Acceptance Limits: +/- 1 (Poel shift) Minimum HG: 85
Spectra File: CABWTEKNBW Specd'\LogData* Perftest \REAZ014PT_20140806105345 spc
Results File: CABWTEKMNBWSSpecd'\LogData' Perftest \REANZ0T4PT_20140806105345 ptf

e Peak Position
o Displays the peak position of the Reference Sample and the Measured Sample and the
acceptable limits of the test including pixel shift and HQI.
Peak Posttion Signal Intensity Test |G|E|ph I

Signal Intensity Test Status: Passed

Reference Peak Signal Intensity: 58370

Measure Peak Signal Intensity: 65535

Test Acceptance Limits: Minimum ;40855 Madmum : 65535

e Signal Intensity Test
o Displays the peak signal intensity of the Reference Sample and the Measured Sample and the
acceptable limits of the test.
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— Test Resutt
Instrument Peformance Test Result Status: Passed Print Test Report

" Peak Posttion | Signal Intensity Test  Graph

Reference Spectrum: Blue, Test Spectrum: Red

60000 £
50000 &
40000
30000
20000 f
10000 3

Relative Intensity

500 1000 1500

e Graph
o0 Displays the Spectrum of the Reference Sample and the Measured Sample as a graph of
relative intensity vs pixels.

Test Result Record
The spectrum is stored in a Grams SPC data file format (*.spc), while the test results are saved in a BWTek
proprietary binary file format (*.ptf).
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Performance Test I Create Reference File I Performance Config  TestResult Record |

— Performance Test Records
Cperator Year Man Day

g [ I T N T —
PT_20140625082735 ptf
PT_20140625082540 ptf

PT_20140625083013 ptf
PT_20140625083030 ptf

PT_20140625083132 p
PT 20140709134624 ptf

— Record Infomation
Performance Test Result Passed Print Test Record Report
Test Date: 20140709 13:46:24
Instrument : 05G BTCBEEN
Reference Standard Mame: Cyclohexane Integration Time: 5000 {ms)
Ref. Standard File Name: CABWTEKNBW Specd\System FQCN\OSG\Cyclohexane 20140709 spc
Spectra File: CABWTEKNBW Specd'LogData' Perftest\OSG 2014\PT_20140705134624 ptf
Reference Spectrum: Blue, Test Spectrum: Red
.*:_—; gooog I ' : ! ' ' i ! ! ' ' ' ' ! : ' ' ]
c ] : : :
£ 40000 — e
2
5 20000 5
x
0 i } t T i
500 1000 1500
Fixel

o Performance Test Records
0 The test records may be searched by Operator or by Date
0 Select the file to view its information
e Record Information
0 The results of the Performance test are displayed
0 Click the Print Test Record Report to view and print the record.

Performance Config

e Config (Configuration)
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o This displays the configuration of the Raman instrument in the performance test.
o0 When the Enable Change Config box is checked the top four values can be changed.
0 We recommend that only our Advanced users attempt to change the values.

Performance Test I Create Reference File  Performance Config |Teschasu|t Record I
— Carfig

¥ads_Min (RamanShift) IEEE {cm-1)
¥axds_Max (RamanShift) |23:: {cm-1)

Pealk Threshold 1500 (courts)
Laser Level (%) [0

Standard HAI 85.00

Standard Peak Pixel Shif [

Standard Peak Intensity High Ratio 1.30

Standard Peak Intensity Low Ratio 0.70

[” Enable Change Config

11.13 System Response Standardization

About System Response Standardization

Previously named as “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, Inc.,
certified Service Center, or Distributor equipped with specialized calibration setups. B&W Tek, Inc.
will not be responsible for any loss of your work and for any consequence if factory configuration
is accidentally changed or corrupted.

12 COLOR MEASUREMENT

About Color Measurement
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The color measurement characterizes an object (for example, illumination source) in terms of its
chromaticity and radiometry. Chromaticity refers to the quality of the object regardless of its luminance,
while radiometry measures the radiant energy or electromagnetic energy of the object.

Note: The color measurement result shown in the Color Chart tab is only available when the spectrometer
in use has a spectral range that incorporates spectral values between 400 nm and 700 nm.

Before performing a color measurement, the system should be normalized by taking a Reference scan or
irradiance calibrated.

From the Menu Bar, select Setup — Color Setup. A dialog box will display, where the settings for color
measurement can be adjusted.

r B
ot Color Measure Setup = || —

Reference Color Setting ————— 1 Color Standard
L a b

ID Iﬂ ID [llurminant ID'EE - I
- Obzerver I2 degree j"
Set Lab Value as Setting |

— Wavelength for Color Calculation

— Calor Calculation Source

Radiant Linit ImWﬁnm j Color Calculation Source

Detance: [0 fem)
Start WL |35.[|.— fnm}
EndWL [0 @m)
nteval WL [jp fm)

Set | Cancel Apphy
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e Inside the box for Color Calculation Source, a dropdown menu will allow users to choose

between %T/R or Irradiance for the measurement.
Color Calculation Source

Color Calculation Source

% T/R

e Radiant Unit can be selected from the Wavelength for Color Calculation box:
— Wavelength for Color Calculation ——

Radiant Uit -

uWinm
uWiem2/nm
uWiem2sr/nm
uWisr/nm

e Choose Distance, Start WL, End WL, and Interval WL for the measurement.
— Wavelength for Calar Calculation

Radiant Unit ImWﬁnm ;I

Distance:  [i0 (em)
Start WL |35.|]— {nm)
EdWL [0  m)
Interval WL [1p— ()

e Select your color measurement standard from the Color Standard box, including llluminant and

Observer.
Color Standard
Color Standard
luminant IEE vI
[lurminant IDEE vI
B
EE& Observer |HEd
E Z deqgree
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Reference and Dark Scan for %T/R Measurement

To perform a %T/R based color measurement, a white reflectance standard in reflectance setup and a
stable light source covering the color range should be used. Light sources such as the BPS101 and
BPS120 from B&W Tek, Inc. are suitable candidates.

As the apparent color of reflective objects depends upon both the spectral response of the spectrometer
and the spectral output of the illumination source, a reflectance reference scan should be performed often
so that the error due to the lamp drift is minimized.

Spectrometer

BPS101
Light
Source

Bifurcated
Fiber Bundie

{1

Plastic Sample Material

Connect the light source and the spectrometer via a fiber reflectance probe.
Turn on the light source and allow it to warm up.
e Perform a reference scan.
o Perform a dark scan using the same integration time as the reference scan. Make sure to place the
probe onto an absorbing black material or physically block the light from entering into the probe for
the dark scan.

19 Shea Way, Newark, DE 19713 Tel: (302) 368-7824 Fax: (302) 368-7830 Web: www.bwtek.com
[ - - __=-- ]

290020235-G (09/16/2015) Page 78 of 91 Copyright 2015 B&W Tek, Inc.



fY— v vy v

Q
BN 1B 00’ o

Your Spectroscopy Forstner ..

Irradiance for Color Measurement
To perform an irradiance calibration based color measurement:

e From the Menu Bar, select Setup — Color Setup. A dialog box will display, where the settings for
color measurement can be adjusted. Inside the box for Color Calculation Source, select
Irradiance for the measurement.

3

il Color Measure Setup El_lg
Reference Color Setting —————— [~ Color Standard
L E] b lluminart |D65 vl
0 0 0
I I | Obsarver |2 degree vl
Wavelength for Color Caleulation Color Calculation Source
Radiart Unit |manm vl Color Calculation Source -
Distance: |‘|ﬂI {em) Phetometric Corwversion
Start WL |
® 400 bl * Photopic
End WL |7'U'D {nm)
" Scotopic
Interval WL I-H_'p {nm})
Set | Cancel Apply

e Enable irradiance calibration from Option — Enable /Disable Irradiance Correction, and select
the corresponding irradiance correction ratio file (Ratiol_ccode.txt).

e Select Photopic or Scotopic Photometric Conversion option to calculate perceived color.
e Click Apply.
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Color Analysis

To acquire sample color data:
e Place the probe onto the desired sample to be measured.
e Acquire data scan on the sample material intended for color analysis.

ZCSW  Dark_Subtracted

50000 4------- [ [ .

BOOD0 e h

40000

30000

Relative Intensity

20000 +

10000 +

+ ¥ t + +
600 700 800 900 1000
Wavelength (nm)
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Data Display

Click the Color Chart tab for the chromaticity diagram and data display.
Options for four different CIE color spaces are available:

wil BWSpecd ™
| File = View Acquire To
‘ = | (8] [z

e CIEXYZ color space

-~ - 1
Spectrum  Color Chart l

Color Chart
C uv' © Llab © Bar

Radiometric Data lcobr Data (4| *

= (T3] 7.1568E+00

x 0.4066
¥ 0.4178
Ev:(Lux) 7.1568E+00
u" 0.2259
v 0.3482

CCT: 3676.98
Dominant WL:  |576.30

Purity: 047

DeltaEv: ’W
CRI AT
FC [f704
Ccas 7862

X S
Y. b3
- PG —

|
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e CIELUV color space

. - L
Spectrum  Color Chart ]

Color Chart

(‘Labrear

Radiometric Data Icalor Data [ 4| ¥

Ev:(lux) 7.1568E+00

X 0.4066
¥ 0.4178
Ev:(luxx) 7.1568E+00
u 0.2259
v 0.3482

CCT: 3676.98
Dominant WL:  |576.30

Purity: 047

DeltaEv: ,W
CRI AT
FC [7oa
cas 7862

X e
v Ea—
S BEE

][] 0]

e CIELAB color space

- - L
Spectrum  Color Chart ]
Color Chart

e u. =

Radiometric Data Ico\or Data ILIL

Evi{lux) 7.1568E+00

x 04068
¥ 04178
Ev:{lue) 7.1568E+00
o 02259
v 03482

CCT: 3676.98
Dominant WL:  |576.30

Purity: ’[)4?7
DeltaEv 100.0000

CRI 77.14

FC [770a
Qs 78.62

% FE
. e
z P —

om0}

19 Shea Way, Newark, DE 19713 Tel: (302) 368-7824 Fax: (302) 368-7830 Web: www.bwtek.com

290020235-G (09/16/2015) Page 82 of 91 Copyright 2015 B&W Tek, Inc.



—_— v v 3 v
BN TE< ®ge° o

Your Spectroscapy Foutner . .

e Color Bar

Transmission/Reflection % Color Chart
Coy Couv
110

Raw Data ICcIar Save | >
100 Wavelength (hm) % T/R

40000  0.00E+D0
90 4 41000  0.00E+00
42000  0.00E+D0
43000  351E+D1
a0 + 44000  3.59E+D1

45000  3.77E+D1
46000  422E+D1

# 47000 4713E:D1
s " 48000 3B1E-D1
H 49000 375E+D1
= 50000 3.34E:D1
g 07 51000  333E+D1
= 5000 375601
H 53000  367E+D1
e 507 54000 343E+D1
= 55000 337E+D1
2 56000 329E:D1
E a0 57000  309E-D1

58000  3.14E+D1
59000  2.83E+D1
30 9 60000  297E+D1
61000  322E+D1
62000  3.10E+D1
20 630.00  2.27E+D1
64000  321E+01

400 450 500 550 00 650 7og || 700D0 3.32E4D1
Wavelength tnm)
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The radiometry and chromaticity data is displayed in five categories.
e Radiometric Data

' olor Data ILI_’|

Ev:(Lux) 7.1568E+00
X ID.-!DBG

¥y ID.-H 78
Ev:(Lux) 7.1568E+00
u ID.ZZ&B

W ID.3482
CCT- 3676.58
Dominant WL: IE?G.EH]
Purity: 0.47
DeltaEv: |1DD.DDDD
CRI |7?. 14

FC I??.ﬂd

Cas 78.62

X IG. 196

Y- IG.S'EB

7 2676

e Color Data
L |

Radiometric Datdg Color Data 4 Jp»

lluminart =065 Observer= CIE 1931
10 nm interval from 400 nm to 700 nr

X=6.19
Y =6.368
Z=2676

x = 0.4066
y=04178
z=0.1756

u'=0.2253
v'=0.3482

L* = 100.000
a”=0.000
b* = 0.000

L* =100.000
u”=0.000
v™=0.000

L™ = 100.000
C*=0.000
h* = 0.000

HL* = 100.000
Ha" = 0.000
Hb* = 0.000
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e Luminous Intensity

Color Chart
@ o O uvw{ lab O Bar

Luminous Intensity $Raw Data LI_’I

Luminous Intensity:
|7.1568E+01 med

Distance: |10cm

Radiart Unit: |manm

Radiart flee=
|1.6462E+04 mW

Luminous flux=
|7.1568E+00 lumen

¢ Raw Data

| I
Gaw Data Yolor Save | 4

Imadiance

{nm) {uW/em™2/m)

40000  6.76E-D4
410.00 1.46E-03
42000  2.0%E03
43000  2.80ED3
44000  3.45E03
45000  3.75E03
46000  3.97E03
47000  4.44ED3
48000  447E03
45000  451ED3
50000  426E03
51000 432603
52000  458E03
53000  5.36E03
54000  V.O07ED3
55000 9.MED3
560.00 1.12E02
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e Color Save

ColorChatt ———
@« x  uv i lab ¢ Bar

Color Data Save |

¥ Show Background
¥ Show Grid Lines
¥ Show Wavelength Values

Click Color Data Save to save the color data as a BWSpec Color TXT file (.*txt).

Color Chart
’7(: w O uv i Leb  Bar

Raw Data Color Save | 1 | 3

Color Data Save

¥ Show Bachkground

¥ Show Grid Lines

¥ Show Wavelength Values

There are three Color Chart Options available for color diagram settings:
0 Show Background
0 Show Grid Lines
0 Show Wavelength Values

¥ Show Background
¥ Show Grid Lines
¥ Show Wavelength Values
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13 IRRADIANCE RATIO FILE DATA DEFINITION

Ratiol ccode.txt File details and explanation of data:

RATIO1_ccode.TXT INFORMATION

EXPLANATION

BWSpec Version=BWSpec 4.02

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) H Ratio (Linearity Correction enabled)

272;5.88055754188743E5;4.87368884634631E-5

273;6.81553361643328E-5;5.60679388523222E-5

274,7.19969136787624E-5;5.9194063207757E-5
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14 DEFINITION OF IRRADIANCE DATA FILE FORMAT

Certified Standard Lamp data file example:

Start WL=250 e starting wavelength (nm)

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

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

unitssmW/cm”2/nm - —-m-mememeee e lamp data unit, choice of: W/cm”2/nm; mW/cm”2/nm; uW/cm”2/nm
S-1169 e designation of the standard lamp (name, serial number ...etc.)

5 e starting flag

250 e flag for starting wavelength (nm)

2500 00 emeeemeeeeeeeeeeee flag for ending wavelength (nm)

10 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 oo standard lamp irradiance data at wavelength = 260nm (250+1*10)
3.156E-05 e standard lamp irradiance data at wavelength = 270nm (250+2*10)
3.795E-03 e standard lamp irradiance data at wavelength = 2500nm (250+225*10)
5 e ending flag
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Appendix A: Declaration of Text File
The 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. The flag block length may vary and an example of
text file (flag block highlighted by yellow) is shown below.

To read all data, 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 O

3. Continue to read the next [pixelnumber-1] line

File Version;BWSpec4.03_20 C /IBWSpec4 version that saved file

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

title;BRC112 /Ispectrometer title name that saved data

model;BRC112 /Ispectrometer model

c code;ABC /Ispectrometer c code

operator; /loperator that saved file

portl;0 /Iport number if spectrometer is RS232 interface  (obsolete )

baud1;3 //baudrate index if spectrometer is RS232 interface (obsolete)
pixel_start;0 [Istart pixel

pixel_end;2047 /lend pixel

step;1 /lthe data index step

units;0 /I Spectrometer x-axis unit (O=Pixel, 1=wavelength, 2=wavenumber, 3=Raman shift )
bkcolor;16777215 /[Display Chart background color RGB value

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

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

average number;1 //Spectrometer average number of saved data

time_multiply;1 /I Integration time multiplier

spectrometer_type ;17 /I Spectrometer model id number

yaxis;1 /I Display Chart Y-axis Setting (0=Auto, 1=Manual)

yaxis_min;0 /I Display Chart Y-axis Minimum, if Y-axis setting is Manual
yaxis_max;65535 /I Display Chart Y-axis Maximum, if Y-axis setting is Manual

xaxis;1 /I Display Chart X-axis Setting (0=Auto, 1=Manual)

xaxis_min;71 /IDisplay Chart X-axis Minimum, if X-axis setting is Manual
xaxis_max;1949 /I Display Chart X-axis Maximum, if X-axis setting is Manual
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irrands_DispWLMin;100 /I Display Chart X-axis Minimum, if X-axis setting is Manual and show_mode=6
irrands_DispWLMax;1000 /I Display Chart X-axis Maximum, if X-axis setting is Manual and show_mode=6
yaxis_min_6;0 /I Display Chart Y-axis Minimum, if Y-axis setting is Manual and show_mode=6
yaxis_max_6;0 /I Display Chart Y-axis Maximum, if Y-axis setting is Manual and show_mode=6
irradiance_unit;0 /labsolute irradiance data unit (0=W/cm"2/nm , 1=mW/cm”2/nm, 2=uW/cm”2/nm)
Color_Data_Flag;0 /I data source for color calculation (0=%TR, 1=irradiance)

Color_StartWL ;400 /I Start wavelength of color calculation

Color_EndWL;700 /I End wavelength of color calculation

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

power_unit_index;1 /[ Photometry Power Unit [ 0=(W/nm), 1=(mW/nm), 2=(Uw/nm), //3=(uW/cm2/nm),
4=(uW/cm2/sr/nm), 5=(uW/sr/nm) ]

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

llluminant_index;3 /[ llluminant of color, (0=A, 1=B, 2=C, 3=D65, 4=E)

observer_index;0 /[Observer of color, (0=2 degree, 1=10 degree)

lab_I;0 /I Reference Color setting, | of Lab

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

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

radiometric_flag;0 /I Photometric or Photopic or Scotopic flag (0= Photometric, 1= Photopic, 2= Scotopic)
coefs_a0;732.046000000089 /I The coefficients (AO) of Pixel convert to Wavelength
coefs_al;0.256049999999959 /I The coefficients (Al) of Pixel convert to Wavelength

coefs_a2;-4.90450000000253E-05 /I The coefficients (A2) of Pixel convert to Wavelength
coefs_a3;8.18407999999919E-10 /I The coefficients (A3) of Pixel convert to Wavelength

coefs_b0;-29079.7965557277 /I The coefficients (B0) of Wavelength convert to Pixel
coefs_b1;97.1304303120123 /I The coefficients (B1) of Wavelength convert to Pixel
coefs_b2;-0.111241614377263 /I The coefficients (B2) of Wavelength convert to Pixel
coefs_b3;4.46263025785099E-05 /I The coefficients (B3) of Wavelength convert to Pixel
coefs_r0;325.634643285781 /I The coefficients (R0) of Pixel convert to Raman shift
coefs_r1;-0.371893845826952 /I The coefficients (R1) of Pixel convert to Raman shift

coefs_r2;0.000853220967122155 /I The coefficients (R2) of Pixel convert to Raman shift
coefs_r3;3.37498265875635E-08 /I The coefficients (R3) of Pixel convert to Raman shift
coefs_j0;-112.640169933252 /I The coefficients (JO) of Raman shift convert to Pixel
coefs_j1;1.91244080985067 /I The coefficients (J1) of Raman shift convert to Pixel
coefs_j2;-0.000774766051834558  // The coefficients (J2) of Raman shift convert to Pixel
coefs_j3;1.20204126521674E-07 /I The coefficients (J3) of Raman shift convert to Pixel

enable_coefs_r;0 //Use coefficient RO..R3 Enable. (0=Disable, 1=Enable)
all_data_save;1 /fall pixel data saved (0=No, 1=Yes)

select_option;-1 //( obsolete)

interval_time;1 /( obsolete)
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pixel_num;2048 /ltotal pixel number
sel_pixel_start;31 /Istart pixel for calculate RMS (obsolete)
sel_pixel_end;2047 /lend pixel for calculate RMS (obsolete)
sel_pixel_delta;1 /linterval pixel for calculate RMS (obsolete)
dark_compensate;0 /[Dark compensate Enable. (0=Disable, 1=Enable)
dark_compensate_value 1;0 /Il ( obsolete )
dark_compensate_value 2;0 /Il ( obsolete )
dark_compensate_value_3;0 /I ( obsolete )
monitor pixel_0;0 /I ( obsolete )
monitor pixel_1;0 /I ( obsolete )
monitor pixel_2;0 /I ( obsolete )
monitor pixel_3;0 /I ( obsolete )
monitor pixel_4;0 /I ( obsolete )
monitor pixel_5;0 /I ( obsolete )
vertical_select flag;0 Il ( obsolete )
vertical _line3;0 /I ( obsolete )
vertical _line4;0 /I ( obsolete )

vertical_line3_wv;349.605625506025  // ( obsolete )
vertical_line4 wv;349.605625506025  // ( obsolete )

vertical_line_flag;0 /I ( obsolete )

vertical_line_ratio;0 /I ( obsolete )

laser_wavelength;784.5 /I Raman excitation wavelength (nm), not used if enable_coefs_r=1
laser_powerlevel;0 /llaser power

overlay js;0 /I( obsolete)

Relative Intensity Correction Flag;0 /l1=use relative intensity correction, O=not use relative intensity correction

Pixel; Wavelength; Wavenumber;Raman Shift;Dark;Reference;Raw data #1;Dark Subtracted #1;%TR #1;Absorbance #1;lrradiance (lumen) #1;

0; ; ; ;1439.0000;65535.0000;1793.0000;354.0000;0.0000;0.0000;0.0000; /Ipixel O ‘s data
1; ; ; ;1439.0000;65535.0000;1793.0000;354.0000;0.0000;0.0000;0.0000; IIpixel 1 ‘s data
2; ; ; ;1234.0000;65535.0000;1307.0000;73.0000;0.0000;0.0000;0.0000; /Ipixel 2 ‘s data
3; ...
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